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1.1 BACKGROUND 

The Vitro site is a 128-acre property 4 miles south-southwest of the 
center of Salt Lake City, Utah, in the city of South Salt Lake (Figures 1-1 
and 1-2). 
Facility (CVWRF) Board, which operates waste-water treatment plant No. 1 on 
adjacent property north of the central portion of the Vitro site. 

The entire site is owned by Central Valley Water Reclamation 

The site is bounded on the north by the CVWRF plant and Hill Creek, on 
the east by the tracks of,the Denver and Rio Grande Western Railroad, on the 
south by 3300 South Street, and on the west by 900 West Street. An industrial 
area occupies a 225-foot wide, 5.4-acre strip along the west edge of the south 
half of the site facing 900 West Street. 

prom 1951 to 1964 the Vitro Chemical Company of America processed uranium 
ore for sale to the U.S. Atomic Energy Commission at a mill in the southeast 
corner of the site. When the plant was dismantled in 1970, the radioactively- 
contaminated materials from the processing operations (approximately 1.9 
million dry tons of uranium mill tailings and over 1 million dry tons of other 
contaminated material) remained on the site piled as high as 16 feet in some 
spots. Over the years some of the tailings were removed for use in construc- 
tion projects elsewhere in the Salt Lake City area. 
about 100 off-site properties contain contaminated materials from these 
construction projects; the bulk of the tailings, however, remain at the Vitro 
site. 

It is estimated that 

In 1978, Congress passed Public Law 95-604, the Uranium Mill Tailings 
Radiation Control Act of 1978 (UMTRCA), having expressly found that uranium 
mill tailings may pose a potential health hazard to the public. 
Environmental Protection Agency (EPA) was charged with the responsibility for 
promulgating radiological and nonradiological standards for remedial action at 
inactive millsites. The Department of Energy (DOE) was authorized to enter 
into cooperative agreements with affected states or Indian tribal governments 
to perform remedial actions to bring the radiation levels at sites under their 
jurisdiction within the EPA standards. 
performed with the concurrence of the Nuclear Regulatory Commission (NE), 
which, at the conclusion of the remedial action, would issue a license for 
long-term maintenance and surveillance of disposal  sites. 

"%e 

All remedial actions were to be 

I 

On November 8, 1979, the DOE designated the Vitro site as eligible for 
remedial action under UMTRCA. The DOE and the State of Utah entered into a 
cooperative agreement effective January 30, 1981, to perform remedial action 
on this site. uuring summer 1984, the cooperative agreement will be modified 
to designate the State of Utah as the party to perform remedial actions on the 
uranium mill tailings and to reflect changes to the agreement that result from 
this designation. 

In 1980, the State of Utah evaluated a number of potential off-site 
disposal areas that could be used if the Vitro site were to be cleaned up and 

-1- 
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contaminated materials moved elsewhere. Utah nominated three. sites to the 
DOE, all of which are in Tooele County west of Salt Lake City (Fiqure 1-3). 
The DOE made an independent evaluation of these and picked a site hereinafter 
called the South Clive site as the best of the three because of its 
environmental and geotechnical superiority. It is 85 road or rail miles west 
of the Vitro site on the eastern edge of the Great Salt Lake Desert and is 
owned by the State of Utah. 

1.2 DESCRIPTION OF ALTERhATIES 

Three alternatives have been evaluated for remedial actions a t  the former 
Vitro Chemical Company site. They are as follows: 

1. No action. 

2. Stabilization of the contaminated material at the Vitro site. 

3. Decontamination of the Vitro site and disposal of the Contaminated 
material at the South Clive site. 

The specific actions associated with these alternatives are outlined in 
Table 1-1. The material handling and resource volumes, manpower, and duration 
for each alternative are listed in Table 1-2. 

Several other alternatives are not considered in this document since the 
DOE determined that they would not represent reasonable alternatives. These 
are stabilization at other state-nominated locations (because, as noted above, 
they are less desirable than the South Clive site), stabilization at two much 
more remote sites in Utah (because their distance makes them less 
cost-effective with no compensating benefits), stabilization at other 
locations in Salt Lake Valley (because these offer no clear advantages 
economically or environmentally over stabilization in place). 

-.. 

Title I of UMTRCA directs the DOE to consider the practicability of 
reprocessing the tailings in designated inactive uranium mill tailings sites 
in order to recover their residual uranium and other mineral values. Pursuant 
to that law, the DOE sought expressions of interest in reprocessing by notices 
in the Federal Register, in the Commerce Business Daily, and in a public press 
release. Several expressions of general interest were received, but none 
specific to the Vitro tailings. The DOE has completed detailed assays of 
Vitro and other tailings to follow up on these expressions of interest. 
However, the results of these assays indicate that reprocessing of the Vitro 
tailings is not economic at present-day prices for uranium. Therefore, the 
reprocessing alternative has been considered by,the DOE as not being a 
reasonable alternative for purposes of this document. 

1.2.1 Alternative 1 - no action 

This alternative would consist of performing no remedial action, thereby 
allowing the present situation at the Vitro site to continue. 

- 4 -  
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Table 1-1. Summary of specific actions associated with alternatives 

Alternative 1. No Action: 

1. NO remedial action would be taken. 
2. No monetary cost would be incurred. 

Alternative 2. Stabilization on the Vitro site:" 

1. Preparation of 53-acre embankment area, including liner system. 
2. Conveyance of contaminated material to a 53-acre embankment area, 

3. Restoration of outlying areas within the Vitro site from which contaminated 

4. Cover contaminated materials with 3 feet of radon barrier soils 

5. Estimated total cost: $31.2 million." 

creating a 45-foot-high mound prior to covering. 

materials were excavated by placing imported soils to original grade. 

and 1 to 2 feet of pit run rock. 

Alternative 3. Decontamination at Vitro site: stabilization of material south 
of Clive: 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

Excavation and conveyance of contaminated material to a stockpile area 
on Vitro site (train option). 
Preparation of railroad track "spurs" at South Clive and Vitro sites; 
preparation of roads near South Clive site. 
Transportation of contaminated material and rubble by unit trains or 
trucks to South Clive site. 
Restoration of excavated areas at Vitro site by placing imported soils 
to original grade. 
Preparation of South Clive site disposai area and excavation of embankment. 
Placement of contaminated materials in embankment (1100 x 2000 feet, 6 
feet deep). 
Cover of contaminated materials with 5 feet of locally available 
soil and 1 to 2 feet of pit run rock. 
Estimated total cost: $63.8 million (train) or $67.7 million (truck). 

a ?he designs included in this EIS are based upon available information and 
supporting engineering analyses. It is recognized that there are 'margins 
of error" or 'risks" associated with these analyses and that with additional 
field and laboratory analysis these 'margins of error' or 'risks" could be 
reduced. For example, the design for Alternative 2 does not include 
provisions for preloadinq (to reduce excessive differential settlement) 
based upon the analyses to date: however, the State of Utah has indicated 
that differential settlement may indeed be more of a concern than indicated 
by the engineering analyses included in this EIS. If preloading were to be 
required, based upon engineering analyses and cost estimates prepared by the 
state, an additional 3.0 million cy of fill would be needed for about 2.5 
years to preload the site prior to tailings placement. This would increase 
the cost of Alternative 2 by $10.8 million to $42.0 million (letter from 
State of Utah Department of Transportation to the Department of Health, 
December 19, 1983). 
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Table 1-2. Estimated quantities and other pertinent data associated 
with remedial action operations 

Estimated volume 
I tem description (cubic yards) 

Alternative 1- No Action: 

Quantities, personnel, rates not applicable 

Alternative 2 - Stabilization on the Vitro site:a 
Contaminated Material Relocation 

Excavation outside embankment area 
Relocation in embankment area 
Windblown and vicinity properties 

Rubble 
(spread and compact 1 

Preload Sys tema 

Liner System 

Subbase (random fill) 
Base (granular soil) 
Liner (fine grained soil) 

Embankment Cover 

Radon barrier (silty sand) 
Erosion barrier (pit run rock) 

Restoration (select fill) 

Average number of construction personnel 
Project duration 

1,370,000 
850,000 

150,000 
8 0 , 0 0 0  

Alternative 3 - Stabilization at South Clive site: train option 

.Vitro site: 

( 3 , 0 0 0 , 0 0 0 )  

Rail spur construction 
Excavation of contaminated materials 
Subgrade and subballast (select fill) 

220,000 
3 0 0 , 0 0 0  
190,000 

290,000 
155,000 

710,000 

82 
2.5 years 

180,000 
94 ,000  

-7- 



, 

Table 1-2. (continued) 

I tem descr iption 
Est  i ma teo volume 
(cubic yards) 

Contaminated materials 
Tailings and contaminated subsoils 
Windblown and vicinity properties 
Rubble 

Restoration (selgct fill) 

south Clive site: 

Access road construction 
Road subgrade (compacted fill) 
Gravel surface . 

Rail spur construction 
Subgrade (compacted fill) 
Subballast (select compacted fill) 

2,220,000 
150,000 

80,000 

945,000 

27,000 
31,000 

I 

98, ooo 
10,000 

Embankment construction 2,4 50,000 

Cover 
Radon bar r ier . 

perimeter roads (pit run rock) 
. Erosion barrier, ditches and 

Average number of construction personnel 
Project duration 

Alternative 3 - Stabilization at South Clive site: truck option 

Vitro site: 

Contaminated materials 
Tailings and contaminated subsoils 
Windblown and vicinity properties 
Rubble 

Restoration (select fill) 

South Clive site: 

Access road construction 
Road subgrade (compacted fill) 
Gravel surface 

460,000 

202,000 

85 
3 years 

2,220,000 

80,000 
150,000 ' 

1,040,000 

27 , 000 
44,000 
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Table 1-2. (continued) 

Item description 
Estimated volume 
(cubic yards) 

Embankment construction 2,450,000 

Cover 
Radon barrier (excavated from embankment) 
Erosion barrier, ditches and perimeter 
roads (imported pit run rock) 

460,000 

202,000 

Average number of construction personnel 13 5 

Project duration 3 years 

a "%e designs included in this E I S  are based upon available information and 
supporting engineering analyses. It is recognized that there are .margins 
of error" or 'risks" associated with these analyses and that with additional 
field and laboratory analysis these "margins of error" or "risks" could be 
reduced. For example, the design for Alternative 2 does not include 
provisions for preloading (to reduce excessive differential settlement) 
based upon the analyses 60 date: however, the State of Utah has indicated 
that differential settlement may indeed be more-of a concern than indicated 
by the engineering analyses included in this EIS. If preloading were to be 
required, based upon engineering analyses and cost estimates prepared by the 
state, an additional 3.0 million cy of fill would be needed for about 2.5 
years to preload the site prior to tailings placement. This would increase 
the cost of Alternative 2 by $10.8 million to $42.0 million (letter from 
State of Utah Department of Transportation to the Department of Health, 
December 19, 1983). 

1.2.2 Alternative 2 - stabilization at the Vitro site 
In this alternative, all on-site tailings and contaminated materials plus 

those brought in from vicinity properties would be stabilized above grade on a 
53-acre area including the southcentral and southeast portions of the Vitro 
site which would have to be acquired by the State of Utah. The tailings and 
contaminated material would be placed on a liner system to protect ground- 
water quality. After stabilization, the release of radon into the air would 
be reduced to the final EPA standard by a cover of soil. The tailings and 
other contaminated material would first have to be removed from the stabiliza- 
tion area to allow construction of the liner system. zhis would be done 
incrementally over the 53-acre area until the liner system was completed. 
Contaminated materials would be transported to the stabilization area from 
elsewhere on the site by truck. Material for the cover and fill for excava- 
tions left in other portions of the site is available commercially in Salt 
Lake Valley. The final stabilized mound would be about 50 feet. high. It 
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would have sloping sides, about 5 horizontal to 1 vertical. It would be 
stabilized against wind and water erosion by a layer of pit run rock. 
Finally, ownership of the 53-acre disposal area would be transferred from the 
State to the DOE and the NRC would issue a license for its long-term 
maintenance and surveillance (includes monitoring). The remainder of the 
Vitro site would be released to the c w  Board for any use compatible with 
local land-use controls. 

, 

1.2.3 Alternative 3 - decontamination of the Vitro site and dis-wsal Of the 
Vitro material at South Clive 

In this alternative all tailings and contaminated materials, including 
those temporarily stored at the Vitro site from clean-up of vicinity 
properties, would be stabilized in an excavation at the South Clive site. The 
industrial strip to the west of the Vitro site would be cleaned up like other 
vicinity properties; its acquisition would not be necessary. 

Contaminated material would be transported from the Vitro site to the 
South Clive site by either train or truck. For the train option, two 54-car 
unit trains consisting of covered gondola cars would transport 5400 tons per 
day. For the truck option, a fleet of 77 trucks would be required to 
transport the same quantity of tailings to the South Clive site. 

Spurs to handle the trains would be built from existing rail lines into 
both the Vitro site and the South Clive site. A road from the Clive overpass 
(1-801 would be necessary for access to the embankment. Disposal would be in 
an excavation about 6 feet deep. The bottom of the excavation would be at 
least 15 feet above the ground-water table. After being deposited in the 
excavation, contaminated materials would be covered with 5 feet of on-site 
cover material derived from the excavation. A 1- to 2-foot-thick layer of pit 
run rock would be placed over the radon barrier cover to provide protection 
from erosion. Pit run rock would have to be imported to the site but is 
available from the nearby Cedar Mountains. Revegetation would not be 
attempted at the South Clive site because of the arid climate. The state 
would transfer ownership of the South Clive site to the DOE and the NRC would 
issue a license for its long-term maintenance and surveillance. The Vitro 

(site would be backfilled 60 original ground level and released to the CVWRF 
Board for any use compatible with local land-use controls. 

\ 1.3 THE AFFECTED ENVIRONMENT 

Although the straight-line distance between them is only 65 miles, the 
Vitro and the South Clive sites are distinctly different in their settings. 
The former is in the densely populated Salt Lake Valley; the latter is in the 
almost completely uninhabited and much drier Great Salt Lake Desert to the 
west. Three mountain ranges lie between the two locations, but the transpor- 
tation corridors connecting them follows flat land to the south of Great Salt 
Lake and to the north of the mountains. 

The Vitro site is located in an area that 
developed for small industry and warehousing. 
but the prospects are that it will be built on 
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century. The street (3300 South Street) on the southern edge of the s i t e  i s  
also U t a h  Highway 171 leading east and west from an interchange o f f  Interstate 
1 5 ;  i t  carries  t r a f f i c  a t  the rate of 2 8 , 0 0 0  vehicles per day. 

Much of the Vitro s i t e  has been altered by excavations and deposition of 
t a i l i n g s ,  rubble, and sewage sludge. I t  i s  easi ly  accessible. A road up i t s  
center from 3300 South Street leads to a sewage f a c i l i t y ;  and only there do 
gates, fences, and signs prevent the curious visitor  from going farther. 
Vegetation on the s i t e  i s  sparse. The industrial buildings along 900 West 
Street  on the southwest side of the s i t e  back right up to a steep bank of 
t a  i 1 i n g s  . 

Some 4 3 7 , 0 0 0  people l i v e  within 6 miles (10 km) of the Vitro s i t e :  8600 
l i v e  w i t h i n  1.2 miles ( 2  k m ) .  

The S a l t  Lake Valley is semi-arid. I t s  climate is a result  of i t s  
location deep i n  the continent w i t h  the Wasatch Mountain range to the east  
5000 to 6000 feet  higher than the valley and the vast Great S a l t  Lake t o  the 
northwest. Temperatures range from a l i t t l e  under freezing ( 2 8 O F )  i n  January 
t o  77OF i n  July. Normal extremes range from nighttime lows of 18°F i n  January 
to daytime highs of 9 3 O P  i n  July. The average r a i n f a l l  i s  about 1 5  inches per 
year, reaching a maximum i n  the spring; Prevailing winds are from the south 
through southeast: strong winds tend to come from the west or northwest. 
Thunderstorms are common i n  the summer. There is some snow i n  the winter. 

Bedrock below the Vitro s i t e  i s  covered by a thick sequence of a l l u v i a l  
unconsolidated Quaternary deposits a t  least 500 f e e t  deep overlying 
semiconsolidated Tertiary clay,  sand, and gravel. These deposits carry' two - 
principal ground-water systems, a shallow water-table system, and a deeper 
p a r t i a l l y  confined system. The water table i n  the upper system ranges 
seasonally from 2 to 5 feet below the ground surface, but l o c a l l y  extends up 
into the base of the t a i l i n g s .  'The deeper system i s  a t  a higher potential  
head than the shallower, so t h a t  water from the deeper system flows up into 
the shallow system rather than vice versa. 

---,e 

The shallow water-table system flows slowly to the northwest into the 
Jordan River, about 1500 feet  distant. The Jordan River and its  tributaries  
constitute  the main surface-water drains for the v a l l e y ,  discharging into the 
Great S a l t  Lake some miles t o  the north. "be drainage ditches w i t h i n  the s i t e  
and M i l l  Creek along its northern edge discharge into the Jordan River. 

The front of the Wasatch Range i s  apparently a s t i l l - a c t i v e  normal f a u l t .  
Motion on it  or its  tributary faults could produce accelerations i n  rock of as 
much as 0.39 t o  0.559 a t  the Vitro s i t e .  

"he area around the Vitro s i t e  i s  an urban ecosystem w i t h  vegetation, b i r d s ,  
and w i l d l i f e  of the sorts t h a t  have accommodated themselves t o  the presence of 
man. No endangered or threatened species are known to be present. 

, 
The Vitro s i t e  contains 2 . 9  million tons of t a i l i n g s  and other contaminated 

materials. I t  is estimated t h a t  there are 1500 curies of Ra-226 i n  secular 
equilibrium w i t h  radon and i t s  daughter products i n  the t a i l i n g s .  
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The South Clive site is in the eastern edge of the Great Salt Lake Desert, 
3 miles west of the Cedar Mountains, 2.5 miles south of Interstate 80, and 1 mile 
south of a switch point called Clive on the tracks of the Union Pacific system. 
The area is uninhabited and only occasionally used for grazing and off-road 
vehicles. 

The South Clive area is.arid desert. Data from the Wendover meteorological 
station 40 miles to the west suggest that temperatures are similar to those at 
the Vitro site, normally ranging from 27OF in January to 79OF in July. Normal 
extremes range from nighttime lows of 19OF in January to daytime highs of 92OF in 
July. The average rainfall at Wendover is only 5 inches per year. Thunder- 

I storms occur in the summer. There is some snow in the winter. 

Knowledge of the geology of the South Clive site is incomplete. Holes 
drilled in preparation for this report indicate that the surface alluvial mater- 
ial is at least 150 feet deep. This soil contains a water-table ground-water 
system that is 20 to 30 feet below the surface. 
ground-water flow is to the west, but locally the flow is to the northeast. 
There are no perennial surface water bodies within 2 miles, nor even gullies 
indicating intermittent channelized flow: from this it is inferred that runoff on 
the hills to the east percolates into the ground before it reaches the South 
Clive site. 

The regional direction of 

The South Clive site is located in a region which contains active faulting. 
Active fault studies indicate maximum expected accelerations in bedrock of 
0.37 g. 

Ecologically, the area around the South Clive site is a desert scrubbrush 
community. No endangered or threatened species are known to be present. 

Background radiation levels at the South Clive site are low and similar 
to those near the Vitro site. The background gamma radiation level is about 
12 p W h r  and the atmospheric radon concentration is about 0.3 pCi/l. 

The transportation corridors between the Vitro and the South Clive sites 
consist principally of Interstate 80 (and its,connecting roads in Salt Lake 
City) and the tracks of the Union Pacific and the Denver and Rio Grande 
Western Railroads. There are a number of towns south of the corridors, 
noteably Tooele (population 14,335) and Grantsville (population 4 4 1 9 ) .  

1 . 4  ENVIRONMENTAL IMPACTS 

L Attention is focused in this section on the principal environmental 
impacts of the three alternatives studied. 
of these impacts. 

Table 1-3 is a comparative summary 

The major impact of Alternative 1, no action, would be the continued, 
uncontrolled presence of the Vitro tailings in the heart of the densely 
populated Salt Lake Valley. Radiation levels and radon fluxes and 
concentrations would remain above the EPA-proposed standards near the site. 
These exposures would continue to cause 0.6 deaths in 3 years from lung 
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Table 1-3. Comparisons of the impacts of the alternatives 

A l t e r n . t l m  1 Alternatlw 2 Alternatrr.  I AlC.rnatrre I 
( t r a i n )  Itruck] 

lIO/I )nu. 
280/1 yoar. 

15.000/3 year. . 
600/1 yearr 

0.1/3 pu. 
o.ov1 pu. 

0.1/3 p a x .  
0.05/1 year. 

0.111 year. 
O . O V 3  year. 

nar. m a  

nar. 

lmn. 

nar. 

nm. 

con. 

nrgllqlbl. 

Pltro ClIm 

113.8 21S.l 
10.4 10.4 
87 .1  17 .1  

246.7 ,246.7 
S1.7 S1.7 
U.7 15.7 

- -  - -  vitro Cllr. 

441.1 I60 .8  
21.8 11.8 

201.6 201.6 
111.7 181.7 

11.6 JJ.6 
11.0 11.0 

117. s 
'1.1 
1.1 

40.0 
2.5 
2.0 

D ~ r c . c +  
UI u w a i n  optron 

A t  V l t r o  A t  Vitro 
I r p U C D  1.86S.OOO 1,040.000 
eu yd. o! soil.. 
rock. ud c l a y .  

CY ye. 01 .on. 

A t  Cllro 
1 g o r t ~ 1 . 0 4 0  .ooo 
cu ye. or rm. 

UI u t r a i n  opt ion 
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Table 1-3. (Continued) 

b n d  o** A t  V l t ro  
loo( Of .Ira 
r.1boUd CQ YY.  
A t  C11w 
co ur.. of M 
la r o a u k w d  Y.. 

L 

111 
0 

a07 
70 1 

117 
105 

m ~ r r ~ t  

400.000 
a ,  s 20,oQo 

mo.000 
6.~10,OOO 

WO * 000 
7,111,000 

0.11 

12 

0.14 

a7 

0.51 

a5 

831.2 843.8 n3.i 

811.0 U l . 0  

- 1 4 -  



cancec. The nearest resident 
receive an annual exposure of 

In addition, no remedial 

to the Vitro tailings pile would continue to 
more than one rem. 

action would mean continued interference of the 
tailings with the proposed expansion plans of the Central Valley Water 
Reclamation Facilities (CVWRF) Board; additional sewage faCil1tieS will be 
needed to serve the population growth projected for the Salt Lake Valley. 

Either Alternative 2 or Alternative 3 would be designed to meet the final 
EPA standards. The radon flux standard would be met by adding enough cover so 
that by the time radon gas has diffused through the cover, most of the gas 
would have decayed into solid daughter products that would move no further. 
The longevity of this cover would be ensured by armoring its surface with pit 
run rock to prevent wind and water erosion. 

In Alternative 2, ground-water systems would be protected by the use of a 
liner system that would elevate the tailings above the water table. Also, the 
liner system would reduce the rate of water movement from the tailings into 
sediments beneath the embankment. This reduction in moisture migration may be 
expected to increase the effectiveness of geochemical processes (e.g., 
sorption and precipitation) in reducing the rates of aqueous contaminant 
migrations from the stabilized tailings. 

In Alternative 3, the tailings would be at least 15 feet above the water 
table at the South Clive site. No liner is needed because net infiltration 
through a low permeability cover and the tailings would not be sufficient to 
substantially further degrade the poor ground-water quality beneath the Clive 
site. Alternative 3 would also eliminate any possibility of further 
contamination of ground water at the Vitro site by removal of the tailings. 

In Alternative 2 or Alternative 3, aquifer restoration does not seem 
warranted because the range of calculated cost:benefit ratios is high (4.1 to 
infinity) and there is no ground water use in the possibly contaminated area. 

Surface-water systems would be protected in Alternative 2 both indirectly 
by the protection of ground water indicated above (since the ground water at 
the Vitro site discharges into the Jordan River) and directly by the cover 
diverting runoff, thus keeping it from percolating into the tailings. In 
Alternative 3, there is no surface water to protect at the South Clive site. 
In Alternative 3, contaminated wash-down water from cleaning railcars or 
trucks would be impounded and evaporated if contaminant levels exceeded 
applicable limits. Removal of the tailings to the South Clive site would also 
eliminate any possibility of further surface-water contamination at the Vitro 
site. 

Alternative 2, stabilization on the Vitro site, would not completely 
eliminate interference with the proposed expansion plans of the CVWRF Board, 
because 53 acres of the site would be used for in-place stabilization of the 
mill tailings. However, development of the parcel (approximately 20 acres) in 
the southwest corner of the site might permit land uses consistent with the 
CVWRF Board's approved Master Plan. Therefore, Alternative 2 might require 
some revision of the board's plans. 
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Either Alternative 2 or Alternative 3 w u l d  reduce the long-term 
radiation exposures being experienced by people living in the Salt Lake 
Valley. Alternative 2 would reduce the fluxes causing these exposures. 
Alternative 3 would eliminate them entirely and not expose other people, 
inasmuch as no one lives near the South Clive site. 

In the short term, the process of carrying out either Alternative 2 or 
Alternative 3 would expose workers and the public near the Vitro site to Scme 
radiation during the time required for the remedial action. This public 
exposure is estimated to be 15,000 manrems for both alternatives, 
respectively, resulting in an additional 0.3 death from cancer. 

From points of view other than radiological, the work required in either, 
Alternative 2 or Alternative 3 is much like that of any large earth-moving 
project, with noise, dust, and additional truck traffic. There is the possi- 
bility of some industrial accidents occurring among the remedial-action 
workers. 

The direct employment impact of either Alternative 2 or Alternative 3 on the 
economy of the Salt Lake Valley will not be significant. 
construction employment under Alternative 2 will average 82 jobs; under 
Alternative 3, an average of 85 (train) or 135 (truck) jobs would be created. 
However, there may be a small effect on the much smaller economy of Tooele County. 

This is because direct 

I 

Under Alternative 3, the development by the CVWRF Board of a temporary 
industrial park (see Appendix I for details) on the CWRF Board's 3300 South 
Street frontage property is projected to have direct and indirect employment 
impacts of 271 jobs and 434 jobs, respectively. The gross economic benefits of 
such a development to the region have been estimated at $11.0 million per year. 

Inmigration in response to employment opportunities created by construction 
activity under Alternatives 2 or 3 and the temporary industrial park under 
Alternative 3 is expected to be minimal. 

Finally, there is a difference in construction costs among the three 
alternatives. Construction m s t s  associated with Alternative 1 would be zero. 
Alternative 2 would cost'approximately $31.2 million, including land costs. 
Alternative 3 would m s t  approximately $63.8 (train) or $67.7 (truck) million. 

1.5 REMEDIAL ACTIONS 

Additional information on the remedial-action activities at the two sites 
will be published as indicated in Table 1-4.. 

1.6 MAINTENANCE AND SURVEILLANCE 

After all of the cleanup work is finished, the DOE, or another Federal 
agency charged with custody of the disposal site, would continue to monitor 
the final disposal site to ensure that the remedial-action program continues 
to comply with the EPA standards (40 CFR 192). This could include 
measurements of parameters such as air and water contaminant levels as 
specified by the NRC in its license, and maintenance of the site as required. 
The EPA standards (40 CFR 192) would have to be met before the remedial action 
is considered officially completed. 



Table  1-4. Document p u b l i c a t i o n  schedule  - S a l t  Lake C i t y  
remedia l -ac t ion  p r o j e c t  

0 Document type  Scheduled p u b l i c a t i o n  d a t e  

- F i n a l  s i t e  documents 

Remedial a c t i o n  p l an  

S i t e  c o n c e p t u a l  des ign  

S i t e  d e s i g n  cr i t e r  i a  

S i t e  c h a r a c t e r i z a t i o n  r e p o r t  

F i n a l  d e s i g n  and s p e c i f i c a t i o n s  

S i t e  l i c e n s i n g  p l an  

S i t e  s u r v e i l l a n c e  and maintenance p l an  

Summer 1984 

Summer 1984 

Summer 1984 

Summer 1984 

F a l l  1984 

1986 

1986 
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2 PURPOSE AND NEED 

2.1 INTRODUCTION 

In the metropolitan area of Salt Lake City, Utah, there is an abandoned 
. 

uranium mill waste storage area (Figure 1-1). 
Vitro Chemical Company of America which processed uranium ore for sale to the 
U.S. Atomic Energy Commission from 1951 to 1964. 
dismantled in 1970, the radioactively-contaminated materials from the 
processing operations remained on the site. 
are mostly in the form of finely crushed rock, much like sand, and are piled 
up to 16 feet high over more than 100 acres of partly fenced land. 
the tailings were removed and used in construction projects in the Salt Lake 
City area. 
by these construction activities. The bulk of the tailings, however, remain 
at (he Vitro site. 

The mill was operated by the 

When the plant was 

These materials, called tailings , 
Some of 

It is estimated that 100 properties in the area have been affected 

2.2 PURPOSE AND NEED 

In 1978, Congress passed Public Law 95-604, the Uranium Mill Tailings 
Radiation Control Act of 1978 (UMTRCA), based on their finding that uranium 
mill tailings located at inactive (and active) mill sites may pose a potential 
health hazard to the public. UMTRCA charges the EPA with the responsibility 
for promulgating radiological and nonradiological standards for inactive mill 
sites. Under UMTRCA the U.S. Department of Energy (DOE) is authorized to 
enter into cooperative agreements with affected states or Indian tribal 
governments to perform remedial actions to bring the radiation levels at the 

percent of the remedial-action-cleanup costs (except on Indian land where DOE 
will fund 100 percent); the affected state will provide the remaining 10 
percent. A l l  remedial actions must be performed with the concurrence of the 

long-term maintenance and surveillance of the site following completion OF 
remedial action. 

I sites in their jurisdiction within the EPA standards. The DOE will fund 90 

U.S.  Nuclear Regulatory Commission (NRC), which will issue a license for . ,, -5 

Title I of the UMTRCA identified 22 sites, including the Vitro site, to 
be designated by DOE for remedial action, which was done on November 8, 1979. 
As a result, the DOE and the State of Utah entered into a cooperative 
agreement effective January 30, 1981 for remedial action at the Vitro site. 
During summer 1984, the cooperative agreement will be modified to designate 
the State of Utah a6 the party to perform remedial actions on the uranium mill 
tailings and to reflect changes to the agreement that result from this 
de s ig na t ion. 

I 

m e  purpose of the actions analyzed in this E I S  is to implement the 
remedial action program by stabilizing and controlling potentially hazardous 
radioactive materials associated with the former Vitro uranium mill, including 
those materials recovered in the cleanup of vicinity properties. 
to clean up vicinity properties was addressed in a separate environmental 
assessment (EA) prepared for it (DOE, 1982) and is not discussed in the EIS. 

The program 
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The need f o r  remedial  a c t i o n  a t  t h e  V i t r o  si te r e s t s  on t h e  need to 
remove a p o t e n t i a l  h e a l t h  hazard posed by r a d i o a c t i v e  m a t e r i a l s .  The U . S .  
Congress ,  i n  c o n s i d e r i n g  P u b l i c  L a w  95-604, heard  tes t imony e x p l a i n i n g  t h i s  
p o t e n t i a l  hazard and recommending t h a t  e f f o r t s  be made to  keep t h e  r a d i o a c t i v e  
m a t e r i a l s  from bei?g dispersed (U.S. Congress ,  1978, pp. 7451-7456). 
Congress ,  t h e r e f o r e ,  inc luded  i n  t h e  law a f i n d i n g  t h a t  "uranium m i l l  t a i l i n g s  
l o c a t e d  a t  a c t i v e  and i n a c t i v e  m i l l  o p e r a t i o n s  may pose a p o t e n t i a l  and 
s i g n i f i c a n t  r a d i a t i o n  h e a l t h  hazard to t h e  p u b l i c  . . . ." The s e v e r i t y  of 
t h e  hazard  is d i f f i c u l t  to measure p r e c i s e l y  because t h e  immediate e f f e c t s  of 
such low- leve l  r a d i o a c t i v i t y  a r e  n o t  pronounced enough to  be c l e a r l y  
r e c o g n i z a b l e .  The p r i n c i p a l  e f f e c t  on p u b l i c  h e a l t h  to be expec ted  from t h e  
Vitro s i t e  contaminat ion  would be a long-term i n c r e a s e  i n  lung c a n c e r  among 
people l i v i n g  i n  t h e  sur rounding  a r e a .  One e s t i m a t e  of  t h i s  i n c r e a s e ,  
p r e s e n t e d  to C o m r e s s  i n  1978, was t h a t  t h e  V i t r o  t a i l i n g s  might produce about  
o n e  a d d i t i o n a l  cance r  each year i n  t h e  S a l t  L a k e  C i t y  a r e a  (U.S. Congress ,  
1978, p. 7453) .  Because about  44 lung c a n c e r s  occur  each yea r  i n  t h a t  a r e a  
(HEW, 19681, an i n c r e a s e  of  1 cancer  would be impossible to  d e m o n s t r a t e  

, , c o n c l u s i v e l y .  The estimated s e v e r i t y  of t h e  haza rd ,  t h e r e f o r e ,  r e s t s  o n  
p r e d i c t i o n s  made by mathemat ica l  c a l c u l a t i o n s  r a t h e r  t han  on d i r e c t  
measurements of h e a l t h  e f f e c t s .  

The e s t i m a t e d  hazard  p r e s e n t e d  to Congress  i n  1978 was based on such  
c a l c u l a t i o n s ;  s i n c e  t h e n ,  more d e t a i l e d  c a l c u l a t i o n s  have been performed by 
t h e  U.S. Environmental  P r o t e c t i o n  Agency as p a r t  o f  i ts e f f o r t s  to  set 
s t a n d a r d s  f o r  t h e  remedia l  a c t i o n  (EPA, 1980) .  The EPA c a l c u l a t i o n s  
emphasized the h e a l t h  e f f e c t s  caused by i n h a l a t i o n  of radon-daughter  p r o d u c t s  
t h a t  are produced by t h e  radon emitted from t h e  Vitro site. These 
c a l c u l a t i o n s  s u g g e s t  t h a t  the V i t r o  s i te  contaminat ion  might  produce 0.7 to 

' 0.8 f a t a l  c a n c e r s  each year  i n  t h e  p o p u l a t i o n  w i t h i n  6 miles o f  t h e  s i te ;  an 
a d d i t i o n a l  0.04 to 0 . 0 5 . f a t a l  cancers might appear each  y e a r  among people 
l i v i n g  between 6 and 50 miles away. The r i s k  would be g r e a t e s t  f o r  people 
close to  t h e  s i t e  and would d e c r e a s e  for people l i v i n g  a t  g r e a t e r  d i s t a n c e s .  

1 R a d i o a c t i v e  m a t e r i a l s  associated with t h e  V i t ro  s i te ,  t h e n ,  c o u l d  be 
e x p e c t e d  to produce fewer than  one human f a t a l i t y  a y e a r  i n  t h e  sur rounding  
p o p u l a t i o n ;  t h a t  f a t a l i t y  would be i n d i s t i n g u i s h a b l e  among t h e  thousands  of 
d e a t h s  each year  i n  t h e  m e t r o p o l i t a n  a r e a .  These small numbers do n o t ,  
however, f u l l y  r e v e a l  t h e  h a z a r d ,  because t h e  r a d i o a c t i v e  decay t a k i n g  p l a c e  
i n  t h e  contaminated material w i l l  c o n t i n u e  to produce r a d i o a c t i v e  e lements  f o r  
thousands  o f . y e a r s  i n t o  t h e  f u t u r e .  I n  thousands of y e a r s ,  the to t a l  number 
o f  d e a t h s  caused by the r a d i o a c t i v i t y  c o u l d  become l a r g e ,  a l t h o u g h  it would 
s t i l l  be s m a l l  i n  comparison wi th  t h e  t o t a l  number o f  d e a t h s  from a l l  causes .  
For example,  i f  t h e  EPA estimates are correct,  740 to 850 a d d i t i o n a l  l ung  
c a n c e r  cases might have appeared  i n  t h e  p o p u l a t i o n  w i t h i n  50 miles of t h e  
V i t r o  s i te  a f t e r  1000 y e a r s  had e l a p s e d .  According to  t h e  t e s t i m o n y  g iven  
b e f o r e  Congress ,  

"The h e a l t h  e f f e c t s  of  this radon product ion  a r e  t i n y  as  a p p l i e d  to  any 
one g e n e r a t i o n ,  b u t  t h e  sum of t h e s e  exposures  c a n  be made l a r g e  by 
c o u n t i n g  f a r  i n t o  t h e  f u t u r e  . . . Whether i t  is meaningfu l  to  a t t a c h  
s i g n i f i c a n c e  to  r a d i a t i o n  exposures  thousands  o f  y e a r s  i n  t h e  f u t u r e ,  
or c o n v e r s e l y ,  whether it is j u s t i f i a b l e  to i g n o r e  them, a r e  q u e s t i o n s  
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without easy answers. 
reasonable effort to dispose of tailings in a way that minimizes radon 
diffusion into the atmosphere" (testimony of NFC Chairman J.M. Hendrie, 
p. 7452 in U.S. Congress, 1978). 

The most satisfactory approach is to require every 

This kind Of reasoning establishes the primary need for the remedial 
actions at the Vitro site. In terms of actual numbers of fatalities, the 
effects of the tailings will remain an indiscernably small fraction of the 
deaths that will occur from other causes near the site. Making a .reasonable 
effort," however, will eliminate the potential hazard. For this reason 
Congress chose to provide a program of assessment and remedial action at mill 
tailings sites in which DOE establishes the required remedial actions at 
inactive tailings locations, including the former Vitro site. 
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3 ALTERNATIVES POR THE W E D I A L  ACTION 

3.1 INTRODUCTION 

The mission of  t h e  Uranium M i l l  T a i l i n g s  Remedial Act ion (UMTRA) P r o j e c t  
a t  South S a l t  Lake is to c a r r y  o u t  a c l eanup  program accord ing  to t h e  EPA 
s t a n d a r d s  for t h e  d i sposa l  of t a i l i n g s  and for  the c l eanup  of open l a n d s  and 
s t ruc tu res .  An o b j e c t i v e  o f  t h e  UMTRA Project is to combine a t  one l o c a t i o n  
t h e  t a i l i n g s ,  t h e  contaminated  soils,  and t h e  o t h e r  contaminated m a t e r i a l s  
from t h e  s i t e  and t h e  v i c i n i t y  p r o p e r t i e s .  The f i n a l  d i s p o s a l  s i t e  w i l l  be 
owned by t h e  Fede ra l  government and its maintenance and s u r v e i l l a n c e  w i l l  be 
l i c e n s e d  by the  NRC. By combining and s t a b i l i z i n g  a l l  t a i l i n g s  and 
contaminated  m a t e r i a l s  a t  one  disposal s i te ,  p o t e n t i a l  h e a l t h  e f f e c t s  caused 
by exposure  to t h e  t a i l i n g s  w i l l  be minimized, and a l l  o t h e r  p r e s e n t l y  
contaminated  a r e a s  w i l l  be c l e a n e d  up s u f f i c i e n t l y  to be r e l e a s e d  f o r  
u n r e s t r i c t e d  use. 

3.1.1 EPA s t a n d a r d s  

Genera l  

Pu r suan t  to t h e  r e q u i r e m e n t s  of  UMTRCA, EPA h a s  promulgated h e a l t h  and 
envi ronmenta l  s t a n d a r d s  to govern  c l eanup ,  s t a b i l i z a t i o n ,  and c o n t r o l  of 
r e s i d u a l  materials a t  i n a c t i v e  uranium m i l l  t a i l i n g s  si tes ana a s s o c i a t e d  
v i c i n i t y  p r o p e r t i e s .  The promulgated s t a n d a r d s  e s t a b l i s h  r equ i r emen t s  f o r  
long-term s t a b i l i t y  and r a d i a t i o n  p r o t e c t i o n  and provide  p rocedures  f o r  
e n s u r i n g  t h e  p r o t e c t i o n  o f  ground-water q u a l i t y .  

I n  deve loping  t h e  s t a n d a r d s ,  EPA de termined  " t h a t  t h e  pr imary o b j e c t i v e  
for c o n t r o l  of t a i l i n g s  shou ld  be i s o l a t i o n  and s t a b i l i z a t i o n  to  p r e v e n t  their  
misuse  by man and d i s p e r s a l  by n a t u r a l  f o r c e s  such as wind, r a i n  and f lood  
wa te r s "  and t h a t  "a secondary  o b j e c t i v e  should be to  reduce radon e m i s s i o n s  
from t a i l i n g s  p i l e s . "  ( R e f .  preamble to S tanda rds  f o r  Remedial Ac t ions  a t  
I n a c t i v e  Uranium Process ing  Sites,  40 CFR P a r t  192.) These c o n c l u s i o n s  were 
based on a d e t e r m i n a t i o n  t ha t  the most s i g n i f i c a n t  publ ic  h e a l t h  r i s k s  
a s s o c i a t e d  with i n a c t i v e  t a i l i n g s  were posed by exposure  to  people  l i v i n g  and 
working i n  s t ructures  con tamina ted  by relocated t a i l i n g s .  EPA f u r t h e r  
concluded t h a t  the p o t e n t i a l  f o r  con tamina t ion  o f  ground water and s u r f a c e  
water  should be e v a l u a t e d  on a s i t e - s p e c i f i c  b a s i s .  

The EPA s t a n d a r d s  are d i s c u s s e d  i n  t h e  fo l lowing  paragraphs  and a r e  
summarized i n  Table  3-1. 

Long-term s t a b i l i t y  

I s o l a t i o n  and s t a b i l i z a t i o n  o f  t a i l i n g s  i n  o r d e r  to p reven t  misuse  by man 
and d i s p e r s a l  by n a t u r a l  f o r c e s  is t h e  pr imary  o b j e c t i v e  of t h e  EPA 
s t a n d a r d s .  Accord ingly ,  long-term s t a b i l i t y  was emphasized i n  t h e  development  
and promulga t ion  of  t h e  s t a n d a r d s .  T h i s  is c o n s i s t e n t  w i th  t h e  gu idance  
provided  by t h e  l e g i s l a t i v e  h i s t o r y  of  UMTRCA, which stresses t h e  importance 
o f  avo id ing  remedia l  a c t i o n s  which w o u l d  be e f f e c t i v e  only  f o r  a s h o r t  p e r i o d  
o f  time and which would requi re  f u t u r e  Congres s iona l  c o n s i d e r a t i o n .  
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WBPART A - Standards for the Control o f  Rn idua l  P.dioactive luterials f ra Inactive Procrrsing S i t e s  

19z.W Standards 

b t r o l  sha l l  be designed to:  

( 6 )  IC ef fect ive for t o  one thmsand years, t o  the u t e n t  reasowbly acnievable. and. i n  
my case. for a t  least  200 years. ma, 

(b) Rovide reasonable asswance that r e l e e s 6  o f  rmon-222 frcm residual r r d i o ~ c t i v e  
a t e r i a l  t o  tne atmosphere w i l l  not: 

(1)  Exceed M averaqe release rate of to picocuries p ~ r  square e t e r  PS saond. or 
( 2 )  Increase the annual average concentration o f  rmon-222 i n  air  a t  ot above any 

locat ion outs (&  the disposal s i t e  by mw thm one-half p i c o w r i e  per l i t e r .  

SUBPART B - Stmdards for Cleanup o f  Lmd and Buildings t o n t r i n r t e d  with  Residual Rld iorc t ive l u t e r i a l s  
frm Inact ive Uranium Processing Sites 

b 

192.12 Standards 

RuwdiAl act ions s h a l l  be conducted so as t o  provide reasonable assurance that. as a r e s u l t  
o f  res idual  r d i o a c t i v e  materials frm my a e s i p N t e a  processing s i te :  

( a )  The concentration o f  r d i r u - 2 2 6  i n  l m d  avcrqed over my mea of 100 q u a r e  m t s s  
Shall  not UCnd the b a c k g r a d  h v e l  by a r e  t h n  - 
(1)  5 Oti/g. arcraped over the f i r s t  15 Q of s o i l  b e l a  the sur fuc.  and 
( 2 )  15 pCi/g. r v a r g e d  over 15 a th ick  layers of s o i l  m r e  than 15 m sclcr  the  

surf u e .  

(b) In MI occupied or habi tab le bu i l d ing  - 
(1) The ob ject ive o f  r a d i a l  act ion sha l l  be. ma reasonable e f f o r t  sha l l  be d e  t o  

achieve, an m n u r l  averape (OT equivalent) r a o n  OCCJJ poduct  concentration 
( inc lud ing background) not t o  exceed 0.02 a. I n  MY case. the r d o n  decay p o d u c t  

' concentration ( inc lud ing backround) sha l l  not r rcred 0.03 Y .  and 
(2) The leve l  o f  r d i r t i o n  sha l l  not u c e d  the b4Ckqamd level  by more than 20 

microrantpcns per hour. 

192.20 Suidance for l lplementation 

-dial act ion w i l l  be p C r f a w d  w i t h  the mwncurrCnce o f  the Iuc leer  Regulatwy m i s s t o n  
n d  the f u l l  pa r t i c i pa t i on  o f  my s t a t e  that  p a n  par t  o f  the cost. and i n  consultat ion as 
r O p r w r i r t e  r i th 'other p v s n n t  agencies and af fected lnUin t r ibes.  

192.21 Criteria for I gp l y inp  k p p l a n t r l  Standards 

The i g l r c n t i n g  apencies MY apply s tmdr rds  i n  liu o f  tlw stmdarb o f  S u b p a t s  A or 8 i f  
c s t a i n  circumstances ex is t .  as defined i n  192.21. 

* 
192.22 S u p p l c m t a l  S t m a a d s  

V t d e r a l  rpencics i q l w n t i n g  Subparts A and B may i n  l i e u  thereof c o c e d  pursuant t o  th is  
section with ra-t t o  generic or ind iv idual  s i tuat ions m e t i n g  the r l i g i D i l i t y  r q u i r w n t s  
o f  192.21.' 

( a )  .. . .the i g l w n t i n g  agencies sha l l  select a d  perfom r m i a 1  actions t h d  COL 4s 
close t o  meting tha otherwfse W l i c a b l e  rtmdardr as i s  reasonable rndcr t)w 
c i r c u 6 t m c c s  .. 

( E )  *The i q l r w n t i n g  rgencies u y  make v e r a 1  dctrrmlnations concwning r o e d i a l  act ions 
under t h i s  k c t i o n  that  w i l l  apply t o  a l l  locations a i t n  spcc(fied C h a a c t s i s t i c s .  or 
they may u k e  a determination for a speci f ic  l o u t i o n .  n w n  r w e i a l  u t i o n s  ur 
~ o o o s e d  unaer t h i s  Section f a r  a speci f ic  location. the D e w t r r n t  o f  E n s g l  s h a l l  
tnform my p r i v a t e  m e r s  a d  O C W ~ M ~ S  o f  the affected locat ion ma s o l i c i t  t h e i r  
r , n t s .  The Depertment o f  Enww sha l l  providc MY such i n t s  t o  tk other 
i s l a e n t i n p  agencies ( a d ]  sha l l  also periodica11y intom the L n v i r o n n t r l  Protect ion 
4ency  of m t h  w n a a l  n d  ind iv idual  & t m i w t i o n s  unW th provisions of tnis 
section: 

TABLE 3-1 EPA STANDARDS 
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The EPA standard-setting process distinguished "passive controls," such 
as thick earthen and rock covers from "active controls" such as semi-permanent 
covers, fences, warning signs, and restrictions on land use. Active controls 
could be expected to need frequent replacement or other major repairs 
requiring the appropriation and expenditure of public funds. In setting the 
standards, EPA called for designs which rely primarily on passive controls. 

The standards are framed as a longevity requirement which recoqnizes the 
difficulty in predicting very long-term performance with a very high degree of 
confidence. In establ-ishing the longevity requirement, EPA concluded that 
existing knowledge permits the design of control systems that have a good 
expectation of lasting at least 1000 years. 
1000 years was established to be satisfied whenever reasonably achievable, but 
in any case with a minimum.performance period of 200 years. 

Therefore, a design objective of 

The standards recognize the need for institutional controls such as 
custodial maintenance, monitoring, and contingency response measures. In its 
preamble to the standards, EPA calls for such controls to be provided as an 
essential backup to the primary passive controls. 

Radon emissions control 

EPA identified a reduction of radon emissions from tailings piles as the 
second objective in its standards for the control of tailings. In developing 
the standards, it considered several alternative approaches and selected an 
emission limitation as the primary form of the standard. In addition, it 
established an equivalent concentration limit as an alternative form of the 
standard for use in cases where the DOE determined that the alternative was 
appropr iate. 

In establishing the emission limitation for tailings piles, EPA sought to 
reduce both the maximum risk to individuals living very near to the sites and 
the risk to the population as a whole. With regard to individuals very near 
disposal sites, EPA estimates that exposure to radon emissions will be reduced 
by more than 96 percent. The radon standard of 20 pCi/m2sec on the disposal 
site or 0.5 p C i / l  outside the disposal site will limit the increase in radon 
concentration attributable to a pile to a small increase above the background 
radon level near the disposal site. Both standards are design standards with 
compliance to be determined on the basis of predicted rather than measured 
emission rates and concentrations. EPA states that "post-remediation 
monitoring will not be required to show compliance, but may serve a useful 
role in determining whether the anticipated performance of the control system 
is achieved . " 

In establishing the radon standard, EPA determined that the emission 
limitation could be achieved by well-designed thick earthen covers and that 
such control techniques would be compatible with those required to meet the 
longevity standard. 

Water-quality protection 

EPA rgviewed available water-quality data at inactive tailings sites and 
determined that there was little evidence of recent movement of contaminants 
into ground water. They also determined that any degradation of ground-water 
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quality should be evaluated in the context of potential beneficial uses of the 
ground water as determined by background water quality and the available 
quantity of ground water. 

Rather than establish specific numer ical limitations for contaminant 
discharges or ground-water quality, EPA determined that the most appropr late 
course of action would be to require site-specific analyses of potential 
future contaminant discharge and case-by-case evaluation of the significance 
of such a discharge. The implementation guidelines for the EPA standards call 
for adequate hydrologic and geochemical surveys at each site a5 a basis for 
determining whether specific water-producing measures should be applied. 

Specific site assessments must include monitoring programs sufficient to 
establish background ground-water quality through one or more upgradient wells 
and to identify the present movement and extent of contaminant plumes associ- 
ated with the tailings piles. 
for restoration or prevention, or both, to be guided by EPA's hazardous Waste 
management system and relevant state and Federal water-quality criteria. De- 
cisions on,specific actions to protect or restore water quality are to be 
guided by such factors as the technical feasibility of improving the aquifer, 
the cost of applicable restorative or protective programs, the present and 
future value of the aquifer as a water source, the availability of alternative 
water supplies, and the degree to which human exposure is likely to occur. 

They further call for judgements of the need 

UMTRCA requires that the standards promulgated by EPA I. . .to the 
maximum extent practicable, be consistent with the requirements of the Solid 
Waste Disposal Act, as amended." In setting the standard, EPA determined that 
the statutory requirement for NRC to concur with the selection and performance 
of remedial actions and to issue licenses encompassing urnonitor ing, 
maintenance, or emergency measures necessary to protect public health and 
safety" were consistent with the EPA regulations implementing the Solid Waste 
Disposal Act (47 FR 32274, July 26, 1982). Accordingly, EPA established the 
implementation procedures requiring case-by-case evaluations of existing and 
potential contamination at sites. Decisions regarding monitoring or remedial 
actions will be guided by relevant considerations in the hazardous waste 
management systems. 

Cleanup of lands and buildings 

The EPA evaluated the risk associated with the dispersal of tailings off 
the site and concluded that the principal risk to man is the exposure to radon 
daughter products inside buildings. EPA therefore stated that the objective 
of the cleanup of tailings from around existing structures is to achieve an 
indoor radon daughter concentration ( R K )  of less than 0.02 WL. For open 
lands, the purpose of removing the contamination is to remove the potential 
for excessive indoor radon daughter concentrations that might arise from new 
construction on contaminated land. The 5 pCi/g and 15 pCi/g Ra-226 concentra- 
tion limits for 15-cm surface and subsurface layers were considered adequate 
to limit indoor RDCs to below 0.02 WL. A secondary'concern was to limit 
exposure to people from gamma radiation. 

Standards state that residual radioactive materials should be removed 
from buildings exceeding 0.03 WL. In cases where levels are between 0.02 and 
0.03 WL, the use of sealants, filtration devices, or ventilation devices is 
encouraqed to avoid the excessive costs of additional removal of contaminated 
material to meet the objective of 0.02 WL. 
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3 . 1 . 2  NRC concurrence 

The DOE w i l l  select  and execute a p l a n  of remedial action.that  w i l l  
s a t i s f y  the EPA standards. I n  conformance w i t h  the UMTRCA, the required NRC 
concurrence i n  proposed remedial actions w i l l  be for the purpose of ensuring 
compliance w i t h  these standards. 

The NRC i s  required by the UMTRCA to license the f i n a l  tailings-disposal 
s i t e s  following completion of the remedial action. Section 1 0 4 ( f )  ( 2 )  of the 
a c t  s t a t e s  t h a t  "upon completion of the remedial action program . . . such 
property and minerals shall  be maintained pursuant to a license issued by the 
Commission (the NRC) i n  such manner as w i l l  protect the public health, safety,  
and the environment. The Commission may . . . require the Secretary (of the 
DOE) or other Federal agency having custody of such property and minerals to 
undertake such monitoring, maintenance, and emergency measures a s  necessary to 
protect public health and safety and other actions as the Commission deems 
necessary . . . ." 

3 . 2  DESCRIPTION OF THE ALTERNATIVES 

The remaining sections of this chapter describe the alternative  remedial 
actions for eliminating the potential hazards associated w i t h  the inactive 
Vitro s i t e .  The descriptions of these alternatives are followed by a 
comparative summary of the environmental impacts t h a t  would be associated w i t h  
the alternatives. 

3 . 2 . 1  Background 

The Vitro s i t e  (Figures 3-1  and 3-2) encompasses an area of about 1 2 8  
acres and i s  located 4 miles south-southwest of the center of S a l t  Lake C i t y ,  
a t  the northeast corner of the street  intersection of 3300 South and 900 
West. The Central Valley Water Reclamation F a c i l i t y  (CVWRF) sewage-treatment 
p l a n t  i s  located on adjacent property north of the central portion of the 
s i t e .  The entire s i t e  i s  presently owned by the CVWRF Board. 

The s i t e  i s  bounded on the north by the CVWRF and the channel of M i l l  
Creek, on the east by the tracks of the Denver and Rio Grande Western 
Railroad, on the south by 3300 South Street and on the west by 900 West 
Street.  A 5.4-acre industrial a r e a  occupies a 225-foot wide s t r i p  adjacent to 
the west edge of the south h a l f  of the s i t e  facing 900 West Street.  Another 
i n d u s t r i a l  f a c i l i t y  is  situated adjacent to the southeast corner of the s i t e .  
The nearest residences to the Vitro s i t e  are about 300 feet away from its  
southwestern corner, across 3300 South Street. 

The s i t e  can be roughly divided into four areas: the former mill and ore 
storage area, and three former tai l ings  storage areas labeled "northwest," 
"southwest," and "southeast" on Figure 3-2. The southwest and southeast 
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tailings areas are separated by the South Vitro Ditch, which i s  p a r t  of a 
storm-sewer system t h a t  gathers, surface water from areas south of the s i t e .  
The northwest and southwest tailings areas are separated by the Vitro Waste 
Ditch, which carries treated water from the CVWRF. The eastern portion O f  the 
Vitro s i t e  was used for the ore processing mill, ore storage, and 
transportation f a c i l i t i e s .  The buildings were removed, b u t  various 
foundations and concrete supports were l e f t  i n  place or were buried a t  the 
s i t e .  
surface level.  The remaining structures include a water tower and railroad 
tracks. 

This portion of the s i t e  remains a t  approximately n a t u r a l  ground 

Since 1970, after m i l l i n g  operations a t  the Vitro s i t e  were terminated, 
the surface of the s i t e  has been altered considerably i n  several places. I n  
the northwest tailings area, approximately 1 3  acres are covered w i t h  sludge 
from the CVWRF sewage-treatment p l a n t .  The northern half of the southwest 
tailings area contains an excavation approximately 10 feet deep and 600 feet 
long i n  the east-west direction. Excavated material on the order of 20 feet  
i n  height l i e s  to the north and to the south of the excavation. S m a l l  amounts 
of debris and concrete rubble are scattered across the southwest and southeast 
tailings areas. 

A t  present, off-site property cleanup projects are b r i n g i n g  contaminated 
material onto the southeast tailings and stockpiling i t  i n  a fenced low-lying 
area. Some of the imported material i s  concrete rubble, b u t  most of i t  i s  
sandy tailings t h a t  were originally taken from the site for use as f i l l .  A 
recently-constructed system of unlined sludge ponds i n  the north portion of 
the southeast tailings area is currently accumulating sludge from the CVWRF 
plant. 

Estimates of the contaminated materials t h a t  are involved i n  the remedial 
action are summarized i n  Table 3-2. 

Table 3-2. Contaminated materials on Vitro s i t e  

-~ 

Material Volume (cubic yards) 

Tailings and other 2 , 2 2 0 , 0 0 0  
contaminated materials 

Rubble 8 0 , 0 0 0  
O f  f-site windblown 5 0 , 0 0 0  
Off-site other than windblown 100,000 

'IQTAL 2 , 4 5 0 , 0 0 0  

f 
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There are two basic strategies available for carrying out the remedial 
actions at the Vitro site: the first strategy is to stabilize the tailings 
and other contaminated materials at the Vitro site; the second strategy is to 
transport the materials- to a new disposal site and decontaminate the Vl'tro 
site (DOE, 1982a). 

The primary difference between a site that has been decontaminated and 
one that contains stabilized, radioactively contaminated material is that a 
decontaminated site will contain no material above the EPA standards and Will 
be available for unrestricted use. A stabilized site will meet the EPA 
standards but will still contain the radioactive material and, therefore, must 
remain undisturbed to protect the containment. Thus, its future use will be 
permanently restricted. 

Three alternative actions have been specifically developed for dealing 
with the tailings and other contaminated materials at the Vitro site. These 
alter natives are : 

o Alternative 1 -- 
o Alternative 2 -- 
0 Alternative 3,--  

These three alternatives 

No action. 

Stabilization of all material on the Vitro site. 

Decontamination of the Vitro site and transfer of all 
contaminated material to a new disposal site (i.e., 
South Clive site) located 1 mile south of Clive, 
Tooele County, Utah. 

are believed to span the spectrum of reasonable 
alternatives, for the remedial action. Other alternatives were identified but -, , 
eventually eliminated from further consideration as reasonable alternatives in 
this EIS; these considered-but-rejected alternatives are briefly discussed in 
Section 3.2.5, and in more detail in Appendix C. 

3.2.2 Alternative 1 -- no action 
This alternative would entail leaving the Vitro site in its present 

condition and under the control of its present owners, the CVWFS Board. 

3.2.3 Alternative 2 -- stabilization on the Vitro site 
In this alternative, all tailings and contaminated materials would be 

stabilized on a 53-acre area at the Vitro site (Figure 3-3). The location of 
this area was chosen to minimize interference with the ongoing expansion of 
the C W  waste-treatment plant site and to release the maximum amount of land 
for unrestricted use. 

Before stabilization of wastes could begin, the required 53 acres of the 
site would be acquired by the State of Utah and permission to clean up the , 

remainder of the 128-acre tract would be obtained from the CVWRF Board. me 
materials obtained in the cleanup of vicinity properties would be deposited on 
the Vitro site, to be later stabilized with the on-site materials. . 
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Construction at the site would begin with site preparation, including the 

following activities: 

1. Preparation of the staging area. 
2. Clearing of trees and brush. 
3. Installation of the construction storm drainage System. 
4. Excavation of the sedimentation basins. 
5. Installation of a waste-water treatment system. 

These activities are described in detail in Appendix A. 

After site preparation, the following construction activities would 
proceed sequentiplly. 

... , . 
. . i: -r.! 7 _.,;I ,. CJ 

. . , ., ..> ...- 
i . 1.. Demolition of foundations and' rubble-.- .' . "-. 

2. Excavation of tailings. and contaminated-mii'terials. 
3. 

4. Placement o f ' s  liner system. in the embankment area. 
5. Placement of tailings and contaminated materials in the embankment 

6. Placement of a cover system over the tailings and other contaminated 

7. Placement of fill to restote decontaminated areas to natural grade. 
8. Revegetation of restored areas. 

. .. 
Preloading to reduce risk from excessive, differentiaL settlement. (see 
footnote to Table 1-1). .. . . 

area.- 

materials. 

Each of these activities are described in detail in Appendix A, and are 
briefly described in the following paragraphs. 

Demolition 
i 

Rubble, foundations, and the akandoned rail spur would be reduced in sire 
and incorporated into the embankment. These materials would be placed in the 
lower portions of the embankment, above the post-remedial action ground-water 
level, in such a manner as to eliminate voids and to prevent settlement. 
Building foundations in the embankment area which would not interfere with the 
construction or integrity of the embankment would be left in place. 

/- 

The water tower w u l d  be dismantled, decontaminated if necessary, and 
disposed of in a public landfill or sold as scrap. 

/ 

Excavation of tailings and contaminated materials 

Tailings would be dewatered. This would be accomplished in layers by 
scraping, trenching and drying, excavating the dewatered material until a new 
level is reached which is too wet for handling, and repeating the process. 
Excavation could alternate between sections of the site to allow for the 
drying process. 
strength to support scrapers. These materials, as well as one foot Of the 
tailings above them, could be excavated with backhoes. 

Underlying contaminated clayey soils may not have sufficient 
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Excavation in the areas to be restored would be to the 15 pCi/g (Ra-226) 
limit. This is estimated to be two feet below the tailings/natural soil 
interface. Table 3-3 shows the volumes and types of excavations. 

Dewatering water would be pumped from the excavation trenches and drained 
to the sedimentation basins for treatment prior to discharge. 

Preloading (see note. to Table 1-1) 

After excavation and stockpiling of tailings and contaminated materials, 
3,000,000 cy of noncontaminated material would be trucked in to cover the 53- 
acre disposal site with fill for preloading. The preload would stay in place 
for approximately 2.5 years (determination of the time would be based on field 
measurements of settlement to determine the m o u n t  and rate of settlement). 
Once settlement has slowed and the amount of settlement that would take place- 
due to the construction of the embankment has taken place, 2,000,000 cy of the 
preload material would be hauled away for disposal. The remaining material 
would be used in the construction of the liner system and for fill around the 
site. 

Liner system placement 

The liner system would be placed as the embankment area tailings and - 

contaminated materials are excavated. The system would consist of a compacted 
subbase of sufficient thickness to be above the post-remedial action 
ground-water elevation, a three-foot granular capillary break layer base, ana 
two feet of compacted, fine-grained soil under the embankment area. A fleet 
of 35 trucks that contain about 18.5 cy, making 5 trips per day, could haul in 
the required 220,000 cubic yards of subbase material, 300,000 cubic yards of 
granular base material, and 190,000 cubic yards of liner materral in 220 days 
(Table 3 - 3 ) .  

Placement of tailings and other contaminated materials 
Y 

Tailings and other contaminated materials would be placed in controlled 
lifts in the embankment area. Tailings sands and slimes would be mixed during 
placement .and compacted to form a dense, stable material. For purposes of 
reducing radon emissions and providing an upper capillary break, sandy 
tailings would be identified and incorporated into the upper portion of the 
embankment. The purpose of the upper capillary break would be to limit or 
eliminate upward migration of moisture-transported c0ntaminant.s. 
of placement of sandy tailings in the upper portion of the embankment would 
outweigh,the disadvantage of the slight increase of net infiltration into the 
ta i 1 ings . 

The benefits 

Placement of cover system 

The cover would be constructed of two basic layers: a lower compacted 
earthen layer to act as a radon and water infiltration barrrer and an upper 
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pit run rock layer for surface stability. A typical section through the 
embankment is shown in Figure 3-4. A fleet of 35 trucks (18.5 cy capacity) 
making 5 trips per day, would haul in the required 290,000 cubic yards of 
radon barrier material and 155,000 cubic yards of pit run rock in 140 days 
(Table 3-31. The cover materials would be dumped from the trucks, spread with 
dozers, and compacted. 

c 
Placement of restoration fill 

During the relocation of contaminated material into the tailings embank- 
ment, large portions of the existing site would be excavated to below ground 
level. These areas would be restored with uncontaminated fill to the 
approximate elevation of the surrounding terrain and contoured to provide 
surface drainage. A fleet of 35 trucks with 18.5 cy capacity trailers, making 
5 trips per day, would haul in the required 71-0,000 cubic yards of fill in 220 
days (Table 3-3). The fill materials would be spread with dozers and 
compacted. 

Revegetation 

All areas of the site disturbed by the remedial action except for the 
embankment cover would be prepared and seeded with native grasses. Site 
preparation requirements (mulch and fertilizer) would be assessed after the 
fill material has been analyzed as a plant growth medium. 

3.2.4 Alternative 3 preferred alternative--decontamination of the Vitro site 
and stabilization at the South Clive site 

In this alternative, all tailings and contaminated material would be 
transported to the South Clive site, which is located on a section of state 
land about 85 miles west of Salt Lake City (Figure 3-5). There, they would be 
stabilized partially below grade on a 55-acre area in the northern part of the 
section. The location of this site was chosen to assure long-term isolation 
of the tailings while taking advantage of major transportation routes. 

Before stabilization of the waste could begin, the 60 acres of the South 
Clive site would be withdrawn from state lands and permission obtained from 
the CVWRF Board to clean up the 128-acre Vitro site. The materials obtained 
in the cleanup of vicinity properties would be delivered to the Vitro site for 
transportation to the South Clive site for final stabilization. 

There are two options to this alternative: transport of the tailings and 
contaminated materials by train or by truck. Each option is discussed 
separately as appropriate. 

- 3 7 -  
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Table 3-3. Ma te r i a l  volumes - s t a b i l i z a t i o n  o n . t h e  Vitro s i t e  

Item d e s c r i p t i o n  
Q u a n t i t y  

cub ic  y a r d s  

Excavation 
Excavation of dry  t a i l i n g s  

(excavate  with scraper) 

Excavation of w e t  t a i l i n g s  
(dewater and excavate  with sc rape r )  

Excavation of s a t u r a t e d  contaminated materials 
(excavate  with backhoe) 

Rubble 

Other contaminants  

(Pre load  Sytem) a 

Liner System 

Subbase 
Base 
Liner 

Cover I 

Radon barrier soil ( s i l t y  sand)  
Erosion b a r r i e r ,  d i t c h e s  and per imeter  road 
( p i t  run r o c k )  

Res to ra t ion  

Select f i l l  

170 e 000 

1,380 000 

670,000 

80 * 000 

150,000 

( 3 , 0 0 0 , 0 0 0 )  

220 * 000 
300,000 
190,000 

290,000 

155,000 

710,000 

'See foo tno te  to Table  1-1 
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Construction would begin with site preparation at the Vitro and South 

Clive sites, including the following activities (Figures 3-6 and 3 - 7 ) :  

1. Preparation of a staging area at each site. 

2. Clearing of trees and brush. 

3. Installation of a construction storm drainage System. 

4. Excavation of the waste-water retention basins. 

5. Installation of a waste-water treatment system at the Vitro site. 

6. Installation of a dewatering system at the Vitro site, . .I, 

b 

# These activities are described in detail in Appendix A. 

After site preparation, the following construction activities (train 
transport) would-proceed sequentially: 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

Construction of a railroad loadout spur at Vitro and the railroad 
spur and unloading facilities at the South Clive site. 

Construction of an access road from 1-80 to the South Clive site. 

Demolition of foundations and rubble. 

Excavation of the disposal site and stockpiling of the soil for cover 
material. 

Excavation and loading of tailings and other contaminated materials 
into train cars. 

Unloading and placement of the tailings and contaminated materials 
into the South Clive embankment area. 

Placement of a cover system over' the tailings and Contaminated 
materials. 

Removal of -the railroad spur and placement of fill at the Vitro site 
to restore decontaminated areas to natural grade. 

Revegetation of restored areas. 

Removal of the railroad spur and installation of a permanent fence 
around the South Clive embankment. 

For the truck option, the following activities would proceed sequentially: 

1. Construction of haul road from 1-80 to the South Clive Site. 

2. Demolition of foundations and rubble, 
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3. Excavation of the embankment area and stockpiling of cover material 
at the South Clive, site. 

4. Excavation and loading of tailings and contaminated materials into 
trucks . 

5. Unloading and placement of the tailings and Contaminated materials 
into the South Clive embankment area. 

6. Placement of a cover system over the tailings and contaminated 
materials. 

7. Placement of fill to restore decontaminated areas at the Vitro site 
to natural grade. 

8. Revegetation of restorea areas. 

9. Installation of a permanent fence around the South Clive disposal 
site. 

The major activities for each transportation option are briefly described 
in the following paragraphs and are documented in detail in Appendix A .  

Construction of railroad spurs 

For the train option, tailings and any contaminated subsoils would be 
excavated from an area 3,800 feet long and 120 feet wide to accommodate both 
the railroad and loading areas. ?he area would then be filled with clean 
subbase material and the ballast, ties, and tracks installed. 

A railroad spur, 3,800 feet long will be installed, curving across the 
site from the northeast corner toward the southwest corner of the Vitro site. 

Concurrently, a 13,800-foot-long railroad spur and run-around track would 
be constructed south from the Union Pacific mainline alongside the South Clive 
site and ending near the south edge of the site. 
from the land alongside the track, compacted, and then the ballast ties and 
rails installed. Additionally, a roto-dumper and a rotating stacker would be 
installed to unload and stack the tailings and contaminated materials for 
final placement. 

Subbase would be excavated 

Construction of haul road to South Clive site 

For the truck option, the existing access from the Aragonite exit from 
I-80 to the South Clive site will need to be resurfaced. About seven miles of 
the frontage road will need to be upgraded to carry 35-ton loading: addition- 
ally, 2.7 miles of new, two-lane gravel road will be constructed from the 
frontage road to the South Clive site. 

will 
also 

For the train Option, a vehicle access road (2.7 miles, two-lane gravel) 
be constructed from the frontage road to the site. Frontage road will 
be upgraded and maintained for light-duty traffic. 
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Demolition 

Rubble, foundations, and the abandoned r a i l  spur would be reduced in size 
and transported by either side-dump railroad cars or dump trucks and 
incorporated into the embankment. These .materials would be placed in the 
lower portions of the embankment in such a manner as to eliminate voids and to 
prevent settlement. 

The water tower would be dismantled, decontaminated if necessary, and 
disposed of in a public landfill or sold as scrap. 

Excavation of tailings and contaminated materials 

Tailings would be dewatered. ?his would be accomplished in layers by 
scraping, trenching and,drying, excavating the dewatered material until a new 
level is reached which is too wet for handling, and repeating the process. 
Excavation could alternate between sections of the site to allow for the 
drying process. In some areas, the underlying contaminated clayey soils may 
not have sufficient strength to support scrapers. These materials, as well as 
one foot of the tailings above them, could be excavated with backhoes. 

The excavated material would be loaded into either the trains or trucks 
and transported to the South Clive site. I*ro unit trains, each of 54 cars, or 
77 trucks are required to relocate 5,400 tons of tailings per day. 

Excavation in the areas to be restored would be to the 15 gi/g (Ra-226) 
limit. 
interface. Table 3-4 shows the volumes and types of excavations. 

This is estimated to be two feet below the tailings/natural soil 

Dewatering water would be pumped from the excavation trenches and drained 
to the sedimentation basins for treatment prior to discharge. 

Unloading and placement of tailings and other contaminated materials 

For the train option, the unit train will be pushed through a roto-dumper 
which will unload the cars into a conveyor leading to a rotary stacker. 
Rubble will be unloaded from the side dump cars in an area just to the south 
of the roto-dumper. Scrapers or trucks will then-be used to move the tailings 
and contaminated materials to the final location in-the embankment. If the 
truck option is selected, the tailings and contaminated materials will be 
dumped directly in the embankment area to be spread by scrapers. 

7 .  . 

Tailings and other contaminated materials would be placed in controlled 
lifts in the embankment area. 
placement and compacted to form a dense, stable material. For purposes of 
reducing radon emissions and providing an upper capillary break, sandy 
tailings would be identified and incorporated into the upper portion of the 
embankment. 

Tailings sands and slimes would be mixed during 
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Table 3-4. Material volumes - relocation to South Clive 

~ ~~~ 

Item description 
Qu an t i t y 

cubic yards 

Excavation 
Excavation of dry tailings 
(excavate with scraper) 

Excavation of wet tailings 
(dewater and excavate with scraper) 

170,000 

1,380 , 000 

Excavation of saturated contaminated materials 
(excavate with backhoe) 670,000 

Rubble 80 , 000 

Other contaminants 150,000 

Cover 

Radon barrier soil (silty sand) 
Erosion barrier, ditches and perimeter road 
(pit run rock) 

Restorat ion 

Select fill 

460,000 

202,000 

1,040,000 

Placement of cover system 
- 

The cover would be constructed of two basic layers: a lower connpacted 
ekthen iayer to act as a radon and. water infiltration barr-ier and an upper 
pit run rock layer for surface stability. A typical section through the 
embankment is shown in Figure 3-8. 

2; 

. .  a c 

The soils for &e earthen layer would be stockpiled during excavation of 
the disposal area and would be placed in controlled lifts with the completion 
of each section of the embankment. The 460,000 cubic yards of cover would be 
placed by scrapers and dozers and compacted . The 202,000 cubic yards for the 
2-foot-thick pit run rock layer would be handled by three 20.5 ton trucks and 
trailer rigs from a quarry in the nearby mountains in 640 Gays, making 8 trips 
per day. 
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placement of restoration fill 

During the relocation of contaminated material the South Clive 
tailings embankment, large portions of the existing site would be excavated to 
below ground level. These areas would be, restored with uncontaminated fill to 
the approximate elevation of the surrounding terrain and contoured to provide 
surface drainage. For the truck option, a fleet of 19 trucks and trailers 
would haul in the required 1,040,000 cu yds of fill (Table 3-4) by making 5 
trips a d a y  for 625 days. The train option m u l d  require 945,000 cu yds of 
fill to be hauled in since 95,000 cu yds would be placed during the 
construction of the railroad spur. After the track is removed, 17 trucks 
would be required to deliver this reduced volume making 5 trips per day for 
625 days. The fill material would be spread with dozers and compacted. 

At the South Clive site, restoration is required for the train option to 
backfill the roto-dumper and rotary stacker area. Excess cover material that 
was excavated during the embankment construction will be. spread in these areas 
with dozers and compacted. "be spur line would be removed and the R.O.W. 
graded to conform with the adjacent land. 

Revegetation 

All disturbed areas of the Vitro and South Clive sites disturbed by 
remedial action, except for the embankment area, would be prepared and seeded 
with native grasses. Site preparation requirements (mulch and fertilizer) 
would be assessed after the fill material has been analyzed as a plant growth 
medium. For the train option, the spur line R.O.W. from the South Clive site 
to the mainline would also be revegetated. 

3.2.5 Alternatives eliminated from further consideration 

Four classes of remedial-action alternatives were identified but 
eliminated from further consideration as not reasonable for one or more of the 
following reasons: the alternatives were obviously inferior to the considered 
alternatives in both their cost effectiveness and environmental benefits; the 
alternatives were sufficiently similar to the considered alternatives as to 
make detailed consideration of them superfluous: the alternatives were 
contrary to the EPA standards or the NRC's expressed guidelines .for uranium 
mill tailings disposal as these guidelines were understood in 1981. These 
considered-but-rejected alternatives and reasons for their rejection are 
discussed in the sections. that- follow and, in more detail, in Appendix C. 

3.2.5.1 Stabilization at other state-nominated locations 

The State of Utah nominated three areas for the long-term disposal of 
tailings and residues from the Vitro site (VTSSC, 1980). .One of these areas 
was the South Clive site: the other two areas were the .great depression' 
located about 8 miles north of Clive, Utah, and a section of state land 
located approximately 3 miles west of Delle (Tooele County), Utah (see Figure 
1-3). Both of the latter two areas were found to be less desirable from a 
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geotechnical point Of view and had drawbacks relative to transportation in 
that direct access to them from convenient rail dropoff points would require 
the crossing Of 1-80 at points distant from overpasses on that highway. The 
need for an intermediate transport step (by truck from rail dropoff p i n t s  to 
the site) and the need for new road construction would make these two areas 
more costly as disposal sites than the South Clive site. In addition, they 
ranked lower in terms of overall environmentally desirable characteristics for 
a waste-disposal site than the South Clive site. Accordingly, the DOE 
determined that these sites did not represent reasonable alternatives. 

3.2.5.2 Stabilization in eastern Utah 

Two areas in eastern Utah were also examined as disposal areas. One area 
is about 3 miles north of Woodside, Emery County, Utah and about 156 road 
miles from Salt Lake City. The other is 9 miles south of Crescent Junction, 
Grand County, Utah, about 215 road miles from Salt Lake City. Both areas 
appear to be geotechnically acceptable. The Woodside area is typical of the 
two and is discussed below. 

Consideration was given to the Woodside area in response to a proposal 
submitted to the State of Utah recommending the use of an existing fleet of 
trucks that currently (1980) haul coal from Emery and Carbon County areas to 
the Kennecott copper mill near Salt Lake City. The trucks normally return 
empty to the Woodside area, so it was suggested that they could be diverted to 
the Vitro site and loaded with tailings for the return trip. The DOE 
evaluated this proposal and found that it would require 9 years to move the 
tailings in this way, and at a cost of $14.09 per ton (truck transport to the . 
South Clive area would cost $8.50 per ton). Thus, this alternative would be 
neither cost effective nor timely relative to the considered alternatives; 
accordingly, it was determined to be an unreasonable alternative by the DOE. 

i )  
3.2.5.3 Stabilization at other locations in Salt Lake Valley 

The DOE examined the alternative of moving the Vitro tailings to other 
locations within the Salt Lake Valley and concluded that, relative to stabili- 
zation at the Vitro site, there would be no clear economic or environmental 
benefits to be realized in such a move unless the new locations afforded 
special opportunities for isolation and reduction of remedial-action costs. 
Examples-of such-alternatives would be the stabilization of the wastes in some 
large, isolated public construction project such as highway interchanges or 
airport runways. However, no such opportunities were known to be available or 
-foreseen to be available, and so no reasonable alternatives.in this category 

Appendices B and C. 

... .- .- qwere ddentified by' the' DOE. Other duch alternatives are discussed in 

3.2.5.4 Reprocessing of the Vitro tailings . .  

The DOE is required by the UMTRCA, Title I, to determine the practica- 
bility of reprocessing the Vitro tailings, Si'nce the final determination of 
practicability has not been &de, this class of alternatives cannot be 
entirely rejected at this time. However, preliminary studies show that 
reprocessing of the Vitro tailings is not economic at present-day prices for 
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uranium (see Section C.4,  Appendix C). Using what would currently be the most 
economical process (heap leaching) and reprocessing the tailings on'the site, 
a firm would incur a net loss on the order of $23 million at present-day 
uranium and vanadium prices. This loss would be in addition to the cost of 
stabilizing residues from reprocessing. Therefore, the reprocessing 
alternatives have been considered as being unreasonable for purposes of this 
document. Should these alternatives become practicable in the near future, 
DOE will examine the need for a supplement to the EIS. 

3.3 ENVIRONMENTAL IMPACTS 

In this section attention is focused on the principal environmental 
impacts of the three a1ternatives.studied. A tabular comparison of all 
impacts is presented in Table 1-3. 

3.3.1 Comparison of impacts 

Radiological impacts are foremost among the public's concerns. 
Alternative 1 would perpetuate the present situation; an estimated 0.6 
additional cancer deaths would occur in a three-year period in the Salt Lake 
Valley. Either Alternative 2 or Alternative 3 would reduce this toll. In 
Section F.3.1 of Appendix F it is conservatively assumed that radon is being 
emitted from the surface o f  these tailings at an areal flux of 560 picocuries 
per square meter per second (pCi/m2s). 
alternatives would reduce this flux to the EPA standard. The estimated number 
of excess lung cancers would be similarly reduced. 
taken for the remedial action this flux will be gradually reduced, either 
because (in Alternative 2) the tailings are stabilized under an earthen cover 
or because (in Alternative 3) the tailings are actually hauled away. The 
levels of contaminated dust would increase because of excavation and loading 
of the tailings: however, calculations show that this source of radiation 
exposure would be about a hundred-fold less important than the radon 
exposure. The potential radiation exposure of the public during remedial 
action is estimated to be 15,000 rnanrem for both alternatives; both would 
result in an additional estimated 0.3 deaths from cancer. The workers 
themselves would have the largest individual exposures of all persons. It is 
estimated that they would receive doses of about .6 rem apiece during ..the-.3 
years of *remedial action. . .  ' . '  . ' 

I" .< ; - : I ,  

-.;...i.:Af'tcrnative 1 would .have n o  effect .on existing air iquality in Salt Lake 
'or-l:~Tooelc'Counties. "~~~e'-impacts' of Alternatives 2..-.and. 3 on air :quality would 
be short-term in each case; thg'-combustive emissions from -construction 
activities in Alternatives 2 and 3 vould be within limits allowed by the 
State of Utah. However, particulate .emissions during Alternatives 2 -and 3 
would exceed Federal primary and secondary air quality standards. 

Either o f  the latter two 

During' the 3-year time 

. .  
.,. 1 ._: -- I .- . . -  . -, _.. .- 

m e r e  would be no impact on topography or soils under-Alternative 1. In 
Alternative 2, a permanent, smoothly-contoured pile about 50 feet high would 
be constructed on 53 acres in the southeast portion of the Vitro site and the 
remaining 75 acres of the site would be leveled to local grade: about 1.9 
million cubic yards of soil, gravel, and clay would be imported from 
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commercial Sources to complete this alternative. In Alternative 3, all 128 
acres of the Vitro site would be returned to local grade, requiring about 1.0 
million cubic yards of.imported soil for backfill. 
smoothly-contoured mound 34 feet high would cover 55 acres at the South Clive 
site: about 647,000 cubic yards of gravel or crushed stone would be imported 
to provide an erosion-resistant cover for this mound. 

A permanent, 

EPA water standards would be met by either Alternative 2 or Alternative 
3. However, Alternative 2 would rely on an engineered barrier, natural 
materials, and maintenance of the existing pressure gradients in the 
hydrologic system beneath the tailings to protect the potable confined aquifer 
and the potable lower portion of the unconfined aquifer. Alternative 3 would 
simply remove the tailings as a potential source of contamination at the Vitro 
site and place it in an area of poor-qual'ity; shallow ground water. 
Alternative 1, the potential for--contamination of surface water and' ground 
water would continue. 

Alternative 1 would have no effect on existing ecosystems at the Vitro 
site or the South Clive site. In Alternatives 2 and 3, the small biotic 
community on the 128-acre Vitro site would be destroyed: about 200 acres of 
desert scrubland and associated habitat at the South Clive site would also be 
disturbed or destroyed in Alternative 3. 

In 

? -  . 

Next to radiological impacts, the impacts on land use would be the most 
important. Alternative 1, leaving the present situation unchanged, would mean 
that the CVWRF Board might be constrained in expanding the capacity of the 
sewage-treatment plant to 100 million gallons per day (mgd), because its plans 
require the use of land now covered with tailings. Alternative 2, though it 
would leave 53 acres covered with tailings, would free 75 acres for the CVWRF 
Board to use. Alternative 3 would free all of the land for C W  Board use. 

Alternatives 1 and 2, as now formulated, would not require the 
acquisition of a 5.4-acre industrial strip on the southwest side.of the Vitro 
site. 

Removal of the tailings from the 128-acre Vitro site would permit 
development in accordance with the CVWRF*s approved Master Plan. In 1979, the 
CVWRF bought approximately 29 acres of frontage property along 3300 South 
Street from Richards-Moench for $62,500 per acre. This land was purchased 
under the assumption that the federal government would remove the tailings and 
make the land available to the CVWRF. The CVWRF Board has stated that it will 
develop a temporary industrial park on the 3300 South Steet frontage property 
if Alternative 3 is the adopted remedial action. Based on an analysis of the 
economic impacts of the remedial action options, it is estimated that the 
development of a temporary industrial park would generate approximately $11.0 
million a year in gross economic benefits to the region. Alternative 2 ,  which 
would make approximately 75 acres available to the CVWRF, may permit a portion 
of the proposed development set forth in the CvwRF*s approved Master Plan. TO 
the extent a temporary industrial park is developed on the property, a 
regional economic benefit also would result under Alternative 2.  
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Alternative 1 would produce no construction-intensive impacts such as 
those on populations and employment, transportation networks, energy- 
consumption pattefnS, and occupational health and safety. Alternatives 2 and 
3 would produce relatively minor and similar impacts in all of these areas. 

Alternative 2 would create short-term (at most, 2.5-year) jobs for a 
maximum of 104 construction workers. The income and taxes from these jobs 
would have little effect on the salt Lake City economy and social 
infrastructure. Transportation networks in Salt Lake County would not be 
seriously affected by Alternative 2; at most, there would be a 8.5 percent 
increase in traffic on 5400 South Street owing to deliveries of soil; 
increases in traffic along the remainder of the haul route would be less. 
About 2.5 million gallons of diesel fuel and 0.4 million kilowatt hours of 

. electrical power would be expended in the implementation of Alternative 2. 
According to recent incidence rates, one should expect 0.015 fatal work 
accidents and about 12 disabling injuries during the 2.5-year term of 
Alternative 2. 

Alternative 3 would create a maximum of 130 (train) or 153 (truck) 
short-term construction jobs in Salt Lake and Tooele counties. Again, the 
jobs created by Alternative 3 would have little effect on the Salt Lake County 
economy although there could be small-but-measurable effects in Tooele 
County. The effects of Alternative 3 along the haul routes to the Vitro site 
would be less (maximum increase of 4 percent) than those of Alternative 2. 
About 7 million gallons of diesel fuel and 0.8 million kilowatt hours of 
electrical power would be expended in the implementation of Alternative 
3--more than 2 times the energy expenditures of Alternative 2. Finally, one 
should expect a few more occupational accidents in Alternative 3 than 
Alternative 2 because of the larger work force involved: according to 1980 
incidence rates, 0.014 (train) or 0.52 (truck) fatal work accidents and 27 
(train) or 25 (truck) disabling injuries should be expected. 

The final matter. in which there is a great difference among the 
alternatives is cost. It is indicated in Appendix A that Alternative 2 would 
cost $31.24 million in 1983 dollars; Alternative 3 would cost between 563.78 
(train) and $67.68 (truck) million. 

3.3.2 Mitigating measures 

The potential environmental impacts from remedial-action alternatives 
could be made smaller through the use of appropriate mitigating measures. A 
number of these have been incorporated into the plans for Alternative 2 and 
Alternative 3. These include dust control, material containment, rail car or 
truck washdown, elimination of public access to the sites, and the provision, 
where necessary, of protective equipment for use by remedial action workers. 
Additional measures are described in Section 5.19. 

There are even mitigating measures possible for Alternative 1. The 
cleanup of vicinity properties is already under way. Other measures, which 
depart somewhat from strict no action and which would not bring the site into 
conformity with the EPA standards, but which would improve the present 
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situation, include: (1) fencing and posting the property to keep people off 
it and to prevent further off-site uses of contaminated material, (2) 
sprinkling to control dust, and (3) covering with a sufficient layer of soil 
to support vegetation and thus to reduce further wind and water erosion. 

In Alternative 2, stabilization at the Vitro site, a possible mitigation 
measure would be a land exchange. One of the possibly serious consequences of 
this alternative is that it would interfere with the plans of the CVWRF board 
to expand the capacity of their sewage treatment plant by taking away land the 
board was planning on using. 
adjacent to the Vitro site and transfer it to the CVWRP board in exchange for 
the 53 acres ussd for the stabilization area and not available to the board. 
The board would still have to adjust its present plans, but would be less 
land-limited in doing so. 

The State of Utah could acquire vacant land 

3.3.3 Summary of major impacts 

Alternative 1 would leave unchanged the present unacceptable level of 
radiation exposure to the people of Salt Lake Valley. Thus, Alternative 1 
would not meet the EPA standards: either of the other two alternatives would. 
For this reason alone, Alternative 1 is unacceptable. 

Alternative 1 would completely interfere with the expansion plans of the 
CVWRF Board. Alternative 2 would free more than half of their land for use in 
expansion. Alternative 3 would free all of it. 

Alternative 1 would result in the continued contamination of surface and 
ground waters. Either Alternative 2 or 3 would meet the EPA standards. 
Alternative 2 would raise the tailings out of the ground-water system and 
retard movement of contaminants from the tailings to the ground water for a 
long period of time. 
ground-water contamination at the Vitro site. 

Alternative 3 would eliminate the possibility of future 

m e  direct monetary cost of the remedial-action portion of Alternative 1 
would be zero, that of Alternative 2 would be 31.24 million, and that of 
Alternative 3 between $63.78 and $67.68 million. The estimated remedial 
action costs for the train and truck transportation mode for Alternative 3 
differ slightly. 
accuracy of the associated estimates, the costs for either transportation 
mode, should be considered essentially equivalent. 

However, due to the conceptual nature of the design and the 
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6442 
4 AFFECTED ENVIRONMENT 

Described i n  this chapter are those features of the existing environment 
that may be affected by the alternative remedial actions discussed in 
Chapter 3 .  

4 . 1  REGIONAL SETTING 

The region potentially affected by the alternatives under consideration 
consists of S a l t  Lake and W e l e  counties i n  Utah. These two counties are 
very different. S a l t  Lake County i s  heavily urban; l e s s  t h a n  0 . 9  percent of 
the 1 9 8 0  population l i v e d - i n .  rural areas. 
County is privately owned, and 6 . 7  percent of i t s  l a n d  area i s  residential .  

Nearly 63 percent of ' S a l t  Late 

In contrast to S a l t  Lake County, 8 2 . 6  percent of Tboele County's land 
area is Federally owned and over 28 percent of the County's population is  
rural. The c o u n t y  population i s  largely concentrated i n  Tooele C i t y ,  
Grantsville,  and Wendover. The vast majority of the 4 . 4 3  million acres i n  the 
county is arid open rangeland. I t  i s  characterized by broad, f l a t  b a s i n s  and 
old lake bed deposits occasionally interrupted by small mountain ranges. 
, 

4 . 2  DESCRIPTION OF THE AFFECTED AREAS 

4 . 2 . 1  The Vitro s i t e  and surroundings 

The Vitro s i t e  covers an area of approximately 1 2 8  acres. It is located 
about  4 miles south-southwest of the center of S a l t  Lake C i t y ,  just northeast 
of the s t r e e t  intersection of 3300 South and 900 West. Figures 3-1 and 3-2 
are, respectively, a map and a plot plan that show the general s i t e  area. The 
adjacent developed land t o  the northern-center of the s i t e  is the Central 
Valley Water Reclamation F a c i l i t y  (CVWRF) sewage-treatment plant No. I. The 
entire Vitro s i t e  i s  presently owned by the CVWRF Board. Land-use patterns i n  
the v i c i n i t y  of the Vitro s i t e  are shown in Figure E-2 of Appendix E. 

, 

Tailings storage was i n  the western and southern portions of the V i t r o  
s i t e  and included three impoundments referred to as the northwest, southwest, 
and southeast t a i l i n g s  areas (see Figure 3 - 2 ) .  The southwest and southeast 
areas are divided by the South Vitro Ditch which contains slow moving surface 
water. The Vitro Waste Ditch carries treated water from the CWRF plant and 
divides the northwest and southwest tai l ings  areas. Three s u r f i c i a l  
variations occur w i t h i n  the t a i l i n g s  areas. F i r s t  and most obvious is the 
standing water in the northwest area where approximately 1 3  acres are covered 
with sludge from the CVWW sewage-treatment plant. The quantity of sludge i s  
estimated to be in excess of 6 0 0 0  cubic yards ( c y ) .  The second variation 
consists of the excavated p i t ,  approximately LO f e e t  deep and 600  f e e t  long, 
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which i s  located i n  the northern half of the southwest t a i l i n g s  area. 
Material excavated from the p i t  is piled approximately 20 feet high along i t s  
edges. Water i s  standing i n  the bottom of this  excavation, showing the 
elevation of the local water table. The third noticeable feature i s  the 
abundance of concrete debris in the southeast t a i l i n g s  area. This material 
was used during earlier attempts a t  stabil ization (FBDU, 1981). 

The eastern portion of the Vitro s i t e  was used for the ore processing 
mil l ,  ore storage, and transportation. The buildings were removed but various 
foundations and concrete supports were l e f t  in place or buried on the s i t e .  
This portion of the s i t e  remains a t  approximately n a t u r a l  ground-surface l e v e l  
where existing structures include a water tower and railroad tracks. A t  
present, o f f - s i t e  cleanup projects are importing contaminated material onto 
the southeast ta,ilings.and stockpiling it i n  a fenced, low-lying area. Some 
of the imported material i s  concrete rubble, b u t  for the most p a r t  i t  i s  sandy 
t a i l i n g s  t h a t  were originally  taken from the s i t e  and used as f i l l .  I t  i s  
estimated t h a t  the total  quantity of o f f - s i t e  material that will be stockpiled 
a t  the Vitro s i t e  is. approximately 150,000 cy. This includes o f f - s i t e  
wind-blown material that will be recovered from areas immediately surrounding 
the s i t e .  

The generally sparse vegetation includes grasses and herbaceous plants. 
Surface drainage i s  poor to nonexistent w i t h  several seasonal ponds on the 
t a i l i n g s  surface. Surface elevations w i t h i n  the s i t e  range between 4 2 3 5  and 
4250 feet above sea l e v e l .  

The Vitro s i t e  contains an accumulation of a variety of materials. 
Besides the sludge and rubble mentioned above, the t a i l i n g s  areas include 
u r a n i u m  t a i l i n g s ,  vanadium t a i l i n g s ,  and embankment materials. Material for 
dikes was excavated i n i t i a l l y  from w i t h i n  the projected impoundment areas. 
The average depth of excavation was on the order of 4 feet  below the 
surrounding grade. 
deposited uniformly w i t h i n  the impoundment areas. The nonuniformity r e f l e c t s  
changes i n  the refining process, the variety of ore sources, and d i f f e r e n t i a l  
sorting of p a r t i c l e  s izes  from the discharge point. The northwest area 
primarily contains r e l a t i v e l y  clean medium and fine sands while the southwest 
area includes a high proportion of slimes and was not as deeply excavated. 
The southeast area contains the b u l k  of the t a i l i n g s  w i t h  occasional zones of 
cinders. These t a i l i n g s  grade from predominantly fine sands on the east to 
slimes on the west. The berms surrounding the t a i l i n g s  are composed of loose, 
mediumfine sands w i t h  some t a i l i n g s  contamination. Materials w i t h i n  the 
t a i l i n g s  ponds are generally slimes or s i l t y  sands. The slimes are 
fine-grained soils primarily of s i l t  s i z e s ,  w i t h  l i t t l e  material i n  the 
clay-size range. The slimes are s l i g h t l y  p l a s t i c  i n  the moist s t a t e  and 
retain a considerable amount of f l u i d .  Dry densities are low for b o t h -  the 
slimes and the sands; however, the sands are much drier (MSRD, 1 9 8 2 ) .  

Available information indicates t h a t  the t a i l i n g s  were not 
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4 . 2 . 1 . 1  The 5.4-acre industrial tract  

The 5.4-acre industrial tract  adjacent to the southwest side of the-Vitro 
I t  consists of s i x  separately owned tracts:  '(1) s i t e  is  shown i n  Figure 3-2. 

less t h a n  one acre owned by Pey Development Co.; ( 2 )  a n  approximately 1-acre 
tract on the north end of the s t r i p  owned by WON-DOOR Corporation; ( 3 )  a n  
approximately 1-acre tract south of tract  (1) t h a t  i s  owned by Harrington 6 

Co.; ( 4 )  an approximately 1-acre tract south of tract  ( 3 )  that i s  owned by 
Abel and Sarah Paulsen; ( 5 )  a n  approximately 0.5-acre tract south of tract  ( 4 )  
that i s  owned by Blaine and Verla Berrett; and ( 6 )  a 2.2-acre tract south o f  
tract  (5) t h a t  is  owned by Steve and Helen Pappas. 

These six t r a c t s  are zoned for industrial. use and three- of them have.been 
included i n  the DOE'S l i s t  of properties el - igible  for remedial act'ion under" 
the v i c i n i t y  property cleanup-program. The buildings and land on this,LQ!;**- 
5.4-acre s t r i p  are contaminated by windblown t a i l i n g s  and the buildings would 
require some excavation and reconstruction i n  order to meet the EPA-Jstandards 
for cleanup of structures: similarly,  the open lands w i t h i n  the 5.4-acre s t r i p  
would require excavation i n  order to meet EPA standards. These cleanup 
a c t i v i t i e s  would cause a temporary loss of jobs for no more than a dozen 
people (DOE, 1982). 

Other d e t a i l s  of the area surrounding the Vitro s i t e  are supplied in 
Appendix E and i n  the engineering assessment (EBDU, 1981). 

4 . 2 . 2  The South C l i v e  s i t e  and surroundinss 

The proposed disposal s i t e  near C l i v e ,  Tooele County, U t a h  i s  located 
approximately 65  miles i n  a straight-line distance due west of S a l t  Lake C i t y  
and consists of the 1-square-mile area designated as Section 3 2 ,  Tbwnship 1 
South, Range 11 West'. The northern boundary of the s i t e  area is  approximately 
1 mile south of C l i v e  which is a railroad siding for the Union P a c i f i c  
System. The railroad right-of-way servicing this siding extends from the S a l t  
Lake C i t y  area westward toward Nevada. Highway access to the s i t e  is provided 
by U.S. Interstate  80 which passes approximately 2 . 5  miles to the north of the 
s i t e .  
southerly direction,  and runs along the s i t e ' s  western boundary. 

A d i r t  t r a i l  intersects the h i g h w a y  north of C l i v e ,  extends in a 

As shown i n  Figures 3-5 and 3 - 6 ,  the s i t e  is located within a r e l a t i v e l y  
f l a t  topographic area along the eastern edge o f  the Great S a l t  Lake Desert. 
The desert area extends for approximately 60 miles from the Nevada-Utah border 
on the west to a series  o f  north-south trending mountain ranges on the e a s t .  
In the v i c i n i t y  of the s i t e ,  the eastern border of the desert i s  formed by the 
Cedar Mountains which r i s e  to elevations on the order of 7700 feet  
(approximately 3500 feet  above the desert f l o o r ) .  
mountain range results  i n  a s u r f i c i a l  drainage pattern for the s i t e  which i s  
generally i n  a westerly direction. 

The proximity of t h i s  
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The s i t e  has minimal topographic r e l i e f  with a s l i g h t  downward 
that is r e l a t i v e l y  uniform toward the southwest (see Figure 3 - 7 ) .  x i r .  

across the s i t e  i s  sparse and i s  typical of semi-desert low shrubland. 
r e l i e f  w i t h i n  the square-mile area i s  on the order of 11 f e e t .  

4 . 2 . 3  The transportation corridors 

The train transportation corridor is the western d i s t r i c t  of the Union 
P a c i f i c  System route t h a t  more or less follows 1-80 to the west of S a l t  Lakc 
C i t y  (see Figure 3 - 5 ) ;  more s p e c i f i c a l l y ,  i t  i s  the railroad right-of-way 
bordering the route t o  be taken by trains from the Vitro s i t e  t o  w i t h i n  a m: 
of the South Clive  s i t e .  m e  length of this corridor is approximately 85 
miles. It  begins a t  the Roper Railroad Yard on the east side o f . t h e  Vitro 
s i t e  and runs northward t o  where the Rio Grande Railroad merges w i t h  the Un. 
P a c i f i c  System a t  about 3rd West and I - 8 0 ' i n  Salt  Lake C i t y .  The Union 
P a c i f i c  System maintains the remaining portion of the corridor that would rr 
to an unloading point a t  C l i v e ,  from which a r a i l  spur would be constructed 
the South C l i v e  s i t e .  

The truck h a u l  route between the Vitro and South C l i v e  s i t e s  w o u l d  use 
900 West, 2100  South, and 1-80 t o  the Aragonite e x i t .  From there, trucks 
would follow the frontage road to the C l i v e  overpass 
improved county road to the s i t e .  

and then follow the 

4 . 3  CLIMATE 

The project 'region is i n  the Intermountain Plateau cl imatic  zone t h a t  
extends between the Cascade-Sierra Nevada Ranges and the Rocky Mountains anc 
i s  c l a s s i f i e d  as a middle-latitude dry climate OK steppe. The climate i s  
characterized by hot and dry summers, cool springs and f a l l s ,  and moderatel) 
cold winters. 

4 . 3 . 1  Weather patterns 

Mountain ranges tend to r e s t r i c t  the movement of weather systems into t 
two-county area, b u t  the area i s  occasionally affected by well-developed 
storms i n  the prevailing regional westerlies. The mountains a c t  as a barrit 
to frequent invasions of c o l d  continental a i r .  Precipitation i s  generally 
l i g h t  during the summer and early f a l l  and reaches a maximum in spring when 
storms from the Pacif ic  Ocean are strong enough to move over the mountains.  
During the l a t e  f a l l  and winter months, h i g h  pressure systems tend t o  s e t t l e  
over the area for as long as several weeks a t  a time. Under these condition 
smoke and haze accumulate i n  the lower l e v e l s  of the stagnant a i r ,  frequent 
becoming associated with fog and obstructing v i s i b i l i t y .  Aside from the 
alt i tude a n d  the mountains, the most influential n a t u r a l  condition a f f e c t  I 
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/ the regional climate is the Great Salt Lake. 
which never freezes over because of its high salt content, tends to moderate 
downwind temperatures. 

This large inland body of water, 
- .  

;t The local weather varies among the Vitro site, the transportation 
corridors, and the South Clive site. The Vitro site is semi-arid while the' 
South Clive site is arid desert. "be transportation routes encompass the 
transition between the two. Each of these areas is discussed in the following 
sections. 

_I ... - 
. .1 - .. 

4.3.2 Temperature, 
- . 

Data from the ,Wndover meteorological station (about 50 miles due- west-'of 
the South Clive site) suggest that temperatures at the South Clive site-are"" 
similar to but slightly warmer than those at the Vitro site. The extreme'""' 
temperatures have ranged from -19 to 112OF. Normal monthly temperatures'have 
ranged from 27.4OF in January to 79.3OF in July, with an annual average of 
52.2OF. The daily normal minimums ranged from 18.8 to 66.6OF for January and 
July, respectively, while the normal daily maximums ranged from 36 to 92OF for 
the same months. 

I . .  .... -.* 

, .  - .. 

According to U.S. Weather Bureau records for Salt Lake City, from 1928 to 2 

1978 the extreme temperatures near the Vitro site should have ranged from -30 
to 107OF. The normal monthly temperatures (1941-1970) ranged from 28OF in 
January to 76.7OF in July, with an annual average of 51OF. The normal daily 
minimums for January and July have been 18.5 and 60.5OF, respectively, while 
the normal daily maximums for the same months were 37.4 and 92.8OF, 
respectively. 

Temperatures for the transportation corridors would not differ 
significantly from those at the two sites. The only notable difference would 
be a slight reduction in extreme high temperatures at higher altitudes along 
the corridors. 

4.3.3 Precipitation 

Less precipitation occurs at the South Clive site, which is on the 
eastern edge of the Great Salt Lake Desert, than at the Vitro site. Normal 
annual precipitation at the wendover meteorological station, which is here 
taken to be typical of the South Clive site, is only 4.88 inches. The(1owest 
normal monthly precipitation is 0.29 inches in January, while June has the 
highest with 0.73 inches. 

The climate at the South Clive site is arid, which means that evapotrans- 
piration is at least five times precipitation. The climate of Salt Lake City 
is semi-arid, which means that the evapotranspiration-to-precipitation ratio 
is 5 or less (Weaver and Clements, 1938). 

1 
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?he maximum recorded 24-hour precipitation at Wendover was 1.33 inches 
and the maximum monthly precipitation was 3.01 inches. No precipitation in a 
month's ti&? has been recorded many times. 
monthly amount recorded in 35 years was i4.6 inches in January; all other 
monthly maximums have been less than 10 inches. The maximum 24-hour snowfall 
was 8.5 inches in February of 1967, which is also the highest monthly total on 
record for February. 

Snowfall is light; the maximum 

On the basis of weather records for Salt Lake City, precipitation at the 
Vitro site should be greater than at the South Clive site. The normal annual 
precipitation for Salt Lake City is 15.17 inches, with a normal monthly high 
of 2.12 inches in April and monthly low of 0.70 inches in July. Annual 
precipitation usually varies between 10 and 20 inches. Ihe.maximum monthly 
total in 50 years was 4.90 inches and occurred in April'1944. Months with no 
precipitation have been recorded but are rare. The maximum 24-hour amount 
recorded was 2.41 inches in April 1957. The Salt Lake area has received 
annual snowfall amounts ranging from less than 20 to 117 inches, with an 
average of 58.5 inches. A maximum 24-hour snowfall of 18.1 inches was 
recorded in December 1972.- 

Precipitation data for the transportation corridors are not available but 
precipitation probably decreases with distance from the Great Salt Lake. 
/ 

L 

4.3.4 Winds 

No wind data are available for either the South Clive site or the trans- 
portation corridors. The maximum peak gust recorded at Dugway Proving Ground, 
40 miles southeast of the South Clive site, during the period 1957 to 1965, 
was 71 miles per hour. 

On the basis of weather records for Salt Lake City, the prevailing winds 
at the Vitro site should be generally from the southeast and south-southeast 
and have a mean speed of 8.7 miles .per hour. %e mean monthly wind speed 
varies from 9.5 miles per hour in April to 7.5 in December. The highest 
one-minute duration wind speeds have generally been from the west or 
northwest, the high being 71 miles per hour in March and the lowest high 52 
miles per hour in January. Wind distributions assumed for the Vitro site are 
tabulated in Section G.2 of Appendix G. 

4.3.5 Storms 

Based on a 39-year data record for Wendover, the South Clive site has an 
annual average of 48 days with 0.01 inches or more of precipitation; they are 
evenly distributed throughout the year. 
year over a 5-year period, the monthly maximum being 8 days in June. 
Snowfalls of 1.0 inch or more occurred an average of 3 days per year over a 
25-year period. 
five-year period. 

Thunderstorms occurred on 29 days per 

An average of five days per year had heavy fog over a 
Over 8 years, an average of 152 days per year were clear, 

92 were partly cloudy, and 121 were cloudy. 
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During the period from 1928 to 1978, the Salt Lake City area had an 
annual average of 88 days with 0.01 inch or more of precipitation; 10 of those 
days occurred in each of the months of January, March, and April. On the 

_average, only four days of measurable precipitation have occurred in July.- - 
Thunderstorms occurred on an average of 35 days per year, with a high of 7' . 
days in July and none in November, December, or January. Snowfalls of 1 inch 
or more have occurred on an average of 18 days per year. Heavy fog has 
generally occurred 11 days per year but during the winter months only. On-the 
average, 127 days per year have had clear skies, 104 have been partly cloudp, 
and 134 cloudy. .- 

'i 
.I _ _  2 

4.4 AIR QUALITY . -If. ' - . * : io  

located in Tooele County. me National Ambient Air Quality Standards (NAAQS) 
are used to classify the counties as being below the NAAQS (attainment) or , 
above the NAAQS (nonattainment). Tooele County is classified as meeting all 
NAAQS. Salt Lake County is classified as nonattainment for TSP (total 
suspended particulates) and ozone. Only Salt Lake City is in nonattainment 
status for carbon monoxide. The Utah State implementation plan requires that 
appropriate measures be taken in Salt Lake City to reach the NAAQS by 1985. 
However, the TSP annual geometric mean concentration for Salt Lake City for 
1981 was 67 micrograms per cubic meter, which is less than the NAAQS annual 
geometric mean of 75 micrograms per cubic meter. The ambient TSP 
concentrations at the Vitro site were measured in a year-long monitoring 
program that was initiated in January 1982. Measurements of TSP were made 
five times a month with high-volume air samplers at two lodations on the Vitro 
site. The monthly means of data obtained through 1982 have ranged from 53 
micrograms per cubic meter to 149 micrograms per cubic meter; the average 
annual mean for stations north and south of the site are 69 and 91 micrograms 
per cubic meter respectively. 

The Vitro site is located in Salt Lake County and the South Clive site is 

,- 

Tooele County, which includes the South Clive site, is in attainment 
status for all NAAQS. TSP measurements at the South Clive site have yielded 
monthly means that range from 5 micrograms per cubic me,ter to 42 micrograms 
per cubic meter; the average annual mean is about 18 micrograms per cubic __ - . .. 
meter. 

4.5 SURFACE AND SUBSURFACE FEATURES 

The following subsections summarize geologic features that could affect 
the suitability of the South Clive site and the Vitro site for stabilization 
of residual radioactive wastes and other contaminated materials. 
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4.5.1 Physiography and topography 

The South Clive site is located within a relatively flat area along the 
eastern edge Of the Great Salt Lake Desert. The desert area extends for 
approximately 60 miles from the Nevada border on the west to a Series Of 
north-south-trending mountain ranges on the east. The eastern edge of the 
desert in the vicinity of the site is formed by the Cedar Mountains, which 
rise to elevations of approximately 7700 feet (approximately 3500 feet above 
the desert floor). ‘Ihe proximity of this mountain range results in a . 
generally westward slope to the site, with drainage into the Great Salt Lake 
Basin. The site has a topographic relief of less than 11 feet. 

The Salt Lake City area is located in a large basin drained by the Jordan 
River and located between the Wasatch Mountains to the east and the Oquirrh 
Mountains to the west. The original topography of the Vitro site has been 
modified: the undisturbed elevations range from 4235 to 4250 feet and the 
drainage is to the northwest, toward the Jordan River. 

4.5.2 Geologic features 

Because of the lack of detailed subsurface data concerning the bedrock, 
the exact depth to and relationships among various bedrock units at the South 
Clive site are unknown. Lone Mountain, located 3 miles east of the site, has 
a core of Paleozoic rocks.. These include, from west to east,. the Grandeur 
Member of the Park City Formation, an unnamed Permian formation, and Unit 5 of 
the Oquirrh Formation (Maurer, 1970). These well-indurated limestones and 
sandstones strike slightly east of north (approximately N12E) and dip steeply 
(72 to 74 degrees) to the west. Lone Mountain represents the west limb of a 
north-trending anticline, which is in turn located on the upper plate of the 
Lone Mountain Thrust Fault, a slightly northwest-trending Laramide (early 
Tertiary) low-angle fault. 

The scattered, low hills about 1.5 miles west of the site (see Figure 
3-6) also contain outcrops of Paleozoic Oquirrh Formation (Moore and Sorensen, 
1979). 
northeast-trending overturned anticline. The South Clive site may be located 
in the syncline between this anticline and the Lone Mountain anticline to the 
east. 

m e s e  rocks may represent the northern extent of a slightly 

The Grayback Hills 3.5 miles northwest of the South Clive site (Just 
north of Interstate 80) are formed by remnants of Late Tertiary (Miocene- 
Pliocene) basalt and basaltic andesite flows (Moore and Sotensen, 1979). 
These flows are the’ only apparent evidence near the site of Late Tertiary 
tectonism. 

Bedrock below the Vitro site is buried under a thick sequence of alluvial 
deposits. Arriow et al. (1970) indicate on a structure contour map that the 
unconsolidated Quaternary deposits below the site are at least 500 feet 
thick. However, the Tertiary “bedrock” underlying the Quaternary deposits 
also consists of semiconsolidated clay, sand and gravel, interspersed with 
lava and cemented layers of sand and gravel (Arnow et al., 1970). These 

-64 -  



6442 
semiconsolidated Tertiary sediments extend to a depth of 2200 feet  below the 
mill s i t e  (Mattick, 1970). Because of the thicknesses of the Cenozoic, 
deposits, the types of Pre-Tertiary rocks existing below the s i t e  are unknown 
but  they have no bearing on the s u i t a b i l i t y  of the s i t e  because of their depth. 

structure 

The most obvious geologic structure associated with the Clive  and Salt 
Lake C i t y  areas i s  normal faulting. During the Miocene, Pliocene,.and 
Pleistocene Epochs (1 to 2 5  million years ago), normal f a u l t s  west of the 
Wasatch Range uplifted and t i l t e d  large blocks of the earth's  crust into 
north-south-trending "basin and range" structures. The "range" portion of . 
these structures include the Cedar Mountains east of C l i v e  an& the Oquir-rh: 
Mountains west of S a l t  Lake C i t y .  The "basins" include .the Great S a l h  Lake,:. 
Desert and the Salt  Lake Valley. 

As further described i n  Section 4 . 5 . 4 ,  the South C l i v e  s i t e ' - l i e s  i n  a 
region which contains active  faulting. Studies described i n  Appendix H show 
t h a t  seismogenic sources include zones of faulting along the east f l a n k  of the 
Cedar Mountains , the east flank of the Newfoundland Mountains, the west f l a n k  
of the Stansbury Mountains, and w i t h i n  Puddle Valley. The density of possible 
seismogenic sources i s  considerably less than along the Watsatch Front located 
about 6 5  miles east of the s i t e .  

The Vitro s i t e  i s  located i n  an area of potentially active  faulting. The 
Wasatch F a u l t  is  a north-south-trending, 150-mile-long normal fault  zone which 
separates the Wasatch Mountains to the east from the Great Basin to the west. 
Considerable geologic evidence indicates t h a t  the Wasatch F a u l t  has been 
active  during Recent time. Purthermore, Cook (1970) indicates that vertical  
displacements of as much as 20 feet  have occurred i n  a s ingle  event on the 
Wasatch F a u l t  w i t h i n  the past 300 years, m e  potential seismic hazard a t  the 
Vitro s i t e  i s  addressed i n  more d e t a i l  i n  Section 4 . 5 . 4  and i n  Appendix H .  

S o i l s  

Surface and subsurface conditions a t  the South C l i v e  s i t e  and v i c i n i t y  
. were evaluated through the d r i l l i n g ,  logging, and sampling of 1 3  exploration 

borings. The logs of the exploration borinqs are available i n  the UMTRA 
Project Off ice  i n  Albuquerque, New Mexico. 

S u r f i c i a l  s o i l s  encountered i n  the 1 3  exploration borings generally.  
consisted of l i g h t  brown to tan, sandy to clayey s i l t :  These s o i l s  were 
c l a s s i f i e d  as either s t i f f  or very s t i f f  and were noted t o  contain a small 
pinhole structure and bedding layers that ranged from approximately 0.06 to 
1 . 0  inch i n  thickness. The thickness of s u r f i c i a l  s o i l  varied from 3 . 0  feet 
in Borings SC-4 and SC-5 (northern edge of s i t e )  to 11.0 to 12.0 feet i n  
Borings SC-2 and SC-3 (southern edge of s i t e ) .  

Underlying thessurficial  material i s  an interlayered lacustrian deposit 
r a n g i n g  from r e l a t i v e l y  clean fine- and mediurrrgrained sands to s i l t y  
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clays. ?his interlayered soil sequence appears to be random and no definite 
pattern or predominant material type could be correlated among individual 
borings. In general, the soils are layered but varied in thickness from about 
0.1 inch in stringers to 4 feet. The cohesive materials encountered were 
generally classified as stiff to very stiff while the cohesionless materials 
were generally medium dense to dense. This interlayered sequence extends to 
depths between 45 and 51 feet below the existing grade. 

Beneath the interlayered sequence the predominant material becomes a 
grayish-brown to brown silty sand with a consistency classification ranging 
from medium dense to very dense. In Boring SC-1, drilled to a depth of 250.8 
feet, the material was continuous below a depth of 51 feet with minor 
variations in silt or clay content and occasional zones where thin stringers 
of finer-grai,ned materials were encountered. At a depth of 75 feet, zones 
were noted that contained coarse sand and gravel. At a depth of approximately 
128 feet, the material was classified as very dense and remained consistent to 
the depth penetrated. 

Soils data for the Vitro site are available in the UMTRA Project Office 
in Albuquerque, New Mexico, and were included in Appendix A of the DEIS. 

4.5.3 Mineral resources 

Small amounts of sand, gravel, and ground water have been produced from 
the alluvium surrounding the Cedar Mountains east of the South Clive site. 
One source of gravgl near the South Clive site was documented to be in Section 
18, T l N ,  R9W (Maurer, 1970, p. 173). Sources nearer the site may be located 
on the west flank of Lone Mountain in Section 34, T l S ,  FtllW and Section 3, 
TZS, R11W. However, no aggregate has been produced in the Lone Mountain area 
or within the South Clive site. Because of the large quantity and widespread 
distribution of sand and gravel, the very small population and the resulting 
small demand, and the long distance to any large market, the potential for 
sand and gravel production in the vicinity of the South Clive site is very 
small. 

The Vitro site is located in a valley that contains thick clay, silt, and 
sand deposits. 
characteristics that differ from those underlying surrounding areas. 'Lhese 
deposits therefore, have no known economic value and no potential for 
near-term development. 

The deposits immediately underlying the site have no known 

4.5.4 Seismic Hazard 

The following paragraphs briefly review the seismic history of the 
region, the Maximum Credible Earthqupke, and its recurrence interval. 
detailed evaluation of the potential earthquake effects on the Vitro and South 
Clive sites is attached as Appendix H. 

A more 
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Seismotectonic Setting-South Clive  

The South Clive s i t e  is  located w i t h i n  the Great Basin i n  thez* - '  :,- 
Basin-and-Range Province (BAR) i n  western Utah-. The s i t e  i s  in a transition 
zone between exposed BAR horsts ana grabens ( m o u n t a i n  ranges and Val-leysp'to 
the east and buried BAR horsts and grabens to the west. The s i t e  areaa'oes' 
not have recorded historical  seismicity b u t  nearby seismogenic areas and 
geologic structures could pose a h a z a r d  to the s i t e .  . -1-35 

.- *. 

Seismogenic sources ( a c t i v e  faults)  which could pose a hazard tofthe s,ite 
include f a u l t  zones along the east f l a n k  of 'the Cedar Mountains,.'the 'eastA."."''' 

Mountains,  and w i t h i n  Puddle Valley. Other fault  zones i n  the s i t e  legion d o  

f l a n k  of the Newfoundland Mountains, the west flank of the S t a n s b u . r y l ' ' ~ i a l n ~ ~ ~ i  $ an>& 

not show evidence of being a c t i v e .  ~ . .  ~ . 

le? 
The historical  earthquake d a t a  base i s  from 1 8 5 0  through 1 9 7 8  and 

magnitude 5 . 5  and larger earthquakes are shown i n  Table 4 - 1 .  The 1 9 3 4  Hansel 
Valley event i s  the only moderate to l a r g e  historical  earthquake - t o  -p%e---- 
signif icant  hazard t o  the s i t e ,  b u t  this hazard i s  less t h a n  that associated 
w i t h  nearer seismogenic structures. 

Maximum Credible Earthquakes and Recurrence Interval - South C l i v e  

To assess the hazard to the s i t e  and to determine s i t e  design c r i t e r i a ,  , 

i t  i s  necessary to establish a Maximum Credible Earthquake (MCE) for each 
seismogenic f a u l t  which could a f f e c t  the s i t e .  The K E s  calculated for the 
seismogenic sources affecting the South Clive s i t e  range i n  value from M s  of 
6 . 8  to 7 . 3 .  These result i n  mean maximum expected accelerations i n  bedrock a t  
the s i t e  of from 0 . 1 9  g to 0 . 3 1  g w i t h  expected variations of 2 0 . 0 6  9. The 
MCE's were calculated using t o t a l  length f a u l t  rupture, and recurrence -. 
intervals similar to other Basin and Range tectonic sett ings,  i n  excess4-of 

* _  * ::- . 10,000 years for each individual fault .  . . . 4  . 

Seismotectonic Setting--Vitro 

The Vitro s i t e  is l o c a t e d  along the Wasatch Front which delineates the 
boundaries between the Great Basin to the west and the Colorado Plateau i n  
southeastern U t a h  and the Middle Rocky Mountains i n  northeastern U t a h .  'Ihe 
Wasatch Front is part of a d i s t i n c t  north-trending zone of elevated seismic 
a c t i v i t y  which extends from northern Arizona to northwestern Montana. l h i s  
zone, known as the Intermountain Seismic B e l t ,  has experienced a t  least  1.5 
recorded earthquakes w i t h  Richter magnitudes greater t h a n  5 . 5  i n  1 2 9  years of 
record. The largest of these 1 5  earthquakes was a magnitude 7 . 1  event which 
occurred i n  1 9 5 9  a t  Hebgen Lake, Montana. 
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H i s t o r i c a l  ear thquake  documentation has  been completed from t h e  period of  
1850 u n t i l  1980. 
through 1978 i n  t h e  Utah region. ?*ro of t h e s e  ear thquakes (1910 and 1914) may 
be d i r e c t l y  related to  t h e  Wasatch Fau l t .  The most damaging ear thquakes  of 
t h e  n o r t h  c e n t r a l  r e g i o n  of Utah occurred  i n  Hansel Valley i n  1934 and i n  
Cache Val ley i n  1962. 

Table  4-1 is a l i s t i n g  of t h e  l a r g e s t  ear thquakes from 1850 

Based on ear thquake  h i s t o r y  and geo log ic  evidence, t h e  S a l t  L a k e  C i t y :  
region c o n t a i n s  numerous young f a u l t s I  including t h e  Hansel Val ley,  East  
CacheI Wasatch, and unnamed f a u l t s  a long the w e s t  f l a n k  of  t h e  Oquirrh 
Mountains sou th  of the Great S a l t  Lake .  

I 

Table  4-1: Larges t  Earthquakes i n  t h e  Utah Region 1850 Through 1978" 
,r'.i.. 

I n t e n s i t y  Magnitude 
Location 

I O  M L  Local Date Lat ( O N )  Long ( O W )  

1884 Nov 10 
1887 Dec 5 
1900 Aug 1 
1901 Nov 13  
1902 Nov 17 

1909 Oct 5 
1910 May 22 
1914 May 13  
1921 Sep 29 
1921 Oct 1 

1934 Mar 12  

1959 J u l  21 

1962 Aug 30 

1966 Aug 16 

1975 Mar 28 

42.0 
37.1 
40.0 
38.8 
37.4 

41.8 
40.8 
41.2 
38.7 
38.7 

41.7 

37.0 

42.0 

37.5 

42.1 

111.3 
112.5 
112.1 
112.1 
113.5 

112.7 
111.9 
112.0 
112.2 
112.2 

112.8 

112.5 

111.7 

114.2 

112.5 

V I 1 1  
V I  I 
V I  I 
I X  
V I 1 1  

V I 1  I, 
V I 1  
V I 1  
V I 1 1  
V I 1 1  

I X  

V I  

V I  I 

V I  

V I 1 1  

Bear Lake Val ley  
Kanab 
Eureka 
Rich f i e  I d  
Pine Val ley  

Hansel Val ley  
S a l t  Lake City 
Ogden 
Els inor  e 
E l 8  inor  e 

Hansel  Valley 
(KO6mO) 
Utah-Arizona 
border  (Kanab) 
Cache Val ley  
(Logan) 
Nevada-Uta h 
border  
Idaho-Utah 
border  (Poca- 
t e l lo  Va l l ey )  

aTable i n c l u d e s  ear thquakes  of  maximum Modified Mercalli i n t e n s i t y  (Io) of  V I 1  
o r  g r e a t e r ,  or of  R ich te r  magnitude 5.5 or g r e a t e r .  
a r e  e s t i m a t e d  from b. Sample a r e a :  36O45'N - 42"30'N, 108°45'W - 114°15'W. 
Af te rshocks  a r e  excluded. 

Magnitudes i n  p a r e n t h e s e s  

Source: Arabasz e t  a l . ,  (1979) .  
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0 .  
Due to the close proximity of the Wasatch Fault to the Vitro site 

(Figure 4-11 and its suspected activity, the earthquake risk from this fault 
system 1s greater than the risk from earthquakes generated by rupture of the 
other fault systems mentioned above. 

In terms Of current criteria, an active fault is defined as a structure 
The which has experienced displacement in the last 10 to 12 thousand years. 

northern portion of the Wasatch Fault has been thoroughly identified as 
falling within the active fault category. 
events along the Wasatch Fault during the past 130 years (approximate). 
Geologic evidence, however, identifies multiple displacement episodes in the 
northern portion of the fault system. The segment of the Wasatch Fault zone 
closest to the Vitro site is the East-Bench Fault about 3 mi east of the site 
(Figure 4-2 ) .  
segment: however, its geomorphic expression definitely indicates movemen& - % 

during the Quaternary Period. 

There have been no surface faulting 

No detailed displacement history is available for<-this fault 
I _. 

Maximum Credible Earthquake and recurrence interval-Vitro 

To assess the hazard to the embankment at Vitro due to seismic events, it 
is necessary to establish the Maximum Credible Earthquake (MCE). The design 
hazard is based on the Maximum Credible Earthquake. Studies by others to 
quantify the MCE and its recurrence interval for the Wasatch Front are still 
ongoing; however, sufficient analyses have been completed to establish 
reasonable design criteria. 

Based upon the current knowledge of recurrence intervals of earthquakes 
along the Wasatch Front, it is likely that a Richter magnitude 7.0 or greater 
earthquake somewhere along the front will cause ground shaking at the Vitro 
site within the next 200 years. The East Bench Fault segment is the closest 
fault to the site and would cause the most intense ground shaking if rupture 
were to occur at that location. The return period of a large event (6.5 to 
7.5 magnitude) is estimated to be about 50 to 660 years €or the entire Wasatch 
Front, but the return period for a similar large event along the East Bench 
Fault would be several times longer. It is not possible to assign a specific 
MCE and recurrence interval for this fault, but based on results from various 
investigators, the MCE would probably be about magnitude 7.5 and the 
recurrence interval between 1000 and 2000 years. The WE for the Vitro site 
would be in the range of magnitude 6.0 to 7.5. If this event occurred on a 
nearby fault such as the East Bench, on-site ground accelerations in rock 
would be about 0.3 to 0.55 9. 

Analysis of selected failure surfaces of the slopes of the embankment 
indicates the minimum ground acceleration that could cause possible minor 
damage is about 0.23 g. 
earthquake event of lesser magnitude than the MCE. 

This ground acceleration could be associated with an 

Due to the proximity of the active faults, the interbedded nature of the 
foundation soils, and the effe&ts of dampinq/amplification on a specific 
earthquake event, a return period of the predicted yield acceleration of 
0.23 g cannot be ascertained with any confidence level. 
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4 . 6  WATER 

The following subsections describe existing surface-water and 
ground-water systems potentially affected by alternative remedial actions, 
their quality and current u t i l i z a t i o n .  

4 . 6 . 1  Surface water 

The Vitro s i t e ,  the South Clive  s i t e ,  and the transportation routes a l l  
l i e  w i t h i n  the Great Basin drainage, a closed b a s i n  having no o u t l e t .  Much O f  

the basin drains to the Great S a l t  Lake, which covers an area of a b o u t  1700 
square miles and contains about 1 6  million acre-feet of water (Keck and 
Hassibe, 1 9 7 9 ) .  Because of i t s  high s a l t  content (around 2 5  percent),  most 
forms of aquatic l i f e  cannot survive i n  the lake. The largest species is  the 
brine shrimp, which i s  l e s s  than half an inch long. 

The Vitro s i t e  and about 57 miles of the transportation corridors 
ultimately d r a i n  to the Great Salt Lake (Figure 4 - 3 ) .  About 5 miles of the 
corridors d r a i n  to the Puddle Valley depression, which is  normally dry. The 
South C l i v e  s i t e  and the remaining 8 miles of the transportation routes drain 
into the normally dry Ripple Valley depression on the eastern fringe of the 
Great S a l t  Lake Desert. 

The a r i d  to semi-arid climate that prevails profoundly a f f e c t s  the 
surface-water regime. w i t h  the exception of Timpie Springs, e f f e c t i v e l y  a l l  
perennial watercourses are i n  Salt  Lake County and most of them are man-made. 
Within 1 mile of the transportation corridors, there are 7 3  watercourses and 
more than 50 ponds or lakes shown on U.S. Geological Survey quadrangle maps. 
O f  the 7 3  watercourses, 3 are n a t u r a l  perennial drainages, 3 are aqueducts, 
and 10 are perennial man-made canals. The remaining 57 are shown as 
intermittent or ephemeral streams; most are probably ephemeral, that i s ,  they 
flow only i n  d i r e c t  response to precipitation. Of the 50-plus ponds, 1 6  are 
shown as perennial, 4 are s a l t  evaporators, and the rest  are intermittent or 
ephemeral. Some of the intermittent ponds i n  the v i c i n i t y  of the Great S a l t  
Lake are merely depressions w i t h  elevations such t h a t  fluctuations i n  the 
ground-water table probably determine whether water is present on the 
surface. Three of the perennial ponds are associated w i t h  industrial use. 
All of the perennial water bodies are w i t h i n  the Great S a l t  U k e  drainage 
basin: none is closer than 28 miles to the South C l i v e  s i t e .  

No surface-water bodies are present on the South C l i v e  s i t e .  The nearest 
stream channel ends about 2 miles east of the s i t e  and is typical  of a l l  the 
drainages along the transportation corridors w i t h i n  about 20 miles of the 
South Clive  s i t e .  Streamflows from h i g h e r  elevations usually evaporate and 
i n f i l t r a t e  into the ground before reaching lower, f l a t t e r  l a n d .  The stream 
channels are well defined in their upper reaches, b u t  as they approach the 
flatlands the s i z e  of the channel reduces u n t i l  there is no evidence of a 
stream. In extreme events, such as a Probable Maximum Flood (PMF), sheet flow 
could pass over the South C l i v e  s i t e  but i t  would be nonchannelized. 
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Four surface water bodies are in close proximity to the Vitro site. The 
Jordan River flows north to the Great Salt Lake and is about 1500 feet west of 
the site. Jordan River flows are regulated, being the outlet for Utah Lake, 
and average about 380 cubic feet per second (USGS, 1980). Mill Creek, a 
perennial stream, flows along the north edge of the site. ?his creek empties 
directly into the Jordan River and has a mean average flow of about 10 cubic 
feet per second (FBDU, 1981). n o  flowing drainages are on the Vitro site 
(see Figure 3-21. The Vitro Waste Ditch flows from east to west, bisecting 
the approximate western half of the site and empties into the Jordan River. 
The South Vitro Ditch flows from south to north and joins the Vitro Waste 
Ditch near the center of the site. ?he South Vitro Ditch and the Vitro Waste 
Ditch have average flows of about 3 and 24 cubic feet per second, respectively 
(E’BDU, 1981). ‘Lhe site does not contribute runoff to the South Vitro ditch 
except in severe’rains; the ditch is primarily fed by ground water. 

None of the surface water bodies in the vicinity of the Vitro site, the 
transportation corridors, or the South Clive site are used for drinking 
purposes and most have no beneficial use. The first body of water east of the 
South Clive site that is utilized is 28.1 miles distant. At this point, a 
perennial stream flows from Big Spring (1000 feet south of 1-80) to the Timpie 
Springs Waterfowl Management Area, about 2000 feet north of 1-80. No other , 

perennial stream crosses the transportation routes within Tooele County. In 
Salt Lake County, ll*perennial, man-made watercourses cross the transportation 
corridors between Lake Point Junction (mile 53) and 1-15 (mile 70.5). The 11 
watercourses are used for industrial flood control and irrigation purposes. 
The largest of these streams is the Surplus Canal, which was constructed in, 
the late 1800s to divert Jordan River floodwaters away from central Salt Lake 
City. The Surplus Canal diversion is about 1 mile downstream of the Vitro 
site. It has been effective, and neither it nor the Jordan River are expected 
to overtop their banks near the transportation corridors or the Vitro site in 
floods with a recurrence interval of 500 years or less, according to 
preliminary studies conducted for the Federal Ehergency Management Agency. 

\ 

There are ten perennial water bodies within 500 feet of the railroad or 
highway along the transportation corridors but the only major body is the 
Great Salt Lake. Of the remaining nine, four are salt evaporators for 
industrial use and controlled by the operating salt companies. hro other 
ponds are subjected to direct runoff from industrial operations (e.g., a slag 
dump at mile 54). 
are located in an area of low ground with a high water table that results in 
large areas of very shallow (less than 1 foot deep) standing water with no 
definable outlet. Another pond, at mile 59.3, is also the result of ground 
water and covers less than 1 acre with no visible inlet or outlet. The last 
perennial pond within 500 feet of the transportation corridors lies between 
two sets of railroad tracks from miles 58.5 to 60.6 and has no apparent use. 

A group of ponds east of Timpie, at miles 30 through 33, 

Description of watersheds 

The South Clive site lies to the west of the Cedar Mountains in a 
relatively flat basin. 
the site: the channels end 2 miles east of the site. This indicates that 

The streams within the watershed do not normally reach 

\ 
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0, 
flows normally i n f i l t r a t e  or evaporate before reaching the South Clive  s i t e .  
There i s  no outlet  for the watershed and any water t h a t  flows by the s i t e  
would’pond i n  a playa several miles to the west. 
covers approximately 4 6  square miles (Figure 4 - 4 ) .  

The watershed above the s i t e  

The Vitro s i t e  l i e s  w i t h i n  the drainage system of S a l t  Lake City  and 
. 

The flow regimes of the two major streams i n  close proximity to the County. 
s i t e ,  the Jordan River and Mil l  Creek, are regulated by the various 
interconnecting canals which have been constructed throughout the area and are 
not subject to natural variations. These canals are designed for short-term 
floods ( t y p i c a l l y  50- t o  100-yr flood events),  b u t  for long time periods or a 
Probable Maximum Flood their controls would f a i l  and,  thus, their e f f e c t s  can 
be ignored. 

-square miles, while that of M i l l  Creek i s  about 32 square miles. 
River Basin s t a r t s  a t  the headwaters of the Provo River and includes Deer 
Creek Reservoir and Utah Lake. 
gates and pumps on U t a h  Lake, which i s  a n a t u r a l  lake that has been 
a r t i f i c i a l l y  modified to control its water level .  

The effective-drainage area of the Jordan River is. about 3100 
The Jordan 

m e  flow of the Jordan River i s  controlled by 

Historical floods 

No d a t a  on h i s t o r i c a l  f l o o d s  are available for either the South Clive  
s i t e  or the Tooele County portion of the transportation corridors. Flow 
records, from December 1942 to the present, are available for the Jordan 
River/Surplus Canal. The Surplus Canal  diversion i s  a b o u t  1 mile downstream 
of the Vitro s i t e .  Almost a l l  of the flood flow i s  diverted through the 
Surplus C a n a l :  since 1952, the maximum flow i n  the Jordan River j u s t  
downstream of i t s  confluence w i t h  the Surplus Canal has been limited to 200 
cubic f e e t  per second. The maximum combined flow was about 2300 cubic f e e t  
per second i n  September of 1 9 7 8  (USGS, 1980). No records are available for 

, M i l l  Creek, which is  on the north edge of the Vitro s i t e .  

Some flow data (USGS, 1 9 8 0 )  are available for the drainages along the 
transportation corridors within Salt  Lake County, b u t  the periods of record 
are generally short. The maximum recorded flows i n  the v i c i n i t y  of 1-80 are 
790 and 1390 cubic feet  per second for the Jordan River and S u r p l u s  Canal, 
respectively. Peak flows a t  gaging stations near 1-60 and the Great S a l t  Lake 
have been l e s s  than 400 cubic feet  per second. These gaging stations are 
along the transportation corridor a t  miles 6 6 . 2 ,  59.8, and 5 6 . 5 ,  respectively 
(Figure 4 - 3 ) .  

Synthetic flood analyses 

The Probable Maximum Flood (PMF) for the South C l i v e  s i t e  resulting from 
a 6-hr Probable Maximum Precipitation (PMP) of 9.7 inches over the 
46-square-mile drainage area was calculated using dam design techniques (US 
DOI, 1977). The results of the analysis indicate t h a t  the PMF would have a 

.peak flow of 45,000 c f s .  \ 

Estimates of peak flood flows near the Vitro s i t e  were developed using 
two different  sources. The HEC-1 program was used to develop PMF hydrographs. 
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Flood flows for L O O -  and 500-year return periods were obtained from the 
Federal Emergency Management Agency (FEMA, 1 9 8 0 ) .  The FEMA studies presented 
flood values for the Jordan River above the Surplus Canal as 2000 and 2700 
cubic feet per second for the 1 0 0 -  and 500-year return periods, respectively. 
preliminary indications are that these floods w o u l d  not overtop the banks of 
the river a t  the Vitro s i t e .  The FEMA studies presented a 100-year flood of 
600 cubic feet per second for M i l l  Creek a t  the Vitro s i t e ,  which should also 
stay within the channel. The FEMA studies also indicate t h a t  the Jordan River 
would stay within i t s  banks near 1-80 under the 100- and 500-year flood 
conditions. .- 

.4-.*- 

.. . 
The PMF for the Jordan River was developed a t  i t s  confluence w i t h  M i l l  

Creek, just downstream of the Vitro s i t e .  hro k i n d s  of W were calculated: 
one for a general, 72-hour storm over the entire drainage, and the other for a 
local ,  6-hour storm over a 500-square-mile area a t  the downstream end of the 
basin with a 24-hour general storm occurring simultaneously on the-remainder 
of the basin. The general 72-hour PMF would be the more severe of the two, 
resulting in a peak flow of 4 1 4 , 0 0 0  cubic feet per second. The corresponding 
flood elevations were calculated using the HEC-2 program (Hydrologic 
Engineering Center, 1 9 7 9 )  along w i t h  the slope-area method for uniform flow 
computations. The water-surface elevation resulting from a peak flow of 
414,000 cubic feet per second near the Vitro s i t e  was calculated as about 4276 
feet .  This elevation i s  about 1 1  feet above the existing ground near the 
Vitro s i t e  and would create flow velocit ies  of approximately 3 to 4 feet per 
second. 

The PMF for M i l l  Creek was also developed for the Vitro area. The HEC-2 
(Hydrologic Engineering Center, 1 9 7 9 )  analysis showed that the natural 
topography of the Jordan River Valley limits the water-surface elevation and 
peak flow velocity to about 4237 feet and 2.1  feet  per second, respectively, 
a t  the Vitro s i t e .  

Water quality and u t i l i z a t i o n  

The project region can be divided into two areas regarding water quality 
and use: S a l t  Lake County and T a l e  County. Generally, speaking, 
water-quality d a t a  are available for S a l t  Lake County b u t  not for Tooele 
County. 

Figure 4-5 shows locations of sampling points for the water q u a l i t y  
monitoring program. State of Utah and the U.S. Geological Survey sampling 
stations are also indicated. 

Water-quality d a t a  are generally unavailable for Tooele County, which 
a reflection of the lack of water and population centers. The only water 

is 
- -  

q u a l i t y  station i s  a t  the source of B i g  S p r i n g  near Timpie (S.4  a t  mile 2 8 . 5  
on Figure 4 - 5 ) .  The spring feeds a waterfowl management area and has no other 
uses. ?he water i s  very h a r d  and very high in dissolved solids,  priIW3rily 
sodium and chloride ( s a l t ) .  Moderate concentrations of arsenic, nickel,  
copper, and s i lver  are also present. 
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Numerous watercourses are monitored in Salt Lake County, but this 
discussion deals only with the water quality of streams in the immediate 
vicinity of the transportation corridors and the Vitro site, which are 
effectively at the downstream end of Salt Lake County. BY the time water 
nears the affected areas, much of it is return flow from irrigation and 
industrial purposes, and is being routed to the Great Salt Lake as a means Of 
disposal. 

The water quality of the streams in Salt Lake County is reasonably well 
known, and is discussed by Hely et al. (1971). The water is very hard, and 
softening is desirable for most purposes. Water from the Jordan River is 
unsuitable for municipal or domestic use without treatment. This also applies 
to connected canals such as the Surplus Canal, North Point Consolidated Canal:, 
and Goggin Drain. The Jordan River is organically polluted, has a high To-, 

dissolved-solids content (71000 mg/l), and contains very fine sediment which'. 
is difficult to remove. The water would probably be suitable for industrial 
cooling and ore processing uses. Water from the Jordan River is generally 
acceptable for irrigation but is marginal for stock watering because of the 
organic pollution. 

The water quality of the Garfield and Kennecott Drains, and Lee Creek 
(miles 52.7, 66.2, and 59.8, respectively, as numbered on Figure 4-51 is muc 1 
poorer than that of the Jordan River. It is unlikely that these waters would 
be suitable for industria1.or irrigation uses. 

Great' Salt Lake water is used for two industrial purposes: mineral 
- extraction and brine shrimp production. The lake is also used for recreation 

such as sailing, swimming, and game-bird hunting. The salinity of the water, 
up to eight times that of sea water, precludes most other uses. 

Surface-water quality samples were taken from five locations along t h e .  

Sample 
transportation corridors (see Figure 4-5) to develop background data on the 
qualities of waters between the South Clive site and the Vitro site. 
analyses indicate that both primary and secondary drinking water standards are 
exceeded: lead exceeded standards at all locations; chloride at locations 2, 
3, 4, and 5; cadmium at locations 3 and 5; and chromium, silver, iron, and 
manganese at location 3. Results from analyses for major cations and anions, 
general parameters, metals, total metals, and radiochemistry are included in 

. Appendix D. 

The waters of Vitro and South Vitro ditc,hes were analyzed for several 
metals (As, Ba, Cd, Cr, Mo, Pb, U) and pH. These results are reported in 
Table D-24, Appendix D. 

4.6.2 Ground water 

Existing ground-water conditions at the Vitro site are described in the 
following sections. 
description are presented in Appendix D. 

The data and detailed analyses supporting this 
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Vitro site. The Vitro site is located within the Jordan River Valley in 
South Salt Lake, Utah. The ground-water regime of this valley is generally 
characterized by two aquifer systems, a near-surface unconfined system and a 
deeper confined system. The unconfined system is principally recharged by 
upward flow from the confined aquifer and surface infiltration (Figure 4-61. 
The confined system is recharged by infiltration into porous materials on the 
flanks Of the Wasatch Mountains to the east and the Oquirrh Mountains to the 
west. Near the site, both aquifers flow toward the west-northwest (Figures 
4-6 and 4-71. Ihe unconfined aquifer discharges into surface-water courses 
such as Mill Creek and the Jordan River. 

The general stratigraphy of the Jordan River Valley in the vicinity of 
the site consists of several hundred feet of unconsolidated to poorly 
consolidated allavial and lacustrine deposits of interbedded and highly 
lenticular sands, silty sands, silts, and clays. The fine-grained deposits 
were laid down in the lake environment of the prehistoric Lake Bonneville. 
The coarser-grained soils were deposited as alluvium, probably along the 
margins of this prehistoric lake as the levels fluctuated and lowered to its 
present condition, the Great Salt Lake. 

The field investigations in the vicinity of the Vitro site indicate that 
approximately the upper 85 feet of subsoil consist of interbedded fine sand, 
silty sand, clay, and silt. lhese beds are often laterally discontinuous and 
vary in thickness from a few inches to several feet. Generally, the upper 50 
to 70 feet of this complex profile form the unconfined aquifer system. The 
unconfined aquifer generally overlies strata of interbedded layers of 
low-permeability clays and silts. Because the materials of the unconfined 
aquifer are very similar to the underlying aquitard, the thickness of the 
unconfined aquifer varies and can only be estimated. Potentiometers installed 
between 10 and 60 feet below the ground surface revealed water levels at 
slightly below or slightly above the ground surface. Potentiometers installed 
below 70 feet revealed water levels 7.5 to 15 feet above the ground surface. 
Thus, in the vicinity of the tailings pile, the unconfined aquifer appears to 
be about 60 feet thick. The interbedded strata of this aquifer system produce 
water at variable rates. Results of a pump test and pumping for water-sample 
collection indicate that water yield can be much less than 1 gpm for the silts 
and clays and greater than 1 gpm, probably approaching 10 gpm, for the fine 
sands and silty sands. Detailed well logs of the recent investigation by the 
Technical Assistance Contractor (TAC) (1983) for the shallow wells are 
available for inspection at the DOE Uranium Mill Tailings Remedial Action 
Project office in Albuquerque, New Mexico. 

The stratigraphy below a depth of about 85 feet also consists of 
interbedded silts, clays, and sands. The sand layers are generally 
coarser-grained than the overlying beds described above. In some instances 
the sand layers contain considerable gravel. 

Recent work by Dames and Moore (1982) and the TAC (1983) included 
monitoring and pump wells to a maximum depth of about 130 feet below the 
ground surface. 
greater, below the ground surface, encountered ground water under artesian 
pressure. The hydraulic head levels ranged from about 7.5 feet above land 

The wells that penetrated to a depth of about 70 feet or 
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surface for the well at 70 feet to a maximum of 15 feet above land surface for 
the wells at depths of about 130 feet. It is reported that this artesian 
aquifer system extends to depths of 500 to 800 feet below the ground surface 
(Hely et al. , 1971). 

Flow rates from 2-inch open potentiometers in the artesian aquifer ranged 
from a few gpm to several tens of gpm (TAC, 1983). Pump testing of an 8-inch 
well produced a sustained yield of about 300 gpm. Even though the producing 
sand layers of the confined aquifer are separated by clay and silt layers, 
monitoring of potentiometers at various depths in the aquifer during a 
long-term pump test indicates the sand layers are hydraulically connected.’ 
Detailed well logs of the recent investigation by the TAC (1983) for the 
deeper wells are also available for inspection at the DOE UMTRA office in.,- 
Albuquerque, New Mexico. 

Based on the well logs, a simplified subsurface cross-section,. Figure-;f 
4-6, was constructed to illustrate the conditions described above. Again it 
should be noted that the subsurf ace strata consist of numerous laterally 
discontinuous layers of silt, clay, and sand of variable thickness. 

The relationship of the two aquifers with regard to recharge, discharge, 
and movement of ground water,, as determined by a recent pump test by the TAC 
(1983) and a previous study by Hely et al., (1971) are described in detail in 
Appendix D of this document. 

The background water quality or chemistry of the two aquifer systems is 
substantially different. The upper unconfined aquifer water is characterized 
by a brackish quality with high total dissolved solids, generally 2000 ppm or 
greater. 
approaches the quality of the confined ground water. 
use for domestic or agricultural purposes due to marginal quality and low 
yields. 
about 300 ppm. 
agricultural, and industrial water in the Jordan River Valley. 

The unconfined water quality generally improves with depth and 
This water has limited 

The confined aquifer water generally has dissolved solids values Of 
The confined aquifer is a principal supply of domestic, 

Levels of sodium, sulfate, chloride, iron, total dissolved solids, and 
uranium in the unconfined ground water downgradient (west-northwest) and 
beneath the tailings pile are greater than those in the upgradient unconfined 
ground water. No elevated levels of molybdenum (Mo), arsenic (As), selenium 
(Se) , radium (Ra-226 and Ra-228), vanadium (V) , thorium (Th-2301, and lead 210 
(Pb-210), attributable to the tailings pile, have been found downgradient of 
the pile boundary. 

Elevated levels of iron, sulfate, and chloride were found in the confined 
aquifer water beneath and downgradient of the pile boundary. None of the 
radionuclides and metals listed above, which would be associated with the 
tailings pile, were found in levels above background in the confined aquifer 
water. 
probably were adsorbed or precipitated in the low permeability clay and Silt 
layers in the unconfined aquifer or aquitard. 

These constituents are less mobile than the sulfates and chlorides and 

The relatively good water quality of the artesian aquifer in the Salt 
Lake area is maintained by the upward vertical hydraulic gradient between the 
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two aquifers which prevents downward migration of the naturally occurring 
brackish unconfined aquifer. Current utilization (pumping) of the confined. 
aquifer in the Salt Lake City area has not significantly reduced the areal 
extent of the flowing artesian conditions which are present in the valley or 
the head levels of the aquifer as compared to levels measured in the early 
1900's (Hintze and Hiller, 1975), and as such, this upward gradient has been 
and is currently maintained in the Salt Lake area. Much heavier utilization 
of the artesian aquifer would reduce the head levels and possibly reverse the 
upward vertical hydraulic gradient. This condition would then cause downward 
flow of the brackish unconfined aquifer waters. The presence of the several 
feet of confining clay and silt layers would retard flow to low velocities if 
the vertical hydraulic gradient were reversed; however, the downward driving 
force would be ,present. 

_ _  
The migration of the unconfined aquifer waters to the confined aquifer 

would increase the dissolved solids levels even in areas well away from any 
possible influence from the tailings pile. This condition would deqrade.the 
artesian water and it could eventually make it non-potable. Thus, this 
'cenario will restrict the long-term, heavy utilization of the confined 
aquifer, irrespective of the contamination noted in the unconfined aquifer 
system associated with the tailings pile. 

* 

The evidence of elevated iron, chloride, and sulfate in the confined 
aquifer beneath and downgradient of the pile probably reflects the condition 
involving localized heavy utilization of the confined aquifer. Heavy pumping 
during operation of the Vitro plant may have lowered the head levels of the 
artesian system and reversed the direction of the vertical flow. 

The analytical analyses of the background wells in the unconfined aquifer 
(presented in Appendix D) generally show that concentrations o f  chloride, 
sulfate, and total dissolved solids are in excess of the EPA secondary 
drinking water standards. In addition, some of the background samples 
contained iron and arsenic in excess of the EPA secondary and p r h r y  drinking 
water standards, respectively. 

?he background water quality of the confined aquifer is generally in 
compliance with the primary EPA drinking water standards except for total 
dissolved solids which are around 300 ppm. 
the upper limit for the EPA's secondary drinking water standard. 

South Clive site 

This value is, however, less than 

The South Clive site is located within the Great Salt Lake Desert. me 
two major ground-water systems in the area are' the valley fill and the 
alluvial fans bordering the Desert. Recharge to the alluvial fans occurs in 
the mountains bordering the Deaert; in the vicinity of the site this would be 
the Cedar Mountains east of the site. It is believed that ground water in the 
alluvial fans recharges the valley fill. 
precipitation is not believed to be a significant component of the total 
ground-water regimen at the South Clive site. 

Direct infiltration of incident 

Ground-water levels measured in monitoring wells installed at the South 
Clive site vary from about 20 to 30 feet below the ground surface. The 
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principal direction of ground-water flow within the South Clive region is to 
the west. 
both the surface topography and by the stratigraphy at depth. Within the 
South Clive site, the direction of ground-water movement appears to be mainly 
to the northeast. ?he hydraulic gradient in this direction is small, 
approximately 3 feet per mile. 

Locally, however, the direction of ground-water flow is modified by 

'The permeabilities of valley-fill materials beneath the South Clive site 
range from about 0.28 to 2.8 feet per day, which are consistent with the 
interbedded very fine- to fine-grained sands and clays. The calculated 
transmissivities from the results of pumping tests conducted on the site - 
ranged from 0.8 to 166 ft2 per day with a mean value of approximately 40 
f t2 per. day. 

- 

Ground-water samples from each of the five monitoring wells installed at 
the South Clive site were obtained and analyzed for major cations and anions, 
metals, and radiochemistry. 
the five wells were compared with the EPA primary and secondary drinking water 
standards. Sulfate, chloride, and total dissolved solids (TDS) concentrations 
in all wells exceeded the EPA secondary drinking water standards. Total 
hardness was high, indicating that the ground water is hard to very hard. 
This is supported by the reported high concentrations of calcium, bicarbonate, 
sodium, and magnesium. Based on reported total dissolved solids levels, the 
ground water at the South Clive site is classified as 'briny" (Hem, 1970). In 
two or more wells, arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver exceeded EPA primary drinking water standards; iron and 
manganese exceeded EPA secondary drinking water standards. Analytical results 
for the radionuclide parameters indicate that gross alpha, gross beta, and 
uranium oxide (U3O8) exceeded =A's drinking water standards in two or 
more of the wells. 

The analytical results for samples from each of 

Other than the five monitoring wells installed for this program, there 
are no existing ground-water wells on or near the South Clive site. The 
closest known wells to the South Clive site are approximately 3 miles 
northwest and 3.4 miles east. The well west of the site has been destroyed; 
one of the two wells east of the site is in current use to water 
livestock--the second well was destroyed (see Table D-32, Appendix D). The 
high salinity of the ground water in the South Clive area may limit its use 
without treatment to industrial uses. In the Bonneville Salt Flats to the 
west, high salinity ground waters are used for mineral extraction. 

4.7 ECOSYSTPiS 

The existing ecosystem of the Vitro site and that for the South Clive 
site are described below in terms of soils, vegetation, wildlife, and 
endangered species. 
field surveys. 

These descriptions are based both on literature and on 
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4.7.1 Soils 

;he Soil survey of the Salt Lake Area (SCS, 1974) listed Chipman silty 
clay loam, saline alkali, and Ironton loam as the principal soils of the Vitro 
site. The Vitro Site 1s now covered by unconsolidated tailings material. 

The U.S. Soil Conservation Service (SCS, 1981) described and mapped the 
soil of the South Clive site as Iosepa silt loam. Because this soil unit is 
the only soil delineated on the site, no soil map is included here. 

General characteristics 

The soil at the South Clive site is classified as having a horizon of 
clay and alkali ?sodium) accumulation. The soil lacks moisture for plant 
growth for long periods and is low in organic matter (USGS, 1970). Soils of 
this type are periodically saturated with water in some subhorizon within 1 
meter of the surface (SCS, 1975a). 

When the surface soils are dry, as they are most of the time, they are 
powdery and easily lofted into the air by wind action or traffic of any kind. 
Ihe wind erosion group to which they are assigned by the SCS is 4L, Moderate. 
Such a soil can lose as much as 86 tons per acre/year (Craig and Turelle, 
1 9 6 4 1 ,  which is equivalent to a foot of surface soil being removed by wind in 
24 years . 
Physical and chemical properties 

Soil samples were collected from a trench located in the NW corner of the 
South Clive site. Soil samples were also obtained from soil cores in each of 
the four corners, in the center of the site and surrounding adjacent area. 
Laboratory analysis of physical and chemical properties are listed in Table 
4-2. 

The highly saline, slowly permeable soils in this extremely arid location 
are unsuitable for re-establishing a lasting, self-sustaining vegetation to 
protect the soil covering the disposed materials. Even if the low 
precipitation could be overcome by irrigation, the nature of the soils would 
impose insurmountable problems that would prevent satisfactory plant cover 
within 10 to 20 years. 

The high clay content at depths of 4 to 15 inches (Table 4-2) and the 
sodium content combine to give the South Clive site soils natural properties 
for compaction (USDA, 1954) to form an impervious soil layer. The highly 
toxic sodium concentration will act as a barrier to all but the most shallowly 
rooted plant species, and the density of the clay will deter burrowing by 
animals. In addition to plant growth inhibitory properties listed in Table 
4-4, boron was present in levels that ate hazardous for plant growth. 

The soil of the site has properties that make it unsuitable for most 
plant growth and, therefore, for revegetation in land reclamation. 
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4.7.2 Vegetation 

"he vegetation of the South Clive site is a homogeneous, semi-desert low 
shrubland, primarily composed of shadscale (Atriplex confertifolia). The 
shrubland is part of the Northern Desert Shrub Biome of the Cold Desert 
Formation (OoSting, 1956) and has been described by Kuchler (1964) as a 
Saltbush (Shadscale)-Greasewood Shrub complex. plant communities identified 
on the site are Shadscale-Gray Molly (Kochia americana var. vestita), a 
transitional community type of ShadscaleGray Molly-Black Greasewood 
(Satcobatus vermiculatus), and Black Greasewood-Gardner Saltbush (Atriplex 
nuttallii). Vegetation patterns of the South Clive site are correlated with 
soil salinity and corresponding shifts in presence or abundance of species. 
All three communities are low in species diversity. Seepweed or inkweed 
(Suaeda torreyana) and scattered perfoliate pepperweed (Lepidium perfoliatum) 
are the only prominent understory species of the Shadscale-Gray Molly 
community. This community occurs over most of the South Clive site, although 
black greasewood becomes prominent enough on the eastern quarter to form a 
Shadscale-Black Greasewood-Gray Molly community. Except for black greasewood 
and occasional stands of halogeton (Halogeton glomeratus) the composition is 
similar to the more prominent Shadscale-Gray Molly community. 

The Black Greasewood-Gardner Saltbush community type is floristically the 
most diverse, but only occurs in the extreme northeast corner and eastern edge 
of the South Clive site (Figure 4-8). In addition to Gardner saltbush, the 
flora is composed of all species found in the other communties except 
halogeton. 

The South Clive site occurs in the Desert Alkali range site, which is 
rated by the Bureau of Land Management (BLM) as being poor for grazing or 
forage production (Olsen, F., Range Conservationist, BLM, Salt Lake City, 
Utah, personal communication, April 9, 1981). However, the vegetation forms 
an important ground cover and deterrent to soil erosion, and provides habitat  
for wildlife species. Annual production of the three community types ranged 
from 152 to 517 pounds per acre, air dry. Annual production for the range 
site is given as 50 to 200 and 500 to 1500 pounds per acre during unfavorable 
and favorable years respectively (SCS, 1975b). Livestock carrying capacity 
with such production would range from 3 to 80 acres per animal-unit month. 

The vegetation of the Vitro site is characterized as early successional 
and, although quite sparse because of disturbance, is relatively diverse. 
Species noted on the site include reed (Phragmites spp.), alkali muhly 
(Muhlenbergia asperifolia), alkali sacaton (Sporobolus airoides), saltgrass 
(Distichlis spp.), cattail (Typha spp.), bulrush (Scirpus spp.) , filaree 
(Erodium cicutarium), reed fescue (Pestuca aurundinacea), white top (Cardaria 
draba), rubber rabbitbrush (Chrysothamnus nauseosus), horseweed (Conyza spp.), 
thistle (Cirsium spp.), fox tail barley (Hordeum jubatum), cheatgrass brome 
(Bromus tectorum) , Russian thistle (Salsola - kali) , tamarisk (Tamarix 
pentandra), and Siberian elm (Ulmus pumila). 
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4.7.3 Terrestrial wildlife 

No wildlife studies have been conducted on the Vitro site for purposes of 
this document. However, earlier studies commissioned by Ford, Bacon, Davis 
Utah Inc. (FBDU, 1980) developed a list of 24 mammalian and 39 avian species 
that would normally be found in association with the plant life on the Vitro 
site. The predominant mammals are the black-tailed jackrabbit, Townsend 
ground squirrel, Ord's kangaroo rat, western harvest mouse, deer mouse, and 
striped skunk. "he predominant avian species are the killdeer, California 
gull, cliff swallow, Brewer's sparrow, house sparrow, western meadowlark, and 
black-billed magpie. while amphibians and reptiles are not identified, ,they 
are undoubtedly represented on the site. 

Two habitat types (shadscale flats and greasewood) described by Egoscue 
(1962) occur on the South Clive site. Animal species typical of the site 
include black-tailed jackrabbit (Lepus californicus), deer mouse (Peromyscus 
maniculatus), horned lark (Eremophila alpestris), and desert horned lizard 
(Phrynosoma platyrhinos); species diversity is low. All of these animal 
species could use the site for breeding or nesting. Jackrabbits, deer mice, 
and grasshopper mice (Onychomys leucogaster) were the only mammals collected 
during field surveys for this EIS. 

4.7.4 Aquatic biota 

0 Aquatic ecosystems do not occur on or near the South Clive site, although 
surface water is present along the transportation corridor and near the Vitro 
sice. The aquatic ecosystems of the latter areas have not been studied. 

4.7.5 Endangered and threatened species 

No threatened or endangered plant species are known to occur in the Salt 
Lake Valley (U.S. FLWS, 1980). No threatened or endangered animal species are 
known to occur on the Vitro site, and none would be expected since the site is 
located in a major urban area. 

No important plant or animal species, as defined by NRC (1980), are known 
to occur on the South Clive site and no known important habitats have been 
identified in the area (Olsen, F., Range Conservationist, BLM, Salt Lake City, 
Utah, personal communication, April 9, 1981; Day, D., Director Utah Division 
of Wildlife Resources, letter dated 27 March 1981). 

No threatened or endangered plant species are known to occur in the 
vicinity of the South Clive site. The Great Basin fishhook cactus 
(Sclerocactus pubispinus) is currently under review for threatened status 
(U.S. F b W S ,  1980). This species is associated with gravelly beach terraces of 
Pleistocene Lake Bonneville in western Tooele County and'is not expected to 
occur in the Clive area (Welsh and Thorne, 1979; Tisdale, J., Acting Area 
Manager, U.S. FLWS, Salt Lake City, Utah, letter dated May 1 2 ,  1981). 
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.Similarly, no threatened or endangered animal species are known"t0 accur 
on the South Clive -site (Tisdale, J., Acting Area Manager, U.S., Fish and 
wildl.ife Service, Salt Lake City, Utah, letter dated May 12, 19811.. ' However, 
the Utah Division of Wildlife Resources (Day, D., Director, Utah Division of-'. 
Wildlife Resources, Salt Lake City, Utah, letter dated 27 May 1981) reports. 
that the area is used for foraging by bald eagles (Haliaeetus leucocephalus) 
during:. the winter. ; 2 ' _  

. . ._ .,> . - 
5 -i -7 .: -? ..- 

- - .  
4.8 RADIATION 

. .  

. _  . - 
4 . .  . J 

.~ .-: .. . . -\i:  '.. . , . '. - . *: 

. 4. J 2.31 ' xn:. < 
. - .. 3,: : ? I. I r .3 - 

...~ 

. . ~ ~  

... 
The radiation environment at and-near the Vitro site, the South,Cl!ve. 

site,.:and the transpbrtation corridors is summarized in this .section.% '?e. 
radioioiical units of measure are picocuries ( p i )  or microcuries .(clci) per " ~ .  
liter '(1) or gram (9). Radiological dose rates and exposure are presented in 
microroentgens/hour (pR/hr) and millirem/yeat. For purposes of this EIS and 
considering the type of radiation, the roentgen and rem may be considered 
equivalent. .. . 

The radiation environment currently at the Vitro site, the South Clive 
site, and the transport corridor between the two sites has been obtained from 
the literature and from field monitoring programs. A more extensive 
discussion of the radiation environment and radiological matters in general is 
provided in Appendix F. 

4.8.1 Vitro site --. 

?*,, .??I . 
The environmental radiological levels for the area surtoundinq.the Vitro 

site have been characterized in previous studies (EPA, ,1975; FBDU, 1981; OWL, 
1977; MSRD, 1982; BFEC, 1983). 

Radioactive airborne particulate concentrations were measured in the 
vicinity of the tailings piles at the Vitro site by the EPA (1975). The 
average airborne radioeuclide Concentrations were determined at the CVWRF 
sewage-treatment plant No. 1 (approximately 0.1 mile north of the southeast 
tailings area) following a one-year sampling period during which 26 
consecutive two-week samples were collected and analyzed. Average 
concentrations of the nine radionuclides reported at this location ranged from 
6.5 x pCi/l (Po-210) to 2.5 x pCi/l (U-235). 

Several studies to determine ambient-air radon concentrations near the 
Vitro site have been undertaken (FBDU, 1981; O W L  1977, Schearer and Sills, 
1969; Monsanto, 1983). The only long-term measurements are those done by 
Monsanto using Passive Environmental Radon Monitors (PERMS) . Forty sampling 
locations in the vicinity of the Vitro site were used to define the average 
ambient radon concentrations. These averaged about 3 gi/l at the edge of the 
site and decreased to background concentrations (roughly 0.25 pCi/l) at 
distances of 1 to 2 miles from the site. 
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Gamma radiation levels have been measured and found to decrease rapidly 
with distance from the tailings pile.. On the pile itself gamma radiation 
levels range from 100 to 1200 pR/hr. At 0.1 mile from the edge of the pile 
the gamma radiation level has fallen to 45 pR/hr, and at 0.5 miles from the 
pile the gamma radiation level has reached background for Salt Lake 
City--about 12 crR/hr (F'BDU, 1976 and 1981). m e  range of typical background 
values is 9 to 17 pR/hr (Ww, 1976). 

Background concentrations of radionuclides in soils have been measured in 
and around Salt Lake City by a number of investigators ( O W L ,  1977). Results 
are generally comparable and are typified by the O W L  results, which indicate 
the following values (geometric mean plus or minus geometric standard 
deviation): Ra-226, 1.5 2 1.2 picocuries per gram, and U-238, 2.0 + 3.6 
picocuries per gram. In addition, Soil samples were collected by O k  (19771 
from 58 locations within about 400 to 1000 meters of the (south) sediment pile 
and analyzed for radioactivity. Samples were collected at the surface and at 
one foot depth and were analyzed for Ra-226. Concentrations in surface 
samples ranged from background levels (about 1 pCi/q) away from the pile-to 
over 100 pCi/g of Ra-226 near the pile. On the site, the highest observed 
concentration was 560 pCi/g. Samples obtained from the one-foot depth .ranged 
from background to 460 S i / g  of Ra-226. 

On the pile, a statistically designed sampling program conducted by 
Mountain States Research and Development (HSRD, 1982) ha6 resulted in 
pile-averaged values of 40 pCi/g U-238, 560 pCi/g Ra-226, and 560 pCi/g 
Th-230. The latter two radionuclides were measured in the HSRD samples by 
Bendix Field Engineering (WE, 1983). 

Sediment samples from the Jordan River, Mill Creek, and the Vitro 
drainage ditch were collected and analyzed for u-238, Th-230, Ra-226, and 
Pb-210 (OFUJL, 1977). Results showed no contamination in Jordan River 
sediments, and slightly elevated levels (roughly twice estimated background) 
in Mill Creek sediments. The drainage ditch sediments, hwever, were Shown to 
contain relatively elevated concentrations of all three radionuclides. -0226 
concentrations range from 60 to 120 pCi/g, while Th-230 concentrations ranged 
up to 284 pCi/g which was higher than any other reported radionuclide. 

4.8.2 ?he South Clive site 
f 
Radiation levels currently existing at the South Clive site have been 

determined from monitoring programs conducted by Dames 6 Moore and Arqonne 
National Laboratory (ANL). Monitoring has also been conducted at two 
additional p i n t s  near Clive, one to the north and one to the southeast 
(Figure 4-9). Ihe data described below are the result of 3 months Of 
monitoring (December 1981 through February 1982). 

J 
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Using the track etch method, ANL measured ambient air concentrations of 
Rn-222 at the three locations surrounding Clive. The 3-month average Rn-222 
concentration at the South Clive site was 0.31 #2i/l. All of the values 
obtained for the Clive area were below 1 pCi/l. 

A general survey of terrestrial and cosmic gamma radiation levels was 
also conducted by ANL in the area surrounding Clive. These radiation levels 
should be compared with the gamma radiation levels found on the Vitro site. 
The measurements were performed quarterly using thermoluminescent dosimeters 
( T L D s ) .  During the 3-month period, the average exposure rates for 
Clive-South, Clive-Southeast, and Clive-North were 16.2, 14.1, and 11.6 PR/hr 
respectively. 

Surface-soil samples (to a depth of 5 centimeters) were collected at 
3OO-meter intervals in each of eight compass directions out to a distance of 
1500 meters from the center of the South Clive site. A l l  of the samples were 
analyzed for Ra-226. Samples collected 1500 meters from the center were also 
analyzed for Th-230, U-238, and Pb-210. The surfacesoil radionuclide 
concentrations found at the South Clive site are in secular equilibrium, with 
the exception of slightly elevated concentrations of Pb-210 probably due to 
atmospheric deposition. The surface-soil concentrations of Ra-226 ranged from 
0.9 to 1.2 picocuries per gram dry weight (@i/g); those of U-238 ranged from 
0.7 to 1.0 pCi/g; those of Th-230 ranged from 1.2 to 1.6 pCi/g; and those of 
Pb-210 ranged from 1.1 to 2.3 s i / g .  These concentrations agree with the 
approximately 1 pCi/g average for surface soils of the contiguous United 
States (LASL,  1978). 

Subsurface-soil samples were collected at the center of the South Clive 
site and at a distance 750,meters from the center in each of the four compass 
directions and at 3 depth intervals. The ranges of radionuclide 
concentrations found in samples from 0 to 20 cm, 40 to 60 an, and 80 to 100 cm 
depths were not significantly different from the ranges of radionuclide 
concentrations found in the surface-soil samples. 

Samples of vegetation and wildlife taken near the South Clive site were 
assayed to determine natural radionuclide concentrations in the local biota. 
These results show vegetation concentrations averaging 5.4 gi/kg (wet wt.) 
for uranium, 6.0 pCi/kg (wet wt.) for Th-230, 3.1 pCi/kg (wet wt.) for Ra-226, 
198.0 $i/kg (wet wt.) for Pb-210, and 48.0 pCi/kg (wet wt.) for -210. The 
greater concentrations of Pb-210 and Po-210 are attr ibuted to atmospheric 
deposition of these radon daughters. 

The results of analyses on 
averages for U-238, Th-230, and 
wt.), respectively. The Pb-210 
(wet ut.), respectively. 

rabbit flesh show a similar pattern with the 
Ra-226 being 0.5, 0.5, and 0.6 pCi/kg (wet 
and Po-210 averages were 4.0 and 8.0 pCi/kg 

\ 
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4.8.3 The transportation corridor 

The radiation environments currently existing along the transportation 
route from the tailings piles at Vitro to the South Clive site have also been 
monitored by Dames 6 Moore and ANL. The Delle and Knolls monitoring sites are 
located on the transport corridor (see Figure 4-9). 

The 3-month average ambient-air Rn-222 concentrations at the Delle and 
Knolls sites were 0.35 pCi/l and 0.23 pCi/l, respectively. 

Ambient gamma exposure rates were measured at four locations along the 
transportation routes (see Figure 4-9). Integrated external exposure rate ' 

measurements were performed quarterly using thermoluminescent dosimeters.>, The 
average exposure rates were 12.8 pR/hr at Lake Point Junction, 15.1 p W h r -  at 

- .  Timpie, 10.0 p W h r  at Delle, and 10.2 pR/hr at Knolls. . .  
_. . .. 

The radionuclide concentrations in the soil along the transportation 
routes were evaluated by obtaining and analyzing soil samples taken at the 
Delle and Knolls sites. These samples were analyzed for U-238, Ra-226, 
'I%-230, and Pb-210. The analyses show that the surface-soil concentrations of 
these radionuclides at Delle and Knolls are not significantly different from 
the corresponding values measured at the South Clive site. 

4.9 LAND USE 

Regional land-use patterns are very different in heavily urbanized Salt 
Lake County and the more rural Tooele County. Salt Lake County population is 
almost entirely urban: 99.1 percent of its population lived in urban areas 
according to the 1980 census compared to 72.0 percent in Tooele County. The 
Federal government owns and controls the greatest percentage of land in Tooele 
County, 82.6 percent of the county land area of 4.43 million acres. The 
greatest portion (1,948,417 acres) of the Federal land is public domain 
administered by the Bureau of Land Management (BLM). The U.S. Department of 
Defense controls the next greatest portion of 1,558,862 acres, with national 
forests occupying 152,223 acres (Utah State Department of Agriculture, 1981). 
These and other differences between the two areas are indicated in Table 4-3. 
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Table 4-3. Land use and ownership for T w e l e  County, 
1970, and Salt Lake County, 1976 

Tooele County Salt Lake County 
Percent Percent 

Use or ownership Acres of total Acres of total 

Federal land 3,659,502 
Residential and 

accessory use 1,546 
Commercial 240 
Industrial 50,885 
Agriculture 39,776 
Other private lands 425,107 
State lands (no highways) 218,640 
Highways, roads 6 streets 13,651 
Railroads 3,000 
Indian land 17,763 
Public 6 quasi-public, 

in municipalities 58 8 
Small waters (excluding all 
of more than 40 acresla 22 

Totals 4,430,720 

82.6% 

0.0 
0.0 
1.2 
0.9 
9.6 
4.9 
0.3 
0.1 
0.4 

0.0 

0.0 
100.0% 

110,335 

32,614 
4,342 
14,924 
58,041 

nab 
4,286 

23,079 
na 

0 

na 

243 
488,960 

22.6% 

6.7 
0.9 
3.1 

11.9 

0.9 
4.7 

0.0 
100.0% 

aWater areas of 2 to 40 acres and streams less than 0.125 mile in width. 
bna = not available. 

Source: Mountain Area Planners, 1972; Utah State Department of Agriculture, 
1981. 

4.9.1 Vitro site 

The entire 128-acre Vitro site is  owned by the CVWRF Board, operator of 
the sewage treatment plant to the north of the site. Land ownership in the 
vicinity of the site is predominantly private. Local land owners include the 
Denver 6 Rio Grande Railroad Company, Zions Utah Bancorporation, Paul W. 
Byehner, Jr., the Utah State Retirement Fund, American Smelting 6 Refining, 
Westerners, Inc., Petersen Investors and Western Dry Mix. The status and 
ownership of the 5.4-acre industrial tract on the southwest side of the Vitro 
site are described in Section 4.2.1. 

Historic land use 

The Vitro site was used for an alumina plant during World War 11. That 
plant was converted to produce uranium beginning in May 1951, and sold the 
output to the Atomic Energy Commission under procurement contracts until 
February 1964. The plant was then converted to produce commercial vanadium, 
operating until July 1968. Plant demolition was completed during 1970. 
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The site 1s part of a 1979 annexation by the City of South Salt Lake of a 
portion of unincorporated Salt Lake County. Land use within a 0.5-mile radius 
of the site began to change from predominantly agricultural and vacant to 
other uses in 1979. In 1974, a construction moratorium imposed by the Salt 
Lake City-County Board of Health banned construction within a 0.5-mile radius 
of the site. This ban was lifted in 1979. 

Present land use 

The CVWRF sewage-treatment plant No. 1 is located north of the Vitro Site 
(see Figure 4-10). This facility has been in operation since its initial 
construction in 1954. The present land use within 0.5 mile of the Vitro site 
boundaries is as follows (FBDU, 1981): 

Land use 

Resident ia 1 
Commercial 
Industrial 
Transportation/utility 
Agriculture 
Vacant (excluding Vitro site) 

Percent of area -. 
within 0.5 mile of the site 

(503 acres) 

6% 
5 

18 

16 
27 

2 8  

About 500 people occupied the residential areas within 0.5 mile of the 
Vitro site in 1980 (FBDU, 1981). The nearest residences to the Vitro 
site appear to be about 300 feet away from its southwestern corner, 
across 3300 South Street (see Figure E-2 in Appendix E). 

Future land use and development 

The CVWRF Board, which owns the 128-acre site, has indicated that several 
projects involving the site are planned (personal communication from Mr. 
Rodney Dahl, CVWRF Board, April 1982). Figure 4-10 shows the location of 
these projects. 

The existing sewage-treatment facility is being expanded to a capacity of 
50 million gallons per day (mgd). A further expansion to a capacity of 100 
mgd is planned around the year 2000. Access roads and sewage pipelines will 
be extended by about 300 feet onto the tailings area. 

A plan currently under consideration is to create a temporary industrial 
park on 
property 
meantime 

The 
15 acres 
Resource 
electric 

300-to-500-foot-wide strip of property along 3300 South Street. The 
would be on a "lease only basis' to allow future development. In the 
the industrial park would provide lease revenue to the CVWRF Board. 

Wasatch Front Regional Council 'is currently considering leasing 10 to 
of land in the area formerly occupied by the Vitro mill for a 
Recovery Facility which would burn solid waste to generate 
tY. 
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There are several wells at the site near the old mill. The quantities 

A small 
and qualities of water vary from well to well. Present plans call for a 
portion of the water to be utilized by the local municipal system. 
portion of the site would be required for the facilities to handle the water. 

Finally, the CVWRF is in need of space for sludge-storage basins and 
sludge disposal. Future sludge-storage basins would extend into what is now 
the southeast tailings area, which is currently being used for sludge disposal. 

The City's Master Plan contains estimates of the absorption of?vacant 
land zoned for industrial use in South salt Lake. The "high estimate" - 
projects that between 82 and 84 percent of the City's available industrial 
acreage will be absorbed by 1990. This development scenario assumes the 
following "major economic stimuli": (1) deployment of the MX missile system 
in western Utah: (2) increased extraction of coal reserves in Utah's 
Overthrust Belt: and ( 3 )  continued development of statewide water and power 
projects. The "low estimate" assumes a moderate national and/or regional 
recession. Under this scenario, 58 percent of the available industrial land 
will be absorbed by 1990. Because of the low average income of the city's 
population, as well as its proximity to the Salt Lake City business district, 
retail and commercial development in the future are expected to be minimal. 
South Salt Lake's forecasted growth will be predominately in wholesaling, 
distribution, and office/warehouse (70 percent) and industrial uses (16 
percent), with the remaining 14 percent being a combination of retailing, 
office and service businesses (Vanwagoner and Associates, 1980). It is 
generally agreed by the CVWRF Board, South Salt Lake and Salt Lake County 
officials that the "highest and best" use for the area is primarily in 
wholesaling and warehousing functions. 

4.9.2 South Clive site 

The South Clive site is owned by the State of Utah. Most lands within a 
10-mile radius are public domain administered by the BLH, with scattered lands 
owned by the State of Utah or privately. 

Present land use 

Lands within a 10-mile radius of the South Clive site are rarely used, 
because of their remoteness from urbanized areas, the poor soil conditions, 
and sparse vegetation characteristic of the region. 
recreational-vehicle driving are the primary uses made of the area but such 
uses are apparently light. A state grazing lease is held for the site itself 
(Section 32, Township 1 South, Range 11 West) by the Skull Valley Company. 
Numerous trails in the area indicate that it has been used on occasion for 
recreational vehicle purposes. The only other use of lands within a 10-mile 
radius is for transportation. ?he Interstate 80 highway and the Union Pacific 
railway pass 2.5 miles and 1 mile north, respectively, of the site. 

Sheep grazing and 
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Future land use and development . 

Factor's that could cause land-use changes in the South Clive site 
vicinity in the intermediate to long-range future include: development of 
crops that are salt-resistant through genetic engineering and economical means 
of growing them: a Federal decision to use the area for defense purposes: or 
other major changes in technology, raw materials requirements, or other 
societal support functions that cannot be foreseen at this time. 

Given existing technologies, however, development of the area for any 
Purpose appears unlikely because of its unproductive soil, and its remoteness 
from population centers. 

4.10 AMBIENT SOUND LEVELS 

Humans can hear a large range of sound pressures. The decibel (dB) is 
used to express these sound levels over a wide physical range. The human ear 
does not perceive sound at low frequencies in the same manner that it does at 
higher frequencies. Sounds at low frequency do not seem as loud as those of 
equal intensity at higher frequencies. The A-weighting network is provided in 
sound analysis systems to simulate the human ear. A-weighted sound levels are 
expressed in units of decibels and are used throughout this section unless 
noted otherwise. 

Several Federal agencies have established guidelines and standards for 
sound level emission (noise). These agencies have also recommended ambient 
sound levels for public health. The EPA (1974) recommended a 70 dB (24) 
exposure limit (ambient sound level) as a guideline for continuous exposure 
and a 55 dB ( b n )  as the level where ambient noise is an annoyance to 
outdoor activity. These are only guidelines and not regulatory standards. 
(Les(24) represents the sound energy averaged over a 24-hour period while 
Ldn represents the with a 10 dB increase for noise that occurs at 
night. ) ?he Federal Highway Administration (1976) established a 70-decibel 
standard for noise levels during the peak hour of traffic. This standard is 
used as an indication of what is an acceptable limit for highway noise. The 
EPA (1976 a,b) established noise emission standards for various types of 
construction equipment, railroad operations, and specific vehicles. n e s e  are 
true standards which must be met by the manufacturer and maintained by the 
operator. 

NO measurements of ambient sound levels were m d e  at the Vitro or South 
Clive sites; instead, sound levels were characterized at these sites on the 
basis of proximity to highways and industrial areas, and the like, according 
to typical values of ambient sound levels that have been measured in similar 
situations (National Academy of Sciences, 1977). 

Vitro site 

Ambient sound levels were determined by the existing land uses and by the 

0 area's population density. The predominant land use in the area is 
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transportation/utilitY ( 2 8  percent) and vacant ( 2 7  percent). The 'population 
density in the area within 0.5 miles of the site is about 630 people per 
square mile. 
the' railroad. 
sound level (Ldn) would be about 50 decibels, as shown in Table 4-4. Actual 
ambient sound levels at the residential area to the east of the site, however, 
are higher because 1-15 contributes significantly to area sound levels. It is: 
estimated that the day-night sound levels experienced by populations residing : 
to the east of the site range from about 65 dB for homes nearest to 1-15 to 50 
dB for locations further from the highway. 

The area of interest is crossed by 1-15, secondary roads, and 
Based on the area's population density the ambient day-night 

' 

Table 4-4. Typical values of day-night 
sound levels, Ldn a 

Land use description 
Population - 

density (people/m i 2. 

Rural, undeveloped 
Rural, partially developed 
Quiet suburban 
Normal suburban 
Urban 
Noisy urban 
Very noisy urban 

I 20 
60 

200 
600 . 

2,000 
6,000 

20,000 

35 
40 
45 
50 
55 
60 
65 

"Day-night sound level ( h n )  is an EPA description of environmental 
sound. It is the average of daytime and nighttime A-weighted sound levels with 
nighttime sound given a penalty of 10 decibels. 

Source: National Academy of Sciences, 1977. 

Trailer courts along the Jordan River and residential areas to the south, 
west, and northwest are further from the Interstate 1-15 but are closer to the site 
and adjacent industrial activity (see Figure 4-3 in FBDU, 1981). Day-night sound 
levels for these areas are estimated to be between 60 and 65 dB. The lover value 
is due to the local traffic, railroad, and 1-15 contributions. The higher value is 
due to additional sounds contributed by the industrial activities including the 
water treatment plant. 3300 South Street is a major traffic artery generating high 
noise levels (Rodney Stone, South Salt Lake City Building Department, personal 
communication, June 1982). 

The South Clive site 

The area south of Clive is rural, undeveloped, and populated by few people. 
On the basis of population d h i t y ,  the day-night sound levels near the 
stabilization area will be less than 35 dB.. 
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The transportation corridors 

Sound levels along the transportation corridors outside of Salt Lake City are a 
similar to those described above for the area south of Clive. Near 1-80 (or,along 
the corridors), day-night sound levels are estimated to be about 55 to 60 dB. At 
six hundred feet away from the highway, the sound levels should be about 35 to 40 
dB. 

4.11 SCENIC, HISTORICAL, AND CULTURAL RESOURCES 

4.11.1 History . .- 

South Salt rake was incorporated in 1938, primarily in order to apply for 
a Public Works Administration grant for Federal financial aid to build a sewer 
system. The population at the time of incorporation was 4000. In 1950, the 
town's first post office was built and it became a third-class city. The 
City's population had grown to 5000. South Salt Lake expanded its boundaries 
in 1955 by annexing to Eighth West Street. During the 195Os, the city grew 
and became a major industrial center, but by 1970, the city's residential 
population was declining. In 1979, the city annexed approximately 900 acres, 
extending its boundaries from Mill Creek to 3300 South Street and from the 
Jordan River to Seventh East Street, thereby increasing its population to 
10,500. The daytime population increases to about 40,000 because of the large 
commercial-industrial sector of the city. 

The South Clive site has probably been used for grazing since the early 
settlers. No events of historical significance are known to have occurred on 
the site. The Dormer Trail probably passed north of the site, but the trail's 
exact location is unknown. 

\ 

4.11.2 Scenic qualities 

The vicinity of the Vitro site is in transition from a rural agricultural 
area to a commercial-industrial area with scattered residential development. 
Some grazing lands remain but many of these are being converted to warehouse 
and industrial uses. The dominant visual elements are the urban feature6 that 
have recently been constructed (Interstate 15, the commercial-industrial area 
to the southeast of the site, and the warehouses located northwest of the 
site, for example) and the front range of the Wasatch Mountains. 

The South Clive site is located in the Basin and Range physiographic 
province which covers nearly all of Nevada and parts of California, Oregon, 
Idaho, Arizona, New Mexico, and Texas. It is characterized by broad, flat 
basins occasionally interrupted by small mountain ranges. 
10-mile distance of the South Clive site is typical of this province. Because 
of the flatness of the terrain, vistas of 30 miles are common. 

The area within a 
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The B W  Visual Resource Inventory and maluation system (BLM, 1978) was 
used to rate the scenic quality of the south Clive site relative to the 
physiographic Province. This rating system employs a scale of 0 to 33, with 
higher ratings (19 or above) indicating that special management attention is 
required. This numerical rating system is shown below, with the ratings for 
the South Clive site underlined. 

Scenic-Quali ty Rating 

Category Score 
LOW - High Med i um 

Landform - -  5 
Vegetation - 5 
Water 5 
color 5 
Influence 5 
Scarci ty 6 
Cultural modification 2 

3 
3 
- 
3 
3 
- 
3 
2 
- 
0 

1 
0 
- 
1 - 

- 4  

._ 
. . .- .. .:..: 

, .--- . . .. 

- - 
33 = maximum score 0 = minimum score 

The total score of 12 for the South Clive Site is a low-to-medium rating 
for scenic quality, indicating that no special management attention is 
necessary. 

4.11.3 Places of archaeological, historical, or cultural significance 

No sites of archaeologic, historic, or cultural significance are knovn to 
exist at the Vitro mill site or within a 0.5-mile radius of it (set Appendix C 
Of DOE, 1982). 

On August 24-26, 1981, an intensive cultural resource inventory of an 
area inclusive of the South Clive site was conducted by the Archaeological- 
Environmental Research Corporation. No cultural resource sites vere 
identified during the inventory but one isolated artifact was found. This 
artifact consisted of four pieces of broken purple glass from some unknown 
historic glass object. It does not appear that such a find indicates the 
existence on the site of significant archaeologic artifacts. 

The Ground to Air Pilotless Aircraft Launch Site and Blockhouse is listed 
in the National Register of Historic Places and is approximately 10 miles west 
of Clive at Knolls. 'Po the southeast of Clive (approximately 23 air ailes) is 
the site of the Iosepa Settlement Cemetery. These are the historical sites 
closest to the transportation corridor between the Vitro and the South Clive 
sites. 
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4.12 SOCIOEZONOMIC CHARACTERISTICS 

4.12.1 Populations 

According to the 1980 census (U.S. Department of Commerce, 19811, the 
state of Utah had a total population of 1,461,037, an increase of 37.9 percent 
since 1970. Most of the state's population (80.4 percent) lived in urban - 
areas (places of 2500 or more), predominately on the Wasatch Front. 
median age of Utah residents in 1980 was 24.2 years, lowest in the nation. 
'Baseline. popUl.atiOn projections indicate that by the year 2000 the state. 
could increase its total population to 2.3 million persons, 60 percent over 
that of 1980 (Utah State Planning Coordinator, 1981). 

The 

Ihe populations of Salt Lake County and -le County increased by less 
than the state mean during the 1970-80 period, 35.0 and 20.8 percent, respec-. 
tively. However, it is expected that approximately 65 percent of the state's 
growth to the year 2000 will occur in the Wasatch Front Multi-County Planning 
District, including Davis, Morgan, Salt Lake, Tooele, and Weber Counties (Utah 
State Planning Coordinator, 1981). The sources of demographic information in 
the following descriptions are the decennial census counts, unless otherwise 
i nd ica t ed . 
City of South Salt Lake 

The population of South Salt Lake decreased at an averaqe annual rate of 
2.0 percent during the 1960-1970 period, from 9520 in 1960 to 7810 in 1970. 
It then grew by an average annual rate of 3.1 percent during the 19708, 
reaching 10,561 in 1980. Virtually all of this growth between 1970 and 1980 
was caused by expansion of the city's boundaries. South Salt Lake can be 
characterized as an area with small families, in life cycle stages either 
before or after the child-rearing stage. The proportion of families with 
incomes below poverty level in 1970 was 10.3 percent, higher than the 
statewide average of 9.2 percent. 

vitro site vicinity 

Population counts w r e  conducted for the area within 0.5 mile of the 
Vitro site by Ford, Bacon, C Davis Utah Inc. (FBDU, 1981). These counts 
indicated that 497 persons resided in the area, with averaqe residential 
densities generally increasing with distance from the site. Average 
population density within 0.5 mile of the Vitro site was about one person per 
acre. Beyond 0.5 mile, density increased rapidly to 4.3 persons per acre 
within 2 miles. 
the large commercial-industria1 sector of the city. 

?he daytime population increases to about 40,000 because of 

Tooele City 

?'oocle City's population grew from 9133 in 1960 to 12,539 in 1970, an 
average annual increase of 3.2 percent. In the following decade the growth 
rate decreased to 1.3 percent per year, to a 1980 city population of 14,335. 
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6 4 4 2  - 
The a v e r a g e  household s i z e  i n  m l e  C i t y  was 3.38 pe r sons  i n  1970, 

s l i g h t l y  less t h a n  t h e  s t a t e w i d e  average.  A r e l a t i v e l y  high p r o p o r t i o n  o f ! i t s  
p o p u l a t i o n  Was marr i ed  (69 p e r c e n t  of males v e r s u s  56.6 p e r c e n t  f o r  the s t a t e )  
and its b i r t h  ra te  (435 l i v e  b i r t h s  per 100,000 p o p u l a t i o n )  was abou t  e q u a l  to  

e 
t h e  s t a t e  a v e r a g e  (436 l i v e  b i r t h s  per 100,000 population). .. 

r :  

South C l i v e  s i te  

A n  e s t i m a t e d  25,526 peop le  r e s i d e d  w i t h i n  50 miles of t h e  South C l i v e  
s i te  a t  t h e  t i m e  of t h e  1980 Census,  bu t  mos: of t h e  a r e a  is un inhab i t ed .  The 
closest r e s i d e n t s  l i v e d  15-20 miles to t h e  n o r t h e a s t  of t h e  s i te .  The l a r g e s t  
number l i v e d  30-50 miles to  t h e  e a s t  and . s o u t h e a s t  of . t h e  si te in-  the;' 
T o o e l e - G r a n t s v i l l e  a r e a .  
w i t h i n  SO 'miles. o f  t h e  South C l i v e  ; s i t e  by c o m p a s s . . d i t e c t i o n  andi-radialz . : -%g 

-. .- 

T a b l e . 4 - 5 . p r e s e n t s  estimates?:of t h e  .1980:.pop&ation 

d i s t a n c e  . ' - - 3 "  
I... . u  i . .. - . .  - .  

3 .II r, -.e ?%FZ. 
i .  -.. 

T a b l e  4-5. P o p u l a t i o n  wheel for South C l i v e  s i t e  

Miles from s i t e  ' 

Direction 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-SO 

N 
NNE 
NE 
€NE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
NNW 
Total 

7 
1c 2,676 1,757 1,349 821 
28 25 119 14,206 3,209 

117 10 20 19  6 48 . .  . I  

1,099 

7 58 1 9  2,707 1,924 15,672 5,129 

Popula t ion  p r o j e c t i o n s  

A g rowth  ra te  a v e r a g i n g  a b o u t  3.1 percent is assumed most p r o b a b l e  f o r  
S a l t  L a k e  County th rough  t h e  yea r  2005 because  i t  c o r r e s p o n d s  to t h e  growth 
r a t e  o f  t h e  c o u n t y  from 1970 to 1978. 
w i t h i n  t h e  s t a t e ,  however, c o u l d  c r e a t e  s h o r t - t e r m  r a p i d  growth which s h o u l d  
t h e n  taper o f f .  If r a p i d  developments  in t h e  e n e r g y  f i e l d  occur, t h e  growth 
r a t e  c o u l d  g o  up to '7.0 p e r c e n t  d e c l i n i n g , .  meaning i n  25 y e a r s  t h e  growth 
r a t e  w i l l  t a p e r  o f f  to zero (FBDU, 1981) .  

The development  of s y n t h e t i c  f u e l s  



It ie projected that Tooele County will increase its population at an 

This projection is based on expected energy development and 
annual rate of 3.8 percent until 1985; thereafter, its growth rate will 
decline. 
subsequent employment opportunity that should also taper off. 
that the largest percentages of growth will =cur in the City of Tooele, 
Grantsville, and Wendover (muntain Area Planners, 1972). 

It is expected 

4.12.2 Economic structures 

Utah's most prminent employment sectors in 1979 were government with a 
24 percent share of total wage and salary employment, services with a 16.4 
percent share, retail trade-at 17.0 percent, and manufacturing with 15.4 
percent ( U . S .  Department of Commerce, 1981). Per capita income in 1979 was 
$7182, which placed Utah below both the Rocky Hountain state and national 
averages. 

County and local cconomic--conditions 

Salt Lake County, which is the State of Utah's central economic area, 
exhibits the same general economic health as the state as a whole. Its 
unemployment rate in 1980 averaged 5.1 percent, compared to a 5.4 percent 
statewide average (Utah Department of Employment Security, 1980). The County 
unemployment rate has been increasing since 1979. In 1982 it was 7.4 percent 
and in May 1983 it stood at 8.3 percent (seasonally adjusted). 
2.5 employment multiplier used by the Utah State Planning Coordinator's Office 
for the Wasatch Front planning area, the basic-nonbasic employment multiplier 
for Salt Lake m u n t y  is estimated at approximately 2.5 jobs supported by every 
job created in the basic, or export, sector of the economy. W i t h  regard to 
the temporary industrial park, it ir estimated that each direct emplayee a t  
the industrial park will generate an additional 1.6 Job6 in the local CCO- 
(Division of Community Development, State of Utah, 1983 and State Planning 
Coordinator's Office, State of Utah, 1983). 

Based on the 

Economic data reveal that the lrooele County economy is stable due to the 
intensiveness of Federal military employment but, like w s t  rural areas in the 
state, it has a relatively high unemployment rate and underdeveloped secondary 
economy. Unemployment in Toocle County was 9.9 percent in 1982 (State of 
Utah, Job Service, 1983). Employment at the Deseret Test Center and Army 
Depot vas primarily rcspn6iblc for the Federal government employment share of 
49.7 percent of the total 1979 wage and salary jobs in the County. 
the second most important sector of the export base of the County, providing 
7.3 percent of the wage and salary jobs. 
multiplier for Toocle County (assuming that all Federal and mining e m p l o p n t ,  
75 percent of all employment in the manufacturing sector, and 10 percent Of 
all state and local government employment can be classified as basic) is 
estimated to be 1.5 jobs for every j o b  created in the basic sectors. 

Mining i s  

The basic-to-nonbasic employment 

Per capita income in Tooele County in 1979 was $6782, 94*4 pcrcent of the 
statewide average (U.S. Department of C o m r c e ,  1981). 
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City of South Salt Lake 
.. bii:. 

The economy of the City of South salt Lake is based prlmarily in: 
manufacturing, transportation, and wholesale and retarl trade (Utah Department 
Of hrP1oYmnt SecurltY, 1980). 
Lake permits the city to levy a relatively low city property tax (the 1982-3mil 

Ihe large industrial tax base in South-.Salt- 

levy was 6.25). c-,. . 
-r . _- - 

City of Tooele , .. ;.,e 
4 

The economy of the city of -le, the economic and popu1ation:centettbf 
Tooele County, closely resembles that of TooeleXounty described atxivex WThe 
city's 1981 property tax rate was 25.16 mils. Za3 ffia3 1 

--, rR 
: r : : - s  atif; 

4.12.3 Governmental structures .. i 3,: i 

South Salt Lake, I'ooele City, and Grantsville all have similar , 

governmental structures, being governed by a mayor and five councilmen.. 
Likewise, both -le and Salt Lake Counties are governed by three elected 
county commissioners who make certain decisions, such as those concerning 
zoning, and oversee the provision of services in their respective counties. 
For instance, Salt Lake County provides flood protection and health services 
to the City of South Salt Lake but delegates to the city the responsibility 
for maintenance of county roads located within the city. Special districts, 
though not governmental entities, are important in both counties, providing 
services such as sewage treatment and public education. 

4.12.4 Housing 

8566, an increase of 32.7 percent, between 1970 and 1980 (U.S. Dcpartmentbf 
Commerce, 1981). Housing unit growth was greatest, percentage-wise, in the 
Grantsville area, at 64.8 percent, but Grantsville's 1980 housing stock was 
still small at only 1348 units. Ihe 1980 Census preliminary count indicated 
that 5 percent of all units in.Grantsvil1e were vacant. T a l e  City's housing 
stock grew by 26.5 percent, to 4877 units. Preliminary 1980 vacancy rate data 
available from the Bureau of Census indicate that approximately 5.3 percent of 
the units are vacant. 
1980. 

The total number of housing units in Tboele County increased frg.6455 to 

Ihe county averaged 3.23 persons per dwelling unit in 

4.12.5 Community services 

Toocle County 

Total enrollment in the -le County School District was 7011 students 
during the 1981-82 school year, 2.5 percent higher than during the 1979-80 
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school year (Tooele County Schools, 1981). It appears that enrollment will 
increase in the short-term future at about the same rate (1.2 percent per 
year) as in the recent past. In the short term, this rate of enrollment 
growth is not expected to cause physical-capacity or fiscal problems since the 
system is not experiencing significant overcrowding and has some excess 
bonding capacity . 

Police protection is provided to the unincorporated areas in the County 
bY,a sheriff and 14 deputies (an average of 2.0 officers per 1000 population), 
and by a 20-member Jeep Patrol (Tooele County Chamber of Commerce, 1980). The 
County Sheriff also directs the County volunteer fire department which has 18 
fire trucks at.9 fire substations located in Vernon, Clover, Terra, W h i r ,  
Stockton, Pine Canyon, Lake Point, Stansbury Park, and Grantsville. 

The County's single hospital, with 36 beds, is located in Tooele City and 
has a low average occupancy rate of 35 to 38 percent. Other medical services 
include two health clinics and one mental health clinic serving out-patients 
on a 24-hour basis. Ambulance service is provided for the County by a company 
in Tooele with one ambulance and three other vehicles (Tooele County Chamber 
of Commerce, 1980). 

The County operates one public library housing 48,786 volumes, two book- 
mobiles and a storage facility in Grantsville that is open to the public (Uni- 
versity of Utah Planning Program, 1981). 

City of South Salt Lake 

South Salt Lake is governed by a mayor and five councilmen. The city eur 
ploys a part-time licensed engineer (Utah Industrial Development Division, 
1981). 

Education in the City of South Salt Lake and other nearby areas is 
provided by the Granite School District, one of four districts in Salt Lake 
County. m t a l  District enrollment was 61,485 in September 1981, Only about 
2360 of whom were residents of South Salt Lake. The four schools that service 
the bulk of South Salt Lake, however, are expected to continue to have stable 
enrollments. No crowding problems exist or are expected in these schools. 

The South Salt Lake Pblice Department employs 22 officers (2.0 officers 
p e r  1000 population) as well as a public relations specialist, lieutenant, and 
chief. 
providing an average response time of 2 to 3 minutes. The South Salt Lake 
Fire Department employs 16 men on a full-time basis and has 25 volunteers. 
Firefighting equipment includes two ladder trucks, two squad trucks, three 
pumper trucks and one utility/service truck. 
minutes. The American Insurance Association rating for South Salt Lake is 5. 

It operates 17 vehicles and has 3 to 4 patrolmen on duty at any hour, 

Response time is two to three 

South Salt Lake utilizes a gravity water'system from six wells. 
tem's storage capacity and peak pumping capacity (utilizing booster pumps) 
9 million gallons per day (mgd). 'Ihe average pumping capacity is 5.5 aqd. 

m e  sys- 
is 

The sewage-treatment facility for South Salt Lake is a combination 
The design primary clarlfier, trickling filter and anaerobic digester. 

average flow capacity is 3 mgd, current average flow is 2.4 mqd. 
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m a t e d  n o r t h  of t h e  Vitro s i t e  is the  S a l t  L a k e  C i t y  Suburban S a n i t a r y  
District  NO. 1 t rea tmen t  p l a n t  ( t h e  CWRF sewaget rea tment  p l a n t  of Figure 
4-10). Th i s  system is b i o - f i l t e r  primary sedimentation type with a des ign  
average f l o w  c a p a c i t y  of 17.25 mgd. 
new f a c i l i t y  on t h e  s i te  u t i l i z i n g  a port ion of t h e  e x i s t i n g  p l a n t ;  o p e r a t i o n  
is planned f o r  1987. 
is expected to provide  adequate t reatment  u n t i l  t h e  year  2000. 
p i e t e d ,  t h i s  system w i l l  r e p l a c e  t h e  South S a l t  L a k e  and t h e  S a l t  L a k e  C i t y  
Suburban Distr ic t  NO. 1 p l a n t s  as  w e l l  a s  t h e  7:S-mgd Granger-Hunter Dis t r ic t  
p l a n t ,  t h e  8-mgd Cottonwood District p l a n t ,  and t h e  4-mqd Murray C i t y  p l an t .  

me CWRF Board is c u r r e n t l y  bu i ld ing  a 

%is p l a n t  w i l l  have a des ign  average f l o w  of 50 mgd and 
Once com- 

. _  4.12.6 Transportation-networks- . .  

? ' , i 
E x i s t i n g  v e h i c l e  e n t r y  to  t h e  Vitro s i te  is from t h e  south a t  3300 South 

S t r e e t ,  which is also Utah S t a t e  Highway 171. Highway 171 ex tends  west 
through. Granger,  Hunter, and Magna where i t  intersects with Utah S t a t e  Highway 
111 (F igure  4 - 1 1 ) .  The annual  average of d a i l y  t r a f f i c  c o u n t s  near  t h e  Vitro 
s i t e  on Highway 171 is 24,850. 

I t  is expec ted  t h a t  a c c e s s  to  t h e  v i t r o  s i t e  d u r i n g  t h e  proposed remedial  
a c t i o n  would be v i a  a new e n t r y  p o i n t  on 900 West Street approximately 1200 
f e e t  n o r t h  o f  3300 South S t r e e t .  A l l  haul  t r i p s  and misce l laneous  d e l i v e r y  
w i l l  be d i r e c t e d  away from 3300 South S t r e e t .  
c u r r e n t  average  d a i l y  t r a f f i c  volume a r e  shown i n  Table  4-6. 

The expected h a u l  route and its 

The h a u l  route between t h e  Vitro and South C l ive  sites ( t r u c k  opt ion)  
would use  900 West Avenue, 2100 South S t r e e t  ( S t a t e  Highway 2011, and 
I n t e r s t a t e  80. T r a f f i c  volumes f o r  900 West Avenue and 2100 South S t r e e t  to  
I n t e r s t a t e  80 are shown i n  Table  4-6 and Figure 4-11. A t  t h e  1nterStCt lOn Of 
S t a t e  Highway 201 and Inters ta te  80 t h e  annual  average d a i l y  t r a f f i c  V O l U C  is 
15,515. T h i s  volume d e c r e a s e s  to 4,560 v e h i c l e s  per day n o r t h  o f  Grantsvi l le  
and to 3,465 v e h i c l e s  per day a t  t h e  South Clive site. 

TABLE 4-6 

Curren t  and p r o j e c t e d  average d a i l y  
t r a f f i c  (ADT) along the h a u l  route 

Ea t  h a t e d  
1982" 1986b 

Roadway S e c t  ion  ADT ADT 

900 West Between 2100 S L 3300 S 

2100 South Between 900 W L 1200 W 
1700 W C 3200 W 
3200 W L 3600 W 
3600 W L 5600 W 

9,300 

56,775 
40,285 
27,600 
25,325 

10,265 

62 , 670 
44,470 
34,465 
27,950 
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Table 4-6 (Continued) 

Est ima t ed 
1982a 1986b 

Roadway Sect ion ADT ADT 

5600 West Between 2100 S a 3500 S 
3500 S a 4100 s 
4100 S h 5400 S 

11 , 840 
9,215 
7,975 

5400 South Between 5600 S a west 4,200 4,635 

dUDOT 1984 

bAssuming a 2.5% per year increase in traffic 

The Denver and Rio Grande western Railroad forms the east boundary of the 
Vitro site. Any westward-bound rail shipments from the site would be 
transported north into Salt Lake City and then west along the Union Pacific 
line. Rail lines are also shown in Figure 4-11. Traffic counts for this 
railroad route are not available. However, railroad officials have indicated 
there would be no difficulty in accommodating the type and volume of traffic 
anticipated in Alternative 3. 

4.12.7 Recreation 

In lboele County, the greatest number of recreational facilities 
available are for recreation with off-road vehicles, with open space, 
playgrounds, tennis courts, and softball fields next. 'he Wasatch National 
Forests provide a total of 936 sites for outdoor activities such as fishing, 
hiking, camping and picnicking, and hunting (Utah Travel Council, 1979). 
State Parks within Toocle County include the Great Salt Lake State Park 
Saltair Beach, located 15 miles west of Salt Iake City, the Bonneville Salt 
Flats, and Danger Cave located near Wendover. The salt flats are listed in 
the National Register of Historic Places and consist of approximately 44,000 
acres of the remains of ancient Lake Bonneville that at one time covered 
nearly one-third of the state. 

Recreational use of land within a 5-mile radius of Clive is limited to 
occasional recreational vehicle use and jackrabbit hunting. Off-road vehicle 
use near the site is rare due to the number of mud flats in the vicinity. 

In Salt Lake County, facilities for softball, playgrounds, open space, 
soccer, tennis, and swimming are the most numerous with football, golf, and 
picnicking next. South Salt Lake has 3 parks for general picnic and 
recreation purposes, 1 ballfield, and-borders a plblic golf murse. 
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4.12.8 Public concerns regarding the remedial action Project 

Indications of public concern were received during the scoping meetings 0 
for this EIS, held in South Salt Lake City and Tooele City on May 5 and 6, 
respectively, 1981. The matters of concern mentioned most frequently during 
the public scoping meetings were the following ones. 

o What are the radiological effects upon physical health of the proposed 
actions? Tooele County speakers were concerned with long-term effects-- * 

and the effects of transportation accidents. 

0 What would be the indirect effects of the proposed actions on economic 
and social structures? Tooele County speakers'mentioned the stigma 
that would be attached to their county should the Vitro wastes be 
placed there. 

o How would the proposed actions affect current land-use plans, 
policies, and controls? This concern was expressed exclusively by 
officials of South Salt Lake and Salt Lake County, who mentioned 
concern over economic losses caused by the presence of the Vitro 
tailings: loss of tax revenues, delays in completion of 
sewage-treatment facilities, and inhibition of development in a 
potentially prosperous industrial area. 

0 What would be the effects of the proposed actions upon the quality of 
surface and near-surface waters? Concern was expressed that the Great 
Salt Lake would become contaminated. 0 These issues are addressed throughout the EIS. 

Following the publication and distribution of the DEIS in February 1983, 
notice of its availability was published in the Federal Register on February 
18, 1983 (48 FR 7294). The notice also announced the date for closing the 
comment period as April 4, 1983. Inserted in the DEIS was the notice of the 
public hearings to be held in Tooele on March 22 and in South Salt Lake on 
March 23, 1983. 
Federal and state agencies, elected officials, organizations, and public 
libraries. News releases were also disseminated announcing the dates and 
locations of the public hearings. 

The DEIS was sent to more than 30 individuals, as well as to 

In preparation of the public hearings, a public meeting was announced and 
held on March 8 in Tooele and March 9, 1983, in South Salt Lake. 

Comments received on the DEIS are summarized and answered in Chapter 6 of 
this PEIS; the DEIS has also been modified to reflect the comments received. 
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5 ENVIROWZNTAL CONSEQUENCES 

The environmental consequences of the three alternative remedial actions 
0 

_ .  
described in Section 3.2 and Appendix A are assessed in this chapter. 

5.1 RADIOLOGICAL IMPACTS 

5.1.1 Introduction 

%is section assesses the incremental radiological impacts resulting from 
each of the alternatives and indicates the methods used to perform the assess- 
ments. The data and information used to perform these impact assessments are 
detailed in Appendix F. Radiation doses and health effects for both the 
general population within 6 miles (10 km) of the Vitro site and the remedial 
action workers assigned to the Vitro and South Clive sites are included. Ra- 
diation doses and health effects are estimated for the transportation workers 
and the population along the transportation corridors for Alternative 3. 

-1 

5.1.2 Exposure pathways 
- -  

There are five principal environmental pathways by which individuals 
could be exposed to rsdioactivity during remedial action (Figure 5-1). These 
are (1) inhalation of radon and radon daughters, (2) exposure to direct gamma 
radiation from the tailings pile, (3) inhalation or ingestion of windblown 
radioactive particulates, (4) ingestion of ground or surface water contam- 
inated by radioactive materials, and (5) ingestion of contaminated foods 
produced in areas contaminated by tailings. 0 

For the calculation of health effects, only those pathways capable of 
producing the largest radiation exposures are considered. 
two above. 
dpses from radon daughter inhalation and direct g a m a  exposures. The 
inhalation of suspended particulates frax the tailings pile results in 
relatively small radiation exposures for workers on the pile, and negligible 
exposures to the public (Appendix F, Section F.4). The ingestion of ground 
water is an insiqnificant pathway since there is no evidence that potable 
water drawn from deeper ground-water systems beneath the Vitro site have been 
contaminated (Section 4.6.2). The ingestion of surface water is  an 
insignificant pathway since off-site surface waters near the Vitro site are 
not used for drinking purposes (Section 4.6.1). 
material that has been .dustedm with wind blown tailings, or the ingestion of 
animal food products (i.e., meat, milk, and eggs) f r m  animals that have 
ingested such plant material is judged to be an insignificant pathway since 
the Vitro site lies downwind from the majority of the agricultural lands that 
are nearby. 

These are the first 
Exposures via the latter three pathways are much smaller than the 

The ingestion of plant 

The health effects from radon releases arise from inhaling radon 
daughters-the radionuclides resulting from the decay of radon. Radon is an 
inert gas produced from the radioactive decay of Ra-226. As a gas radon can 
diffuse through the tailings and into the atmosphere where it is transported 
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- -  
by wind Over large areas. In the atmosphere, radon decays into its solid 
daughter radionuclides which attach to airborne dust particles and may be 
inhaled. 
the lining of the respiratory tract--bronchia and lungs. 
radon daughters releases radiation to the bronchial and lung tissue. 

- -  

These dust Particles with the attached radon daughters may adhere to 
The decay of the 

C a m  radiation is emitted by many radionuclides of the U-238 decay , - 
. Series. 

in a straight line until it interacts with matter, just as do x-rays. 
radiation omitted from the tailings delivers an exposure to the whole body: 
G a m  radiation becomes negligible due to interactions with air at about- 1 km" 
from the perimeter of the tailings. 

Gamma radiation is independent of atmospheric conditions and travels 
Gamma- 

. - ' i  

Exposure to radon daughters and gamma radiation from the unstabilized: 
tailings at the Vitro site currently impacts. the general population andJinearby'' 
workers. As remedial action is implemented, the exposures are anticipated to 
increase as the tailings are disturbed and transported. 
action progresses and following its completion, the exposures will be greatly 
reduced due to the isolation of the radioactive materials from the 
environment. Each alternative includes the construction of a thick earthen 
cover which cannot be penetrated by gamma radiation from the tailings. The 
thick earthen cover will also serve as a barrier to the diffusion of radon 
from the tailings into the atmosphere. Although most of the radon will decay 

But as remedial 

before escaping into the atmosphere, some will escape and may produce 
exposures to surrounding populations. The radon release rate through 
cover will be no greater than the allowable rate set by EPA standards 
3.1.1). 

small 
the 
(Sect ion 

5.1.3 Methods of impact assessment 

Radiation doses to the general population beyond 1 kilometer (ka) from 
the site were evaluated using the computer code HILDOS ( N E ,  1981). MILDOS 
provides estimates of the potential radiation doses to individuals in the 
vicinity of a typical uraninum nil1 tailings disposal site. The input 
required by MILOOS includes (1) population distribution data, (2 )  
meteorological data, and ( 3 )  radionuclide release data. The data used are 
discussed and presented in Appendices P and G. 

The required radionuclide release data include (1) the radon emission 
rate from the pile surface, ' (2) radionuclide release rates for particulate 
emissions, and ( 3 )  the time periods over which the releases occur. Since the 
minimum time Step in MILDOS is 2 years, some averaging of releases On Shorter 
time scales is required. 

The surface Rn-222 releases completely dominate the radionuclide 
emissions due to particulate sources (wind erosion and' mechanical suspension 
of dust by earth moving equipment); thus the population and wrker radiation 
exposures result primarily from radon releases (Section P.5, Appendix P). 
illustrate the magnitude of the difference betveen exposures resulting from 
radon daughters and particulate inhalation, the latter is calculated for 
remedial actlon workers for Alternative 2 (Section F.4, Appendix F ) .  

To 
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Since M I m S  does not calculate radiation exposures within 1 krn of the 
site, these were estimated for remedial action WOKkeKS, nearby workers, and 
the nearby general Population using measurements of gamma radiation exposure 
rate and radon concentrations in air (Appendix F . 5 ) .  

For Alternative 3, persons near the rail or truck transportation 
corridors may be exposed to gamma radiation from passing vehicles carrying 
radioactive materials from the Vitro site to the South Clive site. Although 
the time of exposure to such persons is small and radiation exposure from a 
vehicle low, the exposure from passing vehicles is calculated in Section F.5 
of Appendix F-  
Content, vehicle speed, and the exposure rate for a vehicle. 

These calculations are based on average tailings radionuclide 

Estimates of cancer deaths in excess of those occurring normally in a 
population, as caused by radiation exposure, were made using the following 
risk factors (Section P.2, Appendix P): 

20 lung cancer deaths in the exposed population for each 1,000,000 
person-rem of dose equivalent commitment from inhalation of radon 
daughters (National Academy of Science, 1980; Evans et al., 1981). 

120 cancer deaths in the exposed population for each 1,000,000 
person-rem of dose equivalent from exposure to gamma radiation 
(National Academy of Science, 1980; Cohen, 1981). 

A wide range of risk factors are accepted by experts who attempt to 
relate cancer deaths to radiation exposure. The ones given above are believed 
to be appropriate for the exposures from uranium mill tailings and to estimate 
realistically the cancer deaths associated with a given dose equivalent. 

5.1.4 Radiological impacts 

Estimates of the radiation dose equivalent commitments to 
population during remedial action under the three alternatives 
in Table 5-1. The potential excess cancer deaths are given in 
well. These estimates were made using the methods outlined in 
and detailed in Appendix F. Ihe expected excess cancer deaths 

the general 
are pre6ented 
Table 5-1, as 
Section 5.1.3 
were obtained 

from the dose equivalent commitments by multiplying by the risk factors noted 
in Section 5.1.3. The doses and health effects to the general population are 
calculated for a 6-mile radius around the Vitro site. No person l i m o  within 
15 miles of the South Clive site, 86 only remedial action workers will be 
exposed there. 

The maximally expsed individual would be one who resides about 300 feet 
from the southwestern corner of the Vitro site (Figure 1-1). That person 
could receive an annual gamma radiation dose equivalent of about 0.5 rem (EPA, 
1980) in addition to about a 0.6-rem dose equivalent commitment from radon 
daughter exposure (Section F. 5, Appendix PI. 
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Estimates of the radiation dose equivalent commitments to the remedial 
action workers for each alternative are presenced in Table 5-2 along with the 
poter::=ial resulting excess cancer deaths. 

The single most important pathway to the general population is the 
inhalation of radon daughters and the subsequent irradiation of the 
tracheobronchial system. 
pazhway is gamma radiation exposure of the whole body. 
estimated dose commitments in perspective, the estimated normal background 
radiation doses and EPA guidelines are presented in Table 5-3. 

For the remedial action workers, the more important 
In order to put the 

In the population of the U . S . ,  about one person in six dies of cancer. 
This means that approximately 73,000 of the 438,000 persons who live within 6 
miles of the Vitro site may be expected to die of cancer, regardless of the 
presence of the unstabilized tailings piles. The estimated increase in deaths 
due to Alternatives 2 or 3 would be about 0.4 person, an'increase of 0.0005 
percent. For remedial action workers the estimated increase is about 0.08 
percent in Alternative 2, 2Ad about 0.20 to 0.30 percent in Alternative 3. 

5.1.5 Radiological impacts of transportation accidents 

Alternative 2 does not require off-site transportation of contaminated 
materials and it is hard to conceive of a transportation accident that would 
have radiological consequences involving persons other than remedial action 
workers. For remedial action workers the consequences of an on-site 
transportation accident would be largely nonradiological and would add nothing 
to their exposure. Nonradiological accidents are estimated in Section 5.12. 

Alternative 3 involves the transport of 2.5 million cubic yards of 
contaminated material from the Vitro site to the South Clive ,site about 85 
miles away. Both train and truck transport options could result in accidental 
spillage of material as a consequence of a transportation accident. 
Conceivably a loaded unit train could be derailed and overturned at some point 
on the route, spilling part or all of its 5400-ton load onto the railbed. 
Such an accident is not probable: based on estimates of the probability of its 
happening during the 634 train trips required, 0.05 spills reasonably could 
occur (Section F.3). The cleanup of the roadbed would be done promptly and 
the several-day exposure of the cleanup crew would be small compared to the 
)-year exposure of remedial action workers at the Vitro and South Clive 
sites. 
as required under the Comprehensive Environmental Respnse, Compensation, and 
Liability Act of 1980 (CERCLA). 

Notification of the spill would be made to the appropriate authorities 

The truck option for transport to South Clive involves 97,800 truck tripe 
over 3 years, and the probability for an accident leading to a tailings spill 
is somewhat greater than for train transport; about 7 spills reasonably could 
occur during the 3 years of remedial action. 
consequences are minimal considering the limited quantity of contaminated 
material involved and the short period of time that would be required for a 
cleanup (a day or less). Again, the exposures are small compared to that of 
the remedial-action workers at the Vitro and South Clive sites. 

However, the radioloqical 

- 
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5.1.6 Comparison of radon-222 emissions with the 0 . A  standards 

AS indicated in Section 3.1, the EPA has issued standards to be met in 
remedial actions such as those proposed in Alternatives 2 and 3. One of the 
standards is a.limit on the radon flux from the surface of the stabilized- , 

disposal site. The limit is a flux of 20 picocuries per square meter per. - .  

second (Table 3-1). . .  

The average radon flux from the Vitro tailings pile is estimated to be 
560 pCi/m2s (Section F-3). 
needed to reduce the radon flux from a source to a given level have been used 

A.4.6.1) o 

20 Si/m2s for both Alternatives 2 or 3. 

mrmulae for calculating the amount of cover 

to estimate the m v e r  requirements for Alternatives 2 and 3 (Section . - .  
L. :.i- 

. .-c. 
The cover designs are intended to limit the- radon flux -t-o .less,,than 

Areas of the Vitro site that are decontaminated under Alterna$$veSpi.or 3 
c2:rx: 

would be backfilled'with uncontaminated soil miterials and will have radon " 

fluxes in the range of natural radon fluxes. 

5.2 IMPACTS ON AIR QUALITY 

Alternative 1 

The existing Vitro site has an unquantified fugitive emission from 
blowing dust. This is a variable emission because surface crusting, 
precipitation and wind velocity produce different effects at different tlmes. 

- The concentrations for total suspended particulates at this location were 
monitored and are referenced in Section 4.4 as indicators of what would 
continue with no action. The 1-year TSP monitoring program began in January 
1982. The highest 24-hour concentration measured vas 184 g/m3 which 
occurred on August 16, 1982. mr comparison, the 24-hour primary and . 
secondary National Ambient Air Quality Standards are 260 and 150 
respectively. 

. 
g / d ,  

Alternative 2 

The air quality impact8 during stabilization at the Vitro site would be 
associated with the earthmoving activities and the equipent utilized in those 
activities. The diesel-fueled construction equipent used in earthmoving 
would produce exhaust emissions (based on AP-42; EPA, 1977) of carbon 
monoxide, hydrocarbons, nitrogen oxides, sulfur oxides and particulates that 
are estimated at 8.1, 2.5, 40.0, 3.1, and 2.0 tons per year, respectively. 
Ambient air concentrations from these emissions were estimated by 8Calinq the 
modeling results for particulate emissions resulting in annual concentrations 
of approximately 20 micrograms per cubic meter ( g/m3) for nitrogen oxides 
and less than 4 micrograms per cubic meter for the other parameters. Exhaust 
emissions would have little impact on the air quality off the site, and are 
probably exempt from air quality permit analyses under Part I11 of the Utah 
A i r  Conservation Regulations. I 

The greatest emissions will be fugitive dust related to the earthmoving 
activities. Unmitigated fugitive dust emissions are estimated to be 317.5 



7 
u '. 

tons per year using algorithms currently acceptable to EPA, Region VI11 and 
the Division of Environmental Health, Utah Department of Health (March 1982). 
Mitigation would reduce this emission load to approximately 258.3 tons per 
year. Fugitive dust emissions were estimated for material removed via 
bulldozer, Scrapers, graders, and front-end loaders, and transport via 
SCraPerS, bulldozers, graders, and haul trucks. The assumptions used in the 
emiSSiOnS CalCUhtiOnS have included reasonably available control measures 
such as water spray, in accordance with the Utah Air Conservation Regulations 
and the 1982 Utah State Implementation Plan. 

The impact on air quality was assessed with the atmospheric dispersion 
model, Industrial Source Complex (1%) model. Hourly meteorological data from 
the Salt Lake City National Weather Service for 1980, and emission ratestfor 
each earthmoving activity were input to the model to calculate the maximum. 
concentration to be expected under typical conditions. The results presented 
here were scaled from the modelling runs used for the DEIS. The highest 
annual average and 24-hour average concentrations off the site are predicted 
to be 42.5 and 415.5 These Concentrations would occur 
along the southern boundary-of the Vitro site. The predicted fugitive dust 
impacts decrease rapidly with distance from their source because of particle 
deposition. The maximum particulate concentrations along the street south of 
the site are estimated to be 4.3 and 48.6 
averages, respectively. 

9/m3, respectively. 

g/m3 for the annual and 24-hour 

The maximum predicted concentrations resultinq from stabilization and the 
appropriate National Ambient Air Quality Standards (NAAQS) are shown in Table 
5-4. The primary NAAQS were established to protect public health1 the 
secondary NAAQS were established to protect public welfare. The predicted 
impact of stabilization at the Vitro site would be about 57 percent of the 
primary annual standard and about 160 percent of the primary 24-hour standard. 

Table 5-4. Estimated fugitive dust concentrations and 
National Ambient Air Quality Standards 

Annual average 24-hour average 
concentration concentration 

( 9 h 3 )  ' ( 9/m3) 

Maximum predicted Vitro offsite concentration 42.5 

Secondary NAAQSa 60b 
Primary W Q S a  75b 

415.5 
26 0 
150 

W t a h  Ambient Air Quality Standards are the same as the National Ambient 

keometr ic mean. 
A i r  Quality Standards (NAAQS). 
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Alternative 3 
J 

The air quality impacts from either transportation option of Alternative 

2. 

3 M u l d  be temporary and would result from Site preparation, tailings rem'val, 
and site restoration operations at the Vitro site, the transportation .of 
.contaminated materials. to the South Clive site, and site preparation and 
stabilization activities at the South Clive site. The vehicular emissions at 
the Vitro site and the South Clive site would be from heavy construction 

Jn; equipment performing earthmoving. 
site and the South Clive site and the haul trucks or trains needed to 
transport materials- between these two sites would have emissions (based :cy7z5 
AP-42; EPA, 1977)  of carbon monoxide, hydrocarbons, nitrogen oxides, - S U ~ ~ ~ U ~ ~ . .  
oxides and particulates that are estimated at 201.59, 33.59, 181..68 21.81i. 
and 11.02 tons per year., respectively, for the, truck option, and 8?.~1.4,re51.~1, 
246.68, 30.35, and 15.70 tons per year, respectively, for the train optiop-?* 
The ambient air concentrations from these emissions were estimated. by ..ssalinq 
the modeling results for particulate emissions resulting in annual"' 
concentrations of about-46 micrograms per cubic meter for nitrogen oxides and 
less than 5 micrograms per cubic meter for the other parameters at the Vitro. 
site. 
of approximately 11 micrograms per cubic meter for nitrogen oxides and less' 
than 2 cubic meters for the other parameters. Much of the air pollutants 
would be dispersed along the haul  routes. 

Ihe construction equipment at the Vitro , 

. .  . <#+ '. 1.. , >:$le 
. . .  -Adrb&t 

- -***u 1 .  

The South Clive site would have annual predicted maximum concentrations 

Fugitive dust emissions fran earthmoving activities at both the Vitro 
site, the South Clive site, and along the haul routes are estimated to be 
313.8 ton6 per year at the Vitro site, 235.3 tons per year at, the South Clive 
site and 379.5 tons per year along the extent of the haul routes for the train 
option. The truck option would produce fugitive dust emissions of 448.1 tons 
per year at the Vitro site, 560.8 tons per year at the Clive site, and 1698.7 
tons per year distributed along the haul routes. All of these estimates wers 
produced using algorithms currently acceptable to E P A ,  Region VI11 and the 
Division of Environmental Health, Utah Department of Health (March 1982). The 
impacts on the air quality at each of the sites were estimated separately with 
atmospheric dispersion models and input meteorology appropriate for each . 

site. The Industrial Source Complex (ISC) model was used with 1980 Salt Iake 
City National Weather Service data to calculate the maximum concentrations- 
expected at the Vitro site8 the VALLEY model was used with Dugway P l O V l n g  

Ground meteorological data for 1957 to calculate the maximum concentrations 
expected at the South Clive site. In each case, emission estimate8 for each 
earthmoving acitivity were input to the appropriate dispersion models. 
Results presented below were scaled from DEIS model runs. DiBpqKsiOn aDdels 
were not used for prediction of impacts along the haul routes. The cmis6ion 
would be widely distributed and would not be expected to have significant 
impac t s . 

The maximum predicted annual and 24-hour off-site concentrations of 
particulate matter at the Vitro site are 43.8 and 313.1 
for the train option. 
are 62.5, and 447.2 9/m3, respectively. These mncentrations would be 
expected to occur along the southern boundary of the site. Because of 

g/m3, respectively, 
Similar concentrations ,predicted for the truck option 
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particle deposition, the train option concentrations would decrease to 3.3 and 
36.6 g/m3, respectively,'at 0.5 km from the southern site boundary. 
Similarly, the truck option concentrations would decrease to 4.7 and 52.3 

distance is the location of the closest street to the site. 
g/m3, respectively, at 0.5 km from the southern site boundary. This 

The maximum predicted annual and 24-hour concentrations of particulate 
matter off the site, doe to the South Clive activities, are 48.5 and 241.3 
g/m3 , respectively for the train option. Similar concentrations predicted 
for the truck option are 115.9 and 574.7 g/m3, respectively. These / 

concentrations M u l d  be expected to occur approximately 0.4 km north of the 
northern site boundary. The nearest human activity is about 6 km north of the 
Site, the approximate location of the Interstate Highway 80. At 6 km, the 
annual and 24-hour particulate concentrations are predicted to be 1.4 and 16.1 

respectively, for the truck option, based on the modeling results. 
g/m3, respectively, for the train option and 3.4 and 38.4 g/m3, 

The estimated impacts of the fugitive emissions on the air quality with 
stabilization south-of Clive are summarized in Table 5-5. m e  Utah and 
National Ambient Air Quality Standards are also presented for comparison. The 
maximum predicted impact at the Vitro site would be about 58 and 120 percent 
of the Federal primary annual and 24-hour standards, respectively, for the 
train option, and 83 and 172 percent of the same standards, respectively, for 
the truck option. The maximum predicted impact at the South Clive site would 
be about 65 and 92 percent of the Federal primary annual and 24-hour 
standards, respectively, for the train option, and 154 and 221 percent of the 
same standards, respectively, for the truck option. 

Table 5-5. Fugitive dust impacts, Alternative 3 

Train R u c k  
option option 

Average annual TSP (tons/yr) 
Total 
Vitro site 
Clive site 
Haul routes 

Annual concentration ( 9/m3) 
Vitro site 
Clive site 

24-hour concentrations ( g/m3) 
Vitro site 
Clive site 

928.8 
313.8 
235.3 
379.5 

43. 8 
48.5 

313.1 
241.3 

2720.1 
448.1 
560.8 

1698.7 

~ 62.5 
115.9 

447.2 
574.7 
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Table 5-5. (continued) . .  
.- - - 

Train Truck 
opt ion option .- .- 

. _  

. - .-  

Primary NAAQS~ Annual b /24-hr 7Sb/260 ._ .. 

. .  .. . 60b/1 50 L .- 
b Secondary NAAQSa Annual /24-hr 

aUtah-Ambient Air Quality standards are the same as the National Ambient 

b o m e t r i c  mean. 

w 

.j::: 

- _ _ _ _  . - -. -- -- -- -- Air Quality Standards (NAAQS). _ _  . -  

. ? ? < .  yJ . r-. ' 

-_  . - -  

5.3 IMPACTS ON TOPOGRAPHY, SOILS, AND MINERAL RESOURCES 

5 . 3 . 1  Impact on topography 

?he no-action alternative would not alter the topography of either the 
Vitro site or the South Clive site. 

Alternative 2 would affect only the Vitro site. A flat-topped mound, 50 
feet high, with sideslopes of 1 vertical to 5 horizontal, would be formed on a 
53-acre area occupying the southcentral and southeast portion of the site. 
The remainder of the tract would be recontoured to the natural elevation of 
the surrounding terrain (approximately 4235 feet above mean sea level) and 
revegetated. 

Alternative 3 would affect both the Vitro site and the South Cllve site. 
At the Vitro site, the entire 128-acre tract now containing the tailings would 
be recontoured to the natural elevation of the surrounding tetxain. At the 
South Clive site, approximately 55 acres of the presently flat terrain would 
be occupied by a flat-topped mound, approximately 34 feet high, with 
sideslopes of 1 vertical to 5 horizontal. 

5.3.2 Impacts on soils 

No soils would be affected by the no-action alternative. In both 
Alternatives 2 and 3, however, soils imported from commercial sources would be 
used for either backfill, liner, and/or cover at the Vitro site. me 
estlmated amounts of materials to be imported are given in Table 5-6. 
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Table 5-6. Materials that must be imported to Vitro site 

Work or material Quantity (cubic yds) 
Alternative 2 Alternative 3 

Seepage control lining 
(a) Subbase 220,000 

(c) Liner 190,000 
(b) Base 300,000 

Restoration grading 710,000 
Cover-radon and erosion barriers 445,000 
Total 1,865,000 

--- 
1 , 040,000 -_- 
1,040,000. 

In Alternative 3, soils removed from the South Clive excavation would be 
reused in the construction of the reclamation cover. In addition, about 
244,000 cubic yards of gravel or quarried bedrock would be needed for the 
erosion barrier, access roads, and drainage ditches at the south Clive 
dispsal area; this material is available in the Cedar Mountains to the east 
of the site, and could probably be obtained from commercial sources. 

5.3.3 Impacts on mineral resources 

The no-action alternative would not affect mineral resources. Neither 
Alternative 2 nor 3 would affect the negligible mineral resources of the South 
Clive site (see Section 4.5.3). However, both of the action alternatives 
would result in the setting apart, under the control of the Federal 
qover'nment, the residual mineral values of the uranium mill tailings presently 
on the Vitro site. The potential mineral products that would be lost at 
either the Vitro site (Alternative 2)  or the South Clive site (Alternative 3) 
are estimated below (DOE, 1982). ' 

P r o d u c t  
"308 
"205 
Mo 

Total l b s  
659,452 

4,198,565 
762,458 

5.3.4 Longevity of conceptual designs against wind erosion, water erosion, and 
earthquakes 

In addition to radon flux Standards, the EPA standards also have a 

, disposal configurations adopted for the remedial action meet the standards for 
longevity requirement: that there be a reasonable expectation that the 

up to 1000 years, to the extent reasonably achievable, and in any case €or at 
least 200 years. The assessesment of the longevity of the disposal 
configurations used in Alternatives 2 and 3 are discussed in the following 
subsections. 
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Alternative 2 
._ . . 1 -  

The disposal configuration in Alternative 2 would include a. 4-ito'SPfoot 
cover composed as follows: 
rock, underlain by 3 feet of silty soils. The presence of the pit run rock 
layer would protect the stabilized pile indefinitely against wind and water 
erosion. 

1 foot (2 feet on the side slopes) of pit run 

The disposal configuration at the Vitro site would also be subject to the 
long-term effects of flooding and earthquakes. 
for flood protection is the Probable Maximum Flood ( N X ,  1977). Design ; - -  

criteria for long-term protection against earthquakes that pertain,to='-:- 
earthwork structures such as these are discussed in terms of allowable safety 
factors in Section A.3.2.2 of Appendix A,  and Appendix He 

One possible design.criterion 

i 5'.*1 -tal$ - 
* , i-"a'LC..I 

In Appendix A, Section A.3.2.2, it is shown that the ProbablefHaximumi 
Flood (PMF) of 'the Jordan River would inundate the Vitro site - area : toc.depths 
of up to 10 feet. During the passage of the PMF peak, a duration of about 40 
hours, water velocities near the embankment would be between 4 and 5 feet per 
second. Six-inch mean diameter pit run rock on the pile side slopes could 
withstand flood velocities of 14 feet per second. The Vitro site disposal 
configuration would, therefore, not be damaged by the PMF. 

A seismic evaluation of the embankment at the Vitro site has been 
performed (SHLB, 1983; and Appendix HI. Seismically induced liquefaction of 
the subsurface sandy materials could occur in the event of a Maximum Credible 
Earthquake (MCE). However, during construction the embankment materials will 
be dewatered, mixed, and recompacted and thus will not be susceptible to 
liquefaction. Minor cracking (a few inches) of the cover could occur if the 
foundation soils liquify. Minor cracking could also result from earthquake- 
induced ground motions of lesser intensity, occurring every 50 to 400 years. 
Cracking of the cover would only require minor repair. 

Alternative 3 3r 

The disposal configuration at the South Clive site in Alternative 3 
includes a cover that would be composed of a 5-foot layer of compacted natural 
soils protected by a 2-foot surficial layer of pit run rock. 
the coarse granular layer would protect the stabilized pile indefinitely 
against wind and water erosion. 

The presence of 

The disposal configuration at the South Clive site would also bt subject 
to the lonq-term effects of flooding and earthquakes. One possible design * 
criterion for flood protection is the Probable Maximum Flood (NEac, 1977). 
Design criteria for long-term protection against earthquakes that pertain to 
earthwork structures such as these are discussed in terms of allowable safety 
factors in Section A.6.2.2 of Appendix A, and Appendix H. 

The Probable Maximum Flood (PMF) that would impact the South Clive site 
would be the result of a 6-hourr 9.7-inch rainfall (PWI on the 46-square-mile 
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drainage area east of the site. 
and reach depths Of up to 5.5 feet deep in the ditch surrounding the 

the embankment toe. The 5-inch mean diameter pit run rock covering the side 
slopes can withstand these velocities. Thus, the South Clive embankment would 
not be damaged by the PMF. 

It would have a peak flow of about 83,000 cfs 

embankment. The correlating velocities are 2.0 fps with a peak of 10 fps at ic 

The seismic evaluation performed for the South Clive site (Appendix HI 
indicates that the chance of seismically induced liquefaction in the site 
subsoils is remote. First, the ground water is about 20-30 feet below the 

sand layers are of medium to high densities. 
relatively large static overburden pressures applied to the saturated soils 
layers, indicate that significant liquefaction due to an MCE event is 
improbable and only minor cracking would occur. 
self-healing and result in only minor cover repairs. 

surface and is below several layers of unsaturated silty sand. Second, these X'  
These factors, combined.with-the 

Most of these cracks would be 

5.4 IMPACTS ON WATER 

5.4.1 Impacts on surface waters 

The no-action alternative would have no effecton present quantities or 
uses of the surface-water systems associated with the Vitro site or the 
transportation corridor. There are no perennial surface-water systems 
associated with the South Clive site. 

1 

Under the no-action alternative, surface runoff from the Vitro site might 
reach the two on-site ditches (the Vitro Waste Ditch and the South V i t r o  
Ditch) and cause temporary water-quality degradation. The topography Of the 
existing site is such that surface runoff does not reach these ditches except 
in heavy rains. The effects of a PMF at the unstabilized Vitro site on the 
quality of local eurface waters are unknown: but the radiological effects 
would be miniscule in comparison with other effects of the flood such as 
damage of property and loss of life. 

Under either Alternatives 2 or 3, waste waters generated by dewatering 
activities at the Vitro site would either be discharged to Mill Creek (a f t er  
treatment) if radiological and chemical analyses indicate they meet the 
discharge-permit standards, or they would be stored in temporary evaporation 
ponds on the site. 
Discharge Elimination System (NPDES) permits. Further water-quality 
protection would be provided by the installation of dikes around evaporation 
ponds and wet areas being excavated. 

' 

Both procedures would operate under National Pollutant 

Neither Alternatives 2 or 3 uoold have any effect on surface-water 
quantities at either the South Clive site or the Vitro site. 
the water necessary for construction would be provided by on-site wells or 
existinq wells in the vicinity, impounded water, or from the South Salt Lake 
community system. Alternative 2 would have long-term beneficial impact8 on 
surface-water conditions at the Vitro site. 
cover would inhibit rain from percolating into the tailings. Improved site 

At either site, 

The stabilized mound with its 
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drainage would also reduce sediment and contaminant loading to the Vitro 
ditches. Alternative 3 would eliminate the possibility for future . " -  

- -  . contamination of surface water at the Vitro site.. . <  

Neither Alternative 2 nor Alternative 3 would have any predictable 
effects on the quantity or quality of surface waters along the transportation 
corridors. 
transportation accident occurred in which one of the unit trains or trucks 
were overturned at a point where the railroad bed/I-80 is adjacent to the 
lake, but such an accident would be highly improbable (see Section 5.1.5); 

Some contamination of the Great Salt Lake would be possible if a 

The waste waters generated by construction activities at-the-Vitro site 
in Alternative 3 would be handled in the saqe..way as.Akternattvek.2. %e=- 
amount of waste water t o  be handled would. +be ,larger =in Alternative-3ibe-cause 
of the need -to wash down the unit trains or trucks- that leave-, the. construction 
site. The amount of dewatering would be minimized, as- much astpracticabl'ei by 
construction practices and schedules; it is estimated t h a t ~ l 5 0 - q a l l o n s ~ ~ r ~ ~  
minute of discharge from dewatering may have to be handled for brief  pet-ids 
of time. Train wash-down would require about 2,000 gallons of water each 
working day, this wash-down water would be obtained from on-site wells. 
However, because this water w u l d  be recycled only 600 gallons psr day would 
be required for make-up. Truck wash-down would require several times as much 
water; about 2,300 gallons per day would be required for make-up. 

Dewatering requirements at the South Clive site in Alternative 3 would be 
minimal because the bottom of the excavation would be at least 15 feet above 
the ground-water table. Train or truck wash-down water requirements at the 
South Clive site would be the same as those for the Vitro site in 
Alternative 3. 

5.4.2 Impacts on ground waters 

Alternative 1 

The no-action alternative would have no effect on ground-water system 
along the transportation corridors or at the South Clive site. 

Under the no-action alternative, the potential for degradation of ground- 
water quality at depth beneath the Vitro site would continue to exist.  
potential is, however, limited due ,to the hydroqeologic setting. As discussed 
in Section 4.6.2, the Vitro site is located within an area of regional 
ground-water discharge. 
precludes the downward migration of leachate and associated contaminants from 
the uranium mill tailings. me upward gradient and direction of ground-water 
flow could be reversed, however, as a result of increased pumping and 
ground-water withdrawals in the vicinity of the Vitro site. 

This 

Ihe upward gradient and migration of ground water 

In,the no-action alternative there would also be a potential for lateral 
migration of leachate and associated contaminants Within the shallow 
ground-water system beneath the site. Data for the Vitro site indicate that 
the ground water within the shallow system directly beneath the site is 
contaminated. Because of the lou gradients, low hydraulic conductivity, and 
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0 sorption of contaminants on SO11 particles, the rates of lateral contaminant 
migration within the upper flow system would be very small, that is, only a 
few feet per year. 

Alternative 2 

Under Alternative 2, there w u l d  be a limited potential for the 
degradation of water quality in the confined aquifer system in the vicinity of 
the Vitro site. 
upward from the confined system to the unconfined system, effectively 
precluding the downward migration of contaminants. 
gradient can be reversed by heavy pumping in the vicinity of the Vitro site, 
as evidenced by relic contamination of the confined aquifer probably 
associated with pumping of process water at the former Vitro mill site, or 
other heavy pumping of the confined system in the area. 
contarnination would not include the migration of radionuclides and trace 
metals, which are effectively sorbed in the unconfined system. Ihe lack of 
minor and trace constituents and radionuclides in the contaminated samples 
from the confined aquifer suggests that the potential contamination would be 
limited to high concentrations of total dissolved solids, sulfate, chloride, 
and other major ions, and would be due in part to the poor background water 
quality in the unconfined system. 

At present, the vertical hydraulic gradient in the area is 

The vertical hydraulic 

This potential 

The remedial action would decrease potential trace metal contamination of 
the ground water to insignificant concentrations. Based upon a worst-case 
analysis, transport of uranium, molybdenum, and arsenic from the base of the 
encapsulated tailings to the water table would require a minimum of 700 
years. A probable-case analysis resulted in a delay time of 7700 years for 
these parameters to reach the water table. Once the contaminants entered the 
unconfined aquifer, downgradient concentrations w u l d  be insignificant. 
Concentrations of uranium, molybdenum, and arsenic are predicted to be 0.01, 
0.001, and 0.008 mg/l, respectively, at 900 west Street (Figure 5-21 (see 
Appendix D). 

Alternative 3 

Under Alternative 3 there would be a minimal potential for degradation of 
water quality in the vicinity of the South Clive site. The ground water at 
the site is already characterized by a briny quality, with levels of A n y  
constituents (major ions, metals, total dissolved solids, uranium) exceeding 
EPA primary or secondary drinking water standards, often by a large amount. 
The water might be suitable only for some industrial uses without extensive 
treatment. m e r e  are no identified uses of ground water in the near vicinity 
(3 miles) of the South Clive site. Alternative 3 would also have the 
beneficial effect of eliminating any possibility of future contamination of 
ground water at the Vitro site. 

The design will minimize the potential for transport of contaminants away 
from the tailings. The cover will reduce the potential for infiltration, 
which is already believed to be minimal in the area due to the low incident 
precipitation and high potential evapotranspiration. Some seepage would be 
expected to reach the ground water as a result of moisture redistribution 
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within the tailings. The impact of this seepage 
expected to be minimal for several reasons: 

The volume of seepage would be expected 
over a long period of time. 

* The existing poor quality of the ground 
significantly degrade it. 

on the ground water is 

to be small, and would occur 

water makes it difficult to 

The hydraulic head gradient in the ground water is small, limiting 
the velocity of ground-water movement away from the site to a maximum 
of 0.6 feet per year. 

In 1000 years the ground water flowing away from the site would move 
Only a fraction (3/100) of the distance to the closest identified 
well. 

Under Alternatives 2 and 3, a relic contaminant plume would persist in 
*-he unconfined aquifer downgradient of the Vitro site Appendix D . 3 . 2 .  This 
plume would consist of elevated concentrations of total dissolved solids 
( T D S ) ,  sulfate and other major ions, and uranium. The plume would move toward 
the Jordon River at a velocity of 0.3 to 1.6 feet per day, so that the tail of 
the plume would reach the river in about 4 to 24 years. Initial con- 
centrations of contaminants would be the same as currently found, decreasing 
slightly over time, as mixing would take place in the unconfined system. The 
plume would be greatly diluted as it neared the river, eventually discharging 
into the river at levels representing only a minor addition to background 
concentrations. 

Aquifer restoration of the relic plume wa8 assessed (see Section D.3.6 
for details). Given the boundary conditions and ground-water quality of the 
unconfined aquifer, the maximum possible volume of contaminated ground water 
was considered. The cost-benefit calculations were bounded by: 

The treatment rate and required treatment time (3 years at 1000 gpp 
and 6 years at 500 gpm). 

* The time required for the contaminant plume to dissipate naturally 
( 4 . 4  years to 23.7  years). 

The method of assessing net benefit (net benefit calculated by volume 
of contaminated and potentially contaminated ground water and net 
benefit calculated by spatial apportionment). 

By using the three sets of bounds, a matrix of eight cost-benefit ratios was 
calculated. lhese ratios ranged from 4 . 1  to infinity. Aquifer restoration 
does not seem warranted given the high cost-benefit ratios and the absence of 
ground-water use in the maximum area of the contaminant plume. 

Although the likelihood of human health impacts from uncontrolled use of 
the unconfined aquifer downgradient of the Vitro slte is considered very 
small, DOE will review with NRC and the State of Utah the desirability of 
mitigation measures to limit the use of this ground water. 



5 . 5  IMPACTS ON ECOSYSTEMS 

This Section describes the impacts of the three alternatives on 
vegetation and wildlife.  Impacts on soils are described i n  Section 5 . 3 . 2 .  

The no-action alternative vould not affect  existing vegetation and 
wildl i fe  a t  the Vitro s i t e ,  the South Clive s i t e ,  or alonq the transportation . 
corridors. 

Alternative 2 would not affect existing vegetation and wildlife a t  the 
South Clive s i t e  or along the transportation corridors. A t  the Vitro s i t e ,  

.implementation of Alternative 2 would result i n  the destruction of exist-hg+' f 

vegetation and marginal wildlife habitat on the 128-acre s i t e .  Since the'::. >'>f; 
biological prCdUCtiVity of these disturbed and developed areas i s  so low, suchi. 
a loss would not be appreciable. No endangered, threatened, or rare Spr?CieS.:k~ 
would be affected by Alternative 2. 

A t  the Vitro s i t e ,  implementation of Alternative 3 muld also result in 
the loss Of  vegetation, wildlife, and m a r g i n a l  wildlife h a b i t a t  t h a t  exists On 

the entire 128-acre site:  because present productivity i s  low, this loss uould 
not be appreciable. Long-term changes i n  vegetation and wildlife habitat 
would depend upon the uses made of the 128-acre, decontaminated site by the 
CVWRF Board: consideration of these changes i s  not w i t h i n  the scope of this 
E IS, 

A t  the South Clive s i t e ,  up to 200 acres of the existing plant community 
(shadscale-gray molly) and i t s  attendant habitat for v i l d l i f e  would be 
destrpyed or disturbed. This type of plant community is neither unique nor 
particularly valuable i n  any way. None of the flora or fauna i n  the 
potentially d i s t u r b e d  area are endangered or threatened. 
individuals during construction a t  both the South Clive s i t e  and the Vitro 
s i t e  could result i n  a temporary increase i n  the populations and stress of 
individuals i n  the areas surrounding both sites.  Road k i l l s  of animals near 
the S o u t h  Clive s i t e  and along the transportation corridors would be minimal. 
Otherwise, Alternative 3 vould not have any predictable e f f e c t  on existing 
vegetation and wildlife i n  or near the transportation corridors. 

Y Displacement of 

c 

I 

5.6 IMPACTS ON LAND USE 

The impacts on land use that w o u l d  be associated with the three 
alternatives under consideration would be both short-term and long-term. 

Alternative 1 

W i t h  the no-action alternative, lands on the Vitro s i t e  are expected to 
continue to be developed by the CVWRF Board according to their short-range 
plans (SeFtion 4 . 9  1 ) ;  the impacts of a no-action alternative on the 
long-range plans of the CVWRF' Board are not predictable. 
vicinity  w o u l d  probably continue to be developed for varehousinq and 
industrial purposes. 
moratorium imposed d u r i n g  the early 1970s for the area near the s i t e ,  fears 
t h a t  severe health hazards to workers in the area may be posed by the tailings 
have partially subsided. 

Lands i n  the s i t e ' s  

As evidenced by the gradual l i f t i n g  of the building 
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The no-action alternative would not affect land use at the South Clive 
site or along any transportation corridor. 

Alternative 2 

Alternative 2 would not affect land use at the South Clive site or along 
the adjacent transportation corridor; however, as explained below, planned 
long-term use of the 128-acre Vitro site might be partly constrained by 
Alternative 2. 

Under Alternative 2, some types of land uses may be feasible on portions 
of the site once stabilization is complete. These uses may include some 
expansion of the-CVWRF sewage-treatment plant now operating in the 
northcentral portion of the site and industrial and warehouse facilities; 
however, construction of warehouses, commercial, or industrial facilities, 
which are common to the area, might not be feasible if there are restrictions 
on the placement of building foundations near the stabilized mound. 

The 53-acre tailings stabilization area (Figure 3-3) would not be 
suitable for any other use, including the planned expansion of the C W R F  
sewage-treatment plant. The area along 3300 South Street that is planned for 
industrial, commercial, or warehouse lease under the alternative of 
stabilization south of Clive M Y  not be useable. The northern portion of the 
Vitro site would be available for expansion of the CVWRF plant, although 
expansion as currently planned would not be feasible. About 20 acres in the 
southwest portion of the Vitro site would be available for development. 
Development in this area could include expansion of the CVWRF plant, leasing 
for industrial, commercial, or warehouse uses, construction of the 
waste-recycling facility proposed by the Wasatch Front Regional Council o f  
Governments, construction of the planned municipal ground-water facility, Or 
other uses, depending upon foundation restrictions that may apply. 

The long-term impacts of Alternative 2 on CWRP e-nsion are not 
predictable; they would depend upon the CVWRF Roard's response to the need for 
mayor changes in plans. The short-term impacts on the CWRP of Alternative 2,  
the impacts to be realized over the next 5 to 10 years, would occur mainly in 
the form of lost income from forgone leases on properties in the southern pert 
of the site (the "lease-only' properties shown in Figure 4-7). 
potential income is estimated to be $7,840 per year per acre leased. 
(Appendix I). 

This loss Of 

It ia anticipated that stabilization at the Vitro site would not affect 
future land uses in the vicinity. 
building moratorium imposed during the 1970s and developlaent of its Vacant 
lands, primarily for warehouse and wholesaling uses, has resumed. 
and agricultural lands in the vicinity are planned for Warehouse, industrial, 
and commercial uses, the proximity to major rail and road transport r a t e s  
being ideal for these uses. 
m r e  rapid development in the area than would the no-action alternative;' 
companies may be less willing to m v e  to the area if unstabilited tailin98 
coctinue to be located there. 

The surrounding area is no longer under the 

Host vacant 

It is possible that Stabilization would encourage 
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. .  Alternative 3 

becontamination of the Vitro site and the transport of the tailings )ro~ 
that site to the South Clive site would result in land use impacts at both 
sites and along the transportation corridors linking them. 
would consist of the following: 

These impac’ts 
. _ -  I 

1. Permanent preemption of about 60 acres of land at the south Clive 
site for the stabilization area and ancillary facilities. The . 
recreational vehicle and jackrabbit hunting activity) would not-b.e 
possible within the area preempted by the disposal site. 

current uses of the area (sheep grazing and possibly some Y 

~ . . , I  .- 
. - .  . , t 5  L 

2. Opening of the entire 128-acre Vitro site for development. 

- ‘,I,>,? 
F‘ss 

3. Establishing incentives for m r e  rapid warehouse , wholesalinq e and 
industrial development in the vicinity of the Vitro site. - -  

During the 3-year construction phase of Alternative 3, approximately ?4- 
200 acres of land on the South Clive site, and along the bed of the railroad 
spur or truck access road leading into it from Clive, would be preempted from 
current uses. Sheep grazing, hunting, or recreational-vehicle driving would 
be temprarily prohibited on the lands affected by the construction 
operations. Following completion of the 3-year construction phase, about 
60 acres (55 acres for embankment, 5 for ancillary facilities) of land at the 
South Clive site would be permanently removed from use by the public, or by 
the State of Utah as a source of revenue from leases. ?he loss of lease 
revenue to the State is estimated to be between $25 and $150 per year per 
sect ion leased. 

Decontamination of the entire 128-acre Vitro site would permit the a i t e  
to be used for virtually any purpose. The owners of the site, the CVWRP” 
Board, may use most of the site for expansion of the waste-water treatment 
plant and the area along 3300 South Street may be developed for wholesaling, 
warehousing e or industrial purposes. 

5.7 IMPACTS ON SOUND LEVELS 
Alternative 1 

The neaction Alternative would not affect ambient sound levels that I 

r prevail at the Vitro Bite, the South Clive site, or in the transportation 
corridor that connects the two sites. 

Alternative 2 

In Alternative 2, the major noise impact would be due to the excavation 
and consolidation of the contaminated material to the 53-acre embankment area, 
and the preparation, grading, and restoration of the embankment area. 
embankment area is in the southeast corner of the Vitro site and is in close 
proximity to the populated areas to the west and south. 

I h c  
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A noise-prediction model (Kessler e t  a l . ,  1978) was used t h a t  considers 
the number of and maximum noise level  from each piece o f  equipment used a t  the 
s i t e ,  the percentage of time this equipment operates i n  i t s  noisiest mode, and 
the distance from the center of s i t e  a c t i v i t y  to nearby noise-sensitive 
areas. The noise-level extrapolation mode1 is conservative ( i . e . ,  i ts  results  
are higher than would be realized) as no attenuation for air absorption, 
berms, or f o l i a g e  are considered i n  the model. 

For these calculations,  a l l  equipnent was assumed to be located a t  the 
center of the embankment area. 
computation to overstate the resulting noise levels.  
emission and use factors used in these calculations. Equipment use, by phase, 
i s  shown i n  Appendix A ,  Section A . 9 .  

This assumption would also cause the 
Table 5-7 l i s t s  the 

The distances from the center of the s i t e  to noise-sensitive areas t o  the 
south and west are 1,060 and 1 , 7 0 0  f e e t ,  respectively. These distances have 
been scaled from WDU, 1 9 8 1 ,  Figures 2-1 and 4 - 1 .  

Table 5-7. Equipment noise emissions and use factors 

m i s s i o n  factor 
Equipment Use factor ( d B  62 So  f t )  

D-8 dozer 
Front-end loader ( c a t .  9 8 8 )  
Scraper 
Backhoe 
Water truck 
Haul truck 
Compactor 
Grader 

0 . 5  
0 . 5  
0.6 
0 . 2  
0 . 5  
0 . 5  
0.1 
0 . 4  

88 
8 8  
9 1  
77 
89 
86 
82 
88 

< 
Source: Kessler e t  a l . ,  1 9 7 8  

The estimated ambient sound levels  during the remedial action are shown 
i n  Table 5-8. The backqround ambient sound l e v e l s  shown i n  the table a r t  anly  
approximate, having been estimated and not measured. Section 4 . 1 0  diecusses 
the method used to make these estimates. 

Table 5-8. Estimated operation ambient sound levels  

Background Operation 
ambient sound levels  ambient Sound levels  Change i n  

Residences Ldn (dB) Ldn (dB) Ldn (dB) 

Along 3300  So. S t .  
To the west 

65 
6 0  

7 3  
69 



Ambient sound levels would change by about 8 dB.at the residences to.the 
south and by about 9 dB at the residences to the west. 
homes to the west may experience some noise impact during the period of 
operation. 
During operation, day-night sound level ( h n )  values would approach the 
EPA's short-term goals of Ldn = 70 dB, but Since this area is zoned 
industrial the operation should be in compliance with South Salt Lake's noise 
ordinance limits of 80 dB during daytime. 
minimized during the night. 

Alternative 3 

The residents of the 

The noise impact for the residents to the south would be minimal. 

Construction noise uould-be 

. ,_ .. . -. 
- i. : *a\$- 

m i s e  emissions projections were estimated*usinq the methodology:- -*cd 
described under Rlternative 2. 
Appendix A, Section A.9. Ihe results,of the noise modelling effort are 
presented in Table 5-9. 
each phase of the remedial action, and for each of the two optional 
transportation methods at the Vitro and South Clive sites. Emission rates 500 
feet from the center of the Vitro site range from 76.2 dB to 72.5 dB dependinq 
upon the remedial-action phase and transportation option. 
feet from the center of the South Clive site range from 78.3 dB to 73.8 dB 
depending on the remedial-action phase and transportation Option. 

The inputs for the.mode1 were obtained from 

This table displays the expected noise emission for 

Emission rates 500 

Table 5-9. Alternative 3 noise emission projections 
(dB e 500 feet) 

~ 

Vitro site South Clive site 
Construction phase (train option) (truck option) (train option) (truck option) 

Site preparation 75.9 

Tailings relocation 76.2 

Embankment 
con8 t r uc t ion na . 

Site restoration 74.1 

72.5 

75.0 

na 

74.1 

76.1 

na 

78.3 

na 

74.7 

n8 

na * not applicable 

The estimated operational day-niqht sound level (b) at hanes to the 
south and west of the Vitro site are 69.8 dB and 65.4 dB, respectively. This 
would result in an & change of 5 dE, at each residential area. T b U 8 r  the 
noise impact on residente living in the homes near the Vitro site for this 
alternative would approximately be the same as the impact of Alternative 2. 
Day-night sound levels vould approach the 0.S. =A's 8hort-term -1s of hn 
= 70 dB during operation, but since this is an industrial zone, South Salt 
lake's noise-ordinance limits of 80 dB for daytime activity should k wt .  
Construction noise would be minimized during the night. 
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Railroad operations or highway operations will not significantly.add to 
present rail Or highway traffic noise. 
day-night sound levels will result. 
traffic doubles (a very remote possibility), the ambient sound can expect to 
increase by about 3 dB. 
very few people reside along this route. 
anticipated. 

Very little change in ambient 
If, for example, the railroad and highway 

This change will not be significant. In addition, 
Thus, little noise impact is 

The noise emissions projections for the South Clive site are also shown 
in Table 5-9. 
Since very few people reside in the area of the proposed site and there are no 
noise-sensitive land uses within 15 miles of the site. .. Noise attenuation 
vould be expected to reduce the maximum South Clive emission to below-the> 
background level of 35 dB within 7000 feet of the source. L 

No noise impacts would be expected from the remedial action 

- .  
.a 

5.8 IMPACTS ON SCENIC, HIS'lQRICAL, AND CULTURAL RESOURCES 

The impacts of the alternatives on scenic, historical, and cultural 
resources are not expected to be significant. 

There are no historical or cultural resources of significance at either 
the Vitro site or the South Clive site, or along the transportation 
corridors. Hence, none of the 3 alternatives would affect historical or 
cultural resources. 
alternatives; these changes are discussed below. 

Other scenic values would be changed by the 3 

Alternative 1 would not affect scenic values at the South Clive s i t e  or 
in the transportation corridors, but minor changes in scenic values at the 
Vitro site could occur with development of the site by the CWRF Board. 

Alternative 2 would not affect scenic values at the South Clive site or 
in the transportation corridors. This alternative would change the visual 
character of the Vitro site. Long-term changes in the topography of the s i t e  
are described in Section 5.3.1. During the remedial action, the direct visual 
impact at the Vitro site would result from site preparation and grading, 
erection of a security fence, and the piling and covering of tailings in the 
southeastern portion of the site. During the construction period, the 
increased activity at the site and related traffic would be visually obvious 
to nearby travellers and residents. Once stabilization is complete, the 
tailings piles (approximately 50 feet in height) and a security fence uould be 
visible from nearby areas. These visual elements would be similar to the 
present appearance of the site. 

The visual impacts at the Vitro rite during the construction phase of 
Alternative 3 would be similar to those described for Alternative 2. W i t h  
Alternative 3, visual impacts at the South Clive site would result from 
construction and stabilization activities and the continued presence of the 
tailings at the site. Construction of the rail spur or truck-access roads, 
and tailings disposal area would cause increased activity in the area which 
would be visible to travellers on 1-80 and persons working in or touring the 
area. 
remain visible once stabilization is complete. Their appearances would 
contrast somevhat with the surroundings, which show little evidence Of 

The tailings piles, the security fencing and the access roads would 



human activity except for the existing rail line north of the site and south 
of 1-80. bwever, the impact would be small because (1) most of the 
facil'ities would be about 2 miles from 1-80, the nearest c o m n  vantage point, 
and would be seen by most viewers only at a distance, and (2) because the area 
is not visually attractive. 
rating Of 12 was assigned to the South Clive site, indicating no special 
management attention regarding visual resources is required. 

As described in Section 4.11.2, a scenic-quality 

5.9 IMPACTS ON POPULATIONS AND EMPLOYMENT 

A1 terna t ive 1 
~ - 

Populations and employment trends described in Section 4.12.1 would be 
unaffected by the no-action alternative. 

Alternative 2 

Alternative 2 would not measurably affect populations and employment in 
Tooelc County, the county in which the South Clive site is located. The. 
impact of this alternative in Salt Lake County is described below. 

. Manpower requirements for Alternative 2 are shown in Table A-4 of 
Appendix A. Direct employment generated by the project would average 82 jobs 
during construction and stabilization while peak employment is estimated at 
104 jobs. This level of employment represents less than 0.1 percent of the 
total Salt Lake County employment. 

lb the extent that purchases of construction materials and equipnent 
(sand and gravel and heavy machinery) would cause supplying firms to increase 
employment, additional indirect employment effects would be realized. .These 
effects would be small, since the materials and equipment requirements of the 
project would be relatively small. 
caused by the respending of workers' wages (the 'multiplier effect' described 
in Section 4.12.2) would also be small due to the l w  level of project 
employment. 
supported by every job created in the basic sector), 123 jobs would be 
supported in the service sectors of the local economy during construction. 

Additional service-sector employment 

Assuming a regional multiplier of 2.5 (or 1.5 service sector jobs 

Thus, a maximum of about 215 jobs could result from the project in the 
Salt Lake metropolitan area economy (assuming that 10 jobs are created by 
purchase of construction materials and machinery). 
is less than 0.1 percent of the total employment in Salt Lake County of 
273,848 during the second quarter of 1982 (Utah Department of Baployment 
Security, 1982). 

This level of employment 

Based on the following considerations, inmigration in response to 
employment opportunities created during construction is assumed to be zero. 

o Unemployment in Salt Lake County is currently 7.5 percent (State of 
Utah, Job Service, Hay 1983). 
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o Unemployment among heavy equipment operators in the Salt Lake City 
area is currently 20 to 25 percent (State of Utah, Job Service, June 
1983). 

o Unemployment among truck drivers in the Salt Lake City area is 
currently 10 to 15 percent (State of Utah, Job Service, June 1983). 

o Skilled construction workers from as far away as Provo and @den are 
willing to commute to the Salt Lake City area to take advantage of 
employment opportunities (State of Utah, Job Service, June 1983). 

- .  - .- - 
Alternative 3 

Alternative 3 would affect populations and employment in m o e l e  County 
and in Salt Lake City. 
districts are described below. 

The impacts on populations and employment in both 

Manpower requirements for Alternative 3 are shown in Tables A-7 and A-8 
in Appendix A. 
average 85 jobs for the rail transport option and 135 jobs for the truck 
transport option. Peak employment under rail transport and truck transport 
would be 130 jobs and 153 jobs, respectively. "his level of employment would 
represent a maximum addition to Salt Lake County's total current employment of 
under 0.1 percent. Assuming that a maximum of onehalf of the construction 
jobs are created in Taoele County, they would represent an addition of under 
1.0 percent to Tooele County employment. 

Direct employment generated by the project at both sites would 

In addition, the CVWRF has stated that it will develop a temporary 
industrial park on the 3300 South Street portion of the Vitro site if 
Alternative 3 is the adopted remedial action. Based on this assertion, it i8 
estimated that operation of the temporary industrial park will create 271 
direct jobs and 434 indirect jobs in the regional econoary (see Appendix E). 
This corresponds to less than 0.3 percent of total employment in Salt Lake 
County as of the second quarter of 1982 (273,848; Utah Department of 
Employment Security, 1982). 

Stabilization south of Clive might also add employment in supplying firm8 
due to purchase of construction materials, supplies, and machinery (such as 
heavy equipment, trucks, and rail cars). This effect would be short-term and 
small. The respending of project workers' wages would also increase 
employment in other economic sectors due to the 'employment multlplierm 
process described in Section 4.12.2. 

102 to 162 service-sector jobs would be supported (by basic sector employment) 
in the region in response to the respending of wages by 85 to 135 project 
employees. (The ranges reflect the different manpower requirements associated 
with the transportation options.) 

If an average employment multiplier of 
2.2 is realized in the Salt Lake and Tboele County economies, a maximu8 Of . 
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6.16 MAINTENANCE AND H O N I m R I N G  

A' number of -statements ( 3  written and::2 oral) -.thought. the- 'discussion 
inadequate regarding.maintenance of the final disposal site after"reihedia1 
action and monitoring of 'effluents both during and after remedial action. 
issues are summarized below, followed by the DOE'S responses to them. 

1. Comment. 

The 

There is not enough discussion of these matters in the D E I S .  
maintenance will .be needed aftet the work' is done, even with the;&st' 
designed plans. 
monitored during the remedial action, to assure the safety of the workers 
and of residents, and after the remedial action to check on*-th$e . '  
performance of the design and- ,to be able.+o.,takezfurther:.actionF:&f 
required=-." Ihe"bE1S' makes- no firm comm.itments. in these mattersli?6, 18, 

.Active- surveilla&e.and monitoring will. have-to,-continue-.indef initely if 
it is left in ihe heart of the Salt Lake Valley... (202) 

Surely some 
. .  

And'even more certainly, the work sites wil.l-have-<to be 

202, 203, 215) 
_I _ . - , . . .  . .L  ... - . ., -I ' L  

Response. 
The DOE agrees that maintenance and monitoring will be necessary, 
regardless of the alternative. Details of the plans for these activities 
are available in the UMTRA Project Environmental Health and Safety Plan, 
the Project Licensing Plan, and the Remedial Action Plan. These documents 
will be subject to review and approval by the MIC and the state and will 
be available to the public at the reading rooms and libraries listed at 
the beginning of Section 6.21. 

The program under consideration for doing the remedial action includes 
both environmental and occupational monitoring with systems designed to 
detect the low levels of radioactivity that may be transported by air of 
water. 

The long-term surveillance and monitoring program will be designed to 
assure that the final site remains undisturbed and continues to function 
as designed. 
emphasis on examining erosQn protection features, covet and fence inte- 
grity, and other engineered features such as diversion channel6 and 
vegetation. 

Ihe surveillance will consist of periodic walkover8 with an 

Ground water may also be sampled. Maintenance will be needed. 

2. Comment. 
The Level of maintenance and monitoring required will surely be greater if 
stabilization on site is chosen rather than removal of the tailings to the 
South Clive site. 

Response. 
The DOE agrees, insofar as maintenance and monitoring after completion of 
the remedial action is concerned. However, the degree of monitoring 
required during the remedial action will be greater if the tailinqs ace 
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moved than if they remain in place. 
monitored under either alternative; the south Clive site and the 
transportation route will have to be monitored only if the tailings are 
mOVed. 

The Vitro site will have to be 

6.17 MITIGATION HEASURES 

Several- statements (5  written and 7 oral) commented on possible mitigation 
measures. 
responses to them. 

lhese comments- are- summarized below together with the- DOE'S 

1. Comment. 
Severa.lrcoarmenters suggested 'ways to make moving the -tailings to South 
Clive more palatable. 

0 

0 

0 

I 0 

Tooele citizens suggested that if the tailings are moved, Utah 
licensed contractors should be given a 5 percent preferential 
treatment in all bidding procedures; Tooele County contractors should 
be given an additional 5 percent incentive. The Federal Government 
should pay -le County for the use of its land; payment might be in 
lieu of taxes. Payment should be at the rate assessed for chemjcal 
plant locations and should w distributed to the local  governments 
which represent the citizens of Tooele County: (7, 205) 

A Tooele resident said, Ogive us the property in there ((Vitro)) ... 
in exchange for this property out here ((South Clive)).' (9) 

Another -le resident said that profits would be made from 
relocating the tailings and that half of these profits should go to 
Tooele. (12)  

Also, T w e l e  should be given a written guarantee to protect the 
county against any possible, unexpected effects and a guarantee that 
no other waste mater,ial would be placed in Tooclc County. (121 

Response. 
Although the DOE recognizes the concerns of the coarmenters, the DOE has no 
plans for preferential treatment of contractors, compensation of -le 
County for use of its land, distribution of Federal payahents for land, or 
for provisions of guarantees. 

2. Comment. 
Several CO(mPentor8 suggested ways to make stabilization in place sore 
palatable. 

o Commenta 
The mayor of South Salt fake said that stabilization in place is 'out 
of the question unless the DOE is willing to capensate the City, 
School District? County, and State for the loss of potential revenue 
and community economic strength should the area have been allowed to 
develop.' (17, 109) 
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. .  _ _  _ -  - _ -  o Response a 
This subissue is beyond the, scope of this EIS. 
Issue 1. 

See the-response to 
. .  *. 

I ..<- 

o Comment b 
A private citizen asked if anything could be done to compensate-.for 
the CVWRF's loss of land. ( 2 )  

0' Response b 
The CVWRF Board would of course be compensated for anyzland:.used in 
the implementation of Alternative 2. The. amount- and manner of 
compensation would be' determined outside of the NEPA process. . .  

. .... .. . . (r ~ :c s. .- . o C0mment.c 
He also suggested that warning monuments be placed about the site. 
Appropriate warnings would include the following: no-irrigation 
within the area: radon barriers beneath all buildings: elevated air 
intakes for building ventilation: reburial of all excavated-tailings; 
containment of all water lines. (2) 

0 Response c 
Some types of warning monuments would probably be required by the NRC 
as a condition of granting a license to maintain and monitor a 
uranium mill tailings disposal site. The DOE believes that 
advocating "radon barriers beneath all buildings" and "elevated air 
intakes for building ventilation' will not be needed, 

o Comment d 
Another citizen implied that people in the Vitro area must absorb 
higher health care insurance rates. (36) 

o Response d 
This citizen seems to imply that people or businesses locat2 
relatively near the site have higher health-insurance bills than 
their counterparts who are located well away from the site. No 
evidence of a difference in insurance rates was supplied by the 
commenter, so no further response is possible. In any case, cleanup 
of the site and stabilization of the tailings will eliminate the 
conditions that insurance companies might cite as justification for 
charqinq higher rates to policyholders located near the tailings pile. 

3. Comment. 
In reference to page 33 of the DEIS, the EPA suggested a way to minimize 
the chances of erosion of a stabilized pile by appropriately choosing and 
maintaining a vegetative cover. ?he plant species must be chosen so that 
the integrity of the cover material is not breached by deep-rooted plants. 
The material over the clay cap should be thick enough to preclude a 
saturated zone over the clay, creating a zone that would encourage 
deeprooted species. To maintain a healthy plant community, it should be 
periodically cropped or grazed. 
measures may be needed for a few years until adequate plant cover is 
established. (204) 

Temporary runoff and sediment-control 
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Response 
Subsection 3 . 2 . 3 . 5  of the DEIS mentions the possibility of establishing 
self-sustaining vegetation on the cover of the stabilized tailings in 
Alternative 2. m e  cover design for Alternative 2 has been revised in 
this FEIS. 

4. Comment. 
Several comments discussed minimizing the possibility of adverse health 
effects or accidental exposures. 

o Comment a 
The mitigating measures during remedial actions (Section 5.19) are 
important for reducing the radiation exposure of construction workers 
and the public and should be fully implemented. (21s) 

- 
0 Response a 

Agreed. 

o Comment b 
When the tailings are being transported by rail, the cars should be 
sealed: they should be washed down afterwards. Average train speeds 
of less than 10 miles per hour would reduce the chance of an accident 
that might release the tailings. Tailings should be moved during 
hours of least vehicle movement on Interstate 80. (110) 

o Response b 
The maximum train speeds for the unit trains proposed in Alternative 
3 will be determined by the Denver and Rio Grande Western Railroad or 
the Union Pacific System. The DOE believes that restrictions on the 
hours of train operation would serve no purpose and would needlessly 
prolong the time required to complete Alternative 3. 

o Comment c 
mWOrker exposures during remedial action can be lessened by the 
wearing of respirators, frequent relocation to work areas not 
containing radioactive materials, and other shielding measures. DOE 
should list what mitigation measures it plans to require for 
contractors employing remedial wxkers. (110) 

o Response c 
The means for reducing worker exposure that are mentioned by the 
commenter are reasonable and, if necessary, will be employed during' 
remedial action. The methods to be used to minimize worker exposure 
during the South Salt Lake portion of the remedial action will be 
described in the Remedial Action Plan, a document that Will be 
reviewed and concurred in by the state and the NRC. 

0 Comment d 
A T w e l e  official suggested that high levels of radon and radon- 
daughter products in structures over the existing site could be 
reduced by incorporatrng greater rates of air exchange within the 
structures. (6) 
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. - --_ o Response d 

Ther.e are no.jtructures. on the existing J28-acre vi tro.site's  

products, has been and may a g a i n  be used as an option for remedial 
action on those v i c i n i t y  properties for which removal of-underlying 
contaminated material would be impractical or excessively exawnsive. 

- -Incteased'-ventilation as a means: of reducing> radon- andd <.>e radon-dauqhter .- t ' b  

6 . 1 8  ARCHAEOLOGY 
-_ . .  

Comment. 
One man spoke i n  the hearings saying that the South C l i v e  s i t e  :&s-a$lJkely 
location for arc)eoloqical. a r t i f a c t s .  ( 2 2 ) .  . . .: J .C!i>"L,. r *. 

, .  

Response. ; n.d-m4!3. .2  - 
As indicated i n  Section 4 . 1 1 . 3  of t h e  DEIS and .this =IS, the s o u t h  a t i v e  s i t e  
has- been suheyed gy professional archaeologis-ts. I No c u l t u r a l ~ r e s o h c e  s i t e s  
were identifiedzbut one isolated a r t i f a c t  was found: four pieces ofsbroken 
purple glass froa\ some unknown historic glass object.  
indicate the existence on the s i t e  of significant archeologic arti!acts. 

+- *>2. 

Such a f i n d  does not 

6 . 1 9  EDITORIAL COMMENTS 

S i x  written statements included comments which are e d i t o r i a l  i n  nature. 
These are l i s t e d  below. 

1. Comment. 
More e f f o r t  should be g i v e n  to e x p l a i n i n g  concepts and technical jargon. 
The Glossary and L i s t  of Acronyms are helpful, b u t  could be more 
extensively referenced i n  the text.  (110) - _ .  

Response. 
The DOE has attempted to reduce the use of technical jargon i n  the 
introductory chapters of this  FEIS (Chapters 1-31. The t e a d e r , i i - a l s o  
urged t o  consult the Glossary and List  of Acronyms for definit ion of 
u n f a m i l i a r  terms. 

2 .  Comment. 
On page 110, Table 5-3 is very confusing, mixing backgrounds and the 
limits from the EPA standards translated to dose. Furthermore, it appears 
that the proposed, not the f i n a l ,  standards were used for inference: ( 2 0 4 )  

Response. 
Table 5-3, 'Background Radiological Levels and E P A  Limits,' has been 
revised i n  t h i s  PEIS. Proposed standards were indeed used for inferences 
i n  the DEIS since the f i n a l  standards had not been published by the time 
the DEIS was ready for p r i n t i n g .  
Section 3 . 1 . 1  of this  F'EIS. 

The f i n a l  EPA standards are addressed i n  
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3. Comment. 
On page F-14, in common physics and chemistry parlance, 'standard 
temperature. is O O C ,  not 70OF. (204) 

Response. 
Agreed. 

4. Comment. 
On pages F-19 to the end, presumably the rest of the monitoring data from 
the TLD's, etc. will be presented in the final E I S .  (204) 

I. ., . _, . .* ' .. -1 

Response. 
A summary of these data is included in the FEIS. 

. ... .. 1 

. . -:=e.: . . i r  . - .  
.- 5. Comment. . . :.. 

On page 74, mamy' should be changed to .willm in the statement 'The,bAgh 
salinity of the ground water in the South Clive area.= limit. its,, 
use e a .. (209, 214) . -  

Response. 
Agreed. 

6. Comment. 
On page 59, the value for horizontal acceleration at Vitro is 21 percent g; 
on page 116, the value is 23 percent 9. Which is correct? (209, 214) 

Response. 
The 23 percent g value is correct. 

7. Comment. 
There are mathematical discrepancies between Table8 1.1, 1.2, and 1.3 for 
Alternatives 2 and 3. (209) 

Response. 
These tables have been revised for this =IS. , 

8. Comment. 
Several commenters pointed out typographical errors. 

o On page 22, paragraph 5, line 1, 'affect. should be 'affects.' 

o On Page 48, 'Dave Finerfrock. should be 'Dane Finerfrock.' (204) 

(204) 

o On page 59, the figure for horizontal acceleration is 21 percent g or 
0.21 9, but cannot be 0.21 percent 9, as indicated in the text. (209) 

o On page 79, Section 4.8, the second sentence of the introductory 
paragraph should read: 'Radiological dose rates and exposure are 
presented in millirem/year and microroentgens/hour, respectively.' 
(110) 
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,@ , 
o On page 116 reference is made to "Choar, 1969;' the references on page 

143 list .Chow, 1969." (110) . --  - . -  

o On page F-11, Pb-201 should be Pb-210; on page F-41, 100 m'should be 
100 bm. (204) 

Response. 
A l l  of these typographical errors have been corrected in the material that 
iS common to the DEIS and this F'EIS. 

: i  ~ 6 . 2 0  OUT-OF-SCOPE COFlMENTS 

The CEQ regulations- governing the preparation of environmental documents 
such as this FEIS state'that .the NEPA process is intended to help public 
officials make decisions that are based on understanding of environmental' 
consequences, and take actions that protect, restore, and enhance the environ- 
ment." 
about the Vitro tailings. The decision to be made is to choose among the 
reasonable alternatives for remedial action. This FEIS is intended to provide 
the environmental input to that decision, but it will not be the only input: 
there will also be policy and financial inputs. 

In the present instance there is the problem of what should be done 

Wwever, a number of the comments made orally and in writing on the DEIS 
are not really relevant to the environmental inputs to that decision. In 
spite of their not really being relevant to the purpose of this FEIS, the DOE 
does recognize their existence in the subsections that follow, even though a 
number have been mentioned earlier.- The DOE has attempted a respnse to some 
of these out-of-scope comments. 

6.20.1 Ecrsonal Preferences 

Some letters and statements did not discuss any specific issues in the 
DEIS but expressed the authors' preference for one or another of the 
alternatives examined in that document. Even those letters and statements 
that did comment on specific issues usually also' stated preferences. 
preferences distribute themselves as follows: 

These 
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- .  

Alternative Alternative some NO pref- 

In Place S o u t h  Cl ive  alternative stated 
erence. Totals 2 3 other . . ,- 

Persons and Groups 

Tooele County 
persons and 
o f f i c i a l s  

S a l t  Lake Valley 
persons and 
o f f i c i a l s  

- State..Of f i c i a l s  

National agencies 

m t a l s  

15 

2 

0 

34 

0 

. .  1 

4 '  

2 

' 3  

2 

1 

19 

4 0  

,I' .:.: 
1 0 2 3 

1 8  4 0  5 7 70 

(No one preferred no action.)  
statements together and removes potential double entries such as the same 
person speaking twice or giving an oral statement, and also submitting written 
comments. 

T h i s  summarization lumps l e t t e r s  and o r a l  

Generally speaking, the att i tude of the Tooele people was: don't bring it  
here, b u t  we don't want to wish i t  on the S a l t  Lake Valley people either.  The 
.other. entries  refer t o  people who were trying to suggest alternatives  that 
w o u l d n ' t  require the t a i l i n g s  t o  remain i n  the v a l l e y .  The general a t t i t u d e  
o f  the S a l t  Lake people was complementary: they d i d n ' t - w a n t - i t  l e f t  in the 
v a l l e y ,  b u t  they d i d n ' t  l i k e  wishing the problem on Tootle County. They d i d  
not as much say, .take it t o  Tooelem as, .take it  away from here.. 

A few o f  the l e t t e r s  expressed disapproval of one or another national 
policy  or d i r e c t i o n .  Things mentioned, inter a l i a ,  included the nuclear 
freeze, the monster of a nuclear age, the MX racetrack, Lave Canal, and Times 
Beach. 

6 . 2 0 . 2  Bfss 
The issue of bias  i n  the Vitro DEIS was raised i n  3 l e t t e r s  and 7 o r a l  

statements. These comments can be summarized as follows: 

o Although i t  does not e x p l i c i t l y  s t a t e  a preference, the DEIS r e f l e c t s  
a bias towards moving the t a i l i n g s  to South Clive  and does not present 
the f a c t s  i n  an objective  manner. ( 2 ,  4 ,  6 )  
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The document lacks candor concerning the issues and problems- 
associated with the Vitro si,t-e and St-+bilization in- place. 
figurer3 are loaded by omission of important costs on the one hand and 
by exaggeration of costs on the other. 
attempting to justify stabilization in place. (15, 18, 23, 110, 209, 
210 1 

Its cost 

It appears that'the DEXS is . 

The DEIS does not recognize the strength of the personal-;feelings of 
the many people affected by the alternatives proposed. (39) -.- 

The DEIS was prepared by people in Denver, Albuquerque,,and&Washington 
and therefore does not keep the best interests of the local people in 
mind. (14, 17, 41) < . =  : 

? .  ,=.; ..- . .  _.. . .  _ ,  ~. - _ *  .. - 
- -  . , -.e7 .>< t4lSW 

Response. 
The WE and its -contractors 'have made. every eff0r.t: to. be .objective&.ini.the 
-Preparation a n d w r  iting -0f:"khe P E I S ; ~ . : , ~ s ~ . n q i b l e - - o p ~ s i n ~ -  vievpointnahave 
been considered in the analysis and resolutions of comments made on the DEIS. 
The individuals involved in its preparation are not all nonlocalst the 
engineering staff who designed the alternatives in the DEIS live in.-Salt.Lake 
City and work for a firm (Dames & Moore) that has wide experience-in .the 
engineering of foundations for buildings in the Salt Lake Valley. . 

_ c  + i  2 .2.;&w .'fE..z r ? :  ..I ' . I - 
I . . + . = ,: " > ~ - J - ~ ~ ~ J :  - - - -  . _ I  

~ 

. - .  . . < ' i . . > ' . T - j  
. .  . -  ' . .  - -  

... , ._ .. ., 

6.20.3 State 'Standards and Licensinq 

Three oral statements raised the issue of conformance to state standards 
in performing remedial actions on the Vitro pile. 
summarized as follows: 

These comments can be 

o The EPA standards are inadequate, as evidenced by their king less 
stringent than the state standards in such aspects as acceptable 
concentrations of heavy metals in ground water. Also, the stabiliza- 
tion in place alternative is equivalent in a number of respects to a 
sanitary landfill, and there too the local standards are much amte 
stringent than the design for that alternative would Imply. In such 
instances the DOE should conform to local rules and standardr. (1, 15, 
23) 

Response. 
The legislation that forms the basis for the DOE'S Uranium Will Tailings 
Remedial Action program (PL95-604) directs the DOE to take its remedial 
actions in conformance with regulations promulgated by the EPA and calls.for 
the concurrence of the NRC and consultation with the affected state or Indian 
tribe. The final EPA regulations call for judgments about measures for the 
protection of surface and ground water to be made on a case-specific basis 
guided by relevant state and Federal water quality criteria. 

/ 
6.20.4 Public Participation ' 

The issue of public participation was raised in 1 letter and 3 oral 
statements. These comments, without response, may be summarized as follows: 

/ 
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0 

0 

0 

6.20.5 

HOW 

public hearings were conducted well and the Opportunity for public 

0 ticipation was appreciated. ( 2 8 ,  3 9 ,  and others) 

w i l l  the DOE respond to public comments? ( 3 7 ,  110) - 

.No matter how technically sound a solution may be, people w i l l  not 
accept a decision which is forced upon them without their being 
consulted. ( 3 9 )  

Private Prof i t  

A number of persons a t  the hearings i n  Tooele spoke of the p r o f i t  that 
would be made by persons i n  the S a l t  Lake Valley a f t e r  the Vitro t a i l i n g 8  are" 
removed and the land is made available for other uses. One said, .give US the 
land they're going to make millions on,. presumably i n  compensation for having 
t o  accept the t a i l i n g s - i n  Tooele County. ( 4 ,  1 4 )  

. _  
On the other hand, a. person working for the S a l t  Lake County Commission 

was indignant that these persons should t h i n k  that the Valley people were 
'greedily trying t o  b u i l d  the tax base.. (21)  

Response. 1 
These comments r e f l e c t  a misunderstanding of the economics of what w i l l  happen 
i f  the t a i l i n g s  are moved to South Clive. The land belongs t o  a semipublic 
agency working for the public good, the Central Valley water Reclamation 
F a c i l i t y ,  and the d i r e c t  p r o f i t  will accrue t o  that agency to be reflected i n  
lower tax rates (or more l i k e l y ,  a slower rate of increase of those rates) 
imposed on the people i t  serves. The indirect gain w i l l  come frm such things 
as r i s e  i n  the land values, b u t  will also include a rise i n  public tax 
r evenues . 
6.20.6 Proper Use of Taxpayers' Money 

I 

A few people ( i n  1 written and 4 oral statements) said that money was 
being wasted on this project. 
that the risks do not warrant any action to the p o i n t  of view that things 
could be done a t  a much smaller expense. ( 4 ,  22, 3 4 ,  53, 105) 

These comments varied from the point of view 

Response. 
The DOE believes  that no action a t  a l l  i s  indefensible, not only because the 
EPA standards would not be met, b u t  also and more importantly because these 
t a i l i n g s  have been badly misused by having been taken away and used for f i l l  
material elsewhere. This lack of control u o u l d  continue i n d e f i n i t e l y  if no 
action were taken. 

The suggestions for reduction of cost are discussed above i n  Section 6.10. ' 



\ 

9 '  

6.20.7 

. .  

* -  

0 

. -  

.- - . -  Deeirion-Making Process 
.. 1' - . , .... ,i - j * i _  ~ :..+!-. * "l :. 

~~~ 

2 .. - . : . . a -  . .. -. 
rne:.question of hoy the- final.. decision MUld..beI.mada :was::raisedi't?n id 

Several commenters felt that cost vas being or:-.uould. be usd;"t"d"G" 
JuStlfy the stabilization in place option, with health, safety, and 
environmental considerations being given a lower p~iori-ty..~r*Cost 
should be of secondary importance.' . Decisions shou1d'not:b;c;forced 
upon-people. (1, 6, 14; 20, 23, 33, 39,- 45 ,  50,. 53, lot-, I%Oj 202, 
,206, 207) One person 'stated-that DOE *has- no:-authority\ to us-&cost as 
'a 2 justification for lesser anviromen,tal .controls.? - (1101 ' '33:;  

.. . .- . ?  written and 1 4  oral comments.. The comments are S U r . i z e d  belov. 
* .  .. .US _ .  . .  

r .  

. 

0 

0 

0 

0 

0 

0 

0 

m e  Governor and others said that the DOE will make the decision, but 
the state must concur, per the cooperative agreement between the DOE 
and the State of Utah. The governor said, *the Act anticipates a 
mutually satisfactory course of action through the implementation of a 
cooperative agreement. "he implicit preference found in the draft BIS 
does not accomplish a mutually satisfactory resolution of the 
problem.* Ihe mayor of South Salt Lake said, *Should the Governor*s 
and Department of Energy's decision for remedial action differ, the 
City of South Salt Lake and Salt Lake County will face the prolonged 
dilemma of no action being taken on a situation that jeopardizes the 
well-being of the entire coaPnunity.' (17, 109, 209, 213) 

One person spoke'of a .recent trend toward downplaying of-health r i s k 8  
from- dangerous wastes all over the country.. (38) 

Another citizen said that economic and social impacts should be 
studied,  as well a8 environmental impacts. (39) 

Social and economic impacts are addressed throughout thir PefS. The 
reader is referred to Sections 5.9 through 5.11 and Appendix I. 

A Toocle resident told of a television news report (on Uarch 22,.1983) 
which said the decision was already made to move the tailings to South 
Clive. ( 4 )  

Another -le resident expressed concern that surveys taken at the 
public hearings might play a part in the decision-making process. 
She was concerned lest sheer numbers would be a deciding factor. (13) 

The purpoec of the public hearing process is to soliclt cors#nts on 
the DEIS by the interested public as well as concerned agencies. 
technical and environmental issues raised as a result of the hearing 
process are used as part of the decision ~ process. 

Ibe 
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6 .20 .8  Manner of Response 
.. . .. . . .  

The Southwest Research and Information Center (SRIC) of Albuquerque qsked 
the DOE in its preparation of the- =IS* to' reproduce copies of all comme.nts 
received on the DEIS in an appendix'to the FEIS and to "address each specific 
comment and label its responses in the order they appear in the text of each 
commenter's statement." (110) 

e 
. .  

Response. . -  

Altogether there were 79 oral'and written sets of comments,. as listed in 
Tables 6-1 and 6-2. The transcript'ofdcomments made orally is slightly 
over an inch thick and it is not practical to inc1ude.the transcript in 
each copy of 'the FEIS; however, it is*dvailable in the numerous libraries 
and reading rooms listed at the beginning of Section 6.21. 
reproduces- all written commenW received. 

Because-of :.their number and, -b6causeTthe same comments .occurred repeatedly, 
the-.DOE, is .not responding, to each^conurient' separately, but., as: this appendix 
shows, has responded to all comments by grouping together comments on the 

Thatrsection 
. .  

2 .  , .  . I .  

, same subject and answering them collectively. - 

6.20.9 Other 

A few other questions were raised in the public hearings (3 written and 7 
oral statements) and are summarized below. 

0 o The Governor said, "DOE is responsible for actual acquisition of the 
69 acres ((at the Vitro site if the tailings are to be stabilized in 
place)). The State of Utah recognizes its responsibility to pay 10 
percent of all agreed upon costs, but will - not undertake responsibility 
for actual acquisition of the realty in question,' One of his 
advisors added the phrase, 'if stabilization On site is the preferred 
alternative or final decision made by WE.' (209, 212) 

o The Governor and other state and local officials and residents said 
that the DOE was breaking past promises to move the tailings to a 
remote site. (21, 38, 48, 107, 209, 211, 212) 

o A few people mentioned that W e l e  County did not create the tailings 
problem nor did it receive any economic benefits (e.q., taxes, jobs) 
from them. ?he tailings are a Salt Lake problem. (4, 8, 37, 201) 

o One woman said, 'I have heard this called a Vitro Chemical Company. I 
want to know if my government stood behind the name of a chemical 
company and stacked that filthy stuff up for somebody else to clean 
up. Is that what happened?' She also wondered "why there is a 
company called Sakrete and a sand and gravel distributor right at the 
base of the Vitro site distributing things all over the city.' ( 3 7 )  
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Linda Cahoon 
Mae Thomas 
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services 

State Legislator 

Executive Director, 

General Manager, 
Utah Department of Health 

Centra 1 Valley Water 
Reclamation Facility Board 

Central Valley Board 
Consulting Economist for the 
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County Water Department 
State Senator 
Administrative Assistant, 

Salt Lake County Commission 
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of Commerce 
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Wells Distributing CO. 
State Legislator 
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T 40 
T 48 
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T 64 
T 66 
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s 20,  39 

S 32 
s 43 
s 51 
S 62 
S 64 

S 67 
s 74 
s 81 

s 87 
s 90 

S 92  
s 9s 
s 98 
s 100 
s 101 

s 102 
S 104 
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S 107 
s 111 
S 116 
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Table 6-1 (cont.) 

............................................................................... 
Statement , -. 

index Name A f f i l i a t i o n  , ~ e a r i n g  iocationb 
numbera and page number in 

transcript - .  . -- 

Ex-State Senator s 11 3 8  Frances Farley 
39 G i g i  Btandt League of Women e t e r s  S 16 

s 19 4 0  Karl C. Dean 
4 1  Jack Bratcher Defenders of the Outdoor 

S 24 Heritage 
. 4 2  8. Litzlower 
43 George Bourne s 29 -.- 

4 4  Samuel s. Taylor State Legislator-  S 30 

............................................................................... 

. .  
<:S 25 7 -i . 'J -. ~ ' . .  

45 U d e l l  Hill .. s 33 
46 Anthony-.Fischio ' s o u t h  S a l t  Lake..City Council 'S 34 

. .>. 

47 R u t h  8. Yates S 36 
48 Nef f Peterson Chairman, Central Valley Water 

Reclamation F a c i l i t y  Board S 40 
49 Edward B. Jackson S 4 2  
50 George Morrison S 46 
5 1  Jim Baker Sierra C l u b  S 52 
5 2  Sherry Adderly s 54 
53 Norman van Wagoner s 55 

Cross-Index to Table 6-1 

52 Adderly 40 Dean 1 3  Russell, 8. 
32 Anderson 4 Emcrick 8 Russell, R. 
1 4  A t k i n s  25 Embley 31 Spear 
51 Baker, J. 38 Parley 27 S w a t  
35 Baker, L. 46 F h c h i o  2 4  Taggart 
2 3  Barker 1 8  Gibbons 4 4  Taylor 

2 0  Black 3 Higley 6 Urbanik 
4 3  Bourne 45 H i l l  53 van Wagoner 
39 Brandt 19 Holtzworth 2 Wallace 
4 1  Bratcher 49 Jackson 26 Warner 
21 Brown 28 Lee 1 6  Weaver 
36 Cahoon 4 2  L i t z l o w r  33 wells 
22 Church 1 Mason 10 Weyland 

9 Casper 50 Morrison 11 White 
30 Cope 5 Perkes 7 Wright 
1 5  Dah1 4 8  Peterson 47 Yates 
1 7  Davis 12 Pliny 

aNumber code used i n  indexing the comments received. 
bKey to hearing location: T = TQoele, Utah, March 22, 1983; 

29 Berrett 34 Gygi 37 momas 

......................................................................... 

S * South S a l t  Lake, Utah, March 23, 1983. 



101  
102 
103 
104 
105 
106 
107 

108  
109 
110 

111 

Zettie M. Garc ia  C i t i z e n ,  moele, Utah. 
Karl C. Dean C i t i z e n ,  S a l t  Lake C i t y  
C u s t e r  L. Lynn C i t i z e n ,  -le, Utah 
W. J. S h e l l e y  
Mari lynn W. Gianelo 
Evelyn R icha rds  C i t i z e n ,  Park C i t y ,  UT 
Nanette Benowitz . Lea>que of Women V b t e r s - o f  

L e s t e r  D. Baker ,  P.E. Baker Eng inee r s ,  Ogden, UT' 
James W. Davis Mayor, C i t y  of S. S a l t  Lake  
C h r i s  Shuey Southwest Research L I n f o r m a t i o n  

Dr. Volney Wallace C i t i z e n ,  -le, Utah 

Kerr-McGee, Oklahoma C i t y  
,Ci t izen ,  S a l t . L a k e  C i t y  

. .  
# - \ -  - S a l t  Lake-  . 

Center ,  Albuquerque, NM 

201 C h a r l e s  Stromberg 

202 Harry L. Gibbons,  S a l t  L a k e  City-County H e a l t h  

203 Bruce  Blanchard U.S. Department o f  t h e  Interior 

204 S t e v e n  J. Durham U.S. Environmental P r o t e c t i o n  

205 John K. C l u f f  e t  a l .  Tooc le  C i t y  Uayor and Counc i l  
206 Dan Marr i o t t  Member of Congress  

207 Rodney Dah1 General Manager, C e n t r a l  V a l l e y  

208 Wayne 1. Baer . S a l t  Lake City-County Board 

209 Scott M. Mathesan Governor of Utah 
w i t h  5 enclosures: 

21 0 N i l e  EatrPon Div. of Community Development 
211 James 0. Mason, 

212 Anonymous (cost and o t h e r  estimates) 
21 3 Red Nelson A s s i s t a n t  Attorney General 
2 1  4 Wil l i am R. Lund Utah G e o l o g i c a l  and 

21 5 John  C. V i l l f o r t h  N a t i o n a l  Cen te r  f o r  Dev ices  

e t  a l .  Tooele County Commission 

H.D., M.P.H. D e p a  r tmen t 

. Washington, DC 

Agency, Denver, CO 

washington,  DC 

Water Reclamation F a c i l i t y  

of Hea l th  

M.D. , Dr.P.H. Utah Department of E k a l t h  

Mineral Survey 

and R a d i o l o g i c a l  H e a l t h ,  
U.S. P u b l i c  Heal th  S e r v i c e  .................................................................. 

aNumber code used i n  index ing  t h e  comments r e c e i v e d .  

March 17 
March 22 
March 29 
March 29 
March 30 
A p r i l  - 7  

April 8 

April 8 

1 

A p r i l  8 

April 11 
April 18  

March 14  

March 3 1  

April 5 

April 6 
April 6 

April 7 

April 8 

A p r i l  7 
April 8 

Uarch 21 

J a n u a r y  19 
M r c h  29 
March 21 

March 25 
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w h i c h  they appear i n  that section. For example1 .9.4. refers  t o  the fourth 
issue i n  Section 6.9. 
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6.21 LETPERS RECEIVED DURING THE C ~ N T  PERIOD 
WRITTEN COC(13ENTS 

FOR RPIEDIAL AcXIONS ON VITRO-SITE, 
SOVPH SALT LAKE, UTAH 

ON THE DRAFP ENVIRONHENTAL IMPACT STAT-" 

T h i s  section reproduces  t h e  w r i t t e n  -statements submi t ted  on  t h e  d r a f t  
env i ronmen ta l  impact statement for r emed ia l  a c t i o n s  on t h e  former Vitro 
Chemical Company s i te ,  s o u t h  S a l t  Lake ,  Utah. Copies  of a l l  le t ters  a r e  
a v a i l a b l e  for p u b l i c  review a t  t h e  fo l lowing  locations: 

Freedom of Information.-Readinq RooIp 

Room lE-190, F o r r e s t a l  Bui ld ing .  . 
U. S. Department of  Energy 
1000 Independence Avenue,' SW 
Washington, DC. 20585 

Tooe le  P u b l i c  L i b r a r y  
47 East Vine 
Tooe le?  UT 84074 

- 

S a l t  L a k e  County L i b r a r y  
209 East 400 South 
S a l t  L a k e  C i t y ,  UT 84411 

S a l t  L a k e  County L i b r a r y  
2480 South  S t a t e  
S a l t  Lake C i t y ,  UT 84115 

U n i v e r s i t y  of  Utah 
L i b r a r y  Off ice 
S a l t  Lake C i t y ,  UT 84112 

Brigham Young U n i v e r s i t y  
Harold B. &e L i b r a r y  
U n i o e r a i t y  B i l l  
Provci, UT 84604 

Albuquerque Operations O f f i c e  
'Nat ional  Atomic Museum 
R i r t l a n d  Air Force  Base East 
Albuquerque,  NH 87115 

L i b r a r y  
Chicago  Operations O f f i c e  
9800 South  Cas8 Avenue 
Argonne, I L  60639 

( 
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. -  
L i b r a r y  

550 Second S t r e e t  
I d a h o  F a l l s ,  I D  83401 

Idaho  O p e r a t i o n s  Off ice - 

L i b r a r y  
Nevada O p e r a t i o n s  O f f i c e  
2753 South Highland Dr ive  
Las Vegas, NV 89114 

G 5  ~ . .  L i b r a r y  
Oak Ridge O p e r a t i o n s  O f f i c e  
F e d e r a l  B u i l d i n g  .- 

d . .  

Oak Ridge : TN A. 37.83 0-’. .. I .  

L i b r a r y  I . .  

. .  .. , - -L - ”. . j r  * :. ’ I. I, - . 
_ .  - .  . . . 

Rich land  Operations O f f i c e  
F e d e r a l  B u i l d i n g  
R i c h l a n d ,  WA 99352 . ’  .. C ’  d ‘- . ’ ’ 

. .  . .  -. - 

Energy Resource C e n t e r  
1333 Broadway 
Oakland,  CA 94612 

L i b r a r y  
Savannah River  O p e r a t i o n s  O f f i c e  
Savannah River P l a n t  
A i k e n ,  SC 29801 

R e g i o n a l  Energy/Environment Center 
Denver P u b l i c  L i b r a r y  
1357 Broadway 
Denver, CO 80210 

000171 
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The maximum impact of the project on regional employment would be 207 to 
317 lobs depending on the transport option chosen. 
incremental employment in the supply industries of 20 jobs. 
these jobs would be created in Salt Lake County. 
project-related employment on total County employment would be an increase of 
approximately 0.1 percent over current (1982) levels. If one-half of the new 
direct and indirect jobs were filled by m e l e  County residents, 
employment would increase by approximately 1.5 percent. 

These figures include- 
Ihe majoritY.of 

The maximum effect Of 

Cbunty 

The creation of up to 317 jobs during the construction phase of the 
project, and 705 jobs in connection with the industrial park will not result 
in significant inmigration into the area in response to the employment 
opportunities. 
discussion of Alternative 2, above, unemployment among warehousemen, shipping 
and receivinq personnel and clerks is currently between 20 and 25 ptrcent'.'in 
the Salt Lake City area (State of, Utah, Job Service, June 1983). 
the types of skills that employers in an industrial park which catered -toc 
warehousing and distribution activities would-be seeking. In addition, - 
unemployment in Tooele County is currently (my 1983) 9.9 percent. 
Unemployment during 1982 also was 9.9. percent (State of Utah, Job Service, 
1 9 8 3 ) .  

' 
In addition to the reasons noted in connection w i t h " t h &  '- 

Ttmae-are 

5.10 IMPACTS ON HOUSING, COMUNITY SERVICES, 
A N D  SOCIAL STRUCTURES 

Alternative 1 

The neaction Alternative would not affect housing, community services, 
or social structures in either Salt Lake County or Tooele County, the county 
in which the South Clive site is located. 

Alternative 2 

Alternative 2 would not measurably affect housing, community services, or 
social structures in either Tooele County or Salt Lake County. 

Any project related qrauth in Salt Iake County uould be minuscule in 
comparison to the current (1980) growth rate, which is estimated to be 3.5 
percent per year or about 22,000 persons per year. 

Alternatfvc 3 

Alternative 3 would not measurably affect housing, community services, or 
social structures Fn Salt Lake County or Tcmele County. 

As explained in connection vith Alternative 2, any project-related growth 
in Salt Lake County would be minimal compared to the current (1980) growth 
rate of 3.5 percent p e r  year. 
persons per year. 
opportunities result in an inmigration of workers into lboele County, there 
could be a small and short-term impact on the availability of temporary 

"his corresponds to approximately 22,000 
lb the extent that construction-related employment 

-147- 



housing. However, for the reasons previously stated, it is anticipated that 
construction-related employment opportunities will be absorbed by the local 
labor force. This 1s due, in part, to the unemployment rate in Tooele County 
which is currently (Hay 1983) 9.9. percent, as well as the high unemployment 
rate among skilled construction workers in the region. In addition, it is 
estimated that 5.3 percent of the housing stock in Tooele County (8,566 units) 
is Vacant. 'Iherefore, to the extent that Alternative 3 results in inmigration 
into Tooele County, the impacts on housing and social structure are expected 
to be minimal. 

As previously noted, the CVWRF has stated that it will develop a 
temporary industrial park on the 3300 South Street portion of the Vitro site 
if Alternative 3 is the adopted remedial action. Based on this assertion, it 
is estimated that development of the temporary industrial park will result in 
271 direct jobs and 434 indirect jobs (Appendix HI. This corresponds to less 
than 0.3 percent of total employment in Salt Lake County as of the second 
quarter of 1982 (273,848; Utah Department of Employment Security, 1982). It 
is anticipated that the majority of these employees would be drawn from the 
local work force. Unemployment among warehousemen, shipping and receiving 
personnel, and clerks in the Salt Lake City area is currently estimated at 20 
to 25 percent (State of Utah, Job Service, 1983). 

5.11 IMPACTS ON ECONOMIC STRUCTURE 

Impacts on the economic structure of Tooele County, Salt Lake County, and 

0 South Salt Lake, arising from implementation of the two action alternatives 
would range from no impact to a very small impact. 

Alternative 1 

Economic conditions detailed in Sections 4.12.2 for the State, Tooele and 
Salt Lake Counties, the cities of South Salt Lake, Tooele, and Grantsville 
would be expected to continue under the no-action alternative. 

Alternative 2 

Alternative 2 would have no pr-table impacts on the economy of Tooele 
County . 

Impacts of Alternative 2 on the economy of Salt Lake County would result 
from wages and benefits paid to employees and the purchase of materials, s u p  
plies, and services from local vendors. The largest contribution to the 
economy would be wages and benefits. 

Wages paid to project workers are projected to total $5.9 million up to 
completion of stabilization based on the employment schedule in Appendix A. 
Assuming benefits total 30 percent of vage costs, 91.77 million in benefits 
would also be paid during stabilization. 

Assuming that the respending of income would result in total personal 
income of 2.0 tlmes the original income derived from wage and benefit 

-1 4 8- 



6 4 4 2  - 
payments a d  an 18.8-percent-average tax rate for stabilization activities, 
personal income in Salt Lake County would rise by a total of approximaitel$ 
$13.1 million due to stabilization at the Vitro site. Because this - * -  ;f?y 
incomemultiplier effect occurs as income is respent, some time would el$pse 
after wages are Paid before the full effect would be realized. - r i  

*I. x m  
' 1  sR Ihe impact Of this increase in personal income on the Salt Lake County 

economy would be negligible given the current size of personal income for the 
County. Even if the $13.1 million was realized in a single year, it would 
still represent approximately a 0.06 percent increase in the net-Salt Lake 
County personal income (1980). 

~ . ..,a 01 
Purchase of materials, supplies, equipment, .and minor services' du'ftng 

Construction materials, supplie~\''dnnb~~ 

>?'T-T 

1 -  > -  --b& 

...6 

Alternative 2 will amount to approximately $16 -million. 
may cost an additional S500,OOO. 
equipment would most likely be purchased or leased from local venqors-. 
extent that major equipment purchases or leases:.*are made out of istat%,- the; 
personal incane associated with these purchases would accrue to out-of-state 
residents. .C. f : . r ?  

Monitoring"&fdf$bnt 

IrO the 

t.v-3 

.- ~ 

Wage payments for the project would increase state and Federal-indomc, tax 
receipts. Based on an estimated average net state income tax rate for stabil- 
ization activities of 3.7 percent, state income taxes would amount to $218,000 
during stabilization. The Federal income tax rate is estimated to be 15.1 
percent of the total wages paid during stabilization. Thus, Federal in- 
tax payments would amount to $891,000 during stabilization. The respending of 
wage income would also result in increased state and Federal income taxtst 
however, this induced income would be realized in a number of forms 
(individual and corporation income, interest income) and is, therefore, not 
quantified in this analysis. Local purchase6 of SUppliCS, cquipr#nti&and'' 
materials would also result in increased state, sales, use, and gasoldne..taxes. 

- -  
Alternative 3 

IC2 > -  .?@*J 

Stabilization south of Clive would result in wage payments to residents 
of both Salt Lake County and Toocle County, increasing personal i n c o w  in-both 
counties. This impact, while beneficial, would be very small given t h e .  
present magnitude of personal income in the combined counties. 

Wages paid to project workers are projected to be $7.2 to $11.7 million 
up to the completion of stabilization st South Clive depending on the 
transport option choosen. 
schedule in Appendix A. 
benefits w u l d  total $2.16 to $3.51 million. Eighty percent of these wages 
are assumed to be paid to Salt Lake County residents and 20 percent to Toocle 
County residents. 

. 

These estimates are based on the employment 
Assuming benefits total 30 percent of uaqe-costs, 

Much of the personal income accruing to Tooele County residents is 
ultimately spent in Salt Lake County, which provides many of 
goods and services. 
County than Salt Lake County because of income -leakagem to Salt Lake County. 

County's 
m u s ,  the income multiplier is much lower in -le 
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If an income multiplier of 1.5 is assumed for Tooele County, the total 
personal income derived in the county from wage payments to Tooele County 
residents would be $2.4 to $3.9 million during stabilization at the South 
Clive site (assuming a tax rate of 18.8 percent). This would represent a 
maximum increase of approximately 2.2 percent in the current total county 
personal income. 

Assuming that an income multiplier of 2.0 applies to wage and benefit 
PaYImentS to Salt Lake County residents and that a multiplier of 0.4 applies in 
Salt Lake County to wages paid to Tooele County residents, approximately 613.5 
to $21.9 million in total personal income would accrue to Salt Lake County 
residents.from wage payments during stabilization. This would represent a 
maximum increase in the total Salt Lake County personal income of 
approximately 0.1 percent. 

f 

In Alternative 3, purchases of materials supplies, equipment, and minor 
services would amount to approximately $52 million for the train transport 
option and $50 million for the truck transport option. These figures include 
all nonlabor and site acquisition costs. 
supplies, and equipment would be purchased or leased from local vendors. m e  
income that would be realized in the local economy from these purchases/leases 
is included in the analyses in the preceding paragraphs. To the extent the 
major equipment purchases or leases are made out of state, the personal income 
associated with these purchases would accrue to out-of-state residents. 

The majority of the materials, 

Based on an estimated average Utah state income tax*rate for 
stabilization activities of 3.7 percent, state income tax receipts would 
amount to $266,000 to $433,000 during stabilization. The Federal income tax 
rate is estimated to be 15.1 percent of the total wages paid during 
stabilization. Thus, Federal income tax payments would amount to $1.1 to $1.8 
million during stabilization. The respending of wage income would also result 
in increased state and Federal income taxes: however, this induced income 
would appear in a number of forms (individual and corporate income, interest 
income) and is, therefore, not quantified in this analysis. The State of Utah 
would also receive sales and use taxes from purchases of materials, supplies, 
and equipment for the project. 

m e  South Clive site is in state ownership under the control of the 
Division of State Lands and Forestry. If lands are purchased from the State 
of Utah, the purchase price would be at the fair market value of the land 
(about $50 per acre). If a lease were used, the annual cost would be the 
prime interest rate times the fair market value of the land permitted for 
use. No other permit charges would be levied for use of the South Clive site. 

5.12 IMPACTS ON TRANSPORTATION NETWORKS 

Alternative 1 

With the no-action alternative, transportation networks and their traffic 
loads would be as noted in Section 4.12.6. 

-1 50- 



Alternative 2 

. The.impact on transportation networks of stabilization a t  the Vitro s i t e  
would be limited to haul trucks, miscellaneous deliveries, and employee 
commuter t r a f f i c .  Access to the s i t e  would be v i a  a new entrance which would 
feed 900 West Street approximately 1200 f e e t  north of 3300 South Street. 
Miscellaneous deliveries  and commuter trips would be expected to impact the 
intersection of 3300 S o u t h  Steet'and 900 West Street. H a u l  trucks would-not 
impact this intersection or any of 3300 South Street. 'Ihe expected h a u l  route 
would be north on 900 West Street to 21st west Street,  then west-on 2lst.South 
Street to 5600 West Street,  then south on 5600 west Street to 5'400 South.* 
Street,  then west on 5400 South Street t o  6000 West Street--a distance of 
approximately 1 3  miles. Although this  is not the most direct: haulzrouteYit 
avoids impacting 3300 South-Street as well as residential area&: -3rauliiig 
would avoid peak-hour t r a f f i c  periods. Xe!avy constructionj:equipmtnt w u l d  be 
stored a t  the s i t e .  The primary source of project t r a f f i c  would k.conitnu'ting 
by workers and truck hauling of the estimated 1 . 8 6 5  million cubic:yardst*of 
f i l l  needed for s t a b i l i z a t i o n  and restoration. A maximum of about 210 dai ly  
t r i p e n d s  a t  the - s i t e  is expected based on the manpower schedule i n  Appendix 
A .  Assuming each haul truck carried 26.5 tons, about 200,000 trip-ends a t  the 
s i t e  would be necessary over an approximate 5 1 0  vorking-day ptr,iod, for an 
average of a b o u t  3 9 5  trips per day. Assuming t h a t  miscellaneous trip-ends a t  
the s i t e  would t o t a l  about 50 per day, a total  of 65S.vehicle t r i p e n d s  a t  the 
s i t e  a r e .  projected. 

Table 5-10 shows the expected impacts to the local  roadway network as a 
result of Alternative 2. The maximum percentage increase along the affected 
network is estimated to be 8 . 5  percent. This maximum increase would be along 
5400 S o u t h  Street.  However, this roadway, and a l l  other roadway 6egmenta 
along the haul route, would be expected to shaw no signs of s ignif icant  
congestion as a r e s u l t  of the remedial action. The increase i n  roadway 
surface loading from the h a u l  truck would be expected t o  require mintenance 
of portions of the h a u l  route which are not designed to withstand these types 
o f  load c y c l e s .  
structur a 1  ma in tenance. 

This c o u l d  include surface patching, txmplete resurfacing, or 
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Table 5-10. Current, projected, and projected with remedial 
action average daily traffic (ADTI along the haul route. 
Alternative 2. 

Estimated 1986 plus 
1986b remedial action 1982a 

Roadway section ADT A D T  ADT 

900 West between 
2100 S h 3300 S 

2100 South between 
900 w L 1200 w 

1700 W L 3200 W 
3200 w L 3600 w 
3600 W C 5600 W 

5600 West between 
2100 s L 3500 s 
3500 S L 3600 S 
4100 s L 5400 s 

,5400 South between 
5600 S h West 

9300 

56,775 
40,285 
27 , 600 
25 , 325 

10 ,725 
8350 
7225 

4 200 

10,265 

62,670 
44 , 470 
34,465 
27 , 950 

11,840 
9215 
7975 

4635 

10, 92OC 

63,065 
44,865 
34,860 
28,345 

12 ,235 
9610 
8370 

5030 

a m ,  1984. 
bAssuminq a 2.58 per 'year increase in traffic: 
CIncludes all commute and miscellaneous trips. 

/Alternative 3 - Train 
Stabilization south of Clive would result in increased road traffic to 

the South Clive site and the Vitro site, as well as increased rail traffic on 
the Denver and Rio Grande Western and the Union Pacific rail lines between the 
Vitro and South Clive sites. The increase in road traffic (a maximum of 110 
trip-ends per day) near the South Clive site would not be significant since 
traffic levels on 1-80 are well below the highway's capacity and because of 
the low level of worker and heavy-equipment traffic projected for the site. 
Heavy equipment used at either site would be stored at the site. workers 
commuting to and from the Vitro site would add an average of approximately 145 
commute period trip-ends per day and a peak of approximately 160 commute 
period trip-ends per day to traffic volumes on access roads to the Vitro site, 
primarily 3300 South Street and 900 West Street. Assuming miscellaneous trips 
total 50 per day (ingress and egress), approximately 210 vehicle trips per 
day, or less than 1 percent of current traffic levels, would be added to 3300 
South Street and 900 West Street. 
be small. 

The impact of this level of traffic would 

Vitro site restoration would require the importation of approximately 
1 , 0 4 0 , 0 0 0  cubic yards of material from the borrow site identified in 
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Alternative 2.  
f leet ,  of seventeen, 1 8 . 5  cy-haul trucks. 
average rockday t r a f f i c  along the haul route by about 170 trips  per-. day over 
the 625-rorkday period. 
expected to add 50 tripe.nds per day. 
the morning and eveninq peak hours. 
nonpeak-hour trips  per day to the local network. Therefore, the Vitro s i t e  
restoration phase (train) would be expected to increase t r a f f i c  by,.a, maximum 
of 4 percent along the haul,  route and less  than 1 percent to the l-bcal,network. 

Rail t r a f f i c  between the Vitro and S o u t h  Clive s i t e s  would be t" 
unit-train trips  per day. 
P a c i f i c  railroad indicated that. no.:difficulti.es:.would be encountered . in': . . .,.-..all . - 

I t  i s  anticipated t h a t  this would be accomplished uaing.a-.. 
This f l e e t  would increase..the ,, 

Workers commuting to and from the v i t r o  s i t e  would be 
These would be expected to occur during 

Miscellaneous trips ace assumed to add 50 

. . 
Discussions w i t h  representatives o f -  the Union. 

i.. scheduling t h i s  l e v e l .  of r a i l  t r a f f i c .  _ _  - 

Alternative 3 - Truck 

S t a b i l i z a t i o n  a t  the South C l i v e  s i t e  using 35-ton capacity trucks to 
transport the contaminated materials from the Vitro s i t e  to S o u t h  C l i v e  would 
increase road t r a f f i c  between the two s i t e s  and along the commuting routes to 
these s i t e s .  This option would have no e f f e c t  on the r a i l  systems i n  the 
area. I t  i s  expected that this option would add a maximum of approximately 50 
commute t r i p s  per day to the roadway network near Clive.  T h i s  increase in 
road t r a f f i c  near the South C l i v e  s i t e  would not be s i g n i f i c a n t  since the 
t r a f f i c  l e v e l s  on 1-80 are well below the highway's capacity.  
used a t  either  s i t e  would be stored a t  the s i t e s .  worker commuting to the 
Vitro s i t e  would add an average of about  230 and a maximum of  260 coaraute 
period t r i p s  per day to the access roads to the Vitro s i t e .  Contaminated 
materials hauling is estimated t o  add 300 trips per day along the haul route 
t o  the South C l i v e  s i t e .  Assuming miscellaneous t r i p s  to t h i s  s i t e  t o t a l  50 
per day, approximately 6 1 0  vehicle trips  per day would be added to the l o c a l  
roadway network near the Vitro s i t e .  All of the haul Uip8 (300 per day) 
w o u l d  be impacting 900 West Street  to 2100 s o u t h  Street,  2100 South Street,  
through Magna, to i t a  intersection w i t h  1-80 and 1-60 to the South Clioc 
s i t e .  
l e v e l  of increased t r a f f i c  (UDOT, 1 9 8 4 ) .  However, portions of 2100 South 
Street,  i n  particular the older, two-lane sections, MY not have s u f f i c i e n t  
structural  capacity to withstand the loads of the haul truck without periodic 
maintenance t o  the surface or structural components of the roadway. 

Heavy eqUipPnnt 

These roadway segments have s u f f i c i e n t  t r a f f i c  capacity t o  accept this 

1 

Vitro s i t e  restoration for 'this option c o u l d  be the same a8 s i t e  
restoration for the train option except that s l i g h t l y  more clean f i l l  would be 
required t o  be imported. 
approximately 190 trips  per day. 
train option w o u l d  not s i g n i f i c a n t l y  change the consequences Of the increased 
t r a f f i c  along the haul route or local  roadway network. 

The truck f l e e t  w o u l d  be increased to produce 
The additional 20 trips  per day Over the 

5 . 1 3  U S E  OF ENERGY AND OTHER RESOURCES 

Each of the action alternatives  would require the use of e l e c t r i c i t y ,  
f u e l , . w a t e r ,  manpower, and construction materials. The use of water, 
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manpower, and soils would not be a commitment of nonrenewable resources, bc 
the uses of electricity, engine fuel, concrete, and nonsalvageable steel wc .id 
be. The amounts of electricity, engine fuel, and concrete used in 
Alternatives 2 and 3 are shown in Table 5-11. 

Electricity would operate the lights and the dewatering pumps at the 
Vitro site. 
on-site generator powered by engine fuel. Engine fuel would be required for 
the earthmoving equipment and construction-related machinery used in both 
alternatives; it would also be used to power the railroad engines that move 
railroad cars in Alternative 3. All of these electricity and fuel require 
ments are tabulated in Table 5-11. 
supply in the Salt Lake City area . 

Electricity at the South Clive site could be provided by an 

Engine fuel and electricity are in amP-1e 

Minor amounts of concrete would be needed to construct the foundation for 
the railroad unloading equipment at the South Clive site. 

Table 5-11. Energy and other resource requirements 

Alternative 
Re source 2 3 3 

(train) ( truck ) 

Electricity (kwh) 
Engine fuel (gal) 
Concrete (cu yds) 

400,000 
2 , 5 2 0 , 0 0 0  

800 .000  800,000 
6,970,000 

400 
7,121,000 

0 

5.14 NONRADIOLOGICAL IMPACTS OF ACCIDENTS 

In the two action alternatives, the major potential hazards would be 
those typically associated with construction sites, i.e., equipment-related 
hazards and the hazards of falling into excavations. There would also be 
potential transportation hazards involving truck drivers and other highway 
users and railroad workers. 
have been calculated for each action alternative; the results of the 
calculation are summarized in Table 5-12. 

The expected numbers of work-related accidents 
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. - .  : .  . - --. Table 5-12. Expected number of work-related accidents' 

Type Alternative 2 Alternative 3 -  .. . 1 .  . . .  
.. 

Train. Truck :: 

8: Accidental deaths a m n  
Construction workers 
Truck drivers 
Railroad crews 

b 

Disabling injur iesC among : 
Construct ion wor ker sb 
Truck drivers 
Railroad Crews: - 

0. 02Sd 
0.13 

9.45 
2.16 

1 .  - 
. .. - 

aCalculated using manpower schedules in Appendix A, and incidence 

konstruction workers do not include administrators, managers, aides, 

=A 'disabling injury' is an injury involving death or lost work days. 
dThe expected number of deaths can be related to the individual 

worker's chances of death in an accident if the size of the work force is 
known. 
about 58 workers (Alternative 21 means that each worker's chance of a fatal 
accident would be, on the average, 0.025/58 -'0.0004 or 0.04 percent. 

rates given in D(rr, 1977: Ramana et al., 1982; and NSC, 1982). 

monitoring personnel, or secretaries. 

For example, "0.025 expected accidental deaths. among a work force of 

5.15 RELATIONSHIP 10 LAND USE PLANS, POLICIES, AND CONTROLS 

Alternative 1 

The entire Vitro site is owned by the Central Valley Water Reclamation 
Facility (CVWRP) Board. The current plans to establish a temporary induetrial 
park, a regional waste-water treatment plant, a wasterecycling facility, and 
a municipal ground-water pumping facility at the site (all described in 
Subsection 4.9.1) might not be implemented under the no-action alternative. 
Expansion of the CVWRP facility to 100 million gallons per day (mgd) depends 
on the relocation of the tailings within the site by the Federal govcrnaent. 
The CVWRP Board began construction in 1981 and the expansion of the facility 
to a capacity of 50 mgd is continuing. 

The no-action alternative would not affect the zoning in the area Of the 

Ekwever, the development of a temporary industrial park along 
Vitro site. 
business uses. 
the 3300 South Street corridor, which would require a zoning change, might 
have to be abandoned i f  the no-action alternative were implemented. 

The south portion of the Vitro site is currently zoned for 

-155- 



Alternative 2 

Imple&ntatiOn of Alternative 2 would, in the short term, conflict with 
the CVWRF Board's proposed plans for leasing a 300-foot strip of the site 
along 3300 South Street to business interests. In the long term, 
implementation of Alternative 2 could force the CVwRF Board to revise Plans 
for expanding the waste-water treatment plant to a capacity of 100 mqd. 
However, under Alternative 2 approximately 20 acres in the southwest portion 
Of the site will be available for development. 
temporary industrial park, a municipal solid waste-to-energy facility and a 
municipal ground-water facility (see Section 4.9.1). 

Alternative 3 

Potential uses include a 

As stated above, the CVWRF Board's long-term plans for development of the 
128-acre Vitro site apparently depend upon the decontamination of the site by 
the Federal government. Implementation of Alternative 3 would realize these 
expectations, and would be in accord with the CVWRF Board's planning. 

Alternative 3 would not seriously conflict with land-use plans for the 
South Clive site. Although most of the land within a 10-mile radius of the 
South Clive site is public domain administered by Bureau of Land Management 
( B L M ) ,  the section on which the actual disposal area would be located is owned 
by the State of Utah. Sheep grazing, transportation, hunting, and 
recreational-vehicle driving are the only uses made of this section of land. 
The State derives some revenue from the section by issuing grazing and mineral 
exploration permits, but otherwise it has no plans for use of the South Clive 
site. -le County has no zoning designations within a 10-mile radius of the 
site. < 

5.16 UNAVOIDABLE ADVERSE IMPACTS 

The major adverse impact of Alternative 1 would be the continued presence 
of above-background levels of radiation at and near the Vitro site and the 
continued exposure of workers and the public near the site to enhanced concen- 
trations of Etn-222 and its daughter products. A second impact of Alterna- 
tive 1 would be the inability of the CVWRF to expand its sewage-treatment 
plant to 100 mgd. 

The major adverse impact of Alternative 2 would concern land use: the 
CVWRP Board would not be able to use 53 acres of the 128-acre site; however, 
Alternative 2 would permit most anticipated uses for the 75 acres of the land 
that would be decontaminated. Temporary but nevertheless unavoidable impacts 
of Alternative 2 would be construction noise, dust from construction 
activities, and some increase in the traffic on routes leading to the southern 
boundary of the site. 
to above-background levels of radiation during the 2.5-year term Of the 
remedial actions. 

Also, workers on the site m u l d  be unavoidably exposed 

As in Alternative 2, the major adverse impact of Alternative 3 would fall 
on plans for land use. But in this case, the impact would fall on the State 

9 -  
ooozza. 
'~,.:;"-':' : .: , 
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of Utah's plans for using the south Clive site as a revenue-producing 
propqrty. m e  long-term .impact of Alternative 3 on.the Vitro Site would be 
wholly beneficial in that all of the 128-acre tract w u l d  be decontaminated 
and used according to the CVWRF Board's current plans. 
nevertheless unavoidable impacts of Alternative 3 would be similar to the ones 
in Alternative 2; there would be noise and dust from construction activities 
at the Vitro site, and construction workers, truck drivers, and railroad crews 
would be exposed to above-background levels of radiation during the +year 
term of remedial act ions. 

Temporary but 

5.17 IRREVERSIBLE AND IRRETRIEVABLE - 1 m T S  OF RESOURCES 
. _ -  

Alternatives 2 and 3 would-require .the same types of resource *inputs'. 
lhese include electricity, engine fuel, backfill and cover material,- manpower, 
water, and land. 
lost after use are electricity and engine fuel;. the amounts of these resources 
that would be used in the two alternatives are detailed in Section 5.13. The 
use of water is not a permanent commitment of a resource. m e n  the use of 
backfill and cover material, and land in general, would not be completely 
permanent COmmiUnentS; if permitted by law, either of the two alternative 
disposal sites could be reexcavated in the future and the materials and 
mineral values they contain could be salvaged. 

The only resource8 among this list that are irretrievably 

5.18 REXATIONSHIP B m E E N  THE SHORT-TEIW USE OF THE ENVIRO-T AND 
THE MAINTENANCE AND ENHANCEWENT OF lrDNG-TEl?M PRODUCTImTY 

Under Alternative 1, no action, there would be no short-term use of the 
environment. 
lands would be precluded for an indefinite period of time since unstabilired 
tailings would remain on the site. 

Pull development of the long-term productivity of the Vitro site 

In Alternative 2 the Vltro site and its i m d i a t e  surroundings u w l d  
experience the inconveniences of construction activities for 2.5 years; there 
would be noise and dust from them activities, some increase In traffic 
congestion, and construction workers would be subject to above-background 
levels of radiation. 
substantial increase in the long-term productivity of the 128-acre tract. In 
fact, the amount of potentially productive lands on the site would increase 
from nearly zero acres to 75 acres. 

This period of inconvenience would, however, lead to a 

Under Alternative 3 the Vitro site and the South C l i v t  site would 
experience construction activities for 3 years. 
would undoubtedly be inconveniences to the owners and neighbors of the Vitro 
site from these activities. Potential inconvenienc.e to persons near the South 
Clive site is considered to be negligible. But again, the 3-year period of 
inconvenience in Alternative 3 would lead to an even more substantial increase 
in the long-term productivity of the 128-acre tract; it would cau8e the entire 
site to be potentially useful land. The 60-acre (55 acres for the embankment, 
5 acres for ancillary facilities) south Clive site would, on the other hand, 
be permanently removed froin public or private use. 

A6 in Alternative 2, there 

Since the potential 
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productivity Of the Vitro site is SO much larger than that of the South Clive 
site, the net long-term productivity of lands would be enhanced by 
Alternative 3. 

5.19. MITIGATION MEASURES DURING THE REMEDIAL ACTIONS 

Several mitigation measures to be taken during the action alternatives 
have already been described in previous sections of this document. 
measures are planned ones and would be adopted as part of the normal 
procedures during construction activities. 
are briefly recapitulated in this section. The major emphasis of this section 
will be upon those mitigation measures that are possible but to the 
implementation of which neither. the DOE nor the State of Utah have committed 
themselves at this time. 

These 

Such planned mitigation measures 

5.19.1 Mitigation of impacts on land use 

There are no planned actions for mitigating the impacts on land use in 
any of the three alternatives. Some possible mitigation measures are the 
following ones. 

As stated before, the major impact on land use of Alternatives 1 and 2 
derives from the inability of the OJWRF Board to expand its sewage-treatment 
facility to 100 million gallons per day if any tailings are left on the 
128-acre site. To mitigate this impact, the State of Utah might acquire 
uncomtaminated, vacant lands adjacent to the site and exchange them with the 
CVWRF Board for all or part of the presently contaminated 128-acre tract, 
depending on whether Alternative 1 or 2 is implemented. The CVWRP Board uould 
of course have to change their long-term development plans under either 
alternative, so this possible but-not-proposed land exchange may not totally 
mitigate the adverse impacts of Alternatives 1 and 2 on land use. It should 
also be noted that under Alternative 2, 20 acres in the southwest portion of 
the Vitro site will be available for development. Tb the extent that 
development consistent with the CVWRF's approved Plaster Plan is undertaken, it 
will be possible to partially mitigate the adverse impacts of Alternative 2. 

As stated before, the impact on land use of Alternative 3 derives from 
the loss of the South Clive site by the State of Utah as revenue-producing 
lands. To mitigate this impact, the DOE might acquire an adjacent section of 
Federal lands and exchange it with the State of Utah for the section of State 
land that contains the South Clive site. 

5.19.2 Uitigation of impacts of releases of radiation 

Planned actions for mitigating exposure of construction workers to 
radiation during Alternatives 2 and 3 include dampening exposed contaminated 
material or covering it with sealants, tarps, and plastic sheeting to prevent 
dust b l w  off: stopping the handling of contaminated materials during periods 
of heavy wind; the provision on request of protective equipment such as masks 
to the remedial-action workers; and the use of lids and plug seals on the rail 
cars that carry the materials in Alternative 3. Contamination of the railroad 

r 
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., 
bed would be Prevented by the washing down of the rail Cars before they leave 
the construction sites. Public exposure to radiation during the construction 
phases would be limited by restricting access to the project's sites. 

If Alternative 1 should be implemen.ted, a possible action that would... 
either the somewhat mitigate exposure to radiation would be the following: 

DOE Or the State of Utah might fence the more-contaminated parts of the 
128-acre Site and suppress dust by wetting down those areas in periodsof dry 
weather. and heavy. wind. 
the fenced site by security personnel, in order to prevent further removal of 
tailings from the site and the concomitant creation of new 'vicinity' 
properties. 

5.19.3 

This action might also include direct surveillance of 

.;,: 
-.L.'E- 1. ...., 4 4 -  

: ~ : ... - 30cr 3 . -. 
. - <.e..+% .. .. -..l.C.. 

Mitigation of' impacts on water 

Planned actions for mitigating the impacts of construction activities on 
surface waters during Alternatives 2 and 3 include using evaporation *dS for 
the isolation of construction-process water that exceeds the permission- 
to-discharge standards: and constructing temporary dikes to contain 
potentially contaminated runoff waters that form during heavy rains. 

5.19.4 Mitigation of impacts on noise 
- 

The construction-activity plans for Alternatives 2 and 3 would include 
some means for reducing the impacts of noise whenever and wherever it is 
nece2sary. 
activities at the Vitro site would be scheduled for daytime hours. The haul 
routes were selected to avoid sensitive receptors. 

Mufflers uould be used on vehicles and equipmentI and noisy 

5.19.5 Mitigation of impacts on transportation netuorks 

The commercial suppliers of cover and fill in Alternatives 2 and 3 would 
be required to use only those high-capacity roads that lead to the Vitro rite 
as described in Section 5.12 and to avoid schedules and routes that could 
cause annoyance to the public and congestion of high-use intersectionr. 
required, structural maintenance of the haul route would be incorpbrated into 
the project design plans. 

If 

In Alternative 3, the use of the railroads to transport materials between 
the two  sites and the choice of the South Clive site are planned actions 
intended to mitigate impacts on transportation networks. me use of the 
railroad for traneporting the material would avoid the additional congestion 
of heavily travelled public highways that would be caused by a fleet of 35-ton 
capacity trucks (it would take 77 such trucks making two round trips per day 
to carry the 5400 tons per day that the railroad rrould carry). 

5.19.6 Mitigation of impacts from seismic events 

Vitro 

The results of a seismic risk study, a8 described by Serqent, Bauskins 
and Beckwith (1983), at the Vitro site are presented in Appendix ti. The study 
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concluded that saturated zones within the.tailingS and zones of the native 
soils below the water table are susceptible to seismically induced 
liquefaction. If the Maximum Credible Earthquake (MCE) were to occur with the 
saturated conditions of the subsoils and tailings, the side slopes of the 
final embankment could slide. The remedial action as described in this 
document contains a mitigation for the seismically induced liquefaction. As 
explained in Appendix A ,  a l l  of the tailings will be excavated, and compacted 
in the embankment. 
the material. 
stabilize the base of the embankment for the placement of the remaining 
material and the cover. 
liquefaction. Should a major seismic event occur, liquefaction of the 
subsoils below the embankment is possible. However, the damage to the 
embankment would be reduced to minor surface cracking of a few inches. Any 
damage to the cover poses no hazard to the public and could be easily repaired. 

The movement and mixing of the tailings will desaturate 
AS the material is replaced it will be compacted in lifts to 

The desaturated tailings will no longer be subject to 

South Clive 

A t  the South Clive site, the potential for damage is much less since the 
chances of seismically induced liquefaction are much less than for the Vitro 
site. Additionally, the tailings would be dewatered, mixed, and compacted 
during placement so as to reduce the possibilites for within-embankment 
liquefaction to a very low level. An ICE would still probably cause some 
minor cover cracking, most of which would be self-healinq; but this damage 
would pose no hazard and would be easily repairable. 
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6 PUBLIC AND AGENCY C-WS 

This chapter discusses the comments*-made *by private citizens and. . 
government reviewers (Federal, state,  and local)  on the draft environmental 
impact statement (DEIS) for remedial actions a t  the former Vitro Chemical 
Company s i t e  i n  S o u t h  S a l t  Lake, Utah. - 

a m e n t s  on the DEIS were obtained from the publlc, c i t i z e n s  groups, and 

m e  public meetings were held i n  W e l e  and South Salt.Lake, 
government agencies d u r i n g  2 days of p u b l i c  hearings and a 52-day* written- 
Comment period- 
Utah, on March 22 and 2 3 ,  1983.  A t o t a l  of 53 persons presented oral state- 
ments on the DEIS. 
received during the written-comment period:"' Table 6-1 l i s t s  the vrsons,-wjho 
presented oral  statements- a t -  the: public- hearings, and Table 6-2 -list+tG9E 
pCrsons, groups-, and agencies t h a t  submitted- written 'comments. 

hrenty-six l e t t e r s ,  s m e  longer than 20 pages, were 

.. 
( d e s e  tables 

may be found a t  the end of Section 6 ) .  . _ *  7 . * -  
-f - . r, -. 3 E 

To p u t ' a l l  thelcuaunents i n  an e a s i l y  accessible form, each oral'-s,tatcwnt 
(recorded by a c e r t i f i e d  stenographer) and- l e t t e r  -was analyzed i n  detail-," and 
comments on s p e c i f i c  issues were identified. 
chapter was prepared, and each comment was categorized according to the s u b  
sections of t h i s  outline. 
s p e c i f i c  topic ( e . g . ,  ground water a t  the Vitro s i t e )  were brought together i n  
one place. 
comments received on a topic while revising the parts of the document dealing 
w i t h  t h a t  topic. 

A preliminary outline of this  

Notebooks were prepared i n  which a l l  comnrents on a 

This system allowed the preparers of t h i s  PEIS t o  consider a l l  

To consolidate the discussion of the voluminous response to the DEIS, the 
comments have been grouped into 1 9  major topics t h a t  cover a l l  the substantive 
comments received. Each of these topics deals w i t h  one or more issues, which 
are l i s t e d  i n  this chapter as part of the discussions of the 19 topic.. This 
chapter suaunarizres-the topics and issues and the responses of the #IB'to the 
comments. Where the responses required changes i n  the text  of the DEIS, they 
appear i n  the m a i n  text of t h i s  PEIS. Eor example, the State of U t a b  dis- 
agreed w i t h  the c o s t  estimates presented i n  the DEIS. In responding to t h i s  
comment, the DOE has met w i t h  the state to compare d e t a i l s  of its e s t i -  
mates w i t h  those of the s t a t e  and has changed Its estimates t o  those Presented 
i n  Table 1-3 and Appendix A. 
include those comments that d i d  not d i r e c t l y  comwnt on the DEISI but which 
should be acknowledged and, i n  sane instances, responded to. 

Finally,  a twentieth section was added to 

Sections 6 . 1  through 6 . 5  discuss the l e g a l  basis of the proposed remedial 
action and the choice of alternatives. Sections 6.6 through 6.10 discuss 
s i t e s  (Vitro and South Cliva), various matters related t o  the engineering 
designs of the alternatives,  and the direct  and indirect costs of the altern- 
a t i v e s ,  including the requests for a more thorougb economic analysis of the 
project. 

*The EPA notice of a v a i l a b i l i t y  of the DEIS was published i n  the Federal 
Register on February 1 8 ,  1983 (Val .  48, p. 2794-2796). This notice allowed a 
52-day comment period, through A p r i l  11, 1 9 8 3 .  Bowever, a l l  written co-nts 
received by the DOE were considered i n  this  f i n a l  environmental impact 
statement (F'EIS) . 
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Sections 6.11 through 6.15 discuss mmments on the noneconomic impacts of 
the alternatives: 
portions Of the remedial actions and of the accidents that may occur, as well 
as comments On land use and psychological impacts. 
discuss monitoring during and after the remedial action, mitigation of 
impacts, and archaeology. Section 6.19 discusses those comments which are 
editorial in nature. 

the radiological and nonradiological impacts of routine 

Sections 6.16 thr,ou.gh. 6.18 
.*d 

._" -. 
Finally, Section 6.20 discusses the cOmments that- dealt with topic.&.: 

Table 6-3 at the end of Section 6 provides: an .extensive set of. 

c:. -. 
I, i 

considered to be outside the scope of this =IS. 

- ,  

- .  J.- 
cross-references between the substantive.. issues5 and?:tlie letters and o r a l  . 

. - . . -. -*--- __._. - A S  statements provibing comments. 

-. - 9.- *.I.. 

. .  - .  . I - .:. -.. 
Section 6.21 of this FEIS reproduces in full the written comments 

received on the. DEIS. 
inspection at'each of the public reading rooms-and- libraries listed at--the 
beginning of Section 6.21. 

Transcripts of the3 publ1c)hea'r-ing,' are' available , f o r  
. 

... . - 

6.1 COMPLIANCE WITH NEPA 

The compliance of the Vitro DEIS with the National Environmental Policy 
Act (NEPA) and with the Council on Environmental Quality (CEQ) Regulations for 
Implementing the Procedural Provisions of the NEPA was commented on in 5 
letters and 3 oral statements. The comments are summarized below. A response 
to each issue is also provided. 0 
1. Comment. 

The DEIS does not comply with NEPA or the CEQ Regulations because it-,does 
not adequately address certain economic impacts of the remedial action. 
(15, 16, 23, 207, 209, 212, 213) 

o The Governor of Utah, the Central Valley Water Reclamation Facility 
Board, their economist, and a Salt Lake County commissioner said that 
the DEIS has grossly underemphasized the indirect and long-term costs 
of stabilization in place. 

o They also asserted more generally that the economic analysis of t h e .  
project is not adequate. 

Response. 
Since the DEIS was published in February 1983, the DOE has m d e  a further 
analysis of the costs and economic implications of alternatives 2 and 3 
in order to better understand and comment on the state's and board's 
analyses. The several sets of analyses are compared and discussed in 
Section 6.10 below, and appropriate changes have been made in Sections 
5.9 and 5.11 and Appendix E of this FEIS. 
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2. Comment. 
A DEIS should not be used to rationalize or Support a decision already 
nmde by an agency required to complete a NEPA document. A DEIS should 

CQmxnentOrS, including the Governor and a Salt Lake County commissioner, 
that the DEIS implicitly supprted stabilization in place at the Vitro 
site. (16, 23, 209) 

'-state a preferred alternative if one exists. It appeared to a number of 

Response. 
At the request of the state, the DOE did not identify a preferred 
alternative in the DEIS. 
with the state that relocation is preferable and this has been identified 
as the preferred alternative in this FEIS. 

Since then, the Secretary of Energy has agreed 

3. Comment. 
The DEIS indicates-that additional ground-water data are being acquired. 
It also says that the design for stabilization in place may change as the 

as strict as the proposed EPA standards. 
1502.9) requite the preparation of supplements within drafts or final 
environmental impact statements if "there are significant new 
circumstances or information relevant to environmental concerns and 
bearing on the proposed action OK its impacts: Xt may be that a new or 
supplemental draft is in Order with subsequent opportunity for public 
review and comment. (23, 110, 213)  

r result of these data and/or the fact that the final EPA standards are not 
NEPA regulations (40 CFl? 

Response. 
Additional ground-water studies have been completed since the DEIS vas 
issued and have been made available to state and local officials, the 
NRC, and the EPA. It is the DOE'S decision, with which the state has 
expressed agreement that these data do not contribute significant new 
information and therefore do not warrant a supplement to the DEIS. 
studies are included in Sections 4.6.2 and 5.4, and Appendix D of this 
PEIS. 

These 

6.2 EPA AND OTHER REGULATIONS 

Comments on various regulatory aspects of the Vitro remedial actions were 
received in 6 letters and 6 oral statements. These comnents are summrized 
below and a response to each issue is provided. 

- .  
1. Comment. 

The Sierra Club, other public interest groups, and the State of Colorado 
have entered a suit in Federal Court in Denver asserting that the EPA 
regulations the DOE is working under are inadequate. 
representative said that if more adequate regulations weIe in force, only 
moving to South Clive would be acceptable. 
stabilized in place, the DOE may be forced to come back and dig the 
tailings up again. (51) 

The Sierra Club's 

Thus if the tailing8 are 
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Response. . .  
The DOE is aware of several suits filed against the EPA, and although it 
is not a defendant, it is following them closely because of their poten- 
tial affect on the WTRA project. 
project on the basis of the, final EPA standards (issued January 5, 
1983) lhese have been issued in final form, and the Uranium Mill 
Tailings Radiation Control Act of 1978 (UMTRCA, PL95-604) establishes a 
deadline of March 1990 for completing the prolect. 
DOE'S preferred alternative identified in this FEIS is to move the Vitro 
tailings to the South Clive site. 

However, the DOE must proceed with the 

In any event, the 

2. Comment. 
The' Central Valley's economist and two private citizens said that the EPAf-;.- 
regulations are certainly necessary, but they implied that--they may 'Got _- - - -  
be sufficient to protect the .public health. (16, 24,"39) 

1 .  

i,: I. Response. -, -Jt:-* .: . -. .' . .. - 
The 'UMTRCA directs the DOE only- to perform;,xemediaf actions tha,$ will 
leave the tailings in a condition that will conform to*'the EPA stan- 
dards. It'puts the NRC in the role of judging whether the actions do in 
fact conform. 
exceed these standards. 

The DOE is not authorized to spend government funds to 

The EPA standards themselves have been the subject of an EIS, and by the 
tiering principle (40 CFR 1502.20) they need not be addressed again in 
this PEIS. 

3. Comment . 
The CWRP Board's general manager said that the Nuclear Regulatory 
Coaunission regulations for lw-level waste (10 CFR 61) are applicable. 
These regulations require: 1) a design that will provide for long-term 
isolation avoiding the need for continuing active*-maintenance, 2) a 
buffer zone about the waste (he said of 30 meters width) , and 3 )  that 
wastes not be in contact with standing water at its highest seasonal 
fluctuation. (15) 

Response. 
The NRC regulations for the land disposal of lorlevel radioactive waste 
(10 CFR 61) do not apply to the e project. 
lorlevel radioactive waste specifically excludes uranium or thorium 
tailings (10 CPR 61.2). 

The definition of 

4. Comment. 
There were a variety of comments relative to whether the alternatives, 
especially stabflization in place, adhere to the EPA standards. 

o Comment a 
The critics referred to the statements in the standards that say that 
'judgments on the possible need for remedial or protective actions 
for ground-water aquifers should be guided by relevant considerations 
described in EPA's Hazardous Waste Management System (47 FR 32274, 
July 26,  1982) and by relevant State and Federal water Quality 
Criteria for anticipated or existlng uses of water over the Period of 0 
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stabilization: This may in fact constitute a more restrictive set 
of requirements than the ones the EPA proposed initially. (18, 202, 
204, 209, 212) 

o Response a 
The DOE agrees that the statements in the final EPA standards 
referred to by the critics could in some cases prove to be more 
restrictive than the numerical standards appearing in the-proposed 
version of the standards. 

0 Conmrent b 
The Foreward to the DEIS says that the designs finally adopted can be 
expected to be different.becau8e the final EPA standards are somewhat 
less stringent than the (ptevi0usly)- proposedb standards. This 
statement was disturbing, especially since it is not true as regards 
ground-water protection. (18, 202) 

- I  

. .  
o '.Resp&nse b ' 

It is agreed that the statement in the Poreword to the DEIS, m B e ~ a ~ s e  
the final EPA Standards are somewhat less stringent than the proposed 
standards, all of the action alternatives . . . will satisfy . . . 
final standards; could prove to be logically false becaust of the 
new ground-water protection guidelines in the final EPA standards. 
The original thought behind this statement focused on the less 
stringent, radon-protection guidelines which certainly warrant 
change6 in the design of covers and the requirements on removal of 
soil from open lands. 

In this =IS, the analyses and designs have been modified to colpply 
With the final EPA Standards. Additional ground-water studies (field 
studies, contaminant transport, and modeling) and cover design 
studies (erosion, infiltration, and radon attenuation PDdeling) have 
been conducted and the designs for Alternatives. 2 and 3 d i f i e d  
accordingly. 

, 

o Comanntc 
I)lete was concern lest the DOE 'back away from the guidelines. by 
taking advantage of the provision in the EPA 6tandards for 
exceptional circumstances. (18, 202) 

n 

0 Response c 
It 1s assumed that the a m e n t s  in referring to the 'provieion in the 
EPA Standards for exceptional circumstancesm meant the Sections 
192.22, Supplemental Standards, and 192.21, Criteria for Applying 
Supplemental Standards, in the final EPA standards. Tho BPA criteria 
for applying supplemental standards clearly preclude application of 
any but the regular standards (Subparts A or B) to remedial action6 
at high-priority, former proceasing sites such as the Vitro site (FR 
4 6 ,  N o . 3 ,  pg. 605, summary). 
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Comment d 
?he Governor said, 'mjor portions of the final EPA standards are not 
addressed, nor is Congressional intent noted. 
Tailings Radiation Control Act reflects (in Section 206) Coriqres- 
sional desire that EPA's standards-be consistent, to the maximum 
extent practicable, with the solid Waste Disposal Act.' (209) 

The Uranium Mill 

Response d 
A discussion of the final EPA standards, and the DOE'S interpretation 
Of those standards, including their consistency with Congressional 
intent, is contained in Section 3.1.1 of this FE1S.- The alternatives 
described in Appendix A and. elsewhere have been developed to comply 
with all of the provisions-of. the final standards.- 

Comment e 
The EPA was quoted to the effect that an -optimized cost-benefit 
rather than a 'least cost' alternative... provides much qreater 
protection of health at only a slight increase ((in cost)).. 
should do likewise. (207) 

- - . .  

Ihe W E  

Response e 
Ag r eed . 
Comment f 
The EPA was also quoted to the effect that 'the single most important 
goal of control ( (is) 1 effective isolation and stabilization of 
tailings for as long a period of time as is reasonably feasible.' 
The DOE would have great difficulty certifying the required 
longevity. (207) 

Response f 
The DOE believes that the EPA's '. . . single most important goal of 
control . . .' is achievable with either of the action alternatives 
in the FEIS; otherwise, these alternatives would not have been 
considered. The implementing agencies must provide .reasonable 
assurancem that the provisions of Subparts A and B of the final EPA 
standards are satisfied by the disposal scheme that is finally 
implemented. 

Comment g 
There is no mention of RCRA in the document. 'Utah is adamant that 
RCRA requirements be carefully considered.. .' (212) 
Response q 
Except for ground-water protection, the Resource Conservation 
Recovery Act (RCRA) of 1977 does not apply to the U m  project. 

Comment h 
The Public Health Service of the U.S. Department of Health and Human 
Services said that they thought that either remedial action will meet 
EPA standards. (215) 

/ 
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o Response h 

Agreed. 

o Commenti 
Active controls cannot be counted on to ensure the longevity called . 

for in the EPA standards. (110, 207)  

o Response i 
Agreed. Neither action alternative would require an active 
maintenance proqram to ensure their longevity. 

6.3 NK: AND STATE CONCUARENCE 

A number of persons (in 5 written and 2 oral statements) dealt with the 
need for state concurrence in any remedial action taken on the South' Salt Lake 
tailings pile. 
NRC . There were no comments on the process of concurrenceiby the 

Comment. 

0 The Governor and others pointed out that the UHTRCA anticipates a 
mutually satisfactory and acceptable course of action with respect to 
the Vitro tailings. The implicit preference seen in the DEIS for 
stabilization in place is not such a mutually satisfactory resolution 
of the problem. (1, 17, 109, 209, 211, 213) 

o Going further, the state said it would not 'undertake responsibility 
for actual acquisition of" the Vitro property, if stabilization in 
place were the alternative decided upon. (209, 212) 

Response. f 

These issues are beyond the scope of this EIS, whose function is rather 
to set forth the environmental consequences of the several alternatives 
for the remediation of the Vitro tailings problem as one of several bases 
for the decision among them. These issues are discussed further in - 
Section 6.20. 

6.4 SCHEDULE 

A number of persons (in 4 written and 9 oral statements) criticized the 
rate at which progress is being made towards actual physical remedial action 
on the Vitro tailings. 

1. Comment. 
The general tenor of these criticisms was that there is too little 
progress being made towards actually 'moving dirt.' People used such 
phrases as, .haven't we studied this enough?' and 'cycle of indecision.' 
Congressman Warriott is 'extremely upset with the length of time that has 
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elapsed ((since PL95-604 was passed)).' The governor stated that 'The 
relocation of these tailings must begin this year." (1, 17, 28, 34, 36, 
41, 47, 48, 105,  109, 206, 209) 

Response. 
The WRA Project must be conducted according to the provisions of its 
enabling legislation, UHTRCA, and other broadly applicable laws, such as 
the National Environmental Policy Act of 1969, as amended. 
effect determine the UMRA Project's schedule for conducting remedial 
actions by requiring an unusual degree of coordination and agreement 
between the different Federal agencies involved in the project, and also 
between thf DOE and the affected states or tribes. 
it has made an earnest effort to coordinate its UMTRA Project tasks with 
the EPA and NRC, and to obtain agreement with affected states,,in 
particular the State of Utah. Indeed, the Vitro site in south S a l t p k e .  
has received special attention because of its location in a hiqhl,y,., 
populated,area: remcdiation of vicinity properties was begun in ls08-as. 
soon as EPA's interim standards were promulgated; concurrence of Utah in 
specific proposals for cleanup of the Vitro site was sought by the DOE in 
numerous drafts of the Remedial Action Concept Paper that were submitted 
to the State in 1981-1982: and--in spite of the extra expense--the NEPA 
process leading to this EIS was initiated early, before receiving State 
agreement on a proposed action, in order to more fully develop the issues 
on which agreement would depend. 
satisfactory completion of the NEPA process, the proposed remedial action 
is scheduled to beqin upon completion of the final design by the State Of 
Utah. 

'Ihese laws in 

The DOE believes that 

Based upon this history and assuming 

2. Comment. 
An owner of a business at the southwest edqe of the Vitro pile said he 
needs to know what the DOE is going to do with his property. He cannot 
sell it, and the contamination in it prevents full use of the property. 
(29) 

Response. 
The design for Alternative 2, stabilization in place, in this F'EIS 
differs from the Alternative-2 design in the DEIS in that the 5.4-acre 
industrial strip on the southwest corner of the Vitro site would not k 
part of the stabilization area. 
5.4-acre strip would not be affected by the actions in this FEIS: 
however, they might be affected by the actions proposed for cleanup of . 
vicinity properties. 
alternative 3, removal to South Clive, would this business be condemned 
or have to move. Regardless, in either case, it is a vicinity property. 
The owner of the property in question should consult with the Utah 
Department of Eealth concerning the effect on his land and business of 
being a vicinity property. 

In other words, properties in the 

n u s ,  neither in that alternative nor in 



6 4 4 2  
6.5 ALTERIQATIVES 

. - .  *- . 
Many comments (in 5 written and 14 ora1,statements)-were made on the 

alternatives analyzed’ in the DEIS. 
identified below. 
description of that issue. 
in Section 6.9, Comment 8. 

These covered amumber of issues as 
Ihe WE‘S response to each of these-comments follows the 

Suggestions for alternative designs are discussed 

1. 

2. 

Comment . 
Almost everyone who wrote or spoke had his or her opinion about what 
should be the preferred alternative. Few were neutral. Almost 
invariably -le- County resident6.wanted the tailings left where they 
are and Salt Lake County residents.wanted,thectailings moved away. 
Governor of Utah, t~e-C1IWRP”Board,.,and,maDy local-boards and agencies in 
the valley are‘ for- moving the tailings. 
agencies- prefer them- to be left inr place, or at least not moved to the 
South Clive. site. -_ 

The 

T F e l e  County boards and 
> .I - 

Response. 
The DOE does care about local preferences among alternatives. lhese do 
not, however, change the technical facts that constitute one set of 
inputs to its choice. Rather, these preferences are all-important in 
forming the political input to its choice, have been considered in 
selecting the stated preference for removal in this F’EIS, and will be 
reflected in the final record of decision on what to do about the Vitro 
tailings. Fersonal preferences are discussed further in Section 6.20.1. 

Comment . 
The State of Utah said that the DOE has vacillated in its preference 
among the alternatives. Early talk (and the CVWRF Board had understood 
this talk to be a promise) was in terms of moving the tailing., and the 
1981 Remedial Action Concept Paper (RACP) expressed thi6 opinion; how- 
ever, the 1982 RACP proposed stabilizing the tailings in place. Ihe  DEIS 
expresses no preference. The early talk was purely In terms of what was 
needed for the health and safety of the people of Salt Lake bunty; only 
in 1982 was cost brought up as an important factor. (1, 18, 21, 38, 46, 
107, 209, 211, 212) 

Response. 
There is merit in this comment. The first draft of the Remedial Action 
Concept Paper (RACP) for the Vitro site said, ’. . . it appears that 
Option 2B, Disposal in the First Alternate Area, is the economically and 
environmentally preferable action.’ Eiowever, even then, that expression 
was qualified by the state- ment: 
imply a final selection of that option or less study or consideration of 
other options.’ 
technically support a definite preference for a stabilization in place 
alternative and--until further study might justify a change--the DOE made 
a tentative expression of preference for alternatives Involving transfer 
of the wastes to a new location. 

‘This (proposal of an action) docs not 

There were few data or studies at that time that could 
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Studies to determine feasibility of stabilization in place were begun in 
early.1982. AS the information developed in these studies became avail- 
able, it became clear that stabilization in place would be technically 
feasible, could be accomplished in a way that would meet the proposed EPA 
standards, and would cost less than alternatives involving transport to 
new sites recommended by the state. The new information caused the DOE 
to shift its preferences, as expressed in the next-to-last draft of the 
RACP, to the stabilization in place option. 
Utah objected to any expression of preference and suggested that the 
following language be inserted in the final draft of the RACP: 

At this point, the State of 

'A proposed option for the Vitro site remedial actions has not 
been selected by the cooperating parties, the DOE and the State 
of Utah. 
of study in the draft environmental impact statement (DEIS) 
covering the proposed remedial actions. 
plied in the DEIS plus additional data and analyses to be 
published in 1982 will be used by the cooperating parties to 
reach agreement on the proposed course of action in the final 
EIS. Important considerations in deciding upon a proposed 
option will be: whether the options meet the EPA standards, the 
degree to which each option protects the environment and reduces 
health risks, the relative cost-benefit ratios of the options, 
and the impacts of each option on land use, social factors, and 
the physical environment (DOE, 1982a). ' 

Accordingly, Options 2 and 3 uill..be=given equal depth 

The information sup- 

The DBIS did not identify a preferred alternative. This FEIS does 
identify a preferred alternative: the removal of the Vitro tailings 
to South Clive. 

Comment. 
There were some comments to the effect that the site selection and 
alternative selection process omitted alternative sites that should 
have been examined. 

The Department of the Interior and others suggested looking into the 
possibility of disposing of the tailings at existing mine waste 
dumps, other possible sites including Moab and Monticello, and 
'taking them back to where they came from.' (3, 4, 11, 13 ,  41, 42, 
4 7 ,  5 0 ,  102, 203)  

Response. 
Prior to initiation of this FEIS, the DOE investigated the 
feasibility of disposing of the tailings at 15 sites (including 
those described in Appendixes B and C and the referenced mine waste 
dump). 
based upon geological, hydrological, ecological, and economic 
factors. The three eastern sites were ranked 1 through 3; the waste 
dump was ranked fourteenth. Relocating the tailinqs to Moab, 
Honticello, or returning the tailings to the uraniuarore mines would 
be unreasonable alternatives for the same reasons as those given in 
Appendix C. 

The DOE investigation ranked the suitability of each site 
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. - .. . 4. Comment. . 2 -:; . - . S ? p r a l +  sets.  o f .  canments*-inclruded'-some discussion: 0.f repnFessing as 
..* .. . . ... - .  .. . - .  

_ i  _. _.- . . . - .. qn,glternative. .. . .. . . .  

Comment a 
m e  Department of the Interior pointed out t h a t  the studies 

. reported- .. i n  the DEXS-considered' reprocessing the t a i l l n g s  a t  a 
new process p l a n t .  
options-should be examined, such as i n  an 'existing uranium mill. 
(2031 

Response... a . - 

m e -  cOmmenter thought t h a t  othe-r 'processing 

- .. :. It.:.,, 

. -3 . i"  . .  _ .  . ,. - ,. . ' -. . . - - 1  . :i .Reprocessing- the=Vi.tro: ta'ibhings. a t  an existingi.  uianlum mill 
.yeg&b not: be: e c o n o m l k a l ~ ~ ~  pr8ct.i<ab.lei5 The $a$l,ings. would: have 

. t o  be-+shipped to: the* n e k e s t - 5 a i l l  . i n '  eastern- utah'.at_ a cost i n  
excess of the: $20. rnil.li&'-.in-. marketable &l&:zf &".UjOe, 
V2O5, and WO that could be extracted from the t a i l i n g +  an,d 
o f  which the Federal government would receive only'a part t o  
o f f s e t  its costs.  After-reprocessing, the residues w o u l d  s t i l l  
be the responsibility of- the!WE since mst of the radioactive 
elements would remain; these residues would have t o  be 
s t a b i l i z e d  a t  a new s i t e  i n  a manner that meets EPA standards 
w i t h i n  the time limits s e t  by PL95-604. 

> 'i ,i.. -. ' . ' t !  , XPP 

.-..I& 

Comment b 
An engineer i n  private practice suggested that "there are many 
other marketable products ( i n  the t a i l i n g s  besides uranium, 
vanadium, and molybdenum) that can be concentrated from the 
t a i l i n g s . '  Re went on to suggest using f lotation and bacterial  
leach treatment, saying that after  such processing the remaining . . 
material could be l e f t  i n  place. ( 3 5 ,  108) 

_ _  ..̂  

Response b 
Other than (possibly)~ uranium, vanadium,. and molydenum, ;there 
are no economic minerals i n  the Vitro t a i l i n g s  that could be 
extracted and marketed a t  a net p r o f i t  using currently.available  
technology. Because of the currently depressed market, even the 
economic minerals that  remain i n  the t a i l i n g s ,  and for vhich the 
ore was o r i g i n a l l y  mined, are not marketable a t  a p r o f i t .  
Flotation and bacterial  leaches would not remove these 
materials from the t a i l i n g s .  

Comment c 
On the other hand, a s t a t e  o f f i c i a l  said that .reprocessed 
residue t a i l i n g s  would remain w i t h  a high concentration of 
radium and other heavy metals that w o u l d  result  i n  the t a i l i n g s  
s t i l l  being c l a s s i f i e d  as a radioactive hazardous was,te." (211) 

Response c 
Agreed: 
under the provisions of PL95-604. 

the t a i l i n g s  residues would s t i l l  require s t a b i l i z a t i o n  

' 0  
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Comment d 
A private citizen felt that a cost effectiveness study should be 
done to find out what part of'the tailings can be processed to 
concentrate them so that they might be useful. (12) 

Response d 
The DOE believes that such a study has been done; it is 
summarized in Section C.4, Appendix C, of this FEIS. A full 
report of the study's findings is available (DOE' 1982b). 

Comment e 
Another private citizen referred to an article in the 
Proceedings of the 15th Annual-Uranium Seminar, held in 
Albuquerque on September 20-23, 1981, which described "a novel 
approach to tailings disposal.' 
is but said it should be looked into. (5) 

Re didn't say-what this process 

Response e 
The referenced article was inaccurate because the referenced 
meeting was not held. The "novel approach' cannot be addressed 
without additional information. m e  DOE, through its UMTRA 
Project, ha8 identified and reviewed currently available methods 
for tailings disposal. 

6.6 THE GEOLOGIC AND RYDR0IXX;IC SUITABILITY OF THE VITRO SITE. 

There were 16 written statements and 8 oral ones that commented on 
the suitability of the Vitro site for stabilization of the tailings in 
place. The issues involved were numerous; they are listed below together 
with the DOE'S responses to each. 

\ 

1. Comment. 
The data base on which the analyses rely is inadequate. In 
particular, the hydrologic data are incomplete and the new studies 
planned are too short in duration to show seasonal or cyclic 
effects. S i x  to eight weeks is 'far too brief to provide the 
necessary data on seasonal or cyclic changes.' (6, 18, 19, 23, 39, 
51, 107, 110, 202, 204, 209,  212) 

Response. 
The DOE believes that the additional hydrologic studies completed 
since publication of the DEIS and described in Appendix 0 of this 
FEIS are sufficient to characterize seasonal changes. 

2. Comment. 
Many private citizens, the State Health Department, the CVWRF' Board, 
and others spoke or wrote about ground-water problems. 
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o -Comment a . 

i --, aound-water contaminatio,n.'~iS pr&blk, .or inevitable,T,r.egardless 
The need for of-faeSign features intend+ 'to'nieke 'ik- :improbable. 

public use of deep ground u&%r a&, some said, eventually 
reverse the present upward gtadient.of hydraulic head. (15, 18, 
1%- 39,- 51, 105, 106, 107, iio, 202; 203, 204, 206, 207, 209, 
211, 212) 

. -  . 

o Response.-a " .  

I h i S -  subissue .is addressed in Appendix D, and in Section 5.4 of . .. . .. . . . -  
. . - . - , . s ^  - .  
. .  

. this .PEIS. 
. ; I  . . .. 

Vitro site. 
. .a:: . 

f. 

o Response- b 
It 1s a g r e d  that implementation of' Alternative 
would preclude well development in the location 
conrmenters. 

2 of this PEIS 
indicated by the 

o Comment c 
What is the source of the gross alpha, Ra-226, Ra-228, and U in 
the water samples from deep wells? What is the source of' the 
heavy metals in the shallower wells (Tables W ,  DS, Db)? Are 
contaminants present upgradient, as well as downgradient? (203, 
204, 209) 

0 Response-c 
Activities of gross alpha, Ra-226, Ra-228 and U in samples taken 
from deep wells are background levels and probably are not 
associated with the Vitro mill tailings. A comparison of 
samples fram wells I, 2, and 3, representing background, 
confined ground water with samples from wells V-AD, V-80, V-CD, 
V-OD, and V-Pp, representing confined ground water beneath the 
site and samples from wells 4 and 5, representing downgradient, 
confined ground water, suggeets that the tailings pile has not 
contributed radioactivity to the confined ground water. No 
samples from monitoring wells beneath or downgradient of th8 
pile showed -228, gross alpha, or U above background levels. 
Analyses of samples from two wells beneath the site, V-BD and 
V-ED indicated Re226 levels above background. A sample from 
well V-BD had a Ra-226 activity of 9.1 pCi/l. A second sample 
from the same well measured activity of 4.0 p C i / l .  A sample 
from well V-ED measured Ra-226 activity of 4.5 pCi/l. "hi6 
value is well within the range of background activity given 
possible sampling and analytic errors.. 
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.. 
The area encompassing the Vitro s i t e  i s  urban and industrial.  
There are many potential sources of heavy-metals t o - t h e  shallow 
ground-water system. 
contribute U and Fe and possibly Ho to the shallow ground 
water. The source of any other heavy metals is not known b u t  
probably i s  not associated w i t h  the mill tai l ings:  p i l e .  

m e  Vitro mill t a i l i n g s  probably 

There i s  upqradient as well as downgradient contamination of the 
s h a l l o w  ground water. The upgradient contamination probably i s  
not associated w i t h  the Vitro mill t a i l i n g s  b u t  associated w i t h  
other -sources i n  the 'urban/industrial area surrounding- the Vitro 
s i t e .  b r  example, a sample from umradient well 6C showed 
higher C1 than any samples from any downgradient.wel1.. T h i s  
well  is'adjacent to Interstate. .15.. .@e,,-s-+nple .was; taken i n  the 
s p r i n g . o f -  1983.  It is l i k e l y  be Gasured. contamination was - -  - 
from i n f i l t r a t i o n  of snow and 'rain. &nta.ining road. s a l t s .  

. ., -.- 
. .  

0 Comment d 
The treatment of contaminant mobility is inadequate, a s  a 
v a r i e t y  of environments--acidic, neutral, and pasic--are l i k e l y  
t o  be encountered a t  d i f f e r e n t  locations i n  the system. ( 2 0 3 ,  
2 0 4 )  

0 Response d 
This issue has been addressed i n  Appendix D of t h i s  FEIS. 

o Comment e 
On the other hand, one private c i t i z e n  stated that pollution 
from the m i l l  t a i l i n g s  is not a particularly  setious problem. 
Heavy usage of the deep ground water would Vender it polluted 
by sewage, f i l t h y  r u n - o f f  water, road tar e x t r a c t s  and so on.. 
(111) 

o Response e 
Contamination of the confined aquifer by sewage and urban runoff 
is an issue beyond the scope of the FEIS. Tire contamination of  
the confined aquifer by brackish water i n  the unconfined system 
as  a r e s u l t  of  heavy pumping of  the confined aquifer during mill 
operation is discussed i n  Appendix D of t h i s  FEIS. - 0 -  

3.  Comment. 
The S t a t e  Health Department, the EPA, and others wrote or spoke 
about shallow water problems. 

o Comment a 
The DEIS s t a t e s  t h a t  'the ground- and surface-water systems 
involved do not contain potable water.. This is wrong1 there 
are now 4 1  wells w i t h i n  one-half mile of the s i t e  drawing 
household water from the shallow aquifer. I t  is  only a matter 
o f  time before the surface-water system i s  contaminated. (1,  1 8 ,  
110, 2 0 2 ,  203,  2 0 4 ,  209,  212) 
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o Response a * 
miS+statement does not appear in the DEIS without 
qualification. 
potable according to Utah standards for domestic sources of 
Water: neither are the ground waters in the unconflned aquifer 
at 2- to 45-ft depths below the site (see Appendix 0 ) .  
Regarding the '41 wells within one-half mile of the site': Data 
on these wells were requested from the Salt Lake City-County 
Health Department on March 31, 1983 (letter from Kelly H. Peil, 
Jacobs/ Weston Team, to City-County Health Department). The 
Health Department replied that 'A search was made of our records 
with no chemical data found on any wells in that area. At the 

- time -thoser.wekls were drilled, no chemical information was 
requiredlin-this office.. (letter from Jewel Snow, Bureau of 
Water Quality, to Kelly M. P e i l ,  Jacobs/Weston Team, April 19, 
1983.) A review of U.S. Geological Survey records indicated the 
existence of 2 wells, possibly within one-half mile of the Vitro 
site. The majority of the wells referenced by the state were at 
depths greater than 60 feet. These wells are in the artesian 
aquifer, not the shallow aquifer. The two wells identified by 
the USGS are upgradient of, and unaffected by, the Vitro site. 
Fossible effects on wells within one-half mile of the site are 
discussed in Section 5.4.2 of this FEIS. 

The on-site surface waters are certainly not 

o Comrwntb 
Water-table depths are misleading, a8 they are based on just one 
season's observations. Other work has indicated a much broader 
fluctuation in water-table depth. Also, ground-water flow is 
toward the Jordan River and Mill Creek; a strong potential thus 
exists for migration of contaminants from the site to nearby 
surface waters. (209, 212) 

0 Response b 
It is agreed that fluctuations in the water-table depths could 
be wider than those indicated by DOE measurements: the important 
item is the consequence of foreseeable wide fluctuations in 
water-table depths; some of these consequences are discussed in 
Appendix D, and Section 5.4.2 of this PEIS. 
in the DEIS that .groundwater flow (in the unconfined system) is 
toward the Jordan River and Hill Creek . . and that a 
potential exists for migration of contaminants to these water 
bodies. 

It was rccognizd 

Coleacnt. 
The Vitro site is in an identified flood drainage basin with known 
general flooding from nearby drainage canals. me possibility of 
dam breaks has not been considered. Probable Maximum Flood (PI@) 
flows at the site would create an erosion hazard. (110, 214) 

Response. 
These effects are addressed both in the DEIS and in this PEIS in 
Subsection 5 . 3 . 4 ;  Bee also the response to Issue 1 in Section 6.9. 
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5. Comment. 
The State Uealth Department, 
ability of the underlying so 
short Or the long term. 

0 

the CVwRF Board.,?and others doubt 
1 to support the tailings either 

the 
n the 

o Comment a 
The Soil will have little bearing strength unless it IS 
Precompacted by covering the site with a large mound of earth 
for at least three years. Otherwise uneven settling Will cause 
the. liner and cover to fail. There is also the possibility of 
mud waves (permanent ridges surrounding the site caused by 
underlying soil moving laterally out from under the pile), and 
there may be interference ,with normal bground-water -flows in the - - . 
area 6aUSing unpredicted surface *and subsurface characteristics.c.- 
(1, 15, 204, 206, 207, 209) 

_ _  - 
o Response a I. I 

The potential'does exist for the development of areal 
settlements (analyses indicate approximately 2 inches) 
immediately adjacent to the stabilized mound. Thus, it may b t  
necessary to offset the mound a .safe' distance from the 
adjacent roadways and critical utility lines. 
require some slight modifications to the location and general 
configuration of the stabilized area as is shown on Figure A-16 
of the DEIS and updated in Appendix A of this E'EIS. However, 
these modifications should have essentially no effect upon the 
feasibility of the conceptual scheme. 

This could 

Analyses to date indicate that the mjority of the settlement 
associated with the construction of the stabilized mound would 
occur during the three-year period predicted for the required 
earthwork operations. Thus, 'long-term. settlement which could 
affect the integrity of any future facility should not be a 
problem. 

It is recognized that there are %argins of error. or mrisksm 
associated with these analyses and that with additional field 
and laboratory' analysis these 3nargins of error. or -r isks. 
could be reduced. The State of Utah has indicated that 
differential settlement may indeed be more of a concern than 
indicated by the engineering analyses included in this EIS. If 
preloading were to be required, based upon engineering analyses 
and cost estimates prepared by the state, an additional 3.0 
million cy of fill would be needed for about 2.5 years to 
preload the site prior to tailings placement (letter from State 
of Utah Department of hansportation to the Department of 
Health, December 19, 1983) .  
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Preloading would result i n - a n  increase i n  short-term impacts 
beyond those identified in:the EIS. 
primarily i n  t r a f f i c ,  combustion and. particulate emiss'i'ons, 1 
noise, and s o i l  requirements. Employment (and economic' factors) 
would be r e l a t i v e l y  similar in magnitude although impacts would 
occur Over a longer time span. 

Increases would @cur 

o a  . . .A - .. ., 
.. . . .L 0 Comment b 

The statement on page A-3s .. :if a liquefaction incident were 
to occur i n  one of  the discontinuous 'soil' layers littlg'evidence 
of liquefaction would be apparent and -damage to the. S l t 6  would 
not be expected . . .. is inaccurate. (209, 2 1 4 )  . i L  . 

o Response b - 3 -. ;.x?B.iga . .._ . , -. .- 

The quoted statement was based upon the results of pre+nar.y 
f ield investigations which indicatedxonly isolated; diaeont-.- 
inuou8,zones of potentially l i q u l f i a b l e  .soils.-. hte;' f@chC*?, .  
minima1~'topoqraphic r e l i e f .  w i t h i n  :the$ s i t e  area; ' it-'iS"E''S 
opinion that the liquefaction -of these: zones would not"3nduce 
any s i g n i f i c a n t  l a t e r a l  displacements which c o u l d  have $the 
potential to damage the subbase or protective cover. PUtthet, 
the areal settlement resulting from the densification of these 
zones should be minimal. 

. 

6 . 7  THE wI.QGIC AND HYDROLOGIC SUITABILITY OF THE SOUTH C L f n  SITE 

There were 3 written statements and 5 oral ones that commented on 
the s u i t a b i l i t y  of the South C l i v e  s i t e  for f inal  disposition of the 
t a i l i n g s .  The issues brought up are outlined below together w i t b  the 
DOE'S responses t o  these concerns. 7. I 

1. Comment. , 2 P  
r<  .- 

Several persons, including a representative of -le County, said 
that the data base on which the analysis of the site w a d  made 16 
inadequate. b& weather data were taken a t  the s i t e ;  inatead. the 
weather was inferred from records taken a t  stations pany ni4es 
away. Nothing is known about the deep underlying geology. mere 
are a number of ranches i n  the area not mentioned i n  t40 DBIS. (6,  
11, 1 4 ,  209) 

Response 
Before gathering the data that support this PEIS, DOE contractors 
reviewed Utah and NRC requirements that are applicable to a i r  
q u a l i t y  and meteorology. 
U t a h  State Xealth Department Bureau of Air Quality and the NRC. 
Bureau of Air Quality agreed to the use of exist ing S a l t  I s k c  C i t y  
meteorological information for the Vitro r i t e  and the use of 
Wendover Air Force Base meteorological data for the South C l i v e  
s i t e .  
s i t e ,  i t  is k n m  that the unconsolidated Quaternary deposits k l o u  
the s i t e  are a t  l e a s t  SO0 f e e t  thick. The properties Of this layer 

This review included discussion8 w i t h  the 
me 

Regarding the deep, underlying geology of  the South C l i v e  
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alone would thus determine the suitability of the South Clive area 
for uranium mill tailings disposal. 
in the DEIS: 
residences within 15 miles of the site; to the WE's knowledge, no 
new residences have since been established. 

Regarding ranches not mentioned 
the-DOE. surveys in 1980 identified no permanent 

2. Comment. 
Several commenters stated that the site is hydrologically 
unsuitable. 
feet; but during the time the hearings were being'held, water was 
standing on the surface and this happens every year 'at"-this time. 
Also, long-term climatic variations, such as have-occurred in the 
last 1000 years, might substantially raise the'water table. ( 6 ,  2 1 4 )  

The DEIS says the depth to water varies-from 20 to 3 5  

2 ' r .  - ' .  Response . 
The surficial materials underlying the South CSive-site consist of a 
three- to twelve-foot surface.layer of sandy to clayey silt over 
lacustr ine sands and silty clays. - Because of"the 1~od"permeability 
of the surface materials, ponding and the &currence of standing 
water seasonally are expected. 
and is not a surface representation of the water table. 

The ponding-is due to surface runoff 

As described in Appendix A to the DEIS, and Appendix D of the PEIS, 
the depth to the ground water as observed in both cased monitoring 
wells and in open boreholes drilled during the gcotechnical program 
at the South Clive site ranged from 20 feet in boring number SC-2 to 
more than 30 feet in boreholes SC-4, s-9, and SC-10. Fluctuations 
in the depth to the water table in all monitoring wells and open 
boreholes were small, ranging from 0 . 3  feet in boreholes SC-6 and 
SC-13 to 2.9 feet in borehole SC-1. Borehole8 SC-1, SC-6, and SC-13 
were monitored over nine, five, and two months, respectively. The 
water levels in these wells were monitored by the state of Utah in 
1983 and were found to be the same as reported in the DEIS. 

It is agreed that long-term climatic variations, although 
unpredictable, might cause a substantial rise in the water table. 
The effect of such a rise on the stabilized tailings is unknown. 

3. Comment. 
The inevitable Contamination of the ground water at the South Clivc 
site will affect drinking water supplies at Toocle, Grantsville, and 
Cloverdale. (4  1 

Response. 
The South Clive site is located in an area of rtqional ground-water 
discharge. 
toward the playas to the west of the rite. 
direct impact on drinking water supplies at Tooele, Grantsville, or 
Cloverdale is extremely remote. Purther, analyses of the 
ground-water samples from the monitoring wells mmpleted on the 
South Clive site indicate that the water does not meet either State 
of Utah or U.S. 

As a result, the primary direction of flow Is upward and 
The potential for any 

EPA primary and secondary drinking water standards r -  
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and is not suitable for domestic use without-extensive- treatment. 
For instance, total dissolved solids concentrations-ranqe-from about 
20,000 to amre than 45,000 mg/l compared to the U.S. EPA secondary 
drinking water standard of 500 mg/l. 
Sodium, chloride, sulfate, strontium, and other dissolved-.salts. 

Ihe vater is very high in 

4. Comment. 
A 100-year flood would wash the tailings away, if they are disposed 
of at South Clive; 
against this possibility, because such washes are-filled up again 

The absence of dry washes is not evidence 

between these.extreme events. (12) .. 
I - . .  . _. . Response. ... - .  

This- subissue was addressed in the DEIS and is addr.essed -in: this 
PEIS in Subsection 5.3.4 of the main text. In summary, analysis of 
a Probable Maximum Flood (a storm event far in excess-ofx-a: 100-year 
flood) indicate that the erosion barrier will protect the; disposal 
site. 

5. Comment. 
A group pointed out that the local hydraulic gradient is to the 
northeast, which may imply that the local shailov water is not 
supplied by recharge at the foot of the Cedar Mountains to the 
east. They inferred from this that seepage from the site, if 
unchecked, would cause a ground-water mound to form at the 
mountains, resulting in an undesirable change in the groundwater 
flow regime with a consequent rise of the water table at the site. 
(110) 

Resmnse . 
The cause of the northeasterly hydraulic gradient in tho unconfined 
aquifer at South Clive in unknown. However, tven.lt the-disposal 
site were to be a 200-acre lake instead of relatively dry materials, 
there is no possibility that it could m ~ a ~ ~ e  a ground-water mound to 
form at the mountainsm more than 3 miles away to the northeast. Ihe 
natural 8ources of recharge of the shallow aquifer would utterly 
dominate the emall contribution from site seepage in determining 
change6 in the groundturter/flow regime. 

6, Comment. 
A Utah state geologist said evapotransiration is unlikely with the 
water table at a depth of 25 to 35 feet. (211)  

Response 
The DOE agrees that evapotranspiration from the water table is not 
likely, 
fate of local rainwater, some of which is transpired by the thin 
cover of vegetation. 

However, evapotranspiration is an important process in the 
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7. Comment. 
An advantage of the South Clive site is the local availability of 
cover material. (110) 

Response. 
Agreed. 

6 - 8  THE SEISMIC SUITABILITY OF THE VITRO AND SOUTH CLIVE SITES 

There were 6 written statements and 6 oral ones that commented on 
the seismic suitability of the Vitro site for the stabilization of the 
tailings in place or the South Clive site for final disposition of the 
tailings. 
DOE'S responses-to these concerns. 

The issues brought up are outlined below together-with the 

1. Comment. 
The seismic data bases for both'the Vitro and South C l i v e  sites are 

I \- -a 

inadequate. There have been no serious seismic studies. (I, 6, 
206, 212) 

Response. 
Seismic analyses have been performed and the results included in 
this FEIS as Appendix H. 
in Subsection 5.3.4 have been amplified. 

The analyses of impacts of seismic events 

2. Comment. 
A seismic event near the Vitro site, probable because of the 
nearness of the Wasatch fault, could damage the tailings pile, the 
proposed liner, and the ground-water regime at that site. Increased 
seepage could then result in contamination of the ground water; the 
State Health Department envisions a possible 'direct pathway from 
the tailings to the ground water.. (1, 15, 20, 206, 207, 211) 

Response. 
The issue of seismic damage to the tailings pile through slope 
failure is addressed in Appendix H, and is summarized in Section 
5.3.4 of the text. The DOE agrees that liner system failure could 
occur during extreme seismic events (Maximum Credible Earthquake, 
1000-2000 years return period) in which liquefication of underlying 
sand lenses would induce differential movement of the liner system 
and embankment (a few inches). It is also agreed that extreme 
seismic events could change the ground-water regime at the sites but 
such changes would result in insignificant contamination of ground 
water from the tailings pile because of the design and existing 
water quality. (See Apgendix D.3.2 for water-uality data). 

3. Comment. 
?he locations of three earthquakes are incorrectly given. The 
governor said, 'Serious miscalculations render the seismic analysis 
invalid.' (209, 214) 
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Response. 
This- issue arises from the following comment regarding material $? 
pa9e158- and- In Table 4-1 of the DEIS: . .  

M Y  22, 1910 earthquake was probably at about 40O44.94'- 
and 11lo50.95', well south of Bountiful and about 5 km from - 
the Vitro site. It had an estimated magnitude of 5.7. The-- 
November 10, 1884, earthquake was-not in Bountiful, but near 

- the Utah-Idaho border. Ihe March 28, 1975, event was at- ' 
PocatellO Valley, not Pocatello, Idaho. 
clearly indicate that the December 1, 1958, earthquake was 
near Nephi. 

Damage reports 

The errors in pinpointing the locations of t h e s - ' ~  

"negate the validity of the seismic risk analysis.. - > -  - ' "'xk 

latter three events is2$r-ound 100--km.. These gross errors-- 7 - xz y 

The May 22, 1910, earthquake is listed in .Earthquake €iistoryiOf the 
United States. (Coffman. and..von, Hake,- 1973; NOAA, 1982a) as hading its 
epicenter.located at 40;8-degrees north latitude and 111.9 deqtees west 
longitude, which is slightly more than 6 miles (9.7 kilometers) north of . 
the Vitro site and about 7 miles (11.3 km) south of downtown Bountiful. 
The epicenter location is in the extreme northwest part of Salt Lake City. 

The location and distance from the Vitro site of the epicenter for the 
November 10, 1884, earthquake was taken from the NOM (1982a) computerized 
.Earthquake Data Pile.. This listing is in error. Ihe  true epicenter 
location is near the Utah-Idaho border in M a r  Lake Valley, about 95 miles 
north of Salt Lake City. 

The word .Valley. was inadvertently left out of the location for the 
March 28, 1975, earthquake. 

Again, the .Earthquake Data Pile. (NOAA, 1982a) lists the earthquake Of 
December 1, 1958, as having its epicenter at 40.5 degrees north latitude 
and 112.5 degrees west longitude on the vest side of the TOOCle k W  
Depot. 
located in the St. John area, which is near the location listcd-by N O M .  
Both of these locations are situated approximately 5s to 60 miles north- 
west of Nephi. 

The historical seismic record is used to define regional seimicity as one 
portion of preparation of the input for a probabilistic seismic risk 

Ihe model makes no direct use of any single historic event and, 
because of restraints in the development of the input parameter, the 
possible mirlocation of a single event will have almost no influence on 
the results of the analysis. 

Cook and Smith (1967) also list this event a6 having it6 epicenter 

. study. 

4. Comment. 
The Utah Geological and Mineral Survey believes that most of the earth- 
quakes in Utah-cannot be correlated with surface faults. They ask what 
reference indicates that .amre than 90 percent of the earthquakes which 
occurred in Utah between 1950 and 1965 were located along or in 
association with known fault zones?. (209, 214) 
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Response. 
I t  is ag reed  that  t h e  p r e v i o u s  cited i n t e r p r e t a t i o n  by Cook i n  1970 is 
mis l ead ing .  
c o n s i d e r e d ,  both small and l a r g e  magnitude e v e n t s ,  most e a r t h q u a k e s  i n  
U t a h  c a n n o t  be Correlated w i t h  surface f a u l t s .  I t  mus t  be n o f e d ,  however, 
t h a t  for most l a r g e ;  damaging e a r t h q u a k e s  i n ' t h e  Bas in  and Range P r o v i n c e ,  
such  a s  the 13cE c o n s i d e r e d  f o r  the V i t r o  s i te ,  i t  is common and 
p r e d i c t a b l e  that s u r f a c e  f a u l t i n g  w i l l  r esu l t .  I t  is a l s o  r e a s o n a b l e  to 
conc lude  t h a t  it is common f o r  t h i s  surface rupture to  occur a l o n g  f a u l t  
s y s t e m s - w h i c h  e x p r e s s '  geomorphic features of p a s t ,  g e o l o g i c a l l y  young 
a c t i v i t y ,  s u c h  as  t h e  Wasatch f r o n t a l  f a u l t  system. 

It is a lso- t rue  t h a t  if t h e  t o t a l  seismic record is 

5.  Qmment. 
The EPA, the  Governor-, and t h e  Utah Geological and Mine ra l  Survey  wrote 
about a c c e l e r a t i o n  va lues .  , ,* . . . '  

o Commenta 
The 21  p e r c e n t  estimate f o r  h o r i z o n t a l '  bedrock a c c e l e r a t i o n  is i n v a l i d  
because t h e  Vitro si te is n o t  located on  r o c k .  (209, 214) 

- 
o Response a 

The h o r i z o n t a l  bedrock a c c e l e r a t i o n  of 23 percent g ( n o t  21  p e r c e n t  g )  
was based  on  a 90 p e r c e n t  chance  of nonexceedance i n  50 y e a r s  a t  the 
Vitro si te:  it was c a l c u l a t e d  t h a t  t h e  p r e s e n c e  of deep ,  s a t u r a t e d  
a l l u v i u m  between t h e  s i te  and bedrock would reduce this a c c e l e r a t i o n  
s l i g h t l y ,  to a b o u t  20 p e r c e n t  g (see page 116, 4 t h  p a r a g r a p h ,  of the 
DEIS). Seed and o t h e r s  (1976) found t h a t  peak  a c c e l e r a t i o n s  between 
0.1 and 0.7 g a t  s i tes  where r o c k  is exposed a t  t h e  ground s u r f a c e  
t e n d  to exceed  p e a k  a c c e l e r a t i o n s  a t  the ground s u r f a c e  where sites 
a r e  u n d e r l a i n  by more than  80 meters o f  soil .  T h i s  is c o n s i s t e n t  w i t h  
t h e  recommendation p r e s e n t e d  on page 116 ,  to u t i l i z e  a d e s i g n  
a c c e l e r a t i o n  of 0.2 g f o r  t h e  Vitro site. 

o Connncnt b 
The SO-year s t a n d a r d  f o r  h o r i z o n t a l  bedrock a c c e l e r a t i o n  is used  f o r  
c o n s t r u c t i o n  purposes b u t  is n o t  a p p l i c a b l e  to t h e  Vitro disposal 
c o n f i g u r a t i o n .  A more r e a s o n a b l e  approach  f o r  t h e  Vitro s i te  is the 
u s e  of t h e  250-year,  90 p e r c e n t  p r o b a b i l i t y  s t a n d a r d .  'Par bedrock 
t h e  v a l u e  would be 60 p e r c e n t  9.' (209, 214) 

o Response b 
The SO-year s t a n d a r d  f o r  h o r i z o n t a l  a c c e l e r a t i o n  (i.e., 90 p e r c e n t  
p r o b a b i l i t y  of n o t  exceed ing  20 p e r c e n t  g i n  SO y e a r s )  was used  i n  the 
DEIS for the c o n c e p t u a l  d e s i g n  f o r  A l t e r n a t i v e  2 because it was 
b e l i e v e d  t h a t  the s t a b i l i z e d  p i l e  would n o t  be c l a s s i f i e d  as  a 
mCri t ica lm structure,  such as a h o s p i t a l ,  a r c h i v e s ,  or any other 
s t ructure  i n  which ex t r eme  seismic e v e n t s  c o u l d  cause loss of l i f e  or 
damage to i r r e p l a c e a b l e  r e s o u r c e s .  I t  is possible t h a t  i n t e r p r e t a t i o n s  
o f  f i n a l  EPA S t a n d a r d s  may r e q u i r e  a d e s i g n  that  meets t h e  250-year ,  
90 p e r c e n t  p r o b a b i l i t y  o f  nonexceedance of a p p r o x i m a t e l y  40 p e r c e n t  9; 
the i m p l i c a t i o n s  o f  t h i s  are d i s c u s s e d  i n  Appendix H o f  t h i s  PEIS. 

' 
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.I 

o Comment c . .. 

. The =EPA questioned: the maximum-selsmic'acceleration be1rigzo.2g at bc 
A .  .be .." . Vitzo and: South.Clive .sites2- "Since'the Vitro site i5,much close; 
to an active fault, this appears unreasonable. (204) . . ~ . ,  

Since publication of the DEIS, detailed seismicity studies. have been 
completed and are included in-Appendix 8. These studies have found 
that the front of the Wasatch Range is apparently a stiil-active 
normal fault. 

, 

accelerations in rock of as much as 0.3 g to 0.55 g at.lth&.Vitro 
site.. TheiSouth clive-.site~,.is also rtxated in a region wh;ich contains 

-. act ivd. faulting ; however:, maximum' .expected. .acceler a tiom3 &'f bedrock 

- r. o Response c -. 

Motion on it or its tributary faults could,,.produce 

L .2,  -- .. . . 

wo'uld. approximate 0 . 3 7  9. . -  - .  

. 1 -eji c 
0 Comment d 

, The UFS, assigns-. a.<value: for :thet iWasatch;.F'ront' for- hoii3onial bedrock 
ac%celeration w i t h  a 90 percent probabtl-ity of-not being ex%eeded in 50 
years o f  27-percent g. (214) 

o Response d 
Algermissen and others (1982) have developed horizontal acceleration 
estimates in rock with a 90 percent probability of not being exceeded 
in 10, 50, and 250 years. Their estimates are 0.09, 0.22, and 0.55 
percent of gravity, respectively, for the Salt Lake City area. The 
average return period for these accelerations are 232, 475 and 2,372 
years, respectively . 
The use of different design earthquakes for different types of facili- 
ties has been actively discouraged (Newmark and Hall, 1973). Instead, 
higher factors of safety should be used for more critical--facilities. 

The actual level of acceleration for the Vitro site ahould not be a 
major issue. Seed.(1979) showed that well-engineered earth embank- 
ments designed using a lateral force coefficient of 0.10 to 0.15 arc 
readily able to safely withstand ground motions that are produced in 
the near-field region of a magnitude 7 to 7.5 earthquake. 

6. Comment. 
The Governor and the Utah Geological and Mineral Survey wrote about 
earthquake magnitudes and ground response. 
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o Comment a c 

A statement i s  not true that  refers to.earthquakes i n  Nevada and 
WyOmingr 'Each of these earthquakes was of a magnitude comparable with 
w h a t  might  be expected to be t h e  maximum event produced by the 
faulting along the front of the Wasatch Range.' (209, 2 1 4 )  

o Response a 
This issue has been reevaluated and i s  discussed i n  Sections 4-5.4, 
5 . 3 : 4 ,  and Appendix H. 

0 Comment b 
A c r i t i c a l  structure such as t h a t  proposed for the Vitro s i t e  should 
anticipate  a magnitude 7_.5 event occurring i n  the S a l t  Lake Valley. 
(209, 2 1 4 )  

o Response b 
In Appendix H of this FEIS, it is concluded t h a t  there i s  a reasonable1 
p o s s i b i l i t y  of a magnitude 7.0 or greater earthquake occurring along 
the Wasatch Front w i t h i n  the next 200 years. h e  consequences of such 
an earthquake for the integrity of the tailings-disposal structure 
proposed i n  Alternative 2 are also discussed i n  Appendix H and Section 
5 . 3 . 4 .  

o Comment c 
Ground responses a t  s i t e s  on thick saturated alluvium such as e x i s t s  
beneath large parts of the S a l t  Lake City area can be ten times 
greater than a t  adjacent rock s i t e s .  (209, 2 1 4 )  

o Response c 
The 'ground responses' are acceleration, speed, and displacement. In 
thick, saturated alluvium horizontal accelerations are l i k e l y  t o  be 
s l i g h t l y  attenuated r e l a t i v e  to adjacent locations on bedrockt on the 
other hand, displacements could be amplified r e l a t i v e  to bedrock 
s i t e s .  Horizontal accelerations are the main cause of slope f a i l u r e .  

7 .  Comment. 
A private c i t i z e n ,  i n  reference to discussion of seismic a c t i v i t y  of the 
Wasatch Fault during recent time, said, 'This recent a c t i v i t y  has been 
happening for the l a s t  ten thousand years. Okay? I t  hasn't been. . . 
recent as i n  twenty years.' ( 5 )  

Response. 
To g e o l o g i s t s ,  'recent' means the Recent (Holocene) epoch, the 7 to 12 
thousand-year period of time since the l a s t  i c e  age ended i n  North America. 

8 .  Comment. 
Another private c i t i z e n  f e l t  t h a t  i f  the s i t e  i s  seismically suitable for 
buildings and sewage plants, then i t  should also be suitable for 
s t a b i l i z a t i o n  i n  place of the mill t a i l i n g s .  ( 2 6 ) .  

Response. 
See paragraphs b and d of the response to Issue 5.  
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6.9 ENGINEERING DESIGNS 

There were 16"written and 21 oral statements that commented on various 
aspects of the engineering designs for the tu0 action alternatives. 
summarized below, together with the DOE'S responses to these comments. 

These are 

1. Comment. 
Several comments focused on the design of Alternative 2, stabilization in 
piace. 

o Comment a 
The design for stabiliaation in place at the Vitro site makes no 
allowance for soil settling under the pile and for consequent failure 
of the liner, damage-to roads, and disruption of utilities. 
212) 

(19, 209, 

- - 
o Response -a- 

The engineers who drafted the conceptual design for Alternative 2 
calculate that up to 2.7 ft of soil settling under the center of the 
pile could be expected. Since the p i l e  would be constructed in 
segments over a 2.5-year period, adjustments for differential settling 
of the liners under each segment could easily be made. There would be 
no damage of roads or disruption of utilities (the latter would be 
rerouted around the pile). 
pile will only be on the order of 2 inches. 

calculated settlements at the edge of the 

o Comment b r 

The governor and others pointed out that the DOE has made no cormit- 
ment to a liner, but that since the tailings are now in contact with 
ground water, a liner is definitely needed. (6, 18, 202, 204, 209, 
212) 

L 

o Response b 
See the responses to Issues 4 and 5 in this aection. 

o Commcntc 
.Darn failure should be considered. If this factor i8 added to a 
probable aaximum flood in progress, floodwater velocities could reach 
seven (7) feet per second, thereby creating an erosion hazard.. (214) 

o Response c 
The two existing major structures whose failure may result i n  flooding 
conditions in the Jordan River Basin are the Deer Creek Reservoir on 
the Provo River and the outlet gates on Utah Lake at the hcadvaters of 
the Jordan River. 
are given below: 

Salient features of these two surface vater bodies 
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Storage Surf ace 

Name Stream bcation Height (ft) (ac-ft) (acres) 
Approx. Capacity Area 

161,000 --- 150 Deer Creek Provo River 25 miles u p  
Reservoir stream of 

Utah Lake 
Utah Lake Jordan River Headwaters 18 ft at Lake 1,369,894 107,538 

el. 4494.0 898;OOO 95,000 
. ,  : - -13.34 ft.-at - 

el. 4489.34a 
- Lake ' I 2.. 

a 4489.34 ft is the compromise lake-elevati-onL;at which the outlet 
gates are opened agreed upon by the affected landowners and water 
users . 
In addition, two proposed reservoirs, the Lampton Reservoir and 
Jordanelle Reservoir, are at different stages of planning. The 
Lampton Reservoir is proposed to be located on the Jordan River at 
about 9800 South upstream of Salt Lake City and downstream (north) of 
Bluffdale with a storage capacity of 48,000 acre-ft, reservoir surface 
area of 2,310 acres, and maximum and mean water depths of 56 and 
20.8 f t, respectively. According to the Dam Safety Branch of the Utah 
State, the probability of this dam being constructed is very low. The 
Jordanelle Reservoir is proposed to be located on the Provo River 
about ten miles upstream of the Deer Creek Reservoir, with a storage 
capacity of 325,000 acre-ft. According to current practice, the 
consequences of the failures of these proposed dams-_will be analyzed 
in detail well before the authorization of construction and the final 
designs of the respective dams will ensure that any significant 
adverse environmental impacts resulting from their failures are miti- 
gated to acceptable -1s. At the present time, the location, size, 
feasibility, and details of construction of these dams have not been 
finalized. Therefore, evaluation of the impacts of postulated dam- 
break scenarios for these nonexistent facilities is not considered 
necessary. 

Based on analysis of similar dams (Fread, 1979), the floodwaters 
released by a complete breach in the Deer Creek Dam will be fully 
absorbed by the valley storage in the 25 mile-long floodplain of the 
Provo River between the dam and Utah Lake and will not result in a 
rise of more than 1.S ft in the water surface elevation of Utah Lake. 
Therefore, it is-conclude*f- that the impact of the failure of Deer 
Creek Dam at the Vitro , which is approximately 25 miles 
downstream from Utah L will be insignificant. 
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A conservative estimate of the flood Wave released by a complete 
failure of the outlet gates on Utah Lake indicates that the peak flob 
would be 128 cfs/ft on opening when the lake is at the maximum 
elevation of 4494.0 ft and 82 cfs/ft when the lake 1s at the 
compromise elevation of 4489.34 ft (US Army Corps of Engineers, 
1977). 
than the overall span of the outlet gates, will result in a peak flow 
Of 12,800 cfs. This is only three percent of the PMF peak and will be 
greatly attenuated by the valley storage between Utah Lake and the 
Vitro site. Therefore, even if the occurrence of the PMF peak on the 
Jordan River coincides with the peak of the dam-break flood waver the 
flow velocities and erosion potential at the Vitro site will be nearly 
the same as those for the PMF-conditions alone. It must be emphasized 
that the above-mentioned coincidence.is an event of extremely LOW--.-- 
probability. 
destroyed by the- flood flows preceeding the PMF peak and the peak of 
the resulting dam-break flood wave would pass the Vitro site We11 
before the PMF peak. 

Regardless, the embankment as designed will withstand 14 fps without 
loss of the erosion barrier. Appendix A contains the details of this 
analysis. 

Thus, a postulated opening of 100 ft, whlch is slightly more 

The outlet gates at Utah Lake would most likely be 

L 

2. Comment. 
Several comments focused on the design proposed for Alternative 3. 

o Comment a 
Burial at South Clive would not be deep enough. At lros Alamos, low- 
level waste is buried 40 feet deep. (11) 

o Response a 
The lorlevel radioactive waste produced by Ias A l m s  National 
Laboratory is occasionally much .hotter. (i.e., greater specific 
activity than uranium m i l l  tailings) and contains more mobile 
contaminants, such as tritium. These wastes warrant deeper burial, 
which is possible at Las Alamos because the water table under the 
Pajarito Plateau is several hundred feet below the surface. At the 
South Clive site ground water can be found within 25 to 35 f&t of the 
surface, albeit of poor quality. 

' 

o C o m w n t b  
Dewatering the site during construction will be necessary and should 
be considered. ( 6 )  

o Response b 
It is agreed that dewatering of the site will be necessary: this is 
included in the description for Alternative 3 in Appendix A and 
Section 3.2.4. 

o Comment c 
A liner is needed to protect the ground water from contamination. (6, 
110) 
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0 

0 

0 

0 

Response c 
See- responses to Issues. 4 and 5 in this section: . 
.. 
Comment d 
The DEIS says that the soils at the South Clive site are unsuitable 
for reestablishing a lasting, self-sustained vegetation. 
that the local vegetation forms- "an. important ground cover and 
deterrent to soil erosion..." 
contradict ion. ( 110) 

It also says 

The DOE should clarify this apparent 

% 

Response d 
m e  importance of the native vegetation's role in deterring soil 
erosion was perhaps overstatedzhert. The relative flatness of the 
terrain is probably the-major deterrent to soil erosion.' Indeed, 
6uth'Clive appears to be a depositional area (where soil is be -7 
deposited), rather than-a deqradational area (where soil is bel 
removed). The South.Clive. soil8.are unsuitable for establishins 3 
self-sustaining vegetation cover of any species but the native ones. 
A final cover layer of pit run rock will prevent erosion of the 
disposal embankment, without the need for a self-sustaining vegetative 
cover. Section A.6.2 has been revised to clarify this issue. 

Comment e 
On page 118, the statement 'for transient loading conditions such as 
the ones imposed by earthquakes, acceptable factors of safety ranqe 
from 1.0 to 1.3 is incorrect and in conflict with page A-69 which 
indicates that a factor of safety "well in excess of 1.5 is generally 
accepted as the recommended minimum to ensure stability.. (209,  214) 

Response e 
In a review of pertinent geotechnical references and requirements set 
forth by regulatory agencies, the acceptable factors of safety for 
transient loading conditions, such as those imposed by earthquakes, 
appear to vary between 1.0 and 1.3. The most pertinent reference is 
that cited by the Nuclear Regulatory Commission in wtrich a minimum 
seismic factor of safety of 1.0 is recommended for the design of 
uranium tailings disposal facilities. An additional pertinent 
reference is that cited by the US Mine Safety and Eealth Administration 
(MSHA) for the design of mine-related embankment systems. Pot these 
facilities a minimum seismic factor of safety of 1.2 is recomnrended. 

The above statement is not in canflict with page A-69 (of the DEIS) 
which indicates that a minimum factor of safety of 1.5, 'is generally 
accepted as the recommended minimum to ensure stability." This latter 
statement is in reference to the overall stability of the slopes 
associated with the excavation at South Clive. The quoted factor of 
safety pertains to sustained or static loading conditions and does not 
consider the potential application of seismic loads. 
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. . _  -- 3 .  Camment. 

S a l t  Lake+ County- vould  n o t  have permitted- a s a n i t a r y  l a n d f i l l  to be 
c o n s t r u c t e d  a t  a s i t e  v i t h  as shallow groundwater a s  t h e  V i t r o  siFe or 
w i t h  a s  inadequa te  and u n c e r t a i n  a d e s i g n  a s  t h i s .  
to a l i n e r  (and even then  u n c e r t a i n t y  as t o  its e f f e c t i v e n e s s )  and no  
S l U r t y  W a l l  s u r round ing  t h e s s i t e .  
be required to have a l e a c h a t e  c o n t r o l  system; none is provided  for i n  
t h i s  d e s i g n .  (1, 15 ,  23)  

Response. 
The i m p l i c a t i o n s  of  t h i s  i s s u e - a r e  that  t h e  eng inee r ing  d i f f l i c u l t i e s  and 
hazards q s s o c i a t e d  wi th  a l a n d f i l l  are s ign t f i can t ly , . , l p s s  -th2n those of a 
t a i l i n g s  d i s p o s a l  site. 
l a n d f i l l  i s  p a r t i c u l a r l y  s e n s i t i v e  to s e t t l e m e n t  and leachate p r o d u c t i o n  
because of t h e  h i g h l y  porous  n a t u r e  o f  the f i l l :  t h i s  isano$;4ao /or a 
6tabi l ized p i l e .  
i n  the. ,dcslqn:because it woul'd - r ~ f ; r e  a c t i v e  maintenance which i o  
c o n t r a r y  to EPA -standards.i- '  -These - - n y s t e m s * " t ~ i c a l l y  r e q u i r e * &  u n d e r d r a i n  
to collect! l e a c h a t e  t h a t  f l o u s - t o  a sump; l e a c h a t e  is t h e n  pumped from 
benea th  the s o u r c e  (fee., p i x e )  for t r e a t m e n t  and d i scha rge ;  F u r t h e r ,  the 
d e s i g n  and g r o u n d w a t e r  a n a l y s e s  i n d i c a t e  t h a t  such  a sya tem,uould  n o t  be 
needed because of t h e  ve ry  long  time period (700+ y e a r s )  b e f o r e  
c o n t a m i n a n t s  would reach t h e  ground water i n  low c o n c e n t r a t i o n s .  (see 
Appendixes A and D) . 

There-is no  commitment 

A s a n i t a r y  l a n d f i l l  i n  t h e  v a l l e y  vould 

,. 
->-;e. I : 

t. 

_ -  
ThtsAis n o t  n e c e s s a r i l y  true,yz:,, F?T-example, a 

Regarding .a l e a c h a t e  c o n t r o l  system,?-none was inc luded  
: l L +  - 

4.  a m e n t .  
There vas some d i s c u s s i o n  abou t  l i n e r s  and s l u r r y  v a l l s ,  mos t ly  doub t ing  
t h e i r  c f f  i c a c y  and l o n g e v i t y .  

o Commenta  
A few o f f i c i a l s  s a i d - t h a t  i f  a l i n e r  is not  u r d  a t  t h e  V i t r o  a i t e ,  
presumably a s l u r r y  w a l l . u o u l d  be; however, t h e  e f f i c a c j i  of 8 8 l U t r y  
w a l l  depends  upon maintenance of an  upward h y d r a u l i c  g r a d i e n t .  (18, 
202, 204) 

o Response a 
The DOE has  made a coannitment to u s e  a l i n e r  sys tem i n  t h e  d e s i g n  o f  
A l t e r n a t i v e  2 of  t h i a  PEIS. 
e f f i c a c y  of a s l u r r y  wal l  depends upon maintenance o f  an u p a t d  
h y d r a u l i c  g r a d i e n t .  was stated i n  the DEIS; S u b s e c t i o n  5.4.3. 

Although a Boot p o i n t ,  the fact t h a t  . the  

0 Comment b 
S t i l l  and a l l ,  l i n e r s  have n o t  been tested enough wi th  m m s t e r i a l s  of 
u n t e s t e d  q u a l i t y  such a8 t h e  Vitro t a i l i n g s . .  (209, 212) 

o Response b 
The DOE a g r e e s  that  b e f o r e  ua ing  any material i n  a liner ayatem, 
s t u d i e s  would have to be performed to de te rmine  the chemical and 
p h y s i c a l  compatibility of a v a i l a b l e  l i ne r  m a t e r i a l 8  w i t h  the tailings. 
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Comment c 
A liner cannot guarantee the integrity of the aquifers in perhtuity. 
(107, 211) 

Response c 
Agreed. However, worst-case analyses (Appendix D) indicate that 
arsenic, uranium, and molybdenum would cross the liner system in very 
low concentrations in 700+ years. 

Comment d 
One citizen felt that 'the proposal to underlay the tailings (option 
2) with clay is ridiculous.' 
and basement layers of clay and will not filter out arsenic or other 
pollutants. (2) 

Water will penetrate both the Surface 

Response d 
A liner System serves tuo purposes: 1) it retards water flow across 
it; and 2) by absorption it inhibits the transport of certain 
dissolved elements. 
than, say, a layer of sand in the presence of equal pressure heads; 
clay and rocks formed of clay (shales) are said to be relatively 
impermeable. In addition, some of the elements dissolved in the water 
are strongly adsorbed on the surface of the clay particles because of 
the enormous surface areas offered by the foliar clay granules. The 
net effect of a liner system is to greatly slow down the escape of 
contaminants from within the-containment volume to adjacent soils. 
Por example, dissolved arsenic is transported through typical clays at 
speeds that are 1/300 to 1/120 of the water speed. 

Water flows less rapidly through a layer of clay 

Comment e 
The DEIS demonstrated the seepage attenuation properties of a clay 
liner for Ra-226 (Figures A-11, A-12, A-13). %a-226 is a notoriously 
slow mover. DOE should construct seepage migration models and 
graphics to compare the rate of migration of other more mobile 
contaminants.. . .* (110) 

Response e 
Agreed. See Appendix 

5. Comment. 
Many commenters discussed 
facilities. 

o Comment a 
There is a need for a 
last for thousands of 

D of this FEXS. 

the longevity of the proposed disposal 

permanent solution. 
years, and the hazard from heavy metals will 

The radiation hazard will 

last forever. .The remedial action must be done right the first 
time.' Past mistakes should not be repeated. (1, 10, 12, 18, 23, 24, 
105, 110, 202, 206, 207, 208, 209, 211, 212) 
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6 4 4 2  
x - . - .  .: o Response a 

The DOE believes that compliance of remedial actions with EPA;,Z$- 
standards, asr mandated by PL95-60’4; %ill etfect as .permanentw a 
solution as is reasonably achievable, given limited Federal resources 
and the magnitude of the problem relative tO other national-problems. 

.- o Coarmentb 

. o  

0 

0 

0 

0 

0 

0 

X f  the stabilization in place design is chosen-,. the liner wi’ll fail, 
either in the short term because of settling of the soil under it or 
in the long term because of seismic shock. (1,.15, 19, 28, 35, 107, 

I 1. r g  
*, :,--- > - z; 2 

Y - .  ,.,... 4 ..3?q 

. -  . .  . .  
. .  

202, 206, 209, 212) _ .  
. .  . . . -  .. - . .  - . .  - 

a .  . - .  - - .  .. . _  -w%!se . b.: ‘. , 
Some -of- the consequences of. 1iner~syst~m”fai’lure. are‘discussed in 

..E?:>; 0 
Appendix D of this FEIS. 

One of‘the design options for Alternative 3 (which calls for partial-- 
belorgrade disposal, a 4-foot clay liner, a 6-foot cover including a 
2-foot clay cap, and a rtpraplined diversion ditch) will provide 
protection for the recommended 1000 years. (110) 

_ _  

- .  br ,- ?* -$ 
, _  . f: .. .’ . **.’.- -. . . c 

\E ; Commant,c,.: .~ - <, __ . .I- _ > .  ’ . . . - 

Response c 
It is agreed that the referenced design option would provide reasonable 
assurance of protection for the 1000-year period required by final EPA 
standards. 

Comment d 
On the other hand, one citizen felt that concerns about longevity were 
unwarranted. .Due to our inexorable depletion of our resources, in 
several decades that pile will be a valuable mineral resource and will 
be mined for its mineral value.. After this future reprocessing, the 
tailings would be disposed of in a proper permanent way. (111) 

Response d 
. The possibility that resources in the stabilized Vitro tailings might 
be retrieved in the future was mentioned ’in Section 5.17 of the DEIS. 

Comment e 
A citizen witb experience in these matters felt that reliability 
engineering wao the appropriate method for determining the longevity, 
of a proposed facility. (12) 

Response e 
The techniques of modern reliability engineering are difficult to 
apply to problem8 in waste disposal because of.the many uncertain 
elements in the system of waste-and-emplacement structures (it is in 
part a natural system, not entirely engineer&), and because of the 
chronic nature of certain of the system’s .failure modes. (failure 
statistics of components are not measurable in reasonable amounts of 
time). 
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6 .  Comment. 
There were several comments about the cover to be used. 

o Comment a 
C4me d e t a i l  was asked for on the calculations made on the thickness of 
cover needed to protect the t a i l i n g s  from water , water erosion, and 
human disruption. (110) 

o Response a 
Detai ls  regarding cover thickness are included i n  Appendix A o f  t h i s  
FEIS. The p i t  r u n  rock layer on the cover w i l l  prevent erosion from 
runoff gr during the unlikely flooding events. 
prevent inadvertent hurnanVr-inttusion. 

The cover d e s i g n - w i l l  - 
,l -. , . 

o Comment b 
Sand, gravel ,  and clay are i n  short supply along the Wasatch R o n t .  
(209, 212, 214 )  - 

o Response b 
The sand, gravel ,  and c l a y  needed to complete Alternatives 2 or 3 
would be obtained from identified commercial suppliers or, i n  
Alternative 3 ,  w o u l d  be taken from on-site excavations a t  South 
C l i v e .  Based upon f i e l d  investigations conducted by the DOE and 
discussions w i t h  commercial vendors, the amount of these materials 
used would not tax supplies available i n  the S a l t  Lake Valley or 
-le County. 

7 .  Comment. 
There were several coaunents about transporting the t a i l i n g s  frocn the V i t r o  
t o  the S o u t h  C l i v e  s i t e .  

o Comment a 
One private c i t i z e n  noted that the DEIS c a l l e d  for a railway car w i t h  
'a s o l i d  covering on the top and i f  a t  a l l  possible  a sol id  floor..  
In the FZIS he would l i k e  to see 'this t y p  of container transport by 
rail and not by road be reaffirmed.. (22) 

o Response a 
T a i l i n g s  transport by truck and railroad for relocation t o  South C l i v e  
is evaluated i n  Appendix,A and elsewhere i n  this PEIS. 

o Comment b 
I 

One private c i t i z e n  asked, Where w i l l  the railroad cars go to k 
washed down and where w f l l  this dangerous, contaminated water and 
material go -- on the ground?. ( 4 )  

o Response b 
The railroad cars and haul trucks would be washed down a t  washdown 
s t a t i o n s  before leaving either s i t e .  The washdown water would be 
confined and recycled from tanks or lined lagoons. Any excess 
washdown water vould be used as t a i l i n g s  compaction water or treated 
prior to discharge. 
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Comment c 
Another c i t i z e n  suggested that instead-of'maving the material by train 
orJ'truck; 'the DOE- .could slurry i t  outsin. the pfpeline, a temporary 
pipeline.'  (SO) - .. 
Response c . -  
The DOE believes that moving the t a i l i n g s  to South C l i v e  by slurry 
pipeline would be t o t a l l y  impracticable because of the uncertainty and 
c o s t s  of obtaining rights-of-way for-such aa pipeline, because the 
t a i l i n g s  would have to be dewatered at-South.Clive  before- they could 
be covered, and because of the additionalxost'ito dispose-of the 
pipe 1 ine . .. c _ - -  

, _ _ I  

.. . 

0 

0 

0 

0 

- ,**.:, i ..?. 5 '  . A - .. 
. .. . 

comment: 
Reduce t h e ' p i l e  to grade; cover w i t h  successive.layers of bentonite 
c l a y ,  Sewage sludge, and soil; plant w i t h  the.desired vegetation. 
(40, 102) 

1 

Response a 
Except for reducing the p i l e  to grade and the use of sewage sludge, 
this Suggested variation is  essential ly  the same as Alternative 2. 
Reducing the p i l e  to grade is assumed here to mean -plate burial. 
Besides being unnecessarily expensive, t h i s  would bring almost a l l  of 
the t a i l i n g s  into contact w i t h  ground water--a rituation that the 
design of Alternative 2 avoids. The DOE sees no benefit8 i n  using 
sewage sludge as part of a cover (see paragraph 3, response to this 
issue1 . 
Cornscnt b 
Compact the material to 95 percent of its ultimate density; place a 
membrane of f l e x i b l e  materials on the base and top of each mixed and 
compacted layer; cover the p i l e  w i t h  a 9-inch concrete topping. (32) 

Response b 
The DOE assumes that the purpose of the interlayered f l e x i b l e  
membranes would be t o  reduce sett leaent  and damage from seismic 
events. In essence, Alternative 2 incorporates similar measurer.; 
t a i l i n g s  w i l l  be desatutated and compacted i n  l i f t s  on a liner syrtem, 
and w i l l  be covered w i t h  natural materials. The layers in the l iner  
s y r t e r  and m e r  will be composed of materiale that w i l l  . f lexg under 
material stresses. Natural soils were selected as  cover rather than 
concrete because concrete v i 1 1  weather more e a s i l y  mer ti# (a 
1000-year longevity standard is d i f f i c u l t  t o  demonstrate). 
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Comment c 
Relocate those. tailings (if any) which are below the-water table: 
dewater them; contour the pile to suit future users of the land; 
inject sewage sludge into the pile: cover the pile with successive 
layers Of sewage sludge, clay, and black gravel; plant native desert 
plants on the pile. (2, 111) 

Response c 
Except for the use of sewage sludge, this suggested variation is 
really not different from Alternative 2. There are several reasons 
for not considering sewage sludge as a suitable cover material or as a 
useful stabilizer for the tailings. The use of unprocessed (raw) 
sludge would increase the moisture and contaminant loads ofofhe.pile, 
produce gas pressure in the pile, increase the mobility of'certain . 

contaminants, and would probably be contrary to state standards for 
sewage treatment. Processed sludge has been treated to destroy the 
microorganisms; however, the material is organic (much like humus). 
Therefore, the material would decompose over time;increasing the 
likelihood of settlement of the cover, ponding, and radon escape. 
addition, there would not be enough processed sludge produced in the 
required time for remedial action. 

In 

Comment d 
Classify the tailings using a 'dry qirflow classifying process.' (42) 

Response d 
me benefits to be achieved by the indicated procedure were not stated 
by the commentet. No response is possible. 

Comment e 
One individual specified a layered cover he thought proper: 9 feet of 
sand and crushed stone, bot no liner. He also called for settlement 
gauges to control the rate of cover placement and to avoid embankment 
shear. (103) 

0 

Response e 
The cover suggested by this individual imuld probably meet EPA 
standards but would be (pore expensive than the cover proposed in 
Alternative 2 because of the greater volumes of material it would 
require . 
Comment f 
The ePA noticed a reference to a well 'abandoned and capped in the 
early 19608 (DEIS, page 7 2 ) , '  and commented that that well must be 
properly plugged. (204) 

Response f 
All wells to be covered by the stabilized tailings will be properly 
plugged pursuant to state regulations and procedures before the 
tailings are finally put in place. 

. . .  . ., . .  - .  . . . .  . .  
.i . ' : .,,.: , t ' i  ' * : .. , .. .. . .  
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6442  _. 
Comment g 
The Governor and his advisors said that partial burial is the state- 
of-the-art, not mounding as described in the DEIS for Alternative 2. 
mCY said further that liners should not be emplaced over-areas where 
presumably contaminated water from sump pumps has been discharged. 
(209, 212) 

Response g 
Besides being more expensive than above-grade disposal, partial burial 
Of tailings at the Vitro site would result in m r e  of the tailings 
coming into contact with the saturated zone and, consequently’, an 
increase in the leaching of contaminants. Abovegrade dispsal is the 
best engineering practice-in the Salt Lake Valley. 

Regarding--sump_ waters$:’ It is proposed in the conceptual+ scheme--that 
the installation of the;.-liner system be closely coordinated. w i t h .  the 
required,excavatfon=and dewatering’opcrations. In the operational. 
sequence @e oontaminated!amterials are to be placed over the liner 
system prior to the abandonment of adjacent groundwater collection 
ditches and dewatering sumps. I h e  projected weight of these materials 
will be amre than sufficient to offset any potentially damaging uplift 
pressures resulting fran the underlying ground-water conditions. 

-, _ .  - c- - ... - -  

It should be noted that in light of the projected excavation depth and 
the placelaent of the granular bed, any uplift forces acting on the 
base of the clay liner w i l l  be relatively minor. For this study it 
was assumed that the average excavation depth would be on the order of 
seven feet below the adjacent grade. Thus# the base of the excava- 
tion’would be approximately two to five feet below the projected 
ground-water table as described on page A-14. With the placement of a 
three-foot granular base, the maximum projected uplift pressure is 
equivalent to a two-foot head of water. In fact, thin pressure will 
be more than offset by the dead weight of the recommended threefoot 
clay liner. 

The return of smap waters to the ground would not increase the p r t  
remedial action contamination of the shallow aquifer under the site. 

9. Comment. 
A group made suggestions about disposal at the South Clivc site under 
Alternative 3. They called for stabilization below grade (yet above the 
regional water table), riprap over the whole surface, not just the uphill 
toes of the lD0und# a half-mile buffer zone, Federal m e t s h i p  or control 
of a11 land within 10 miles, and no use of the land for recreational 
vehicles or grazing. (110) 

Response. 
With the exception of exclusion of recreational vehicles, none of these 
suggested features of the disposal at South Cliva are necessary to meet 
EPA standards. 
water uould  require an unnecessarily large tract of land, a situation the 

Stabilization completely below grade above the ground 
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0 DOE has tried to avoid within8the design.for Alternative 3. 
surface will be covered w i t h  an erosion barrier.. There would be no 
purpose Served by requiring Federal ownership of all lands within 10 miles 
of the site: mst of that land is already managed by the Bureau of Land 
Management, Department of the Interior. 

The entire 

- 

6.10 COSTS; DfRECT.AND SNDIRECT. 

The State of. Utah 'and the CVWRE! Board were:particularly critical of the 
.. ..- . . . _ . .  ' 

DOE'S cost estimates; a few individuals-also.had comments on the matte,r. 
state's and the board's basic concern was that the DOE would use the very 
great difference in the projected costa ktween~stabilization i'n'place and 
moving to South~'C1ive (almost. $iO'.million :in the DEIsF -to-. justify a choice of 
alternatives that is not desirable from.the standpoint;of- health and safety. 
Altogether- there were 1 5  wiitten statements:..and r.13-oraV dnes-on."this topic. 
These are summarized below, followed by the DOE'S responses. to the- particular. 
i ssues. 

Ihe 

- 

1. Comment. 
Some cornenters claimed that the cost differential of about $40 million 
between stabilization in place and moving to South Clive is wrong. 

o Important costs of leaving the tailings at the Vitro site have been 
left out. Thest include site dewatering costs, replacement of the 
Vitro ditch, relocation of utility systems, relocation of roads, land 
acquisition, leachate monitoring and control systems, and formal value 
engineering of the final design. In addition, unit costs, parti- 
cularly for imported clay, have been undere6timated. (1, 6, 15, 16, 
23, 35, 108, 206, 209, 211, 2121 213) 

o The design does not take advantage of possible cost saving6 in the 
plan for moving the tailings to the South Clive site. lheoe include 
the use of two unit trains instead of three, combined with an improved 
unloading capability, the use of a -re common type of train car, the 
lease instead of purchase of the train cars, the osiseion of the clay 
liner at South Clive, and the use of a better eystem than conveyor6 
for transporting tailingo material. (1, 15, 206, 209, 211, 212) 

On the other hand, several perrons said that the cost estimates for 
moving the tailingo to South Clive are low because they do not allow 
for dewatering the site, hauling some materials on roads, inflation, 
and other unforeseen costs and charges. ( 4 ,  6, 108) 

I 

o 

Response. 
The costs for each subissue have been reviewed and are addressed in the 
alternatives and are included in Appendix A.  

2. Comment. 
Commentere claimed that the economic analysis of stabilization in place is 
inadequate in that long-term costs are not evaluated. 
costs than just the engineering or capital costs of cleanup. 
costing favors tailings removal. 

There are -re 
Life-cycle 

, 
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1 ' .-. o Comment a 
The Central Valley Water- Reclamation Facility will .&?;economically 
affect* in several waypsi ' ) '5,-  16, 21, 23* ;07,:204,,-206, 207, 211) 

1. 
- - .. % I. 

Central Valley may have to buy land to make.up for land dedicated 
. to tailings disposal. 

2 .  ?he CVWRF Board will-face increased'bsts of-operation if the 
.:Vitro.. lands are.only partially cleared of ta-ilings. They will 
.have to develop s1udgei:disposal sites elsewhere or install 
expensiv'e dewatering facilities. . e  

. ._ 
b _. :; .r;.-+ 

, 3 . .  :..The CVWRF Board: wiZl'iface-the loss"of'~reiource,~ecovery benefits. 
,qe,,pKesent long-terwpldns --fo;;'-th;!~i@%i'& -*. . 1. + Lnil include a 

ic6 ik ' " to  -82; -.&&jiqe-bur n ing . Resource ;. Recove L y'pac i pi ti 
incinerator- to: recover..useful 'heat endgy. .  $ie, -land presently 
plaFedi to-bel usedAfor ~.~Ps~~fac i l~ty;would; 'r .cmainr;open under the 
stabilization in place alternative,-L-but- -Auld 'have to be devoted 
to uses with a higher value, namely sludge disposal.. .,_,._.. 

The CVWRP Board will lose potential lease revenue. h e i r  plan for 
the land includes a 20 to 25 acre industrial park for the southern 
end of the site. This land would be held for the eventual 
expansion of facilities and leased out in the meantime. If the 
site is only partially cleared, the Board would lose these 
revenues, which their economist estimates may be in the vicinity 
of $4.5 million. 

. .  

- -  
4 .  

o Response a 
1. Ihe CVWRF BOard's approved Master Plan identifies intended land 

uses on the Vitro site as follows: 

- Mechanical treatment plant: 100 acres 

- Sludge lagoone: 23-32 acres 

- Temporary industrial park: 20-25 acres 

- County resource recovery facility: 16 acres 

- City culinary waterwell site: 1 acre 

Based on the above land uses, for stabilization in place, it is 
agreed that Central Valley m y  have to purchase land to make up 
for the acres dedicated to the disposal of the tailings. 

2. YesI to the extent that stabilization in place results in 
insufficient acreage being available to Central Valley for sludge 
disposal, the development of alternative disposal aites OL the 
installation o f  sludge dewatering facilities may be required. 
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3 .  

4. 

The operational start-up of the municipal Solid waste-to-energy 
facility is currently estimated to be eight to ten years away 
(Dahl, 1983). Therefore, it has been excluded from the analysis 
of the economic impact of remedial action options for the Vitro 
tailinqs site. With regard to the economic benefits lost to 
Central Valley, revenue from the lease or sale of the site to be 
occupied by the facility appears to be the only direct economic 
benefit lost to Central Valley if the facility is not built on the 
Vitro site. In addition, the question of whether the facility 1s 
municipally or privately owned and operated must be resolved. 

Based on a 1983 market value of 578,400 per acre, an annual lease 
rate equal to ten percent of the current market,value and a 22.5 
.acre development, it. is estimated -that lost lease-revenues would 
be approximately $176,000 per year. Assuming that the temporary 
ind-ustrial park had a useful life of approximately 13 years, this 
corresponds to approximately $2.3 million in lost lease revenues 
in 1983 dollars. . .  . . .  

Comment b 
The economic development of all property adjacent to the site would be 
inhibited or even prohibited because of health and safety risks. 
Potential benefits which would be lost include more than $ 6 9 7 ~  within 30 
years from capital investments, public revenues, and private sector 
income; more than t82.M within 30 years from taxes, licenses, and user 
fees: and m c e  than 900 jobs within 20 years. If the tailings are not 
removed, depressed property values will continue. (1, 16, 17, 2 1 ,  25, 46, 
107, 109, 110, 206, 209, 210, 212) 

o Response b 
Stabilization in place will not preclude development of the properties 
adjacent to the Vitro site due to health and safety risks. 

In response to the following comments, the DOE commissioned an 
analysis of the economic impacts of alternative remedial actions. 
(See Economic Impact of Remedial Action Options, Vitro Tailings Site, 
City of South Salt Lake, Utah, FEIS, Appendix I.) 

- 'The sum of capital investment, public revenues, and private 
sector incane resulting from the economic developaent of the Vitro 
site will exceed 5697 million within thirty years if not 
constrained by on-site stabilization." 

- .Total taxes, licenses, and user fees resulting from Vitro site 
development will exceed $82.1 million within thirty years.' 

- 'Total wages, land rents, and business profits resulting from 
Vitro site development will exceed 6178 million within thirty 
years.. 

'Dnployment generated by site development will increase from 465 
jobs initially to over 900 jobs within twenty years.' 

- 



Stabilization in place would likely result in land use restrictions, 
that would preclude the devetopment'of -a temporary 'industrial, park ,on 
.the CVWRP Board;s:3300 south Streets frontage -property. The.:. es.t&mate 
Of 'annual economic benefits associated iwitl? the opbration'of an" 
industrial p a r k  on the 3300 South Street frontage property is set , 

. - - -  

- 2 , -  

~ ... . forth below (-thousands of 1983 dollars). - .  

.. . - Public revenues 61,865 
. i:= 

-I * 
. .  

,n : 
.: .; 2 i! I :e 

. _  _ _  .~ .- - After-tax wages - '8,678 
! . .- 

_. . I -  ,-.;=?.L 

, r,t.qxYosR 

- ;; -.?e yr 19 

31 5 

- Rental income 176 

. -  
9 .  - After-tax corporate prof its . .- . 

-. 
.. . . .. :. - ,,.$xi: 0.34 . . .  . .  . '>:!e -sm .' ._ I . . .. , 

. -  
, Total- .. . .. . 

. . . :  14: 4.. :; : -. 671 

Th<se 'data .exclude the.restimated.aconstruc'tion cost of the' . 
temporary industrial pack., ($11.0- million,) , as- well as the estimate 
of additional economic activity due to the effect of the multi- 
plier ($15.4 million). m e  direct and indirect employment impacts \ 

of.the operation of the industrial park are estimated to be 271 

the estimated life expectancy. of the temporary industrial park is 
13 years based on the CVWRT Board's adopted Master Plan. 

..I . - - - ' I '  

. .  . < c  

..,-k f 3fis: i f :  
- -  - 

- _  1 .I . , .  . 2. . . 
-;,.na . - . t  . . 

r- jobs and 434 jobs, respectively. Finally, it should be noted that 

o Comment c 
The additional 740 to 850 cancer-induced deaths over the 1000-year 
planning cycle have economic costs which must be specifically 
addressed in the final EIS. (16, 209, 212) 

o Response c 
The DOE feels that costs associated with medical treatment, income- 
loss, and other 'what might have been. costs from cancer-induced 
deaths over 1000 years cannot be estimated with any degree of 
confidence. 

o Couunent d 
After the remedial action is done, there will be some monitoring and 
maintenance of the site required by the Nuclear Regulatory Commis- 
sion. It is likely that the requirements for monitoring tailings 
stabilized in place would be more stringent than those for monitoring 
tailings moved to the South Clive site, because of the very great 
differences in populations surrounding the two sites. This would 
increase the co6t of disposal at the Vitro site relative to the cost 
of disposal at the South Clive site. 

o Response d 
Aqreed. 
not be established until a license has been issued by the NRC. 
Therefore, costs cannot be estimated with accuracy. Regardless, it is 
doubtful that these costs w u l d  ever approach the cost differential 
between Alternatives 2 and 3. 

However, the surveillance and maintenance requirekents will 

-201- 



stabilizing the Vitro residual radioactive materials in place (642 
million). 
twenty-five percent (258) of allowable costs which -exceed the amdunt of 
the SIP cost estimate for relocation to the Soyth Clive-site. 

DOE will pay. seventy-five percent (759pand the state will pay 

0 
8. Comment. 

In reference to DEIS Section 5.9 (pages 130-131) ,  a commenter wrote .WE 
should discuss how it determined the number of individuals who would 
'immigrate' to Salt Lake City to take remedial action jobs.= He thought - 
it likely that the small number of new jobs would be'taken by local 
residents. .DOE should explain how its construction contractors will hire - 
workers and under what conditions, if any, preference will be given to 
local workers.= (110) 

Response e 
The estimates of the number of workers who would be attracted to Salt Lake.- 
City by a project of this size are based on past experience with similar 

section. Admittedly, the national labor. market and current economic 
conditions can change the validity of past experience as an estimator of 
labor immigration. The estimated number of immigrants is seen to be 
small, compared to overall labor needs. DOE contractor's policies for 
hiring workers will be explained in engineering-design documents that Will 
follow the EIS. 

_ -  
t -- _ - _  - 

- - -  

- 
situations as well as the assumptions described-in the-refecenced - - L-- 

6-11 RADIOLQGICAL EXPOSURES A N D  EFFECTS 

There were 9 written and 16 oral statements that discussed some aspect of 
radiation effects. Ihe issues involved are summarized below, followed by the 
DOE'S responses. 

1. Comment. 
Most cormaenters expressed general concern about the radiation exposures '..!; to 
the nearby populace. (e.g.8 .2l, 110, 206, 209) 

Response. 
This concern was the basis for Uranium Mill Tailings Radiation Qntrol 
Act of 1978 (PL95-604). 

2. Comment. 
On the other hand, sane camenters thought the concern overdone. 

o '1Lwo persons thought the levels very small. 
minimis.' The other said that =limited, intermittent contact with the 
pile vould not constitute a major health hazard.' (40, 102, 104) 

One spoke of them as .de 

o Several persons from Tooele doubted that it could be demonstrated that 
anyone had died frm cancer because of the presence of the tailings. 
( 4 ,  8 ,  1 3 ,  40, 201) 

0 
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6 4 4 2  - 
Response. 
The exposures to radon from the Vitro pile.(Table 5.1) are indeed small 
compared.-to background (Table 5.3) , but -@e :radon release.-rates are well 
abovei tht'JeP~;'standards.and therefore -the law mandates that there be 
remedial' action. 

0 

. .  _ -  . - -  
. .  ' 0  

0 

0 

0 

0 

0 

- c i  - 
3. Comment,. i. 

Several commenters found the presentation of expected impacts incomplete. 
- -  

. .. . - -  
- ~ ..I 

. . -  Comment a 
The..EPA - disagreed 'with the statementAn the, DEIS that 'alldoses and 
health.-effects. would..occur within 10 kilometers of the Vitro pile.' 
(204) . 9.1 ;J . .  . .-<' - . .  

- 1  
i .  

.: .$ i 3 ,;.-- .: __,.- - - - -  - 
" q  .. ' - *  ,,s:,, f.. . ! :' : 

~- .. . 
_ .  

. * jiT? - ;+~ . 

,. . 7 $Jz{:.. 3.: :> -  .. . j  . *  .'? ; 

Responsec a._;,'5'2, .:.-: 4 $.' 
. :- ?!-. 

I.. . -, ld> 
This statement- was 'indeed incorrect. It has been corrected in Section 

.. . 5 
5.1.4 Of this FEIs. 

12- _ _ _  , . / . < - . I . *  - ~ 

. - - - ..._ . -  _. . . - , 
, . x - . L :  

.>. ..* 
Comment b I - '  
Potential.genetic effects should have been considered. -(110) 

Response b 
The intelligent commenter can make his own or her own estimates of 
genetic defects using the whole-body population doses given in 
Tables 5.1 and 5.2 of the DEIS and whatever risk factor he finds 
acceptable. 
(EPA,  1982; Section 4.4.2): 

! 

The EPA appears to accept the following risk factors 

-, 

0.04 to 0.6 serious genetic abnormalities per 1000 live births for 
the first generation. 
0.14 to 5 serious genetic abnormalities per 1000 live births for all 
succeedlnq generations. 

In each case, a lifetime exposure of the gonads to 100 mR/y 
(approximately background) is assumed. The International Commission 
on Radiation Protection (ICRP, 1977) estimated the genetic effects to 
be less than somatic effects for a given population dose, therefore, 
only risk o f  somatic effects must be considered. 

Comment c 
The DEIS failed 'to give much credence to nonmalignant dioeases caused 
by exposure to ionizing radiation.' (110) 

Re8ponSe c 
The DOE is unaware of risks of nonmalignant diseases caused by exposure 
to the relatively low levels of ionizing radiation that occur on the 
Vitro pile. 
dose capable of causing a clinically significant cataract is thought 
to lie between 600 and 1000 rad in adults (Eisenbud, 1973:33) .  

Cataracts may be what is spoken oft but the minimum x-ray 

Comment d 
The DEIS should have addressed the cumulative effects on worker8 of 
exposures to radon and external gamma radiation. (110) 
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4. 

5. 

0 Response d 
It is believed that .the cumulative effects on workers of exposure to 
radon, and external gamma.radiation. during construction were- addressed 
in Section 5.1 and Appendix P of the DEIS. It is agreed that exposure 
of workers on the pile will have to be limited to 5 rem/yr. 
point is discussed further in the section on mitigation, 5.19, of this 
PEIS. 

This 

Comment . 
There should be some discussion in the document of.the consequences of the 
Vitro-tailings. having been present and unprotected for over a decade. 

o Several'persons from the Salt Lake Valley said)that there are already 
elevated levels of cancer among nearby residents and.workerS and are 
worried about their own health. (20, 27, 34, 36, 49) 

0 Two persons pointed to studies said to demonstrate the link between 
the tailings and cancers. (34, 49) Several blamed their own or their 
relatives' cancers on the tailings. (3, 27, 33, 43, 52) Tu0 persons 
offered lists of cancer victims. (27, 47) 

o Two people told of grotesquely deformed fish having been caught in 
Mill Creek and the Vitro ditch. (27, 47) 

Response. 
In 1981, the natural incidence was such that about one in six persons died 
of cancer. Section 5.1.4 of the main text of this FEIS indicates that the 
calculations predict an additional cancer death in Salt Lake Valley due to 
the tailings every 5 to 6 years. 
many cancers that do occur may be attributable to the tailings. 

0 There is no way to tell which of the 

In any case the decision has been made for remedial action. What the 
effects of the pile having been there in the past are, does not affect 
that decision except to emphasize that no action is not a satisfactory 
alternative. 

Comment. 
There were several comments about the present radioactive state of the 
Vitro tailings and their environs. 

o Comment a 
The underlying soil is contaminated. (34) More data are needed on 
this contamination, as the evidence suggests that it i-s much deeper 
than stated in the DEIS. (110) 

o Response a 
Agreed. 
the evidence available at the time the DEIS was written. During 
remedial action the contamination will be removed until the Ra-226 
standard is met. However, for purposes of this EIS, the DOE believes 
the information to be sufficient to ascertain, and bound, the impacts 
from the remedial actions. 

I h e  depths of contamination stated in the DEIS were based on 
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e;  
0 Comment b 

ne.qround-water is contaminated, and there is the suggestion in the 
data that* the deeper, partially confined ground-water system is 
already contaminated. (110, 209, 214) 

o Response b 
This subissue is addressed in Appendix D, and in Section 5.4,of this 
FEIS. 

o Comment c . 
The DEIS says there is no contamination in the Jordan River sediments, 
but Dr. Pendleton .traced contamination for some distance down the 
river in years past.. (204) 

- < -  .. 
r -  

0 Response c 
The DOE has inquired into the existence and availability of 
Dr. Pendleton's data regarding radiological contamination of water or 
sediments of the Jordan River. 
University of Utah, will be reviewed by the State of Utah prior to 
completion of the final design. Dr. Pendleton's radiological 
investigations regarding soil concentrations were reviewed in 
ORNL/TM-5251 and incorporated into Appendix F of the FEIS. 

lhese data, available at the 

0 Comment d 
"No measurements of ambient-air radon concentrations on the Vitro site 
itself were available for use in the impact statement.. The cormDenter 
went on to say that the DEIS reports radon concentrations at 6 feet 
above the surface of the tailings, but does not point out whether the 
radon daughters are in equilibrium. (5) 

o Response d 
Data from long-term radon concentration measurements on and around the 
site (40 locations) are presented and used in the revision Of Section 
4.0 and Appendix P. A dose conversion factor developed in Appendix P 

was used to convert radon concentration to dose to the lungs from 
radon inhalation. Implicit in this dose-conversion factor is an 
assumption of 25 percent equilibrium between radon-daughter products 
and radon. 

o Carawnte 
?here were two comments about techniques of measurement. 
the DOE should use an apparatus recently perfected at the Idaho Palls 
laboratory to determine the isotope of uranium-226 (sic, he probably 
meant radium). (32) Another said the DOE should develop a statis- 
tically sound sampling scheme .to gain a representative -226 average 
over the entire 128 acres of the Vitro site.. (110) 

One man said 

\ 
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o Response e 
The techniques used by the DOE to measure Ra-226 concentrations are 
believed to be sound and generally acceptable. 
statiStiCal1y designed sampling by MSRD (1982) are presented for 
U-238, Ra-226, and Th-230 in the revision to Section 4.8 and 
Appendix F. 

New data based on the 

6. Comment. 

The accident analyses in the DEIS (Section 5.1.5 and Appendix F.2.3) are 
an adequate assessment of the radiation exposure pathways and a reasonable 
estimate of doses due to a hypothetical accidental spill of material on 
land. (215) 

Response. 
Agreed . 

6.12 HEALTH EFFECTS AND CONVERSION FAC?'ORS 

Several statements ( 3  written and 2 oral) had observations to make about 
the way health effects are inferred from radiological exposures. 

1. Comment. 
Several persons and organizations questioned the conversion factors used. 
The EPA questioned the statement in the DEIS that the factors used for 
lung cancer incidence from radon daughter exposures overestimate the 
risk. The estimates used fall in the low- to mid-range of those used by 
many groups. Moreover, according to BEIR-I11 for high LET radiations the 
linear hypothesis is less likely to lead to overestimates of risk, and may 
in fact lead to underestimates. (204) 

Response. 
The risk factors used in the DEIS arer in the WE's opinion, realistic 
estimators of the true risk of lifetime cancer death. The text has 
changed moverestimatem to .estimate realistically'. It should be pointed 
out, however, that literature values range from 13 to 102 lung cancer 
deaths per million man-rems of dose commitment due to inhalation of 
radon-daughter products, and from 50 to 621 cancer deaths per million 
man-rems of dose commitment due to gamma exposure (Cohen, 1981; Evans et 
al, 1981; Harley and Pasternack, 1982; National Academy of Sciencer 1980; 
National Academy of Science, 1972; United Nations, 1972; United Nations, 
1977; United States Radiation Policy Council, 1980). Thus, the factors 
used in predicting cancer deaths in this FEIS are probably accurate to 
within a factor of 5. Since the same risk factors were used throughout 
this report, intercomparisons of radiological impacts between the tu0 
action alternatives are valid, regardless of the accuracy. 

2. Comment. 
The EPA also said that since 'the BEIR I11 gamma risk factors are based on 
misinterpretations of Japanese exposure data (which are now being 
reassessed), we recommend that until new risk factors are developed, BEIR 
I or other sources for gamma risk coefficients be used.. (204) 
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Response. 
In another context (DOE 1 9 8 2 ~ )  the.EPA recommended using 200 x 
man-rem instead of 120 x-10'6 per man-rem. 
stitution premature and, in any case,.a substitution that would not change 
the comparison between action alternatives. 

per 
The WE thinks such a sub- 

3. Comment. 
A group representative said the DOE should discuss in greater detail why 
it selected the radon and EGR risk factors it did. He also asserted that 
estimates were made only for healthy, adult members of the population. 
(110) 

Response. ... * .  

The conversion factors used are for a demographically based distribution 
of ages and sexes, and,>therefore implicitly included young and old people 
and people of less than perfect health. See also the responses qbove to 
the €PA and to Issue. 4. below. . Ld -. 2 7 .  

4. Comment. 
One man said that the hazard attributed to radon is grossly exaggerated, 
saying that the usual conversion factors are wrong. (2, 111) 

o He believed the inferences from the uranium miner data are false 
because they are inconsistent with data from uranium mill workers. 
The former breathed contaminated dust, the latter radon gas. 
Moreover, these epidemiological inferences are confounded by the 
prevalence of smoking among the miners. 

o He said that.the standard assumption of a linear, non-threshold 
response to radiation is not provable, and implied that health effects 
are therefore inevitably overestimated. 

Response. 
An excess lung cancer risk has been observed among several groups of 
underground miners exposed to Rn-222 and its daughters: uranium miners in 
Colorado, Czechoslovakia, and Ontario, fluorspar miners in Newfoundland, 
and several smaller groups of nonuranium miners vorking in hard rock mines 
in Sweden and England. The results of these epidemiological studies are 
discussed in detail in a report of the United Nations Scientific Cocsafttee 
on the Effects of Atomic Radiation, published in 1977.a These studies 
led the International Commission on Radiological Protection to estimateb 
a total lifetime risk €or lung cancer of 

1.5-4.5 10-4 per WUI. 

'Levels and Effects of Ionizing Radiation.' UNSCEAR, 1981. 
'Limits for Inhalation of Radon Daughters by Workers.. XCRP 
Publication 32, 1980. 
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The data have also been reviewed by the National Academy of Sciences' 
Committee on the Biological Effects of Ionizing Radiation ( B E I R ) ~  
together with data from experimental studies with animals designed to 
elucidate the processes involved. The synergistic link with smoking 
is well known and continues as a matter of intense research interest; 
the experimental evidence, for instance, shows that the origin of 
tumors in animals is deep in the lungs, whereas human cancers induced 
by cigarette smoking or exposure to environmental agents nearly always 
arise high in the lungs. 

The lifetime risk factor used in this FEIS is one suggested by an 
international group of expertsb as modified by a changed definition of 
the WLA due to Harley and Pasternakc, equivalent to 

. .  
2 x 10-4 per m. 

The BEIR reportc also discusses at length the linear, non-threshold 
hypothesis for radiation exposure. It chooses to follow a linearquadratic 
but still non-threshold response. This very likely does tend to over- 
estimate health effects somewhat. 

The DOE and its contractors feel that they must follow the lead of these 
experts in documents such as this. 

5. Comment. 
One man said that the danger from radon is exaggerated, 'I am afraid there 
has been some intentional fear-making ... we do not have a runaway nuclear 
pile sitting across the street.' (22) 

Response . 
The DOE does not believe that fears have been deliberately incited: the 
fears expressed are real and a product of the times. 

6.13 LAND USE 

Several statements (12 written and 9 oral), especially those of the 
Central Valley Water Reclamation Facility Board, commented on the proper and 
.best use, as well as the value, of the land at the Vitro and South Clive 
sites. l'bese comments are summarized below together with the DOE'S responses 
to them. 

1. Comment. 
The CVWRP Board purchased this large tract of land for the specific 
purpose of constructing a waste-water treatment plant and having adequate 
land available for long-term expansion. lhis site was specifically 

a 'The Effects on Populations of Exposure to Low Levels of Ionizing 

'Estimate of Risk From Environmental Exposure to Radon-222 and Its 
Radiation: 1980.' NAS, 1980. See Especially Page 308 and Polloving. 

Decay Products.' Nature 290, 98-100. 
C 'Environmental Radon Daughter Alpha Factors in a Five-lobed Human 

Lung.' Health Physics 42, 789-800. See Especially Page 793. 
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2. 

3 .  

selected to accommodate a long-term need at the least long-term-coat. 
-Cbcmver, it was purchased with the promise from-the:-Fedetal government 
- that-:it m u l d  be immediately cleaned up and that all of thisqkand would be 
available for their purposes. All of this land is needed. (15,' 18, 107, 

I .  
110, 204, 207, 209, 212) - .  

7 -  

Response.- 
It is agreed that the CVwRF Board purchased the 'large tract of land' for 
the construction of a waste-water treatment plant and to.fac-ilitate 
long-term expansion (Final Report, 201, Facilities Plan, CVWlWBoard). In . .- addition, it is agreed that the land vas purchased. contingen.tt.on=a promise 

. -.by. the.-.Federal; government to c-lean up the property and make QtLrvailable 
..-. for-'Central Valley=puchses.'. -This is su'pported by, thei:r+appr+bired. master 

.Plan, whkh. identif ies inttnded"1and uses in the ,Vi ..... tro- - -site *&3bllovs: 
- _ . _ _ -  t ., . -. L '-r - -  - _  . _. .- "*3" .S,? 

- -_ 
. .  . .  ~ - -  . .- . .... . . - _  , . . _  

. o .  .-Mechanical-- treatment plant: 100 acres . , ;. : & y:;c:d 
~ .- 

: <>'ZZ 11- . -  . . ,.. . .  . .  , . -  1 . -  - a-. . -- -  _ .  o Sludge+ lagoons: -23-32:.acres 

o Temporary industrial park: 20-25 acre8 

o ~ County resource recovery facility: 16 acres 

o City culinary waterwell site: 1 acre 

Elowever, the DOE disagrees that '. . .it would be immediately cleaned 
up....' Remedial action is contingent upon many time-consuming processes 
required by law. Reqardless, alternative 3 is DOE'S preferred alternative 
and the land will be available to the CVWRP Board upon completion of the 
remedial action. 

i 

Comment. 
The tailings are presently and will continue to be an eye&rt-and an - 

aesthetic blight. 
mean a pile 45 feet high 0- four and a half etories. 
unaesthetic monument to a giant Federal mistake. (17, 20, 109, 209) 

If the tailings are stabilized on the site, it Will 
This would be a very 

Response. 
It is agreed that the unstabilized tailings are something of an eyesore. 
But the-DOE disagrees that the tailings stabilized according to the plan 
of .Alternative 2 would constitute an 'aesthetic blight' on what is already 
a functional-appearing industrial warehousing neighborhood, not unpleasant 
to look at, but hardly a residential or comercia1 district that requires 
extremely pleasing surroundings in which to conduct daily bU8ineSS. 

Cornen t . 
Stabilization in place will prohibit development of the prime industrial 
land adjacent to the site, will constrain development of other nearby 
lands, and may discourage further development elsewhere in the, Salt b k e  
Valley. 
of the site; this vacant land is valued at from $100,000 to more than 
$193,000 per acre. (17, 21, 109: 206, 209, 210, 211) .  One Person quoted a 
local planner as saying that 'the Vitro site is the p r i m  industrial 
property in the western United States.' (2111.  

At the present time there are vacant fields within one-half mile 

-211- 



Response. 
Stabilization,. in place- will likely result *$.land use- restrictions that 
will preclude& development of the Vitro slte.'s. ,3300 South Street f rontaqe 
property as a temporary industrial park. however, the development of an 
alternate Parcel as an industrial park is a possibility. In addition, it 
is not anticipated that stabilization in place would prohibit the 
development of adjacent properties or discourage development elsewhere in 

0 
the Salt Lake Valley. .- 

:, i. . i 
The estimate-.of $193,000 per acre for the,: mar.ket value of vacant fields 
within one-half mile of the Vitro site is noted. 
analysis of local land values does not supwrt this estimate of the market 
value of vicinity properties. 
900- West. Strtet L i s  currently (1983),kAnq offered3:for .sale by the Utah 
State Rttireuknt Fund.for $1,978,495 -or 'approximately $87,120 . p e r  acre. 
spokesperson for the Utah State Retirement and-stated. that a recent 
appraisal of the property did not mention the property's proximity to the 
Vitro site or the uranium mill tailings, (Blackburn, 1983). - 

However, the DOE 

A 22.71-acre-sdte:at 3300 South Street and 

A 

Based on the precedinq, the difference between the aforementioned estimate 
of 5193,000 per acre and the asking price for the Utah State Retirement 
Fund's adjacent property can not be attributed to the property's proximity 
to the Vitro site. 

The following data were provided by the Chairman of the Board (Petersen, 
1983) and the General Manaqer' (Dahl, 1983) of the Central Valley Water 
Reclamation Facility. These data summarize transactions involving the 
Vitro site, as well as the site of the waste-water trea-tment facility. 0 

Parcel Pu rc hase 

(acres) (dollars/acre) 
Year Size Pr ice Descr ipt ion 

1953 39.0 $ 3,500 

1980 39.0 5 0 , 0 0 0  

District One'sa purchase 
of the site for the treat- 
ment plant 

Sale of the site to 
Central Valley 

197 5 25.5 L 16.0 9 ,000 Tracts 'B' and 'C' north; 
purchased by District One 

1980 25.5 L 16.0 10,000 Tracts '8' and 'C' north; 
sold to Central Valley by 
District One 

1981 12.5 L 14.3 62,500 Tracts 'B' and 'C' south; 
sold to Central Valley by 
Richard s-Moench 

A predecessor organization, and now a member, of Central valley. 0 
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F i n a l l y ,  t h e  c u r r e n t  market va lue  of C e n t r a l  V a l l e y i s  3300.South Street- 
f r o n t a g e  p r o p e r t y  is estimated to be $78,400 per  acre . .  T h e s e t d e t a i l s  are  
i n c l u d e d >  i n .  Appendix I' of t h i s  FEIS. . . c -., _.... - 

4. Comment. 
One- p r i v a t e  c i t i z e n  q u e s t i o n e d  whether  or n o t  .the C e n t r a l  Va l l ey  Water 
Reclamation F a c i l i t y  r e a l l y  needed a l l  of its. land. H e  suggested t h a t  
because  of advances  in .  sewage t echno logy ,  the:.sewage t r e a t m e n t  p l a n t  w i l l  
n o t  need:.as much' l a n d  as t h e i r  p l a n s  i n d i c a t e . ,  . He.  a l s o - s u g g e s t e d  s t o r i n g  
dewatered- s l u d g e  on t h e ,  t a i l i n g s  p i l e  and making t h e .  p i l e  deeper to 
d e c r e a s e d h e .  area-of l and  covered 'by the p i l e .  ( 2 ,  111) 

. ,  

!i: 
. . ... 5 - -  , .- .a . . . . . .  . _ .  . .  

, .; i9a.c ___. . i- .. . ., - . - 
. Theze;*is,no doubt:*:that,. t h e -  C\IWW'..Bo'ard' coull'a: ~ r o f i t a b l y , u s e s a a l  of the . 

128:acre s i t e r - i t s  p l a n s L P o r =  use' .of=.the- l a n d  were. out l ined,$ngSect iOn ~ 4 . 9  
o f  .the.DEXS.-. me--CVWRP--:manaqement is p r e s u h a b l y  w e l l  awaret,cf advances i n  
sewage t echno logy  and how those advances might i n f l u e n c e  planning.  
Regarding the use of dewa te red  s l u d g e ,  see r e s p o n s e s  to  Issue-8,  t h i r d  
respOnSe, S e c t i o n  6.9.. 
c o n t a c t i n g  ground water: t h u s ,  t h e  f i n a l  embankment cannot .  be completed 

. below g r a d e  ( d e e p e r )  or p a r t i a l l y  below g r a d e  because o f  t h e  h igh  water 
t a b l e .  

..:- I "'- . 

I t  is p r e f e r a b l e  to  p r e v e n t  t h e  t a i l i n g s  from 

5. Comment. , 
One c i t i z e n ,  r e f e r r i n g  to t h e  V i t r o  s i te ,  a sked ,  B b w  much an a c r e  was t h e  
s i te  s o l d  for' ( (presumably to t h e  CVWRF)) and what is the v a l u e  o f  t h e  ' 
p r o p e r t y  today?. 
of the  DEIS were correct. ( 4 )  

She also asked i f  t h e  128-acre f i g u r e  g i v e n  on page one  

Response.  
I n  1979, t h e  CVWRP Board bought  t h e  l a s t  29 acres of t h e  p r e s e n t ,  128-acre 
s i te  f o r  a b o u t  $62,000 per acre. 
t h a t ,  i f  c1eared.of t a i l i n g s ,  s i te l and  would be v a l u e d  a t  $78,100 per 
acre i n  1983. The 128-acre  f i g u r e  is b e l i e v e d  to be a c c u r a t e  w i t h i n  a few 
t e n t h s  of a n  acre. 

The DOE'S r e c e n t  economic.etudy shows 

6. Comment. > 

The p o s s i b i l i t y  o f  r e s t r i c t i o n s  on t h e  placement  of b u i l d i n g  f o u n d a t i o n s  \ 

nea r  the s tab i l ized  mound ( a l t e r n a t i v e  2) wad r a i s e d .  The DOE s h o u l d  
e x p l a i n  the r e a s o n  for t h i s  a n d ' i t s  p o t e n t i a l  e f f e c t  on t h e  CVURP 
e x p a n s i o n  p l a n s .  (204) 

Response.  
The r e a s o n s  for r e s t r i c t i o n s  were p r e s e n t e d  i n  t h e  DEIS, S e c t i o n  5.6, 
Impacts on Land U s e  (page  1 2 4 ) .  

7. Qmment. 
A few comments focused on l a n d  use and v a l u e  i n  -le County. 

o Comment a 
T o o e l e  County w i l l  be l i m i t e d  and p r o h i b i t e d  from f u t u r e  use o f  t h e s e  
remote l a n d s .  P o t e n t i a l  f u t u r e  u s e  i n c l u d e s  mining and chemica l  
p l a n t s .  ( 7 ,  12, 205)  

- 2 1 3 -  
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Response a 
It is agreed that any use of the South Clive site will be prohibited 
if Alternative 3 is implemented. 
most of the land within a l0-mile radius of the site, is character- 
ized by poor soil conditions and sparse vegetation. 
are limited to sheep grazing , jackrabbit hunting , and occasional 
recreational vehicle driving. 
State of Utah, while most of the land within a 10-mile radius of the 
Site is public domain administered by the Bureau of Land Management. 
Based on considerations of technology and raw materials requirements, 
the site has virtually no resource value. In addition, its remote- 
ness from the urbanized areas of m e l e  County makes it an improbable 
location for a chemical plant. 
rect to characterize potential future. land, uses. as including mining 
and chemical plants. Therefore, it also is incorrect to value the -- 
site on the basis of it being a potential location for a chemical 
plant. 

Comment b 
If the County is reimbursed for this land, the .assessed valuation Of 
this plot should be on a chemical plant basis, not on waste ground.. 
( 7 )  

The south Clive site, as well as 

Current land uses 

The site is currently owned by the 

Based on the preceding, it is 1nCOr- 

Response b 
This subissue is beyond the scope of this EIS. It has not bten 
established that Tooele County must be reimbursed for this state- 
owned land or, should it be so established, what the basis of 
assessment of land value should be. 

Conrment c 
The Governor said that if the DOE chooses to exchange somc 
Federally-owned land for the state-owned South Clive site, the 
exchange should be made before construction begins. Otherwise, DOE 
will need to get a special-use permit from the Division of State Lands 
and Porestry. 
access across other state lands. (209) 

A right-of-way permit may also be needed to provide 

Response c 
The question of the ownership of the South Clive site will be resolved 
prior to construction. In addition, if a right-of-way permit Is 
required to gain access to the South Clive site, it will be obtained 
pr ior to cons tr uc t ion. 

6.14 NONRADIOLOGICAL IMPACTS 

There were 3 written and 9 oral statements that discussed nonradiological 
lhese and the DOE responses to them are given below. impacts. 

1. Comment. 
Several persons spoke of the dust hazard. 
speaking so much of its radiological effects as of the problems associated 

They apparently were not 

0 
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with dust concentrations so high that those downwind sometimes have to 
wear eye coverings and cover their noses.* Dust, they-said, is inevitable, 
although it can be.alleviated-by keeping. the working areas wet. e 

( 5 ,  2 0 ,  
22; 31, 34, SO, 52)- 

Response. 
Production of dust during the construction phases of Alternative 3 will be 
kept as low as is practicable; this may require the wetting down of the 
ekcavated materials during dry periods. 
dusting from the present, 128-acre site will be substantially reduced upon 
completion of the remedial action. 

m e  commenters should note that 

. -  
... . % 2. Coinment. - .  - .-.. 

Several prsbns brought up the issue of heavy metals. (209, 212, and 
others) . - . - - - . z 7 . _-- 

._ I - .  . C  . . _ .  _..- 
, 1 ~ "'r . .  . . -. . .. 

. . , 1.. ..?cl :. z- . - .  ' o Comment a. - .  . .  
. ' There was a caaplaint that "the. technical document does.:not '- 

specifically deal with heavy metals or any of those constituents." 
m e  -entor specifically mentioned hexavalent chromium;- he was 
'talking about the presence of heavy metals in and their transport by 
ground water. ( 6 )  

0 Response a 
The DEIS did address the problem of heavy metale. "his was done in 
Sectfon'A.4.2.2 of Appendix A, where the transport rates of thorium, 
lead, uranium, arsenic, selenium, chromium, and silver were cotpared 
w i t h  the transport rate of radium in clays or silty clays typical of 
the Vitresite (Table A-4) .  of these, only chromium is transported 
more rapidly than radium (5 times as fast) and neither of these 
elements moves with the full ground-water speed. "he DOE-estimates a 
0.026 percent site-weiqhted average for. t9ae.chromiu.m content of the 
tailingst this amounts to 264 grams- per ton, or 2.6 tFmcs--the-average 
crustal abundance of chromium. "he.compounds formed of chromium in 
the tailing6 are unknown1 but it appears that,they are relatively 
insoluble compounds. Chromium concentratione.1n waters dt8~b.frolp 
shallow wells drilled in the tailings are all leas than 0.05 mq/ , 
which is the maximum concentration allowed in drinking water. Further 
discussion of the heavy metal problem can be found in Appendix D of 
this €%IS. 

o Commentb 
" m e  heavy metals present in the tailings will never burn out." 
Hexavalent chrominum was again mentioned. (18, 202) 

o Response b 
Agreed. See response in previous paragraph. 

3. Comment. 
A 'Pooele County official and EPA questioned the data in Section 5.14 of 
the DEIS which-indicated there w o l d  be a higher incident Of construc.tion- 
related problems and disabling industrial accidents at the Salt Lake site 
than at the South Clive site. (6, 204)  

-21 5- 
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Response. 
The estimates of expected number of work-related accidents given in Table 
5-12 of the PEIS have been- recalculated. to reflect changes in the 
alternative designs, manpower, and incidence cates of the Utah Department 
of Transportation and others. 
injuries (defined as a death or lost work days) among construction workers 
is more than twice as great for Alternative 3 than for Alternative 2. 

0 
Table 5-12 indicates that disabling 

6.15 PSYCHOLOGICAL. IMPACTS 

Many statements ( 3 written and 13 oral) included mention of the fear and 
worry that the tailings arouse among people. 

1. Comment. 
A .  

I. ..?I . 

In Tooele County, the prospect of having these tailings in the same county 
as themselves causes people to expect their part of Utah to be stigmatized 
as a general dumping ground-for the nation's wastes; (6, 7, 8 ,  11, 13, 201) 

o The military's nerve gas supply, including the Weteye missile, is 
already stored at the Tooele Army Depot. 

o It was near the Duqway Proving Ground in Tooele County that several 
years ago a number of sheep died from exposure to poison gas. ?his 
incident received wide coverage in the national press. 

o People from out of state, and even some Utah residents, are 
apprehensive about traveling along Interstate 80 west of Salt Lake 
City and only two miles north of the South Clive site. 

Response . 
The DOE appreciates -le County concern over k i n g  stigmatized as a 
general purpose dumping ground. The feeling is real, although in DOE'S 
opinion based on an unjustified fear of low level radiation. Ihe  tailings 
are such a low-level source that unless one is right on top of or next to 
the tailings themselves, the amount of additional irradiation one receives 
is no more than the normal variation in background. When the tailings are 
moved to South Clive, they will be covered and isolated from ground water. 

These tailings must be cared for. The present situation of having bare 
tailings sitting uncontrolled in the middle of a major metropolitan area . 

cannot be permitted to continue. 

2. Comment. 
In Salt Lake County, the presence of the tailings means that people wonder - 
about their .future health because of havinq lived, worked, or regularly 
driven near the Vitro site. (17, 21, 30, 33, 44, 46, 47, 53, 105, 109) 

Response. 
The DOE also appreciates the worries of the residents of Salt Lake Valley, 
and its message to them is the same as its message to the residents of'the 
Tooele County. 

000286 -21 6- 
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. .  GLOSSARY 

absorbed dose , Radiation energy absorbed per unit mass, usually given i n  
radiological units of rads. 

: _ . . U .  

acceleration In this report, the action of gravity i n  units of velocity 
per time squared . 

. a , , .  . . .  - 

a l l u v i u m  Unconsolidated d e t r i t a l  deposits resulting from operations . .- - -. -I-- 
I .  * . . . ! ,.., 4 of modern r ivers.. 

A positively charged p a r t i c l e  emitted from certain radio- 
nuclides. 
and.-.is .. - identical-  t o - t h e  helium!nucleus. 

The amount of feed or forage required by one rnatdre.cow%rd 
calf  for one month. 

.' . . .  . .  I 

alpha p a r t i c l e  
I t  i s  composed -of two protons and two -neutrdns', 

a n i m a l - u n i t  month. 

ant i c l  i ne A fold i n  t h e  underground rock structure that i s  convex 
upward. I t s  core contains the stratigraphically older rocks. 

aqu i fer A subsurface formation containing s u f f i c i e n t  saturated 
permeable material to y i e l d  significant quantities of water. 

aqu i tard 

atom 

A confining bed that retards b u t  does not prevent the flow 
of water to or from an a q u i f e r .  

A unit of matter: the smallest u n i t  of an element consisting 
of a dense, central,  p o s i t i v e l y  charged nucleus surrounded 
by a system of electrons, equal i n  number t o  the-nu-arbe'r-bf 
nuclear protons and characterist ical ly  remaining undivided 
i n  chemical reactions except for limited removal, transfer, 
or exchange of certai.n electrons. 

( 

A-weighted sound A method of measuring sound intensity t h a t  simulates an.  
l e v e l s  individual's sound perception. 

background Radiation arising from radioactive material other than that 
radiation under consideration. Background radiation due to cosmic 

rays and natural radioactivity  i s  always present, and there 
may also be background radiation due to the presence of 
radioactive substances i n  building materials, e t c .  

beta p a r t i c l e  

blow counts 

Charged particle emitted from the nucleus of an atom, w i t h  
mass and charge equal to those of an electron. 

The number of blows of a drop hammer to advance a s o i l  
penetrometer as detailed i n  the S t a n d a r d  Penetration Test 
( A S n  D1586). 

. , _ _ . . .  . 
. .  . .. . 



boundary 
seismicity 

colluvium 

confined aquifer 

contaminat ion 

curie (Ci) 

Dames L Moore 

daughter 
product (SI 

decay , 
radioactive 

decontamination 

densification 

disintegrations 
per minute or 
second 

disposal 

dose 

dose, absorbed 

dose commitment 

Seismicity which is associated with the boundary between 
two structural and/or physiographic provinces; for example, 
seismic events along the Wasatch Front, the physiographic 
boundary between the Colorado Plateau and the Basin and 
Range Province. 

R o c k  fragments, sand, and soil that accumulate on steep 
slopes or at the foot of hills. 

An aquifer bounded above and below by relatively impermeable 
beds. 
In this report, the presence of radioactive material in con- 
centrations above natural levels. 

A unit of radioactive disintegrstion; 
3.7 x. lOl0 disintegrations per second. 

An engineering and environmental consultant firm with an 
office in Golden, Colorado. 

,.- .* A ' A 

A nuclide resulting from radioactive disintegration of a 
radionuclide, formed either directly or as a result of 
successive transformations in a radioactive series; it may 
be either radioactive or stable. 

Disintegration of the nucleus of an unstable nuclide by 
spontaneous emission of charged particles, photons, or both. 

A unit used to express power or intensity ratios in elec- 
trical and acoustical technology. 

The reduction of radioactive contamination to a predeter- 
mined level set by a standards-setting body such as the EPA. 

The proccess of compacting loose soil materials. 

The number of radioactive decay events occurring per minute 
or second. 

I h e  planned safe permanent placement of radioactive waste. 

A general term denoting the quantity of radiation or energy 
absorbed: for special purposes, it must be qualified; if 
unqualified, it refers to absorbed dose. 

The amount of energy imparted to matter by ionizing radia- 
tion per unit mass of irradiated material at the point of 
interest; given in units of rads. 

The cumulative dose equivalent that results and will result 
from exposure to radioactive materials over a discrete time 
period; given in units of rems. 
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The quantity that expresses all kinds of radiation on a 
cormon scale for calculating the effective absorbed dose: 
defined as the product of the absorbed dose in rads and 
modifying factors, especially the qualifying factor; given 
in terms of rems. Often abbreviated .dose.. 

, _  

0 dose equivalent 

__. ... 
~ .. 

A negatively charged particle found either free or Sur-:-- 
rounding the nucleus of an atom. 

The number of cancer deaths occurring in the lifetime of a 
particular population that is in excess of the number 

., . 

.-. 1 .  

_ _  normally expected. , -  

e lect ron 

excess lifetime 
cancer deaths 

The presence of radiation that may deposit energy in an --.; 
individual;. given in units of roentgens. .. 2 

exposure 

external dose The absorbed dose or dose commitment that is due to a 
radioactive source external to the individual as opposed to 
radiation emitted by inhaled or ingested sources. 

fault A surface or zone of rock fracture along which there has 
been movement. 

flood plain Lowland or relatively flat areas that are subject to a 
1 percent or greater probability of flooding in any given 
year 4i.e., a 100-year or more common flood). 

flow slide The rapid failure of soil due to rapid strength loss and 
the resulting translational movement of that mass. Flow 
slides are often caused by liquefaction within a soil m88' 
resulting from dynamic loading such as from an earthquake. 

flux, radon The emission of radon gas from the earth, usually measurid 
in units of picocuries per square meter per second. 

A unit of acceleration equal to the standard acceleration 
of gravity. 

g Units 

Radiation dose caused by gamma radiation. gamma dose 

High energy electromagnetic radiation emitted from some 
radionuclides. The energy levels are specific for different 
radionuclides. 

gamma ray or 
radiation 

A block of the earth'i crust, generally with a length much 
greater than its width, that has dropped relative to the 
blocks on either side. 

graben 

ground water Water below the land surface, generally in a zone  of 
saturation. 

A railroad car that dumps its load from the 
car. 

bottom of the 



horst. 

half-life 

hypocentral 
distance 

in situ 

internal dose 

isotopes 

lacustrian 

lenticular 

1 idens inq 

1 ineamnt 

liquefaction 

liquid limit 

man-r em (per son 
rem) 

maximum credible 
earthquake 

micro 

microseismic 

0 A block of the earth's crust uplifted -along faults relative 
to the rocks on either side. 

The time it takes for 50 percent of the quantity of a 
radionuclide to decay into its daughters. 

The distance to an earthquake focus from a given 
point. 

_ _  

.-: :: z 3 In the natural or original position. 

The absorbed dose or dose commitment resulting from inhaled 
or ingested radioactivity. 

Nuclides having the same number of protons in their nuclei, 
but differing in the number of neutrons: the chemica,l_< . " ~ ~  
proper.ties of isotopes of a particular element are almost 
identical. 

Soil produced, or formed, in a lake. 

?Cqm - 

\ 

Generally a laterally discontinuous rock or soil unit or bed. 

In this report, the process by which the N F C  will, after 
the remedial actions are completed, approve the final 
disposition and controls over a disposal site. It will 
include a finding that the site does not and will not 
constitute a danger to the public health and safety. 

Any line on the ground or on an aerial photograph, that 
is structurally controlled. 

I 

A change in the phase of a soil unit from a solid mass to 
a viscous mass.due to increases in soil water pore pressure. 

The minimum amount of water which has to be mixed with a 
sediment or soil so that, under standard conditions of test 
(ASTM D423), thesaterial becomes capable of flowing like 
a liquid. 

Unit of population exposure obtained by summing individual. 
dose-equivalent values for all people in the population. 
Thus, the number of man-rems attributed to 1 person exposed 
to 100 rems is equal to that attributed to 100 people each 
exposed to 1 rem. 

The earthquake of the greatest magnitude that is predicted 
to occur along a known fault system. 

A prefix meaning one millionth (x 1/1,000,000 or 

Seismic events of very low Richter magnitude. 



milli 

Modified 
Mer ca 11 i 
( s c a l e )  

normal fault ing 

nucleus 

nuclide 

o f f - s i t e  property 

s l i c e s  analyses 

passive controls 

permeability . 

permissible dose 

A prefix meaning one thousandth ( x  1/1000 or-10-3). 

A standark'scale for the evaluation of the local intensity 
of earthquakes based on observed phenomena such as the 
resulting l e v e l  of damage. Not to be confused-with magni- 
tude, such as measured b y .  the Richter s c a l e ,  which i s  a 
measure of the comparative strength of earthquakes a t  their 
sources. 

. 
. .  .. .. . 

A f a u l t  where the hanging wall moves downward r e l a t i v e  to 
the footwall. 

-. 

ordinary method-of- A method to determine slope s t a b i l i t y  where the slopes . 

per son-rem 

pic0 

p icocur i e  

/ 

.. - 
The posit ively  charged center of an atom. 

A k i n d '  of :'atom .characteriz<d by the constitution of i t s  
nucleus. 

. I  *... . ._ _, . _ - .  ' 

It is s k c i f i e d  by the number of protons and the 
, , . -..- number of neutrons i n  the nucleus. ._: j .  - .__ . ~ 

(See v i c i n i t y  property) 

are analyzed as a group of v e r t i c a l  s l i c e s .  
and resist ing forces of each s l i c e  are calculated using 
basic s t a t i c  equilibrium equations. The factor of safety 
i s  determined as the ratio  of the resist ing forces to the 
d r  i v  ing forces . 

The driving 

Those controls which i n h i b i t  human contact w i t h  the waste 
and depend on a continuing social  order. Examples include 
Federal ownership of a disposal s i t e ,  monuments on the s i t e ,  
records w i t h  agencies, and physical barriers ( e . g . ,  riprap, 
covers, waste b u r i a l ) .  

The ease w i t h  which liquids or gases penetrate or pass 
through a s o l i d  material. %chnically,  i t  i s  the volume of 
f luid t h a t  will  flow through a u n i t  area under a u n i t  
hydraulic gradient, measured i n  centimeters per second or 
equivalent units. 

T h a t  dose of ionizing radiation that is considered accept- 
able by standards-setting bodies Such as the EPA. Also, 
the dose of radiation t h a t  may be received by an individual 
w i t h i n  a specified period w i t h  the expectation of no sub- 
s t a n t i a l l y  harmful result .  

Same as man-rem. 

A prefix meaning one t r i l l i o n t h  (x  1 / 1 , 0 0 0 , 0 0 0 ; 0 0 0 , 0 0 0  or 
10-12). 

A u n i t  of radioactivity  defined a6 0 . 0 3 7  disintegrations 
per second. 



population dose 
(exposure) 

pore water 
pressure 

potentiometric 
surf ace 

probable maximum 
flood 

probable maximum 
precipitation 

proton 

quality factor 
(QV 

rad 

r ad ioact iv i t y 
(rad ioact ive 
decay) 

r ad io i so tope 

radionuclide 

radium-226 

r adon-222 

r adon-daughter 
product 

000232 

0 The sum of individual radiation doses received by all of 
those exposed to the source of interest. 

Stress or pressure within a soil or rock mass due to the 
pressure of interstitial fluid. 

That surface represented by the static water-level in wells 
tapping a saturated geologic formation or aquifer. 

The hypothetical flood (peak discharge, volume, and hydro- 
graph shape) that is considered to be the most severe 
reasonably possible, based on comprehensive hydrometeor- 
ological application of probable maximum precipitation (PMP) 
and other hydrologic factors favorable for maximum flood 
runoff such as sequential storms and snowmelt. 

The estimated depth €or a given duration, drainage area, and 
time of year for which there is virtually no risk of 
exceedance. 

An electrically positive elementary particle found in the 
nucleus of an atom. Also, the nucleus of a hydrogen atom. 

?he principal modifying factor by which absorbed doses are 
multiplied to obtain dose equivalents for radiation- 
protection purposes and thus express the effectiveness of 
absorbed doses on a common scale for all kinds of ionizing 
radiation. The quality factor depends on the type and the 
energy of the radiation being considered. 

0 
A unit of measure for the absorbed dose of radiation. It 
is equivalent to 100 ergs per gram of material. 

The property of some nuclides of spontaneously emitting 
particles or g a m a  radiation or of spontaneous fission. 

A radioactive i8otope of an element with which it nhares 
alroost identical chemical properties. 

A radioactive nuclide. 

A radioactive daughter product of uranium-238. 
present in all uranium-bearing ores: it has a half-life of 
1620 years. 

Radium is 

m e  gaseous radioactive daughter product of radiurrr226; it 
has a half-life of 3.8 days. 

One of several short-lived radioactive daughter products of 
radon-222. All ate solids. 
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rem A unit of dose equivalent equal to the absorbed dose in rads 

times quality factor times any other necessary modifying 
factor. It represents the quantity of radiation that is 
equivalent in biological damage to 1 rad of x-rays. I .  

e 1  Richter magnitude 

roentgen 

A measure of the total energy released by an earthquake. 

A unit of measure of ionizing radiation in air; 1 roentgen 
in air is approximately equal to 1 rad and 1 rem in tissue. 

safety factor A classification of stability based on the ratio of 
resistant forces to driving forces where a ratio greater 
than 1 indicates non-failure. 7 

sands In this report, relatively coarse-grained waste products of 
uranium-ore p.rocessing. f 

secular 
equilibrium 

The condition of a radionuclide decay chain in which the rate 
of decay of any radioactive product is just equal to its p r c ~  
duction from the previous member of the chain. 

J 

seismicity 

seismogenic 

1 Phenomena of earth movements. 

Said of a geologic setting or structure which has been or 
could be the locus of seismic activity. For example, an 
active fault is considered the potential seismogenic source 
for future earthquakes. 

seismotectonic Adjective used to describe the relationship between seis- 
micity and the geologic structural fabric of the earth. 

shear resistance 

shear stress 

Resistance to displacement by a shear stress. 

A stress causing or tending to cause two adjacent parts 
of a solid to slide past one another parallel to the 
plane of contact. 

slimes 

South Clive site 

In this report, fine-grained waste materials from uraniunr 
ore processing that are mixed with small amounts of water. 

. 
A site 3 miles south of a rail point called Clive on the 
eastern edge of the Great Salt Lake Desert and about 85 road 
miles west of Salt Lake City, Utah. It has been nominated 
by the State of Utah as a possible site for permanently 
disposing of the radioactive material from the Vitro site. 

A test to determine the relative values of soil density 
based on the numbers of blows of a standard force 
necessary to drive a shaft a standard distance into the 
soils. 

Standard 
penetration test 

syncline A fold in the rock structure that is concave upward. 



tailings , 
ur an ium-mill 

tectonics 

tectonic stress 

thorium-230 

total overburden. +. 
stress 

transmissivity, 
hydraulic 

unconfined 
aquifer 

Unified Soil 
Classification 
System 

uranium- 2 3 8 

vicinity 
property 

Vitro site 

water table 

working level 
(WL) 

The wastes remaining after most of the uranium has been 
extracted from uranium.ore. 

Study of the deformation of the major structural features 
of the Earth's crust or broad structure of a region. 

The force per unit area transmitted to strata during 
seismic or earthquake activity. 

- 

e 
- 2  
L .  

A radioactive-daughter product of uranium-238; it has a 
half-life of 80,000 years and is the parent of radium-226,c 

The force per unit area caused by the weight of the 

:*a 

- 1  overlying rock or soil." -. . 
3 ;  ,332 

A measure of the ability of an aquifer to transmit water 
equal to the product of-thepermeability and the thickness 
of the aquifer, expressed in gallons per day. 

An aquifer that i s  not confined by impermeable beds. The 
upper surface is called the water table. 

~ - 'j7.:- 

The generally accepted system fo r  the classification of 
soils based on grain size, size distribution and 
plasticity properties adopted by the U.S. Army Corps of 
Engineers and the Bureau of Reclamation. 

A naturally occurring radioisotope with a half-life of 4.5 
billion years; it is the parent of uranium-234, thorium-230, . .  
radium-226, radon-222, and others. 

. -  _. . . _ (  

A property in the'vicinity of the Vitro site which is deter- 
mined by the DOE, in consultation with the NRC, to be con- 
taminated with residual radioactive material derived from the 
Vitro site, and which is determined by the DOE to require 
remedial action. 

A site in South salt Lake, Utah, containing radioactive 
residues left from operations of the Vitro Chemical Co. 
plant, which extracted uranium from various ores for the 
U.S. Atomic Energy Commission. 
as requiring remedial action under UMTRCA. 

It has been designated 

The potentiometric surface in an unconfined aquifer. 

A measure of radon-daughter-product concentrations. 
Technically, it is any combination of short-lived radon 
decay products in 1 liter of air that will result in the 
ultimate emission of alpha particles with a total energy 
of 130,000 MeV. 
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working-level 
month (WLM) 
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. .. 

I 

.. 

Exposure resulting from inhalation of air with a concen- 
tration of 1 WL of radon daughters for 170 working hours. 
Continuous exposure of a member of the general public to 
1 WL for one year results in approximately 50 WLM of 
exposure; 1 WLM is approximately equal to 5 rem. 

f 
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ABBREVIATIONS AND ACRONYMS 

AAR 
ADT 
AEC 
ANL 
ANS 
AQCR 

American Association of Railroads 

U.S. Atomic Energy Commission 
Argonne National Laboratories 
American Nuclear Society 

-.- - Average Daily Traffice (trips) 2- - 

'+' * -  

.I- 1 ,,. Air Quality Control Region _ -  

Basin and Range ,:i \ax 
Advisory Committee-on the Biological Effects of Ionizing 

Bureau of Land Management, U.S. Department of Interior 
Biological oxygen demand Ax?'! 

l i  

&Z 
Radiation of the National Academy of Sciences (also their repor-t) 

2fJ&& 

.ad 
c 

Code of Federal Regulations 
Cubic feet per second 
Carbon monoxide 
Central Valley- Water Reclamation Facility, Salt Lake City, UT 

. .  

BAR 
BEIR .l - 

1 BLM 
BOD 

a -. 

I CFR 
cf s 
co 
CVWRF 

dEA Decibels on the A scale: a logarithmically based unit of sound 
intensity weighted to account for human auditory responses 
U.S. Department of Energy 
U.S. Department of Interior 

DOE 
DO1 

Environmental assessment 
External gamma radiation 
Environmental impact statement 
U.S. Environmental Protection Agency 

EA 
EGR 
EIS 
EPA 

U . S .  Fish and Wildlife Service 
Ford, Bacon and Davis Utah Inc. 
Federal Emergency Management Agency 
Federal Register 

FbWS 
FBDU 
FEMA 
FR 

Grams, a unit of weight = 0,035 ounce: also a measure of 
acceleration, 1 g = 32 feet per squared second 
gallons per minute 

9 

HC 
HEC 
HELP 
HEW 
HUD 

Hydrocarbon 

Hydrologic Evaluation of Landfill Performance 
U.S. Department of Health, Education and Welfare 
U.S. Department of Housing and Urban Development 

' Hydrologic Engineering Center 

Kilowatt hours kWh 

1 
LASL 
Ld n 

Liter: a unit of volume = 1.057 quarts 
b s  Alamos Scientific Laboratory 
Day-night sound level, measured in decibels 



m 

K E  
MeV 
mg 
mgd 

MILDOS 

MMX 
MPC 
mR/h f 
MSRD 

mQs 
NEPA 
NOAA 
NO2 
NOX 
NPDES 
NRC 

03 
ORNL 

PERM 
PL 
Po 
PMF 
PMP 

RA 
RAm 
Ra-226 
RAC 
RDC 
Rn-222 

Sandia 
SCS 
SHhB 
SMSA 
so2 

TAC 
TDS 
Th 

Meter; a unit of length = 3.28 feet; also milli, a prefix meaning 
one-thousandth (10”) 
Maximum Credible Earthquake 
Million electron volts 
Milligrams; a thousandth of a gram 
Million gallons per day 

A computer code used to calculate both 
particulates in the atmosphere and the 
Modified Mercalli Intensity; a measure 
Maximum permissible concentration 
Milliroentgens per hour 
Fbuntain.States Research & Development 

National Ambient Air Quality Standards 

I 

“lt’ 

P . .* 
-7 Y 

the spread of radon and - . - -^.  

consequent rgdiation doses:’ > =  
of earthquake intensity 

c~mpariy, Tucson , ~r izona? z3.3 

. -  

..‘8*; 

i .G% 
&-?g National Environmental Policy Act of 1969 (PL 91-190) 

Nitrogen dioxide 
Nitrogen oxides 
National Pollutant Discharge Elimination System 
U.S. Nuclear Regulatory Agency 

National Oceanic and Atmospheric Administration ., .-F. - -  

Ozone 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Pico, a prefix meaning one-tr illionth ( 10’l2) 
Lead 
Picocuries per gram 
Picocuries per liter 
A logarithmic scale of hydrogen-ion concentration, and hence, an 
Indication of acidity or alkalinity: pa - 7 is neutral; @ less 

Passive environmental radon monitor 
Public Law 
Polonium 
Probable maximum flood 
Probable maximum precipitation 

than 7 is acidic; p€l greater than 7 is alkaline 1 .  

Remedial action 
Rogus and Associates Engineering Company 
Radiuar226 
Remedial Action Contractor 
Radon-daughter concentration 
Radon-222 

Sandia National Laboratories, Albuquerque, New Mexico 
U.S. Soil Conservation Service 
Sergent, Eanskins & Beckwith 
Standard Metropolitan- Statistical Area 
Sulfur dioxide 

Technical Assistance Contractor 
Total dissolved solids 
Thorium 
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TLDS 
mc 
TSP 
TSS 
UBC 
U-234 
U-235 
U-238 

UMTRA 
UMTRCA 
USDA 
USGS 

~ 3 0 8  

Vitro 
VTSSC 

WL 
WLM 

X- 

Thermoluminescent dosimeters; a device for measuring radiation 
Total organic carbon 
Total suspended particulates 
Total suspended solids 
Uniform Building Code 
Ur an ium-23 4 
Uranium-235 
Uranium-238 
Uranium oxide, also called yellowcake 
Uranium Mill Tailings Remedial Action Project 
Uranium Hill Tailings Radiation Control Act of 1978 (PL 95-604) 
U.S. Department of Agriculture 
u.S. Geological Survey 

Vitro Chemical Company, South Salt Lake, Utah 
Vitro Tailings Site Selection Committee; a committee appointed by 
the Governor of Utah in 1980 

Working level (a measure of radon-daughter-product concentration) 
Working-level month (exposure to 1 WL for 170 hours) 

Mean (average value of the variable) 

Micro; a prefix meaning one-millionth (loT6) 
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INDEX 

accidents 
radioactivity involved 
radioactivity not involved 
during transportation 

5.1.3, 5.1.5 
5.14 
5.1.5 

air quality 
impacts on 
present levels 
standards 

5.2 
4.1, 4.4 
4.4 . .i - . .  

alternatives 
comparison 
descr iption 
eliminated from consideration 
impacts of .- 

3.3.1, 3.3.3 
3.2 
3.2.5 
3.3, Chapter 5 

aqua tic biota 
description 

, impacts on 
4.7.4 
5.5 

erchacological resources 
description 
impacts on 

4.11.3 
5.8 

biology; see aquatic biota, plants, wildlife 

2.2 cooperative agreement 

Appendix A costs 

cover material 3.2.3, 3.2.4, Appendix A 

cultural resources 
places of interest 4.11.3 

4.12.5 
5.8 

resources of communities 
impacts on 

1 

disposal sites; see site selection 

dust; see air quality 

earthquakes 
I 

impacts of 

ecology; see aquatic biota, plants, wildlife 

4.5.4, Appendix H 
5.3.4 

4.1, 4.12.2, 5.11, Appendix I economics 

, endangered species . 4.7.5, 5.5 

5.13, Appendix A energy, use of 

engineering; see alternatives, description 

r 



f looding  4.6.1, Appendix A, 5.3.4 

gamma r a d i a t i o n :  see r a d i o a c t i v i t y  

4.5 

ground water 
d e s c r i p t i o n  
impacts on 
q u a l i t y  

- s t a n d a r d s  

4.6.2, Appendix D 
5.4.2 
4.6.2, Appendix D 
3.1.1, Appendix D : .. -: 

.._ .: . . ..Ll>t.. 
his t o r y  

of s i tes  
p o i n t s  of i n t e r e s t  
impacts on 

4.2 
4.11.1, 4.11.3 
5.8 

housing 

impacts 

4.12.4, 5.10 

comparison of 
p r e d i c t i o n  methods 
summary 

3.3.1 

3.3.3 

4.1, 4.9, 5.6, Appendices E,I 
5.15 
4.9 

1 and use  
con f 1 ic  ts 
p l a n s  and policies 

l i c e n s i n g  and permits 
NRC 2.2, 3.1.2 

me teor ology 4.3 
see also f l o o d s ,  p r e c i p i t a t i o n ,  storms, temperature, winds 

miner a1 r e s o u r c e s  4.5.3 5.3.3 

m i t i g a t i o n  of impacts 3.3.2, 5.19, Appendix A ' 

noise  4.10,  5.7 

Nuclear Regulatory C o m i s s i o n  (NRC) 
l i c e n s i n g  
r e g u l a t i o n s  

2.2, 3.1.2 
3.1.2 

p l a n t s  
aquat ic  
impacts on 
terrestrial  

. .  

r 

population . 

d is t r  ibu  t i o n s  
impacts 

4.7.4 
5.5 
4.7.3 

4.12.1 
5.9 

p r e c i p i t a t i o n  4.3.3 

4.12.8 

I .  

publ ic  .oginion 

O O O j o Z  
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remedial action; see alternatives, UMTRCA, UMTRA Project 

reprocessing 3.2, Appendix C 

scenic points of interest 4.11.3, 5.8- 

seismicity; see earthquakes 

radioactivity 
background levels 
health effects of 
pathways 
predictions 

radium 
in ground water 
in soil 
standards 
in surface water 

-. 
radon 

in air 
effluent from sites 
standards 

railroads 

rain; see precipitation 

sites 
descr ipt ion, 
select ion 

socioeconomics 
description 
impacts on 

soils 

species; see aquatic biota, plants, wildlife 

stabilization in place: see alternatives 

standards 
air quality 
c 1 eanu p 
disposal 
EPA 
ground water 
soil 
surface water 

4.8 
5.1, Appendix F 
5.1.2, Appendix F 
5.1, Appendix F 

4.6.2, 4.8, Appendix D 
4.8, Appendix F 
3.1.1 
4.6.1, 4.8, Appendix D 

4.8 
5.1, Appendix F 
3.1.1 

4.12.6, 5.12, Appendix A 

4.1, 4.2 
Appendix B 

4.12, Appendix E 
5.9-5.12 

4.5.1, 4.5.2, 5.3, Appendix H 

4.4 
3.1.1 
3.1.1 
2.2, 3.1.1 
3.1.1 
3.1.1 
3.1.1 



storms 

surface water 
d e s c r  i p t  i o n  
impacts on 
q u a l i t y  
s t a n d a r d s  

s u r v e y s  , r a d i o l o g i c a l  

t a i l i n g s ,  d e s c r i p t i o n  o f  

taxes 

temperature 

transpor t a  t i o n  
. of c o n t a m i n a t e d  material 

of cove r  material 
ne tworks  

U r a n i u m  M i l l  T a i l i n g s  R a d i a t i o n  
- Control A c t  (UMTRCA) 

Uranium Will T a i l i n g s  Remedial  
Action (UMTRA) P r o j e c t  

uranium 

v e g e t a t i o n :  see plants 

v i c i n i t y  properties 

V i t r o  Chemical  Company 

w e a t h e r  patterns 
see also m e t e o r o l o g y  

w i l d l i f e ,  terrestrial  

winds 

work  f o r c e  

. .  5.4.1 
4.6.1,  Appendix D 
3.1.1,  Appendix D 

4.2, 4 .0 ,  
Appendix F 

4.2 

. -  .. .. : .-,' 

I ..... . l i . * C Z  , 4.12, 5 .11 

4.3.2 
._. ,. 6 5  :. 

. *  3.2,  C h a p t e r s  4 and 5,'-- ., 
Appendix A 
3.2, Appendix A 
4.1,  4.12.6 

2.2, 3 .1  

3.1 

4.2,  4.6.2, 4.8, Appendix F 

2.2 

4 . 1  

4 .3  

4.7.3, 5.5 

4.3.4 
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A. 1 INTRODUCTION 

A . l . 1  P u r p o s e  

- I  ... . , 
.d' 

T h i s  append ix  p r o v i d e s  t h e  i n f o r m a t i o n  needed to unde r s t and  t h e  
c o n c e p t u a l  d e s i g n s  f o r  t h e  r emed ia l  a c t i o n  a l t e r n a t i v e s  ac.Z:essed i n  t h i s  
FEIS. T h i s  append ix  is in t ended  to p r o v i d e  s u f f i c i e n t  de:ail for t h e  r e a d e r  
to u n d e r s t a n d  the r e m e d i a l  a c t i o n  a l t e r n a t i v e s  and t h e  a n t i c i p a t e d  e n v i r o n -  
men ta l  i m p a c t s .  T h i s  appendix is n o t  i n t e n d e d  to p rov ide  :he d e t a i l e d  
e n g i n e e r i n g  n e c e s s a r y  to  implement t h e  a l t e r n a t i v e s .  Addi:ional d e t a i l s  o f  
t h e  p roposed  r e m e d i a l  a c t i o n  ( i . e . ,  A l t e r n a t i v e  3--reloca:ion to South C l i v e )  
can be found i n  t h e  D r a f t  Remedial A c t i o n  P l a n  (WE, 1984). Details of s t a b i -  
l i z a t i o n  on t h e  V i e r 0  s i t e  ( i . e . ,  A l t e r n a t i v e  2 )  a r e  a v a i l a 3 l e  i n  t h e  DOE 
UMTRA P r o j e c t  O f f i c e  i n  Albuquerque, NM. 

A. 1 . 2  Design o b j e c t i v e s  

The p u r p o s e  o f  t h e  r e m e d i a l  a c t i o n  is to  d i s p o s e  o f  t h e  uranium m i l l  
t a i l i n g s  and o t h e r  c o n t a m i n a t e d  m a t e r i a l  i n  a manner which c o m p l i e s  w i t h  EPA 
s t a n d a r d s  ( 4 0  CFR 1 9 2 ) .  C o n s i s t e n t  w i t h  t h e s e  s t a n d a r d s ,  and p r o j e c t  
o b j e c t i v e s ,  t h e  f o l l o w i n g  major d e s i g n  o b j e c t i v e s  have been e s t a b l i s h e d  f o r  
bot!! a c t i o n  a l t e r n a t i v e s :  

Reduce t h e  a v e r a g e  radon f l u x  from t h e  d i s p o s a l  s i t e  t o  
20 p i c o c u r i e s  p e r  s q u a r e  meter p e r  s econd .  

Design c o n t r o l s  to be  e f f e c t i v e  f o r  up to  1000 y e a r s  w i t h  minimum 
main tenance  and a minimum d e s i g n  l i f e  of 200 y e a r s .  

P r e v e n t  i n a d v e r t e n t  human i n t r u s i o n  th rough  t h e  use o f  p a s s i v e  
t e c h n i q u e s .  

E n s u r e  t h a t  e x i s t i n g  or a n t i c i p a t e d  b e n e f i c i a l  uses of ground and  
s u r f a c e  waters a r e  n o t  a d v e r s e l y  a f f e c t e d .  

Reduce c o n t a m i n a n t  l e v e l s  on a r e a s  r e l e a s e d  f o r  u n r e s t r i c t e d  u s e  
to  l e v e l s  which d o  n o t  exceed 5 p i c o c u r i e s  per  g r a n  (Ra-226)  above  
background i n  the top 15 c e n t i m e t e r s  o f  soil and do n o t  exceed 1 5  
p i c o c u r i e s  p e r  gram above background i n  any 15 -cen i ime te r  l a y e r  below 
t h a t  d e p t h .  

P r o t e c t  a g a i n s t  releases of  c o n t a m i n a n t s  from t h e  s i t e  d u r i n g  
c o n s t r u c t i o n .  

P r o v i d e  f l o o d  p r o t e c t i o n ,  r u n o f f  and s e d i m e n t  cont:al ,  and t r e a t m e n t  
o f  waste water a s  required. '  

Minimize a r e a s  d i s t u r b e d  d u r i n g  c o n s t r u c t i o n  and minimize worker and 
p u b l i c  e x p o s u r e  t o  contaminated m a t e r i a l s .  

A- 1 000378 



r 

6 4 4 2  9 
4 

A . 2  STABILIZATION ON THE VITRO SITE ( A L T E R G T i E  2) 

A.Z.1 Major elements of the design 

The principal feature of this.design concept is the consolidation of the 
tailings and other contaminated .materials into an embankrnent on the 
southcentral and southeast portions of the Vitro site (Ficure A - 1 ) .  This 
der ign 

. .. 

would require the following major construction activities: 

Preparation of the site, including erection of a security fence, and 
construction of waste-water sedimentation basins to protect against 
inadvertent release of contaminants from the site curing construction. 

Construction of drainage control measures to direct waste-water 
and storm-water runoff to sedimentation basins du:ing construction 
activities. 

/ 

Removal, relocation, or abandonment of surface and subsurface 
utilities within the embankment area to prevent tiie need for human 
access on the site. 

Excavation and handling of tailings and other contaminated materials. 

Installation of measures to control erosion and sedimentation from 
disturbed areas during. construction. 

Installation and operation of a waste-water treatzent facility to 
protect against release of contamination to surface waters during 
construct ion. 

Construction of a liner system to isolate the tailings and other 
contaminated materials from the ground water. 

Construction of the embankment to isolate tailings and other 
contaminated material. 

Demolition and disposal of structural foundations and 
rubble on the site. 

Decontamination of existing surface waterways and placement of 
material in the embankment. 

Construction of the final cover system over the tailings to inhibit 
water infiltration and radon exhalation. 

A- 3 000379 
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- R e s t o r a t i o n  of a i l  e x c a v a t e d  a r e a s  of t h e  s i t e  to  a t  or n e a r  

n a t u r a l  c o n t o u r s  g i t h  imported f i l l  and'  f i n a l  g r a c i n g  t o  p r o v i d e  
s u i t a b l e  d r a i n a c e  c o n t r o l .  

Emplacement of e r 3 s i o n  p r o t e c t i o n  on t h e  embankmen:. 

R e v e g e t a t i o n  of s l l  d i s t u r b e d  a r e a s  to  m i t i g a t e  e r o s i o n .  

I n s t a l h t i o n  of z e m p r a r y  and permanent  f e n c i n g  t o  d i s c o u r a g e  human 
i n  t r  u s  i o n .  

A . 2 . 2  D e s c r i p t i o n  of f i n a l  c o n d i t i o n  

The comple t ed  s i t e  would be a n  embankment s i t u a t e d  on t h e  s o u t h c e n t r a l  
and s o u t h e a s t  p o r t i o n s  of t h e  p r e s e n t  s i t e  and would occupy a p p r o x i m a t e l y  5 3  
a c r e s .  The completed s i t ?  would be bounded on t h e  west b y  t h e  e x i s t i n g  South 
v i t r o  D i t c h ,  on t h e  s o u t h  by Utah Highway 171 (3300 Sou th  S t r e e t ) ,  on t h e  e a s t  
by t h e  r a i l r o a d  right-of-way (R.O.W.) ,  and on t h e  n o r t h  by t h e  CVWRF p r o p e r t y  
( F i g u r e  A - 1 ) .  The embankment boundary would e x t e n d  n o r t h  from Utah Highway 
1 7 1  and a l o n g  t h e  e a s t  s i d e  of t h e  S o u t h  Vitro D i t c h  f o r  a p p r o x i m a t e l y  1 2 5 0  , 
f e e t  and t h e n c e  e a s t  t o  t h e   ailro road R.O.W. 

The t o p  o f  t h e  embankment would c o v e r  a b o u t  25 acres. S i d e  s l o p e s  o f  t h e  
embankment would have a s l o p e  of 1 v e r t i c a l  to 5 h o r i z o n t a l  and t h e  t o p  w o u l d  
be  s l i g h t l y  convex (2 p e z c e n t )  , r e a c h i n g  a maximum e l e v a t i o n  o f  a p p r o x i m a t e l y  
50 f e e t  above t h e  su r round ing  t e r r a i n .  The top and s i d e s  would be c o v e r e d  
w i t h  p i t  r u n  rock f o r  e r o s i o n  p r o t e c t i o n .  

--' I 
An unpaved a c c e s s  r o a d ,  t i e d  i n t o  t h e  p i t  r u n  r o c k ,  would l o o p  t h e  bottom 

o f  t h e  embankment. A s e c u r i t y  f e n c e  w i t h  warn ing  s i g n s  would e n c l o s e  t h e  
embankment and roadway. Channels  a d j a c e n t  to  t h e  embankment would  p r o v i d e  
d r a i n a g e  and  d i v e r t  s u r f a c e  r u n o f f  a round  and away from t h e  embankment. 

The r e m a i n i n g  a r e a s  of t h e  p r e s e n t  s i t e  would be r e s t o r e d  w i t h  c l e a n  
so i l ,  c o n t o u r e d  f o r  s u r f a c e  d r a i n a g e ,  and r e v e g e t a t e d .  Approx ima te ly  75 a c r e s  
of t h e  p r e s e n t  s i t e  wou ld  be r e l e a s e d  and a v a i l a b l e  for uses p e r m i t t e d  by 
local  zon ing  o r d i n a n c e s .  

A- 5 
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A . 3  D E S I G N  FEATUES - VITRO SITE (ALTERNATIVE 21 

A .  3 .1  I n t r o d u c t i o n  

Inc luded  i n  t h i s  s e c t i o n  is a d e s c r i p t i o n  of t h e  major  f e a t u r e s  o f  t h e  
d e s i g n .  Table  A - 1  summarizes ear thwork  volumes descr ibed  i n  t h e  f o l l o w i n g  
s e c t i o n s .  F i g u r e  A - 2  i l l u s t r a t e s  ::;e s ice  concep t .  

Tab le  A - 1 .  Earthwork volume summary--s tab i l iza t ion  o n  t h e  Vi t ro  s i t e  

. ,  _. __. 
..J 

I tern d e s c r i p t i o n  
Es t ima ted  volume 

( c u b i c  ya rds1  

1. 

2 .  

3. 

4 .  

5. 

CONTAMINATED MATERIAL RELOCATION: 

Excava t ion  o u t s i d e  embankment a r e a  
R e l o c a t i o n  i n  embankment a r e a  
Windblown and v i c i n i t y  p r o p e r t i e s  

Rubble 
( s p r e a d  and compact)  

(PRELOAD SYSTEM) : 

LINER SYSTEM: 

Subbase  (random f i l l )  
Base ( g r a n u l a r  soi l )  
L i n e r  ( f i n e  g r a i n e d  .soil) 

EMBANKMENT COVER: 

Radon barrier ( s i l t y  s a n d )  
E r o s i o n  barr ier  ( p i t  r u n  royk)  

RESMRATION (select f i l l )  

1 ,370 ,000  
850,000 

150,000 
80,000 

(3 ,000,000 

220 ,000  
3 0 0 , 0 0 0  
190 8 000 

290 ,000  
155,000 

710 000 

*The d e s i g n s  inc luded  i n  this EIS a r e  based upon - a v a i l a b l e  information----- 
a n d  s u p p o r t i n g  e n g i n e e r i n g  a n a l y s e s .  I t  is recogn ized  that  t h e r e  a r e  "margins  
o f  error"  or " r i s k s "  associated wi th  t h e s e  a n a l y s e s  and t h a t  w i t h  a d d i t i o n a l  
f i e l d  and  l a b o r a t o r y  a n a l y s i s  t h e s e  .margins of error" or " r i s k s "  c o u l d  be 
reduced .  For example,  the d e s i g n  f o r  A l t e r n a t i v e  2 does n o t  i n c l u d e  
p r o v i s i o n s  for p r e l o a d i n g  ( t o  reduce e x c e s s i v e  d i f f e r e n t i a l  s e t t l e m e n t )  based 
upon t h e  a n a l y s e s  t o  d a t e :  however ,  the S t a t e  of Utah h a s  i n d i c a t e d  t h a t  
d i f f e r e n t i a l  s e t t l e m e n t  may indeed  be more of  a c o n c e r n  t h a n  i n d i c a t e d  by t h e  

A - 7  000382 
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e n g i n e e r i n g  a n a l y s e s  i n c l u d e d  i n  t h i s  EIS. If  p r e l o a d i n g  were to  be r e q u i r e d ,  
b a s e d  upon  e n g i n e e r i n g  a n a l y s e s  and ccs: e s t i m a t e s  prepar .ed by t h e  s t a t e ,  a n  
a d d i t i o n a l  3 . 0  m i l l i o n  c y  o f  f i l l  would be neeeed f o r  a b o u t  2 . 5 . y e a r s  t o  
p r e l o a d  t h e  s i t e  prioc to t a i l i n g s  placement .  T h i s  would i n c r e a s e  t h e  c o s t  of 
A l t e r n a t i v e  2 by $10.8 m i l l i o n  to $ 4 2 . G  m i l l i o n  ( l e t t e r  from Sta:e of U t a h  
Depar tmen t  of T r a n s p o r t a t i o n  to t h e  DeSartment of  H e a l t h ,  Decembez 1 9 ,  1983 . )  

A .  3 ' 2 Design cons ide r  a t  i o n s  

The remedial. a c t i o n  was d e s i g n e d  EO e n s u r e  t h a t  t h e  d i s p o s a i  s i t e  would 
w i t h s t a n d  the  f o r c e s  of n a t u r e  for a lcng p e r i o d  o f  t i m e  (1000 y e a r s ) ,  ana  
p r o v i d e  radon control and r e q u i r e d  ground-water p r o t e c t i o n  c o n s i s t e n t  w i th  t h e  
EPA s t a n d a r  d s  . 

S e v e r a l  f a c t o r s  were i n v e s t i g a t e d  and a r e  d i s c u s s e d  below. 

A.3.2.1 Cover Design 

The c o v e r  would be c o n s t r u c t e d  of t w o  b a s i c  l a y e r s :  a lower compacted 
e a r t h e n  l a y e r  to  a c t  a s  a r adon  and v a t e r  i n f i l t r a t i o n  b a r r i e r  and a n  upper 
r o c k  l a y e r  f o r  s u r f a c e  s t a b i l i t y  ( F i g u r e  A - 3 ) .  The c o v e r  would a l s o :  

A c t  a s  a b a r r i e r  a g a i n s t  i n a d v e z t e n t  human i n t r u s i o n .  

A c t  a s  a b a r r i e r  to d i s c o u r a g e  i n t r u s i o n  by bu r rowing  a n i m a l s .  

C' 

C o n t r o l  o f  radon e m i s s i o n s  from t h e  s t a b i l i z e d  embankment would be  
accompl i shed  through a combina t ion  of t e c h n i q u e s  i n c l u d i n g  t h e  f o l l o w i n g :  

Sequencing of e x c a v a t i o n  and c o n s t r u c t i o n  i n  o r d e r  to  p l a c e  l e s s e r  
con tamina ted  "sands" o v e r  h i g h e r  con tamina ted  "slimes." 

P l a c i n g  lesser con tamina ted  f o u n d a t i o n  soi ls  and windblown soi ls  
o v e r  t h e  t a i l i n g s .  

P l a c i n g  a compacted soil  c o v e r  ove r  t h e  t a i l i n g s  and o t h e r  
con tamina ted  materials. 

Data on t h e  d i s t r i b u t i o n  o f  radium i n  t h e  t a i l i n g s ,  on t h e  p r o p e r t i e s  o f  
t h e  borrow m a t e r i a l ,  and on t h e  a n t i c i p a t e d  d e p t h  o f  e x c a v a t i o n  i n  a r e a s  t o  . be .- 
r e s t o r e d  were analyzed i n  o r d e r  to  d e v e l o p  an estimate o f  c o v e r  t h i c k n e s s .  

. Radon e m i s s i o n s  b e f o r e  and a f t e r  t!e r e m e d i a l  a c t i o n  were c a l c u l a t e d  
u s i n g  t h e  RAECO model (Rogers  e t  a l . ,  1 9 8 1 ) .  Four p a r a m e t e r s  f o r  each l a y e r  
o f  t h e  c o v e r  and t a i l i n g s  are r e q u i r e d  t o  compute t h e  e x i t  f l u x  from t h e  p i l e  
u s i n g  t h e  W C O  model. The f i r s t  i n p u t  is t h e  source term o f  t h e  t a i l i n g s ;  
t h i s  is t h e  a v a i l a b l e  radon p e r  u n i t  volume of t a i l i n g s  t h a t  c a n  be r e l e a s e d  
i n t o  t h e  atmosphere each second.  The second i n p u t  is t h e  e f f e c t i v e  d i f f u s i o n  

A-9 
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6 4 4 2  
c o e f f i c i e n t  of each l a y e r  
s a t u r a t i o n  i n  t h e  l a y e r .  
c o n f i n e s  t h e  radon g a s  as 

which is based o n  the  p o r o s i t ; r  and l e v e l  o f  m o i s t u r e  
The d i f f u s i o n  c o e f f i c i e n t  d e f i n e s  how w e l l  a l a y e r  
i t  m i g r a t e s  through :hat l a y e r .  I f  . c o n f i n e d  l o n g  

e n o u q h ,  t h e  radon w i l l  decay t o  radon d a u g h t e r s ,  which a r e  p a r t i c l e s  and w i l l  
be t r a p p e d  i n  t h e  cove r  l a y e r .  The  t h i r d  i n p u t  is t h e  2 o r o s i t y  of a l a y e r .  is 
l o w  p o r o s i t y  s o i l  w i l l  b e t t e r  a t t e n u a t e  t h e  d i f f u s i o n  of t h e  r adon  g a s .  The 
f o u r t h  i n p u t  v a r i a b l e  is t h e  t h i c k n e s s  of each l a y e r  which d e f i n e s  t h e  p a t h  
l e n g t h  the radon g a s  m u s t  t a k e  to  be r e l e a s e d  EO t h e  a tmosphe re .  A t h i c k e r  
l a y e r  c o n f i n e s  t h e  radon g a s  l o n g e r  a l l o w i n g  t h e  for i t  to decay  to  i ts  
d a u g h t e r s .  These f o u r  i n p u t s ,  a d j u s t e d  f o r  lonc-term cove r  t h i c k n e s s  and 
m o i s t u r e  re ten t ion  of t h e  t a i l i n g s  and c o v e r ,  a l l o w  t h e  model t o  
c o n s e r v a t i v e l y  c a l c u l a t e  t h e  radon f l u x  through t h e  cove r  compared to  t h e  
background radon c o n c e n t r a t i o n  of t h e  atmosphere which is 0.59 pCi for S a l t  
L a k e  C i t y .  

Based u p o n  t h e s e  d a t a  and a n a l y s e s ,  t h e  radon b a r r i e r  required t o  meet 
t h e  EPA s t a n d a r d  would be  c o n s t r u c t e d  of a p p r o x i m a t e l y  3 f e e t  o f  l o c a l l y  
a v a i l a b l e  borfsw.  Radon e m i s s i o n s  a f t e r  r emed ia l  a c t i o n ,  i n c l u d i n g  t h e  
a d d i t i o n a l  e r o s i o n  b a r r i e r  a r e . c a l c u l a t e d  to  be a b o u t  1 7  pCi/m2 sec. 
d a t a  and a n a l y s e s  a r e  a v a i l a b l e  i n  t h e  WE UMTRA P r o j e c t  O f f i c e ,  Albuquerque,  
New Mexico. 

These 

Ground-water p r o t e c t i o n  

Ground-water c o n t a m i n a t i o n  a t  t h e  Vitro s i t e  c u r r e n t l y  is g e n e r a t e d  by 
two p r o c e s s e s :  by water i n f i l t r a t i n g  i n t o  and th rough  t h e  c o n t a m i n a t e d  
m a t e r i a l ,  and by ground water f lowing l a t e r a l l y  th rough  the b a s e  o f  t h e  
t a i l i n g s .  A f t e r  r e m e d i a l  a c t i o n ,  g r o u n d w a t e r  p r o t e c t i o n  would be  p r o v i d e d  by 
t h e  embankment c o v e r ,  which would r educe  i n f i l t r a t i o n  th rough  t h e  t a i l i n g s ,  
and by t h e l i n e r  s y s t e m ,  which would r a i s e  t h e  embankment o u t  o f  t h e  ground 
w a t e r .  

The cover, i n c l u d i n g  t h e  r o c k  e r o s i o n  b a r r i e r ,  was a n a l y z e d  f o r  
i n f i l t r a t i o n  u s i n g  t h e  mod i f i ed  HELP model (Walski e t  a l . ,  1982) .  D a i l y  and 
monthly climatologic d a t a  f o r  S a l t  Lake C i t y  (1974-1978) were used as  model 
i n p u t s .  F i v e  y e a r s  of s i m u l a t i o n  showed t h a t  t!!e p o s t - r e m e d i a l  a c t i o n  n e t  
a v e r a g e  a n n u a l  i n f i l t r a t i o n  through t h e  cove r  sys t em would be  1.3 i n c h e s .  
T h i s  r e d u c t i o n  to  a b o u t  8 p e r c e n t  o f  t h e  ave rage  a n n u a l  r a i n f a l l  i n  t h e  S a l t  
L a k e  C i t y  a r e a  w i l l  s u b s t a n t i a l l y  r educe  t h e  volume o f  l e a c h a t e  e n t e r i n g  t h e  
ground water. The m o d e l l i n g  r u n s ,  i n p u t s ,  and o t h e r  s u p p o r t i n g  d a t a  a re  
a v a i l a b l e  i n  t h e  WE UMTRA P r o j e c t  O f f i c e ,  Albuquerque, N e w  Mexico. 

The l i n e r  sys t em is d e s i g n e d  to  r a i s e  t h e  embankment o u t  o f  t h e  ground 
w a t e r .  The g r a n u l a r  base l a y e r  w i l l  p r e v e n t  c a p i l l a r y  w a t e r  from r i s i n g  i n t o  
t h e  embankment. The l i n e r  w i l l  a l s o  f i l t e r  t h e  w a t e r  t h a t  p e r c o l a t e s  t h r o u g h  ..'- 

t h e  t a i l i n g s ,  r e d u c i n g  t h e  downward m i g r a t i o n  of  c o n t a m i n a n t s .  The l i n e r  
s y s t e m ,  by p r e v e n t i n g  c o n t a c t  between t h e  ground w a t e r  and t h e  CQntaminated  
material ,  w i l l  s u b s t a n t i a l l y  r educe  t h e  volume and c o n c e n t r a t i o n  of l e a c h a t e .  

Ground-water p r o t e c t i o n  w i l l  a l s o  be provided by s e a l i n g  t h e  e x i s t i n g  
m o n i t o r i n g  w e l l s  d u r i n g  r e m e d i a l  a c t i o n .  
w e l l s  comple t ed  i n  t h e  c o n f i n e d  a q u i f e r .  These w e l l s  r e p r e s e n t  a p o t e n t i a l  

T h i s  is e s p e c i a l l y  i m p o r t a n t  for t h e  

A - 1 1  OCO384 
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avenue for loss of water from the confined system; or even for con:amination 
of the cor.fined aquifer if a local reversal of the vertical head aradient were 
to allow downward movement of water from the unconfinec aquifer. Adci:ion- 
ally, the location of a suspected ar:esian well at the head of Vi:ro Z i x h  
(see Section D.3.1.2) will be excavated durinq remedial action. If the 
remnants of a well are found, it will be pluqged and sealed. 

A.3.2.2 Long-term stability 

Water erosion 

To protect the embankment from the effects of water erosion, the 
embankmen: slop:s would be limited to 1 vertical to 5 horizontal (20 
percent). The top of the ernbankment would be convex with gentle (2 percent or 
less) slopes to promote drainage. 

To ensure that the remedial action would withstand water erosion during 
the design life, the surfaces of the radon barrier cover would be graded and 
the corners rounded, and the entire radon barrier would be covered with a rock 
erosion barrier. 

Over its design life, the embankment cover may be subjected to severe 
rainfall events. The most severe potential rainfall event is a Probable 
Maximum Precipitation (PMP), which would have a peak 5-minute intensity of 30 
inches/hour on the embankment. To protect against the erosive effects of a 
PMP, the side slopes of the embankment would be covered with a 2-foot-thick 
layer of 6-inch mean diameter pit run rock; the top of the embankment, which 
has much gentler slopes, would be covered with a 1-foot thick layer of 2-inch 
mean diameter pit run rock. 

Wind erosion 

Due to the height of the embankment above the surrounding terrain, wind 
velocities at the site, and the long reach, the embankment is subject to 
erosion from wind. The rock layer used to protect against water erosion would 
protect the embankment against wind erosion. 

Flood protection 

The embankment is located in the wide, relatively flat alluvial valley of 
the Jordan River. The river, at its nearest point, is approximately 2500 feet 
from the embankment. Mill Creek, a tributary of the Jordan River, flows 
across the valley and joins the river northwest of the proposed embankment. 
Mill Creek, at its nearest point, is approximately 1500 feet from the 
embankment. 

HEC-2 was used to model Probable Maximum Flood (PMF) flows for the Jordan 
River and Mill Creek using cross sections obtained from the Sacramento 
District Corps of Engineers and extended using USGS quadrangle maps. 
results of this analysis indicated that the bottom of the embankment is above 
the 100-year flood level. During a 500-year flood, standing water would rise 
about 2 to 3 feet above the base of the embankment. Although the base of the 

The 
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ernbankmen t 
emjankmen t 
5 f p s ) .  

would be inundated (6 to 10 feet) under TMF flood conditions, the 
would not be subject to erosive water velocities (estimated at 4 to 

Geomor?hology (stream meander) 

As discussed above, the embankment is located in the alluvial valley of 
the Jordan River and Mill Creek. The Jordan Rives, in par:icular, would 
normally be classified as a meandering river. The location of the embankment 
in relation to the water bodies, combined with the aresent and future human 
intervention between the water bodies and the embankment, makes the likelihood 
of encroachment very. remote. 

Seismicit2 

The Vitro site is located along the Wasatch Front in an active 
seismotectonic area, and the embankment would be subject to future seismic 
hazard. A seismic evaluation of the embankment has been performed (SHLB, 
1983; Appendix H). 

In the event of a Maximum Credible Earthquake (MCE), with a return period 
of 1,000 to 2,000 years, the subsurface sands would be susceptible to 
liquefaction. This could result in minor cracking (a few inches in width). 
I t  would not result in flow slides of the tailings. However, minor repair of 
the slopes would be required. 

Earthquake-induced ground motions of lesser intensity, which would be 
expected to occur on the average of once every 50 to 400 years, would cause no 
significant damage to the embankment. Minor cracking may occur. Damage of 
t h i s  nature would require minor repair. 
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A . 4  CONSTRUCTION SEQUENCE - VITRO S I 5  [ALTEaNATIVE 2 )  

A . 4 . 1  S i t e  p r e p a r a t i o n  

A . 4 , l . l  M o b i l i z a t i o n  

To  p r o v i d e  for a c o n s t r u c t i o n  s t a g i n g  a r e a ,  t a i l i n g s  and o t h e r  
c o n t a m i n a t e d  m a t e r i a l  w o u l d  be removed and t e m p o r a r i l y  s t o c k p i i e d  on t h e  
remainder  o f  t h e  s i te .  The s t a g i n g  a r e a  would be c o n s t r u c t e d  immedia t e ly  
n o r t h  of t h e  i n d u s t r i a l  t r a c t  l o c a t e d  a l o n g  900 K e s t  S t r e e t  n o r t h  o f  Utah 
Highway 1 7 1  ( F i g u r e  A-2). 

A . 4 . 1 . 2  C l e a r i n g  

To e n s u r e  t h a t  d i s p o s a l  o f  t h e  small amounts of  o r g a n i c  m a t e r i a l  does n o t  
i n t e r f e r e  w i t h  t h e  i n t e g r i t y  o f  t h e  embankment and c o v e r ,  i t  is p roposed  t o  
c u t  g r a s s e s ,  weeds,  and l o w  s h r u b s  close t o  t h e  ground,  s h r e d  or c h i p  t h e s e  
and o t h e r  minimum amounts o f  con tamina ted  o r g a n i c s ,  and mix them e v e n l y  
t h r o u g h o u t  t h e  lower p o r t i o n s  o f  t h e  t a i l i n g s .  N o  open bu rn ing  w o u l d  be 
conduc ted  d u r i n g  s h r e d d i n g  and c h i p p i n g  o p e r a t i o n s .  

A.4.1.3 S t o r m  d r a i n a g e  

A l l  e a r t h  d i s t u r b i n g  a c t i v i t i e s  would be conducted i n  s u c h  a way a s  to  
p r e v e n t  a c c e l e r a t e d  e r o s i o n  and s e d i m e n t a t i o n  d u r i n g  c o n s t r u c t i o n .  Hay bales ,  
f a b r i c  f i l t e r  f e n c e s ,  f a b r i c  s h e e t s ,  and t h e  l i k e  w i l l  be used t o  f u r t h e r  

f e a s i b l e  a f t e r  t a i l i n g s  a r e  removed. 
\3/ minimize e r o s i o n  and s e d i m e n t a t i o n .  A r e a s  would be r e c l a i m e d  a s  soon  a s  

A.4 .1 .4  S e d i m e n t a t i o n  b a s i n s  

S e d i m e n t a t i o n  b a s i n s  would be t h e  p r imary  means to co l lec t  c o n t a m i n a t e d  
w a s t e  w a t e r  p r i o r  to  t r e a t m e n t .  Waste waters uould r e su l t  from: 

D e c o n t a m i n a t i o n  a c t i v i t i e s  i n c l u d i n g  equipment washing and t r u c k  
washdown. 

- Dewate r ing  of con tamina ted  material. 

* Runoff from c o n t a m i n a t e d  m a t e r i a l s .  
i 

Laundry  w a s t e  from washing p r o t e c t i v e  c l o t h i n g .  . . . . -. - . . ._ - 

Shower and wash b a s i n  was te  w a t e r .  

B a s i n s  and  c h a n n e l s  would be s i z e d  to  r e t a i n  t h e  10-year 24-hour storm 
e v e n t  o f  t h e  a r e a  t r i b u t a r y  to  t h e  b a s i n s  p l u s  o t h e r  waste w a t e r s .  R e t e n t i o n  
would be  f o r  a t  l e a s t  24 h o u r s .  Embankments, d i k e s ,  and i n l e t / o u t l e t  
s t ruc tures  would be d e s i g n e d  and l o c a t e d  to  minimize s h o r t - c i r c u i t i n g  w i t h i n  
t h e  b a s i n s  and t o  a v o i d  r e t a r d i n g  c i r c u l a t i o n .  B a s i n s  wou ld  be  d e s i g n e d  w i t h  
s u f f i c i e n t  f r e e b o a r d  and s p i l l w a y  s y s t e m s  to  a l l o w  d i s c h a r g e  o f  peak f l o w  
r a t e s  from l a r g e r  storm e v e n t s .  

A-15 
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-? . 
& . . 4 . 1 . 5  kaste-water t:natrnent 

Waste water from the sources mentioned above would flow to the 
seiimentation basins which would provide primary settlinc and fiov anl 
ccn:ariinant equalization. Some of this flow would be utilized for road and 
Fiio wetdown for dust and radon control. The remainder would be treated to 
acceptable limits and discharged to either Mill Creek or Vitro Ditch. 

The principal dry-weather flow at the site will be the ground water from 
excavation. This flow may be as high as 300 gpm. An additional treatment 
capacity of 300 gpm will be available for storm-water runoff. The flow from 
the other 
?er day. 

Unit 
equa 1 i zed 

sources- will be insignificant, totaling only a few thousand gallons 

processes which have been selected for treatment of the settled and 
flow include : 

Multi-media filtration for removal of suspended solids. 
Uranium- and radium-selective ion exchange for control of radium 
and gross alpha. 

Suspended solids which are captured by the filter and later backwashed 
will be placed in an excavation for solids containment. Solutions from resin 
regeneration and the ultimate spent resins will be buried on the site for 
contaminant containment. Neutralizing chemicals (e.g., NaOH or H2SO4) and 
flocculent aids (e.g., polymer) may be mixed with the sedimentation basin 
inflow, if necessary, for pH and solids control. 

The performance specifications for the treatment unit will be detailed in 
the final design for construction by an experienced manufacturer. The system 
will include automatic controls for minimal operator attention and be weather- 
proof, requiring no enclosure. After completion of the remedial action, the 
treatment system will be decontaminated and salvaged or buried on the site. 

A.4.2 Fugitive dust control 

Dust generated hy excavatian, earth movement, vehicle use, stockpiling, 
seeding, and similar activities would be controlled and minimized by the use 
of a water-based surfactant sprayed under mdderately high pressure (from 
trucks and hoses). The source fOi dust suppression water would be potable 
water. In addition, hoses would be available for areas of excavation. 

A . 4 . 3  Demolition 

No complete structures remain on the site with the exception of the water 
tower and tank. Numerous foundations remain on the site in the former mill 
area. 
the foundations that would interfere with the construction or integrity of the 
embankment would be demolished and incorporated, without nesting, into the 

Since this area would become part of the embankment, those portions of 

internal portions 
compacted between 

. . .  
* .  . . .  . .  

of the embankment. Tailings would be distributed and 
and against the rubble to prevent settlement. 
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A.4.4 Preloadina (see note to Table A-ll 

. ..+ 
-2 

After exca'Jation and stockpiling of tailinqs and contaminated materials, 
3,000,000 cy of non-contaminated material would be truckec! in to coves t h e  
53-acre disposal site for preloading. The ?reload would stay in place for 
approximately 2.5 years (determination of the time would be based on fieid 
measurements of settlement to determine the amount and rate of settlernenc). 
Once settlement has slowed and the amount of settlement that would take place 
due to the construction of the embankment has taken place, 2,000,000 cy of the 
preload material would be hauled away for disposal. The remaining material 
would be used in the construction of the liner system and for fill around the 
site. 

A.4.5 Liner system construction 

The embanknent liner system would isolate the contaminated materials f-rom 
the ground water. It would be constructed of three layers: a subbase layer, 
a base layer, and a liner (Figure A - 3 ) .  The subbase is designed to raise the 
embankment out of the ground water. Prior to subbase emplacement, residual 
radioactive materials would be excavated. The base layer (about 3 feet thick) 
would provide a capillary break between the subbase and the liner. It would 
also serve as a solid base for the compaction of the liner. The liner ( 2  feet 
thick) would reduce the- transport of contaminants from the embankment into the 
ground water. Water which has infiltrated through the embankment cover would 
be,filtered by the liner. The liner would have a greater permeability than 
the cover to prevent water build-up within the embankment. 

A.4 .6  Embankment construction 

The embankment would be constructed in the southcentral and southeast 
portions of the present site. All residual radioactive material from the 
existing site and material from vicinity properties remedial action would be 
consolidated into the embankment, 

Tailings would be dewatered as required for material handling. This 
would be accomplished in layers by scraping, trenching and drying, excavating 
the dewatered materia$ until a new level is reached which is too wet for 
handling, and repeating the process. The dewatering water would be pumped OK 
allowed to gravity flow to the sedimentation basins. 

Pockets of slimes would be mixed with drier sandy tailings during 
placement in the embankment to provide a stable working surface for 
construction equipment and to help reduce.the effects of differential 
settlement in the tailings. For purposes of seducing radon emissions ana 
providing a capillary break, sandy tailings would be identified and 
incorporated into the upper portion of the embankment. 

The purpose of the upper capillary-break would be to limit or eliminate 
upward migration of moisture-transported contaminants. The benefits of 
placement of sandy tailings in the upper portion of the embankment would 
outweigh the disadvantage of the slight increase o f  net infiltration into the 
ta i 1 ings . 
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~ . 4 . 7  i?es:or.ation 

During the relocation of tailings into the embankment, large por:ions of 
::?e exis:ing site would be excavated to beiow ground level. These afeas would 
j c  restored witn uncontaminated borrow to the approximate elevatior: of the 
ssrrouncing terrain and contoured to provide surface drainaye. _ .  

A.4.8 Existing utilities 

Numerous utilities, includinq an overnead power line, a buried telephone 
cable, water li;es, gas lines, and a sewer drain exist adjacent to or under 
2300 South Street. These lines would.be left in place. A 42-inch sewer line 
zzaverses the present site along the west side of the South Vitro Ditch and 
access road. This line would be protected during construction and left in 
service. The artesian wells, whi.c,i are located in the embankment area, would 
be plugqed and abandoned. All wells or holes'to be abandoned would be sealed 
so as to prevent future contamination of ground water. 

A.4.9 Revegetation 

All areas of the site disturbed by the remedial action except for the 
embankment cover would be prepared and seeded with native grasses. 

A.4.10 Fencinq ' 

After remedial action, permanent fencing would be placed around the 
embankment. The fence would be 6-foot chain link with barbed wire topworks. 
A gate would be installed for access from 3300 South Street. 

A.4.11 Temporary facilities 

During construction operations, temporary facilities would be required 
for construction workers and supervisory, engineering, administrative, 
security, and monitoring personnel. The facilities would consist of office 
space, showers and change facilities for all personnel working on the site, 
and facilities for laundering contaminated clothing. 

A.4.11.1 Security 

Fencing is required to ensure site security during the construction 
period. 
possible. 
fence surrounding the entire site. 
site without monitoring at the decontamination station located at or near the 
staging area. 

Portions of the existing fencing would be used during construction if 
All other existing fencing would be removed and r~eplaced with a new 

No vehicle would be allowed to exit the 
1 

A . 4 . 1 1 . 2  Water supply 

An 8-inch water line runs along 900 West Street. This would supply 
showers, laundry, vehicle wash when needed, and drinking water. 

000390 A-18 



~.4.11.3 Waste water 

Portable cons:ruction toilets would be used. Waste water from showers, 
wash basins, and laundry would gravity flow to a holding tank. Wash water 
from the vehicle wash area would $e held in a pit. These waters would be usee 
for dust suppression or would be pumped to the sedimentation basin for 
treatment and discharge. 

A. 4.11.4 T r anspor Ea t ion 

To ease traffic congestion due to the remedial action along 90O.West 
Street and 3300 South Street, mitigations such as upgrading intersections, 
traffic signais, and flagmen would be employed as required. 

A.4.12 Borrow area 

A local borrow area for embankment cover and restoration material hps 
been identified within about 10 miles of the Vitro site. It is located along 
5400 South Street in the southwest Salt Lake County area and is locally 
operated by Moulton Excavating, Inc. 

- 

. 
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6 4 4 2  - 
A.5 RELOCATXON TO SOUTH CLIVE (ALTERNATIVE 3)--PROPOSED ACTION 

' 0  A.5.1 Major elements or' the design 

The principal feature of this design concept is the relocation of the 
tailings and other contaminated material to a disposal site located near 
Clive, Utah (Figure A-4:. 

This alternative considers two modes for transporting (train, truck) 
tailings and other contaminated materials from the Vitro site to the South 
Ciive site. The majot construction activities for the proposed action are 
listed separately below for the train and truck transportation modes. 

A.5.1.1 Train Transportation 

0 

F 

_ .  

Preparation of both sites, and construction of waste-water 
sedimentation basins to protect against release of contaminants. 
Security fencing would be installed at the Vitro site. 

Construction of drainage control measures to direct generated 
waste-water and storm-water runoff to the waste-water sedimentation 
basins during construction activities. 

Installation of measures to control erosion and sediment from 
disturbed areas during construction. 

Installation and operation of a waste-water treatment facility at 
the Vitro site to protect against inadvertent contaminant release 
dur ing construct ion. 

Protection of surface and subsurface utilities at the Vitro site 
during construction. 

Construction of a railroad loadout spur on the Vitro site. 

Construction of a railroad spur and offloading facility at the South 
Clive site. 

Upgrading of the existing frontage road from the Aragonite exit of 
1-80 to the Clive overpass and construction of an access road from the 
1-80 overpass to the disposal site. 

Demolition and disposal of structures and rubble. 

Excavation and loading of tailings and other contaminated 
material into train cars. 

Excavation ana construction of the embankment at the 
South Clive site. 

Relocation of the tailings from the offloading facility to the 
embankment. 
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6 4 4 2  
Construction of the cover System over the tailings to inhibit 
water infiltration and radon exhalation. 

- Emplacement of erosion protection on the embankment. 

Installation of a perinanent fence around the disposal site. 

Demolition of railroad spurs at both sites. 

- Restoration of the excavated areas at the Vitro site with backfill 
and vegetation. 

A . S . l . 2  Truck Transportation 

Preparation of both sites, and construction of waste-water 
sedimentation basins to protect against release of contaminants. 
Security fencing would be installed at the Vitro site. 

Construction of drainage control measures to direct generated 
waste-water and storm-water runoff to the sedimentation basins during 
construction activities. 

Installation of measures to control erosion and sedimentation from 
disturbed areas during construction. 

Installation and operation of a waste-water treatment facility at 
the Vitro site to protect against inadvertent contaminant release 
during construction. 

- Protection of surface and subsurface utilities at the Vitro site 
during construction. 

Upgrading of the existing frontage road from the Aragonite exit of 
I-80 to the Clive overpass and construction of an access road from the 
1-80 overpass to the disposal site. 

Demolition and disposal of structures and rubble. 

Excavation and loading of tailings and other contaminated 
material into trucks. 

- Excavation and construction of the embankment at the 
South Clive site. 

Construction of the final cover system over the tailings to inhibit 
water infiltration and radon exhalation. 

Emplacement of erosion protection on the embankment. 

* Installation of a permanent fence around the disposal site. 

Restoration of the excavated areas at the Vitro site with backfill 
and vegetation. 
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A . 5 . 2  Description of final conCition 

The disposal site is located about 85 road miles west of Salt Lake City 
and about 1 . 5  miles south of the Clive siding of the Union Pacific System. 
The total available site, which is one full section or 640 acres, is a 
relatively flat area at about 4,300 feet above sea level along the eastern 
edge of the Great Salt Lake Desert. The site is sparsely vegetated with 
grasses and small bushes. Site access is by a frontage road from the 
Aragonite exit of 1-60 about 7 miles east of Clive. 

The completed embankment would be partially below grade, extending 
approximately 1100 feet by 2200 feet (Figure A - 5 ) .  The tailings would extend 
from approximatgly 6 feet below grade to approximately 27 feet above grade. 
Material excavated for partial below grade disposal would be used for cover. 
The final covered embankment would be 34 feet above the surrounding terrain. 
The embankment would have maximum side slopes of 20 percent and a slightly 
convex top. The top and sides would be covered with pit run rock for erosion 
protection. The unpaved access road from 1-80 would remain. A chain link 
fence with warning signs would enclose the site. 

The excavated areas at the Vitro site would be restored with clean soil 
to the original approximate ground level, contoured for surface drainage, and 
revegetated (Figure A - 6 ) .  The Vitro site would be available for uses 
permitted by local zoning ordinances. 

A-24 



1 
S 

3 0  

+l 

I; 

31 

, E x i s t i n g  
Roads 

I 

\ 

RAIL 
SPUR _ _  *- - - --\ ,- 

fi ACCESS 
R O A D  

N 

2 1  

3 3  

UNLOADING 
FACILITY 

3 2  

- I 

I 
I i k  43 - -- 

EMBANKMENT 
A R E A  

I 
I 
I 

I 
I 

I 

I 
I 

3 0 0 0  
R 1 1  W I 

1000 0 t 0 0 0  

S C A L E  I N  FEET 

F I G U R E  A-5 
PLOT PLAN FOR SOUTH CLIVE 

OO‘(93 9 6’ ’ 

A-25  



‘00.0 3 9 7 A-26  



6 4 4 2  

A . 6  DESIGN C Z A ’ X E S  - SOUTH CLIVE (ALTERNATIVE 3 j  

,-- 

A . 6 . 1  Introduction 

Included i n  this section i s  a description of the major features of the 
conceptual design for the proposed action. The d e t a i l s  of the conceptual 
cesign can be found i n  the Remedial Action P l a n  (DOE, 1984). 

Tables A - 2  and A - 3  summarize earthwork volumes described in the following 
sections. Figure A - 5  i llustrates the s i t e  concept. 

A . 6 . 2  Design Considerations 

The remedial action was designed to withstand the forces of nature for a 
long period of time ( 1 0 0 0  years), and provide radon control and required 
ground-water protection consistent w i t h  the E P A  standards. Several factors 
t!!at could affect the effectiveness of the embankment were investigated and 
are discussed below. 

/ 
A . 6 . 2 . 1  Cover 

The cover would be constructed of two basic layers: a lower compacted 
earthen layer to act as a radon and water infiltration barrier and an upper 
rock layer for erosion protection. m e  cover would also: 

Act as a barrier against inadvertent human intrustion. 

- A c t  as a barrier to discourage intrusion by burrowing animals. 

Act as a barrier to discourage r o o t  intrusion. 

A typical cross section through the embankment is shown i n  Figure A-7. 
Additional details are available i n  the Remedial Action Plan (DOE, 1 9 8 4 ) .  

Radon control 

Control of radon emissions from the embankment would be accomplished by 
the placement of a compacted s o i l  cover over the tailings and other 
contaminated material. In addition, the relocation of the tailings would 
promote n a t u r a l  mixing of slimes and sands which results i n  a more even 
distribution of tailings. However, the major factor i n  the reduction of 

-- 
.- emissions vould be the clean cover materiai. 

Data on the distribution of radium i n  the tailings,  on the properties of 
the cover material, and on the anticipated depth of excavation i n  areas to be 
restored were analyzed i n  order to develop an estimate of cover thickness. 
Radon emissions before and after the remedial action were calculated using the 
RZCO model (see Section A . 3 . 2 . 1  for an explanation of RAECO). Based upon 
t*.ese data and analyses, the radon and w a t e r  infiltration barrier would be 
ccnstructed of approximately 5 feet of s o i l  from the embankment excavation. 
Radon emissions after remedial action are calculated to be 20 pCi/m2 s’ec. 
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Table A-2. Earthwork voiuire sunurzry--train relocation to Souch C l i v e  

Item description 
Estimated volume 

(cilbic yards) 

Vitro site: 

Rail spur construction 
Excavation of contaminated materials 
Subgrade and subballast (selec: fill) 

I-  

Contaminated materials 
Tailings and contaminated subsoils 
Windblown and vicinity properties 
Rubble 

Restoration '(select fill) 

South Clive site: 

Access road construction 
Road subgrade (compacted fill) 
Gravel surface 

Rail spur construction 
Subgrade (compacted fill) 
Subballast (select compacted fill) 

Embankment construction 

Cover 
Radon barrier 
Erosion barrier, ditches, and 
perimeter roads (pit run rock) 

1 8 0 , 0 0 0  
9 4 , 0 0 0  

2 , 2 2 0 , 0 0 0  
1 5 0 , 0 0 0  

80 ,000  

945,000 

2 7 , 0 0 0  
31,000 

9 8  , 000 
10 , 000 

2,450,000 

460,000 

202,000 

. .  
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Table A - 3 .  Earthwork volume summary--truck relocation to South Clive 

Estimated volume 
0 

Item description (cubic yards) 

Vitro site: 

Contamina ted materials 
Tailings and contaminated subsoils 
Windblown and vicinity properties 
Rubble 

Restoration (select fill) 

2,220,000 
1 5 0 , 0 0 0  

80 ,000  

1,040,000 

South Clive site: 

Access road construction 
Road subgrade (compacted fill) 
Gravel sur face 

27,000 
4 4 , 0 0 0  

Embankment construction 

Cover 
Radon barrier (excavated from embankment) 
Erosion barrier, ditches, and perimeter 
roads (imported pit run rock) 

2,450,000 

460 ,000  

202,000 

. . . - __ .. . 
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Gcccnd-water p r o t e c t i o n  . 
S t a b i l i z i n g  and c o v e r i n g  t h e  t a i l i n q s  and o t h e r  con tamina ted  m a t e r i a l s  a t  

a zinimum of 15  f e e t  above t h e  water t a b l e  w o u l d  r e d u c e  t h e  T d t e n t i a l  f o r  
l e a c h i n q  of so l ' ub le  contaminan:s and s u b s e q u e n t  m i g r a t i o n  v i a  t h e  ground-water 
r e s i n e .  F u r t h q r ,  t h e  embankment cover i n c l u d e s  a l o w  p e r m e a S i l i t y  s o i l ,  and  
cou?led w i t h  low p r e c i p i t a t i o n  ( i . e . ,  n o  l e a c h a t e  or d r i v i n g  f o r c e  f o r  
ledc3at.e p r o d u c t i o n ) ,  w o u l d  tesul:  i n  e s s e n t i a l l y  n o  i n f i 1 t r a : i o n  i n t o  t h e  
t a i ; in9 s . 

Some seepage  from t h e  embacknent would be  e x p e c t e d  a s  a r e s u l t  o f  t h e  
r e d i s t r r b u t i o n  of m o i s t u c e  w i t h i n  t h e  t a i l i n g s .  The e x i s t i n g  ground-water 
c o n d i t i o n s  w o u l 3  l i m i t  t h e  impact of t h i s  s e e p a g e  b e c a u s e  of t h e  e x t r e m e l y -  
poor q u a i i t y  of t h e  water (Appendix D ) ,  and t h e  a b s e n c e  o f  an? uses ( c u r r e n t  
or a n t i c i p a t e d )  of t h e  ground water near  t h e  s i t e .  A d d i t i o n a l l y ,  t h e  volume 
of seepage  w o u l d  be small, a l s o  l i m i t i n g  t h e  p o t e n t i a l  f o r  d e S r a d a t i o n  o f  t h e  
q round w a t e r  . 
A - 6 . 2 . 2  Long-term s t a b i l i t y  

.. Water e r o s i o n  

To p r o t e c t  t h e  embankment from t h e  e f f e c t s  o f  water e r o s i o n ,  t h e  
embankment s l o p e s  would be l i m i t e d  to  20 p e r c e n t .  The t o p  of  t h e  embankment 
would be  convex wi th  g e n t l e  ( 2  p e r c e n t  or less)  s l o p e s  to  promote d r a i n a g e .  

To e n s u r e  t h a t  t h e  r e m e d i a l  a c t i o n  would w i t h s t a n d  water e r o s i o n  d u r i n g  
t h e  d e s i g n  l i f e ,  t h e  s u r f a c e s  of t h e  radon b a r r i e r  c o v e r  would be g raded  and 
t h e  c o r n e r s  rounded, and t h e  e n t i r e  embankment r a d o n  b a r r i e r  would be c o v e r e d  
wi th  a r o c k  erosion b a r r i e r .  

I 

Over its d e s i g n  l i f e ,  t h e  embankment coves  may be s u b j e c t e d  t o  s e v e r e  
r a i n f a l l  e v e n t s .  The most s e v e r e  p o t e n t i a l  r a i n f a l l  e v e n t  is a PMP which 
would have a peak 5-minute i n t e n s i t y  o f  a p p r o x i m a t e l y  30 i n c h e s h o u r  on t h e  
embankment. To p r o t e c t  a g a i n s t  t h e  e r o s i v e  e f f e c t s  o f  a PMP, t h e  s ide s l o p e s  
o f  t h e  embankment would be covered with a 2 - foo t - th i ck  l a y e r  of 5-inch mean 
d i a n e t e r  p i t  run rock; t h e  t o p  of  t h e  embankment, which h a s  much g e n t l e r  
s l o p e s ,  would be cove red  wi th  a 2-foot- thick l a y e r  of 1.5-inch mean d i a m e t e r  
p i t  run rock. 

I 

wind e r o s i o n  

Because o f  t h e  long  open reach i n  t h e  C l i v e  area,  wind v e l o c i t i e s  a t  t h e  
s i t e  m u s t  be c o n s i d e r e d .  The rock l a y e r  used  to  p r o t e c t  a g a i n s t  wa te r  erosion 
wouid  a l s o  p r o v i d e  p r o t e c t i o n . a g a i n s t  wind e r o s i o n .  

Flax? p r o t e c t i o n  

F l o o d i n g  a t  t h e  Sou th  C l i v e  s i t e  would r e s u l t  from t h e  col lect ion o f  
runc f f  ( s h e e t  f low) d u e  to  p r e c i p i t a t i o n  on t h e  Cedar Mountains e a s t  of t h e  
s i t e .  The re  a r e  no  b o d i e s  of water i n  t h e  a r e a .  The PMF peak f l o w  p a s t  t h e  
embankment r e s u l t i n g  from a 6-hour Probable  Maximum P r e c i p i t a t i o n  e s t i m a t e d  
(P???! o f  9.7 i n c h e s  ove r  t h e  46-square-mile d r a i n a g e  a r e a  was c a l c u l a t e d  



:ansen e t  a l . ,  1 9 7 7 )  and USGS towc:a?hic  maps. The 1-hour PYZ was Used i n  
c a l c u l a t i n g  th.e PUP because .the 6-hccr g e n e r a l  PMP f o r  the 46-square-ri.iie 
c r a i n a g e - a r e a  1 s  of l e s s e r  ir,tensiry ( 2 . 4 5  v s  3.66 inches)  ( U S X i ,  1 4 7 7 ) .  The 
Feak f l o o d  depths and v e l o c i c i e s  were found u s i n g  f l o o d  c o n t r o l  channel 
hydraulic  desiqn methods (COE, 1970j.  The r e s u l t s  of the a n a i y s i s  i n d i c a t e  
:hat the PMF would have a p a k  flow of 83,000 c f s  and maximum depth a d j a c e n t  
t o  the embankment o f  approximately 5 . 5  f e e t .  The v e l o c i t y  of  the overland 
fiow'would be approximately  2 fps and the peak v e l o c i t y  ( a t  the toe of the 
embankment s l o p e )  would be approxiir,a:ely 10 f p s .  

Rip r a p  d e s i g n  methods (Simons and Senturk,  1976)  were ther. used t o  
determine the s t a b i l i t y  o f  t!!e erosion b a r r i e r  during passage of the PMF. The 
F i t  run rock l a y e r  on the emhankmen: would p r o v i d e  p r o t e c t i o n  from the f l o o d  
waters.  

Other s t a b i l i t y  concerns 

NO p e r e n n i a l  r i v e r s  OK streams occur near t h e  South C l i v e  s i t e .  
Therefore,  stream encroachment i n t o  the s t a b i l i z e d  embankment i s  of  no concern.  

S e i s m i c a l l y  induced l i q u e f a c t i o n  o f  t h e  s u b s o i l s  and r e s u l t a n t  e f f e c t s  to  
the embankment a r e  a l s o  o f  l i t t l e  concern. F i r s t ,  the  ground water i s  a t  
l e a s t  20 f e e t  below the s u r f a c e  and below s e v e r a l  l a y e r s  o f  unsaturated s i l t y  
sands. Second, t h e s e  sand l a y e r s  are o f  medium t o  high d e n s i t y .  These 
f a c t o r s ,  combined w i t h  the r e l a t i v e l y  high s t a t i c  overburden pressure t o  t h e  
saturated s o i l  l a y e r s ,  i n d i c a t e  t h a t  s i g n i f i c a n t  l i q u e f a c t i o n  due to an MCE 
(3,000-15,000 y e a r s  recurrence' interval)  is  improbable:  a t  most, s e l f - h e a l i n g  
'cracks"  may r e s u l t .  A d d i t i o n a l  d e t a i l s  a r e  a v a i l a b l e  i n  Appendix H of t h i s  
FEIS. 

1 
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A . 7  CONSTRUCTION SEQUENCE - SGCTk! CLIVE (ALTERNATIVE 3) 

A.7.1 Vitro site work 

A.7.1.1 Mobilization 

. To provide for a construction staginq area, tailings ana other 
contaminated material would be removed and temporarily stockpiled. The 
staging area would be constructed adjacent :a the industrial buildings along 
900 West Street (Figure A - 8 ) .  

A . 7 . 1 . 2  Clearing 

To ensure that disposal of small amounts of organic material does not 
interfere with the embankment and cover at the disposal site, it is proposed 
to cut grasses, weeds, and low shrubs close to the ground, shred or chip these 
and other minimum amounts of contaminated organics, and mix them evenly with 
the tailings. There would be no open burning and care would be taken to 
prevent material from becoming airborne. 

A.7.1.3 Erosion and sediment controls 

All earth-disturbing activities would be conducted in such a way as to 
prevent accelerated erosion and sedimentation during construction. Areas 
would be reclaimed as soon as feasible after tailings are removed. 

A.7.1.4 Storm drainage and waste-water sedimentation basins 

Basins and channels would be sized to retain runoff from the 10-year 
24-hour storm event plus other waste waters. Retention would be for at least 
24 hours. Embankments, dikes, and inlet/outlet structures would be designed 
and located to minimize short-circuiting within the basins and to avoid 
retarding circulation. Basins would be designed with sufficient freeboard and 
spillway systems to allow discharge of peak flow rates from larger storm 
events. 

Sedimentation basins would be the primary means to collect contaminated 
waste water prior to treatment. Waste waters would result from: 

Decontamination activities including equipment washing and 
truck/train washdown. 

Dewatering of contaminated material. 

Runoff from contaminated materials. 

' Laundry waste from washing protective clothing. 

Shower and wash basin waste water. 
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A.7.1.5 Dewatering 

Ground water at the Vitro site is near the surface and at times rises 
into the tailinos. TO facilitate handling, :he tailings would require 
dewater ing . 

0 
Dewatering would be accomplished in layers by plowing or trenching and 

drying :by evaporation!, excavating the dewatered naterial until a new level 
is reached whicn is too wet for handling, and repeating the process. Water 
would be pumped or gravity flow to the sedimentation basins. 

A .  7,1,6 Waste-water treatment 

Waste water from the sources mentioned above would flow to the 
sedimentation basins which would provide primary settling and flow and 
contaminant equalization. Some of this flow would be utiiited for road and 
pile wetdown for dust and radon control. The remainder would be treated to 
acceptable limits and discharged to either Mill Creek or Vitro Ditch. 
flows and treatment scheme would be the same as discussed for Alternative 2 
(Section A . 4 . 1 . 5 ) .  The contaminants from the treatment plant would be 
transported to the South Clive site for final disposal. 

The 

A.7.1.7 Fugitive dust control 

Dust generated by excavation, earth movement, vehicle use, stockpiling, 
seeding, and similar activities would be controlled and minimized by the use 
of a water-based surfactant sprayed under moderately high pressure (from 
trucks and hoses). The source for dust suppression water would be potable 
water. In addition, hoses would be available for areas of excavation. .- 

A. 7.1.8 Demolition 

Existing foundations on the Vitro site would be demolished and combined 
with the rubble from vicinity properties for disposal in the embankment at 
South Clive. Rubble would be placed in the lower levels of the disposal 
embankment. Pieces would not be nested. Tailings would be spread and tamped 
between and against the rubble so that voids would not CCCUL presently or in 
the future. 

A.7.1.9 Railroad construction (train transport mode) 

Transport of the tailings and other contaminated material to the South 
Clive site by railroad would require the construc.tion of approximately 3800 
feet of railroad spur on the Vitro site. The spur would originate at an 
existing spur at.the Roper rail yard, follow the existing railbed to the mill 
site, turn about 120°, and angle through the site (Figure A - 8 ) .  

To prepare for the railroad bed, tailings and any contaminated subbase 
would be removed from the railroad route and stockpiled. Since it is proposed 
to load the cars directly with a front-end loader, the railroad route through 
the tailings would be excavated to a width sufficient for the railroad plus a 
working area for loading from both sides of the train. 

A - 3 5  
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A .  7-1-10 Excava t ion and load inq 

T r ~ i : .  

Material within easy workinq distance of the railroad woui? 
an2 loaded with front-end loaders. Material beyond a reasonable 

Le excavared 
uo c k i n 9 

diszance woulZ be dewatered as necessary, excavated with scrapers or other 
standard earth moving equipment, transported to the railroad spur. and spread 
alons both sides of the spur for the full length of the train and at an' 
optimum working distance from the train. From there it would be loaded with 
f ront-end loader (s) . 
Trcck 

. 
The material would be dewatered as necessary, excavated, and loaded with 

fror.:-end loaders and backhoes into trucks. 

A.7.1.11 Transportation ' 

Tailings and other contaminated material would be hauled f r m  the -'itro 
site to the South Clive site by train. The concept is based on ::ansporting 
5400 tons per day (TPD). 

Tailings would be transported with one train per day. Two trains of 54, 
100-ton capacity cars would be required. One would be loaded at the Vitro 
site daily while the other is being unloaded st the South Clive site. The 
loaded train would be covered, decontaminated, and hauled to the South Clive 
site in the evening. The locomotive engines would leave the loaded train at 
the South Clive site and return to the Vitro site with the unloaded train by 
morning. 

Fifty of the railroad cars (per unit train) would be rotary-coupled 
.gondola cars which would be water and sand tight. Large pieces of rubble or 
other contaminated material which cannot be handled by the offloading system 
at the South Clive site would be transported in four side-dump railcars fitted 
with door seals to prevent release ef contaminated materials. 

To prevent windblown contamination during transport, railcars would be 
covered with a tarpaulin or canopy, or with a sprayed latex seal. 

Truck - 
Tailings and other contaminated materials would be hauled to the South 

Clive site by truck. 
' Seventy-seven, 35-ton capacity trucks would be required. The trucks would 

make two round trips per day. 
decontaminated at the Vitro site in the morning, driven to the South Clive 
sire, unloaded and decontaminated, and returned to the Vitro site in the 
afternoon to obtain a second load for disposal at South Clive. Each round 
trip would take 4.5 to 5 hours. 

The concept is based on hauling 5400 tons per day. 

They would be loaded, covered, and 
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The trucks wocld be 35-ton capacity trucks and trailers fitted with door 

seals to prevent lr-slage. To prevent windblown contamination during 
transport, the trucss would be cowered with a sprayed latex seal, tarpaulin, 
or canopy. 

, .  A.7.1.12 Restoration 

After removal of the contaminated material from the Vitro site, all areas 
of excavation would be restored to the approximate original contours (in 
concurrence with Cr,’RF) and released for unrestricted use (Figure A-6). The 
site would be restored by importing, spreading, and compacting clean fill 
material (see Section A.4.11 for source of fill). 

A.7.1.13 Existing utilities 

Since the Vitro site would be decontaminated and released for 
unrestricted use, the existing 42-inch sewer line and all other surface and 
underground utilities would be protected in place during construction or 
temporarily removed and replaced in kind. 

A.7.1.14 Temporary facilities 

During construction operations, temporary facilities would be required 
for construction workers and supervisors, engineering, administrative, 
security and monitoring personnel, and equipment maintenance and repair. The 
facilities would consist of office space, showers and change facilities for 
all personnel working on the site, as well as facilities for laundering 

. _. _ ,  clothing. 

Secur i ty 

The entire site would be fenced during construction. Access would be 
controlled and no Farking would be permitted on the site. Construction 
vehicles would remain on the site. Trucks bringing construction materials 
from off the site w u l d  be monitored and decontaminated as required prior to 
exit. A security staff would be on the site 24 hours per day. 

Water supply 

An 8-inch water line runs along 900 West Street. This would supply 
showers, laundry, vehicle wash when needed, and drinking water. 

Waste water 

Portable construction toilets would be used. Waste water from showers, 
hand basins, and laundry would gravity flow to a holding tank. Wash water 
from the vehicle wash area would be held in a pit. These waters would be 
disposed of on the site by a mobile irrigation system, or treated. 
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k.7.2 Sou:h C l i - i e  site dork 

A.7.2.1 Mobilizzzion 

A construction stacing area roulc be construc:ec at the Sol 
and temporary facilicies installed (Figure A - 5 ) .  

th Clive site 

A.7.2.2 C1earir.g 

Low brush wouid be cieared only from areas to receive embankment 
materials. If burning is not allowed, brush would be mulched and added to the 
:opsoil. 

A.7.2.3 Erosior? and sediment controls 

A l l  earth disturbing activities would be conducted in such a way as to 
prevent accelerated erosion and sedimentation during construction. 

A.7.2.4 Storm drainage and waste-water retention basins 

Basins and channels would be sized to retain runoff from the 10-year 
24-hour storm event of the area tributary to the basins plus other waste 
waters. Retention would be for at least 24 hours. 

Retention basins would be the primary means to collect contaminated waste 
water for evaporation. Waste waters would result from: 

Decontamination activities including equipment washing and 
truck/train washdown. 

Dewatering of contaminated material. 

- Runoff f rom contaminated mater ials. 

Laundry waste from washing protective clothing. 

Shower and wash basin waste water. 

A.7.2.5 Fugitive dust control 

Dust generated by excavation, earth movement, vehicle use, stockpiling, 
seeding, and similar activities would be controlled and minimized by the use 
of a water-based surfactant sprayed under moderately high pressure (from 
trucks and hoses). The source for dust suppression water would be ground 
water. 

A.7.2.6 Roads 

Road access zo the site would be via the Aragonite exit off 1-80, along 
the north frontage road west alongside 1-80 for about 7 miles, to the overpass 
across 1-80, and thence by about 3 miles of new access road (Figure A-5). 
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The existing frontage road between the Aragonite exit and the Clive 
overpass is a graded, graveled, county road and would require upgrading to 
carry the increased weight and frequency of traffic. 

From the Clive overpass, approximately 3 miles of new access road would 
be constructed to the disysal site. 

A . 7 . 2 . 7  Rail car unloading (train transport mode) 

Approximately 13.800 feet of railroad spur would be constructed to 
provide rail access tG the offloading facility (Figure A-5). 

The offloa\;'ing facility would consist of a car positioner, rotary dump, 
receiving hopper, and stacking conveyor system. The car positioner would 
advance a car over the rotary dump mechanism, rotate the car about the axis of 
its end couplers, and dump the contents into a receiving hopper. 

The conveyor system would remove tailings from the hopper beneath the 
rotary dump for deposition in stockpiles. The system would consist of 
feeders, an incline conveyor, and a radial stacker. The radial stacker would 
discharge into two 5000-ton stockpiles, one being deposited while the other is 
being transported to the embankment. Rubble and other inaterials that arrive 
at the South Clive site in side-dump cars would be dumped alongside the 
track. After unloading, the train would be checked for contamination, 
decontaminated as necessary, and returned to the Vitro site for loading. 

A.7.2.8 Embankment construction 

The tailings and other contaminated materials would be placed in an 
embankment constructed largely above grade. Materials for the radon barrier 
would be excavated, the contaminated material- placed and compacted, and the 
radon barrier cover and erosion cover placed over the tailings and other 
contaminated materials. 

Tailings would be placed about 15 feet above the ground-water table and 
the cover would be contoured and compacted to minimize water infiltration. 
Tailings and other contaminated material would be placed in and over the 
excavated area. For the transport by train option, tailings would be removed 
from the stockpiles created by the radial stacker with dozers and scrapers, 
transported to the excavation, spread, and compacted. For the transport by 
truck option, trucks would drive into the excavation and spread their load for 
compaction. 

A. 7.2.9 Cover construction 

The cover would be constructed of two basic layers: A lower compacted 
earthen layer, and an upper rock layer. The earthen layer would be excavated 
with scrapers from the portion of the embankment area under construction and 
compacted over already completed portions of the embankment in a continuous 
cut and cover operation. The rock layer, for erosion protection, would be 
brought in by truck, spread, and compacted. 
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A .  7 . 2 . 1 0  Res tor a t  ior. 

The site would be :e:orne- t o  its approximate na tuka i  condition. Excess 
excavated txaterial wocli be waszed around :he disposal area. A sice access 
road and drainage c?i:z?. wouid surround the emkankment. The railroad and 
offloading facility vr,-ld be dismantled, decontaminated, and saivaged. 

k . 7 . 2 . 1 1  Fencing 

?ne embankment a:ca would be secured by a 6-foot-high chain link fence 
with barbed wire topwcrks. A locked gate would be installed for access to the 
site. 

A . 7 . 2 . 1 2  Temporary facilities 

During construction opera:ions, temporary facilities would be required 
for construction workers and supervisors, engineering, administrative, 
security and monitoring personnel, ana maintenance and repair services. The 
facilities would consis: of office space and showers and change facilities for 
all personnel working on the site, as well as facilities for laundering 
clothing. 

Access would be controlled and construction vehicles would remain on the 
site. Trucks bringins construction materials from off the site would be 
monitored and decontaminated as required prior to exit. All vehicles leaving 
the site would be checrted for any contaminated material which is subject to 
release on public thoroughfares. A paved washdown area would be provided to 
remove all such contamination. Wash water would be collected and treated. A e security staff would be o n  the site 24  hours per day. i.. I 

There is no developed water supply at the disposal site. Brackish water, 
adequate for equipment decontamination, compaction, and dust control on the 
site would be developed. from an on-site well. A holding pond would be 
constructed for storace of developed water. Potable water would be hauled 
from the nearest source. 

Portable construccion toilets would be used. Waste water from showers, 
hand basins, and laun2:y.would gravity flow to a holding tank. 
from the vehicle wash area would be held in a pit. These waters would be used 
for dust suppression or disposed of on the site by a mobile irrigation system. 

Wash water 

No electricity, cas, OK other utilities are available at the disposal 
site. Electricity would be supplied by portable generators. Telephone 
service would be by radio telephone. 

0’0041l. 
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A.8 EQUIPYENT, PERSONNEL, ENERGY C O N S U M T I O N ,  
AND FUEL ESTIMATES, ALTERNATI'ES 2 AND 3 

A . 8 . 1  V i t r o  s i t e - - i n t r o d u c t i o n  

As d i scussed  i n  S e c t i o n s  A . 2  t h r o u g h  A . 4 ,  s t a b i l i z a t i o n  on t h e  V i t r o  s i t e  
( A l t e r n a t i v e  2 )  c o n s i s t s  of r e l o c a t i n g  a l l  of t h e  t a i l i n g s  ana c o n t a m i n a t e d  
m a t e r i a l  i n t o  an embankment o n  t h e  s o u t h c e n t r a l  and s o u t h e a s t  a r e a s  of t h e  
e x r s t i n a  s i t e .  The embankment would occupy a p p r o x i i h t e l y  5 3  a c r e s .  The 
r e m i n d e r  of t h e  s i t e  w o u l d  be d e c o n t a m i n a t e d ,  r e s t o r e d  t o  approx ima te  g r a d e ,  
and r e l e a s e d  for u n r e s t r i c t e d  u s e .  

T h e  c o n s t r u c t i o n  a c t i v i t i e s  a r e  d i v i d e d  i n t o  phases; .  Each of t h e  p h a s e s  
a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  

A.8.1.1 S i t e  p r e p a r a t i o n  

T a i l i n g s ,  r u b b l e ,  and o t h e r  c o n t a m i n a t e d  m a t e r i a l  p r e s e n t l y  e x i s t  o n  
p o r t i o n s  of t h e  a r e a  which would be u t i l i z e d  f o r  t h e  embankment. 
s tab le  f o u n d a t i o n  for t h e  t a i l i n g s  embankment, it would be n e c e s s a r y  to  
r e l o c a t e  and recompact  t a i l i n g s  p r e s e n t l y  i n  t h e  embankment a r e a ,  and to 
demol i sh  and r e l o c a t e  f o u n d a t i o n s  and  o t h e r  rubble  i n  t h i s  a r e a .  The  p roposed  
construction s t a g i n g  a r e a  is p r e s e n t l y  c o v e r e d  w i t h  t a i l i n g s  and t h e s e  would 
be removed and r e l o c a t e d  a s  p a r t  o f  t h e  s i t e  p r e p a r a - '  L ion .  

To p r o v i d e  a 

The s i t e  p r e p a r a t i o n  a c t i v i t y  would r e q u i r e  abou t  20 working d a y s  t o  0.:; comple t e  and would u t i l i z e  t h e  f o l l o w i n g  equipment .  
. ,  
i . _. .---, 

Type of equipment  Number 

D-8 d o z e r  3 
nobile c r a n e  1 
Truck 1 
Grade r  1 
F r o n t  end l o a d e r  1 

A.8.1.2 T a i l i n g s  r e l o c a t i o n  

To i n s t a l l  a l i n e r  system, t a i l i n g s  and con tamina ted  m a t e r i a l  i n  t h e  
embankment a r e a  w o u l d  be removed, a l i n e r  sys t em i n s t a l l e d ,  and t h e  con tami - .  
na t ed  m a t e r i a l  r e p l a c e d  and recompacted on t h e  l i n e r  system. Although t h e  
t a i l i n g s  and c o n t a m i n a t e d  material r e l o c a t i o n  and l i n e r  placement  would  be t w o  
s e p a r a t e  o p e r a t i o n s ,  t h e y  would p r o g r e s s  c o n c u r r e n t l y  and t h u s  some of t h e  
equipment  would be u t i l i z e d  for b o t h  a c t i v i t i e s .  

T h i s  a c t i v i t y  i n c l u d e s  r e l o c a t i o n  of a l l  o f  t h e  t a i l i n q s  and Contaminated  
m a t e r i a l  p r e s e n t l y  l o c a t e d  i n  t h e  embankment a r e a .  T h e s e  m a t e r i a l s  a r e  s u b -  
d i v i d e d  i n t o  three g e n e r a l  c a t e g o r i e s  d e p e n d i n g  u p o n  d e g r e e  of s a t u r a t i o n .  

Dry m a t e r i a l  
Damp ma te r  i a l  
W e t  m a t e r i a l  
T o t a l  

80,000 c y  
505,000 c y  
2 6 5 , 0 0 0  cv, 
850,000 cy 
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Dry material is defined as loose tailings that can be reiocated wi:h 
heavy earth-moving equipment without special preparation. Dam:, material is 
5efinea as loose materiai that would require furrowing and dewa:ering prior to 
reloca:ion with heavy earth-moving equipment. Wet material wotild require 
dewatering prior to exczvatio:. with a dragline or backhoe for relocation. 

0 
This activity would reql;ire approximately 50 working days (10 weeks) ana 

the following equipment. 

Type of eauipment 

D-8 dozer 
Scraper (20 cy capacity) 
Backhoe (4 cy capacity) 
Water truck 
Compactor 

4 

Number 

A.8.1.3 Liner system placement 

This activity includes placement of a base layer, subbase layer, and the 
liner. Material would be hauled from an off-site borrow location, placed, and 
compacted. This activity would require the placement of 710,000 cy of subbase 
and liner material. Liner system placement would require 2-20 working days (44 
weeks) and the following equipment. 

Type of equipment Number 

D-8 dozer 4 
Backhoe (4 cy capacity) 1 
Trucks (18.5 cy capacity) 35 
Compactor 2 
Grader 2 
Water truck 2 

A.8.1.4 Tailings consolidation 

This activity includes relocation of tailings from the remainder of the 
site to the embankment area. These tailings are subdivided into three 
categories. 

Dry material 
Damp material 
Wet material 
Total 

90,000 cy 
875,000 cy 
405,000 cy 

1,370,000 cy 

This activity would require 200 working days (40 weeks) and require the 
following equipment. 
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6 4 4 2  
::/?e of euuipment Number 

Type of equipment 

2-8 dozer 6 
Scraper (20 cy capacity) 7 
Irxk ( 1 2  cy capacity) 6 
aackhoe ( 4  cy capacity) 2 
Grader 2 
:ompac=or 2 
water t:uck 2 

A.8.1.5 Cover installation 

This activity includes the placement of the cover over the finished 
embankaent. The cover material is divided into two categories: a radon 
barrier and an erosion barrier. All cover materials would be acquired from an 
off-site borrow location? hauled to the site, spread, and compacted. 

aadon barrier cover 
E:osion barrier cover 

290,000 cy 
155,000 cy 

This activity would require 140 working days (28 weeks) to complete and 
the following equipment. 

Yype of equipment Number 

Trucks (18.5 cy capacity) 
3-8 dozer 
Grader 
Compactor 
Xa ter truck 

35 
4 
2 
2 
2 

A.8.1.6 Site restoration 

This activity includes the placement of restoration material. During the 
relocation, tailings and contaminated material would be excavated to depths 
below the elevation of the surrounding terrain. This excavated material would 
be re?laced with clean fill to restore the area and to provide drainage. The 
restoration material would be acquired from an off-site borrow location, 
hauled to the site, spread, and compacted. The area would be revegetated. 
The quantity of fill required for restoration and revegetation is estimated to 
be 640,000 cy of random fill and 70,000 cy of select fill. 

This activity would require 220 working days ( 4 4  weeks) to complete and 
the following equipment. __- ._ - 

Number 

Trucks (18.5 cy capacity) 
Xater trucks 
D-a dozer 
Compactors 
Grader 

3 5  
2 
4 
2 
1 
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.A - 2 . 1 . 7  SuImary of personnel, energy consumption, and fae!. estizztes 

Tables A-2 through A-6 c'ontain a summary of personnel requi, 1 rements , ana 
ener;y and water consumption. 

A . E . 2  South Clive site--introduction 

As discussed in Sections A . 5  through A . 7 ,  the proposed action 
(Alternative 3 )  consists of relocating the tailings and other con:aminated 
xaterial from the Vitro site to the South Clive site. The embankment would 
o c c m y  about 5 5  acres. The Vitro site would be decontaminated, restored to 
approximate grade, and released for unrestricted use. 

Construction activities are divided into phases. Each phase is described 
below by d e  of transportation. 

A . 8 . 2 . 1  Site preparation--train option 

Vitro site 

A construction staging area, site drainage system, wastewater retention 
basins, and a rail spur would be constructed during the site preparation 
phase. The staging and rail spur.area would be cleared of 180,000 cy of 
contaminated materials and filled with 95,000 cy of compacted clean soils from 
an off-site borrow location. A rail spur 3,800 feet long, and a turn out and 
switch would be installed. 

The site preparation activity on the Vitro site would require about'35 
working days to complete and would utilize the following equipment. 

Type of equipment Number 

D-8 dozer 
Backhoe ( 4  cy capacity) 
Trucks (18.5 cy capacity) 
Grader , 

Compactor . 
Water truck 

4 
1 

32 
1 
1 
1 

South Clive Site 

A construction staging area, ,site drainage system, wastewater 
sedimentation basin, rail spurI rail unloading system, and access road would 
be constructed during the site preparation phase. The 7-mile frontage road 
along 1-80 would be upgraded by adding 41,000 cy of gravel. 
road from 1-80 to the site and a 2.6-mile rail spur with four switches would 
be built of 125,000 cy of compacted adjacent soilsI geotextile fabric, and 

A 2.3-mile access 
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Table A - 5 .  Energy consumption - stabilization in p l a c e  

Conscruction phase Fuel (gal) 
Electricity 

Kwh . 

Site preparation 
TailinSs relocation 
Liner system placement 
Tailings consolidation 
Cover installation 
Res tor at ion 
Ge ner a1 super v i s ion 

Total 

20,000 
150,000 
450,000 
500,000 
500,000 
800,000 
100,000 

2,520,000 

- 0- 
- 0- 
- 0- 
- 0- 
- 0- 
-0- 

400,000 
400,000 

~ ~ ~~ 

Table A-6. Water consumption - stabilization in place 

,Construct ion Phase gallons 

Site work (general) 
Tailings relocation 
Tailings consolidation 
Liner system placement 
Cover installation 
Res tor at ion 
Miscellaneous 

Total 

1,000,000 
400,000 

1,200,000 
3,000,000 
2,700,000 
1,600,000 
1,100,000 

11,000,000 

20,000 cy of gravel. The components of the rotary dump, hopper, and stacking 
conveyor unloading facility would be prefabricated off the site and assembled 
on the site. 

The site preparation activity would require about 35 working days to 
complete and would utilize the following equipment. 

wpe of equipment 

D-8 dozer w/scarifyer 
Scraper 
Compactor 
Trucks (18.5 cy capacity) 
Grader 
Water truck 

0064.27 
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A .  8.2.2 Site prepara t ion--tr uck opt ion 

vitro site - 
Site preparat.ion would be the same as for the rail option without :he 

rail spur construczron. Approximately 10 working days and the follDwinc 
equipment would be required. 

Type of equipment Number 

D-8 dozer 1 
BacKhoe ( 4  cy capacity) 1 
Trucks (18.5 cy capacity) 8 
Grader 1 
Compac tor 1 
Water truck I 

South Clive site 

Site preparation would be the same as for the rail option, without the 
rail spur and offloading facility construction. Approximately 25 working days 
and the following equipment would be required. 

Type of equipment Number 

D-8 dozer w/scar ifyer 
Scraper 
Compactor 
Trucks (18.5 cy capacity) 
Grader 
Water Truck 

1 
1 
1 

12 
1 
1 

A.8.2.3 Tailings relocation--train option 

This activity includes relocation of all of the tailings and cmtaminatid 
material presently located at the Vitro site, 100,000 cy of contaminated 
vicinity properties, and 50,000 cy of windblown contaminated soils to the 
South Clive site. Tailings are subdivided into three general categories 
depending upon degree of saturation. 

Dry material 170,000 cy 
Damp material 1,380,000 cy 
Wet material . 670,000 cy 
Total . - - - 2,220,000 cy ... . . ._ 

Dry material is defined as loose tailings that can be relocated with 
scrapers without special preparation. Damp material is defined as loose 
material that would require furrowing and dewatering prior to relocation with 
scrapers. Wet material would require dewatering prior to excavation with a 
dragline or backhoe for relocation with haul trucks. The windblown 
contaminated soils are generally dry. These materials would be excavated, 
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transported, and deposited beside the rail spur. Front end loaders wouid then 
place the tailings and fine-grained contaminated materials in the gondoia 
cars. Rubble and vicinity property materials (180,000 cy) would be reduced in 
size, as necessary, with a mobile crane and wrecker ball, excavated with a 
dozer, and loaded into the side-dump cars with front end loaders. 

and 
This activity would require approximately 635 working days (127 weeks) 
the following equipment. 

Type of eqilipment 

Mobile crane (20 days only) 
D-8 dozer 
Scraper (20 cy capacity) 
Backhoe ( 4  cy capacity) 
On-site haul trucks (12 cy cap) 
Water truck 
Front end loaders 
Rail cars (100 ton capacity) 
Grader 

Numbe r 

1 
2 
3 
1 
3 
1 
2 

108 
1 

A.8.2.4 Tailings relocation--truck option 

The activity would be the same as the train option except that the 
contaminated materials would be loaded directly into 35-ton capacity trucks 
with front end loaders. Each truck would make two trips per day (9-10 hours 

weeks) and the following equipment. 
I per day). This activity would require approximately 635 working days (127 

"ype of equipment 

Mobile crane (20 days only) 
Front end loader 
Backhoe ( 4  cy capacity) 
D-8 dozer 
Trucks (35-ton capacity) 
Grader 
Water truck 

Number 

1 
2 
1 
1 

77 
1 
1 

A.8.2.5 Embankment and cover construction--train option 

The embankment would be constructed in a continuous cut and cover 
operation. 
completed portions of the embankment. 
compacted in preparation for placement of the contaminated materials which 
would then be compacted in lifts to the design elevation. 
2,270,000 cy of contaminated materials would be transported from the rail 
stockpile to the embankment with scrapers and 180,000 cy of rubble by trucks. 
The radon barrier would require 460,000 cy of compacted soil and the erosion 
barrier would require 202,000 cy of rock from an off-site borrow area. 

The existing soils would be excavated for use in covering already 
The bottom of the excavation would be 

Approximately 

The embankment and cover construction would be concurrent with the 
tailings relocation and would require 640 working days (128 weeks) and the 
following-equipment. 
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Type of eauiDmer.: Numbers 

Scraper 
D-8 dozer 
Front end loader 
Compactor 
Water truck 
On-site trucks ( 1 2  cy capacity) 
Of f-site trucks i18.5 cy capacity) 
Grader 

A.8.2.6 Embankment a:d cover construction--truck option 

The activity would be the same as in the train option except all of the 
contaminated materials would be deposited directly on the embankment. 

The embankment and cover construction would require 640 working days (128 
weeks) and the following equipment. 

Type of equipme!?: 

Scraper 
D-8 dozer 
Compactor 
Wa t er t r uc k 
Of f-site trucks (18.5 cy capacity) 
Grader 

A.8.2.7 Site restora:ion--train option 

Vitro site 
- 

Number 

1 
2 
1 
1 
3 
1 

This activity includes the placemen- of restoration mat-rial (select 
fill). During the relocation, tailings and contaminated material would be 
excavated to depths below the elevation of the surrounding terrain. This 
excavated material woald be replaced with clean fill to restore the area and 
to provide drainage. The restoration material would be acquired from an 
off-site borrow location, hauledto the site, spread, and compacted. The area 
would be revegetated. The quantity of fill required for restoration and 
revegetation is estimated to be 1,040,000 cy of select fill. Approximately 
95,000 cy of clean fill would have been brought in for the rail spur and 
staging area, thus 945,000 cy would be brought in the restoration phase. 

This activity would require 625 working days ( 1 2 5  weeks) to complete and 
the following equipmerrt. , 

Type of equipment 

Trucks (18.5 cy capacity) 
Water truck 
D-8 dozer 
Compactors 
Grader 
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17 
1 
1 
1 
1 
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South Clive Site 

After all of the tailings and contaminated materials have been relocated 
from the Vitro si:e to the South Clive site the rail spur track and offloacing 
facility would be decontaminated and salvaged. The rail spur subbase woulZ be 
recontoured to approximately the original grade. The embankment construction 
equipment would be used a short time in this task. The access road would 
remain. 

k . a . 2 . 8  Site restoration--truck option 

Vitro Site 

The activity would be the same as in the train option except that 
restoration fill required would be greater than the amount for the rail spur .  

The site restoration would require 615 working days (123 weeks) and the 
following equipment. 

Type of equipment 

Trucks (18.5 cy capacity) 
Water truck 
D-8 dozer 
Compactor 
Grader 

South Clive Site 

Number 

19 
1 
1 
1 
1 

No restoration activities would be required at the South Clive site. 

A.8.2.9 Summary of personnel, energy consumption, and fuel estimates 

Tables A-7 through A-11 contain a summary of personnel requirements, and 
energy and water consumption €or Alternative 3. 
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Table A - 7 .  ‘e rscnnel  r e+ i r e r t en t s  a n d  ex;cs-re - t r a i n  o c t i o n  - 

z e l c c i t i o n  ts S c u t n  C l i v e .  

Sit8 ?reparat ion  - Cllve 
t q u i p e n t  opsratora 15 
truci d r i v e r s  35 
~mineenanco p r r o n n e l  15 
?risc . l lan.oun personno1 20 

1 5  Suwrvraor,’Corcaen 
? a A L  PERSONML 

- 
?mu exwsw HOURS ioooai 

t a i l i n s 8  r e l a a t i o n  - V i t z o  
Equipmnt Op.ratora 63 5 
Cquipmonc oporaror8 20 
Truck d r i v o r a  63 5 
R l i n t e n ~ e o  porsonnel  635  
M l S C O l ~ J l M O U S  p C S O M . 1  635 
Suo.rviror/ lor a w n  635 

TCXAL P L I W H N U  
mu exPosuRL HOURS 1000.) 

fmanmacnc construction - C l i v o  
E q u i p o n t  o p r a t o t s  640 
TKUCX dKiV8CS 640 
~ a i n c e n a n c 8  p o r s o ~ o l  64 0 
Ml.cmllaneous p r w n n o l  640 
Suprvrsor/Cor.non 640 

:mu P W O N M L  
TmAL exPoNRe H Q I R S  I O O O S I  

S i r e  reseoraeion - V l e r o  
t q u i p e n t  o p r a t o r s  62 5 
TruCi dr iver .  625 
1 ~ i n c m a n c 8  ~ C S O M . ~  61 5 
Miw. l lan .ous  porsonnol  625 
Suoervrsor/forcaen 625 

TmAL P W O N N E L  

9 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 

8 
8 
8 

e 

8 
8 
8 
8 
II 

8 
8 
8 
8 
8 

3 1  

- 
I1 

9 
8 
2 

28 
8 

s5 
- 

3 

- 
3 

17 

17 

9 

- 
9 

I 
2 
1 
4 
2 

11 

- 

15 

1 5  

85 

85 

11 I 

2 1 
22 4 

4J 
8 2 - 

9 

9 
1 
3 
2 
ll 

4 
10 
- 

13 
1 
2 
8 
4 

28 
- 

4 

1 

2 
7 
- 

46 5 
25 

75 
18 

5 s  
U 

u 
LO 
56 
20 

147 25 

- - - 
5 15 

67 
5 
10 
41 
20 

143 

- 

20 

5 

10 

1 5  

- 

171 

I1 
159 

24 
UO 

25  482 

. . . . - - . 
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Sire ~ r c p d r s c r o n  - V i t r o  
E q u r p e n t  opcracors 10 
?ruc& d r i v e r s  10 
RbbnEenarce porsonntl 10 

Supcrviaor/foreaen 10 
HiBCeLhneOub pe?.Onnel 10 

TOTI; PER5SM;EL 
TmU EXPOSURE HWRS IOOOSI  

Site vrevaration - C l i v e  
Lqurpaent operacorc 2 s  

~lntWUI%CC. PILOnntl 2 s  
Truck drimrs 25 

n i u e l l a n w u s  personnel 2s 

mAL EXPOSURE HOURS t000.) 

t a i l i m s  r e l o c a t i o n  - v i t r o  
E q u A a r n t  OPracor. 63 5 

Laaankant c o n s t r r r t i o n  - C l i v r  
rqurpaent oparawrs 64 0 
Truck drivmrs 640 

miscellaneous personnel 640 
Supervisor/lorem+n 64 0 
mu PWOHNEL 
T a A L  m U R E  glURS (00061 

naintm~ance personnel 640 

Site restoration - VItrO 
tquipaent O ~ E C J L O S .  61 S 

1 Truck d r i v e r s  61s 
Maintenance p r s o n n e l  61s 
n i r c e l l a n w u s  personnel 615 
Srrp.rviwr/forem~n 61s 
mu PZRxmml 
TmAL WrpoSuRT HOURS l000sl 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 

0 
8 
8 
8 
8 

D 
8 
8 
8 
8 

8 

- 
8 

5 
12 
1 
6 
4 

2 8  
- 

3 

- 
3 

19 

- 
19 

5 

1 
9 
4 

19 

1 

- - 
1 

1 
2 
1 
1 
1 

6 

- 

6 
1 

2 
15 

4 
28 
- 

5 

1 
9 
4 

19 

1s 

- - 
15 

4 

1 

2 
7 

93 

- - 
93 

2 - 
2 

2 7  

30 

77 
10 
76 
20 

13 7 

- - 
17 

26 
0 
5 

46 
20 

97 

- 

20 

5 

10 

35 

- 

489  

- 
489  

28  
6 

105 
626 

22 
113 

1 

26 
128 

4 8 9  875 
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Table A-9. Energy consumption--train option 

Construction phase Fuel ( s a l )  El.ec:ricity (Kwh) 

Site preparation 
Ta il ings relocation 
Embankment construction 
Restoration 
General supervision 

Total 

180,000 
3 ,420 ,000  
2,000,000 
1 , 070,000 
-- 300,000 
6,970,000 . 

800,000 
800,000 

Table A-10. Energy consumption--truck option 

------ 
Construction phase Fuel (gal) Electricity. (Kwh) 

Site preparation 
Tailings relocation 
Embankment construction 
Restoration 
General supervision 
Total 

51,000 
4,940,000 
690,000 

1,140,000 
300,000 

7 , 121 , 000 
800,000 
800,000 . 

Table A-11 .  Summary of water use--gallons 

I 
Act iv i ty 

Train Truck 
Clive Vitro C1 ive Vitro 

Site prep 
Relocation 
Embankment 
Restoration 
Dust control 

Total 

Total Option 

2,600,000 1,400,000 -- 300,000 
400 , 000 400 , 000 1 , 5 0 0 , 0 0 0  1 , 5 0 0 , 0 0 0  

4,700,000 4 , 7 0 0  , 000 
6 , 1 0 0 , 0 0 0  6 ,700 ,000  
- 2 ,700 ,000  -- 2,700,000 2 ,700 ,000  2 ,700 ,000  

11,800,000 9,200,000 10 ,900 ,000  9 ,200 ,000  -- -- 

21 ,000 ,000  20 ,100 ,000 
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A.9 CAPITAL COST ESTIMATES 

6 4 4 2  

~ . 9 . 1  V i t ro  s i t e - - A l t e r n a t i v e  2 

A cost estimate h a s  been p r e p a r e d ,  based upon t h e  c c n c e p t u a l  d e s i g n  
d e s c r i b e d  i n  t h i s  Appendix. The c o n c e p t u a l  d e s i g n  cost estimate is $31.24 
m i l l i o n  and is summarized i n  Table  A-12. T h i s  r e p r e s e n t s  t h e  p r e l i m i n a r y  cost 
est imate  for  c o s t - s h a r  ing  purposes .  A d e t a i l e d  breakdowr. of . the r e m e d i a l  
a c t i o n  c o n s t r u c t i o n  costs is p r e s e n t e d  i n  T a b l e  A-13. These costs d o  n o t  
i n c l u d e  t h e  v i c i n i t y  p r o p e r t y  work. 

T a b l e  A-12. S i t e  cost e s t i m a t e  summary (1983 - $000)  
A l t e r n a t i v e  2 

Item costs 

S i t e .  a c q u i s i t i o n  

TOTAL 

Miner a1  v a l u e  
Land v a l u e  

SITE ACQUISITION 

. Remedial A c t i o n  (RA) 

P r o c e s s i n g  s i t e  
S i t e  p r e p a r a t i o n  
L i n e r  sys t em 
S i t e  g r a d i n g  
Cover 
E r o s i o n  p r o t e c t i o n  . 
Decontaminat ion  f a c i l i t i e s  
R e s t o r a t i o n  
Fenc ing  
S u p e r v i s o r y  6 f i e l d  s e r v i c e s  

TOTAL REMEDIAL ACTION 

Eng inee r  i n q / c o n s t r u c t i o n  manaqement ' 

Enginee r  inq  
C o n s t r u c t i o n  management 

0 
5,000 

1,550 
4 , 2 3 0  
8,370 
1,370 

930 
60 

3 ,960  
80 

3 , 6 0 0  

24,150 

630 
1 , 1 1 0  

5,000 

TOTAL ENGINEER ING/CONSTRUCTION MANAGEMENT 1 ,740  

MAINTENANCE AND SURVEILLANCE 3 50 

TOTAL COST ESTIMATE S?? ,240* 

'Based upon t h e  S t a t e  o f  Utah e n g i n e e r i n g  a n a l y s e s  and CCS: estimates f o r  the 
0 

p r e l o a d  s y s t e m ,  t h e  cost for A l t e r n a t i v e  2 would i n c r e a s e  to $42.0 m i l l i o n .  . 
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TaSie A - i 3 .  Cost estinate--5etailed 
Alternative 2 

- 

I :em cost ( $ 0 0 0 )  
- --- 

a S I T E  PREPARATION 

1. Mobilization. (lump sum) 60 

2. Staging area (lump sum) 
* Layaown and parking facilities 

3. Roads 
* Construct and maintain temporary roads 
. Concrete protection pads over utilities 

4. Clearing and grubbing (lump sum) 

5. Dewatering 
Temporary ditches, gravel liners 

* Sump pumps and lines 
Retention ponds 
Permanent ditches 

6. Waste-water treatment facility 

7. Demolition - Stack, concrete foundations 
Telephone and power lines (relocate) 
Water and gas lines (relocate) 

Total site preparation 

TAILINGS PILE 

I. Relocate, grade, and compact (on-site materials) 
Dry (170,000 cy) 
Dewatered (1,380,000 cy) 
Wet (670,000 cy) 

* Rubble (80,000 cy) - Off-site materials (150,000 cy) 

2. Liner system 
Subbase preparation (220,000 cy) 
Base preparation . (300,000 cy) - Liner preparation (190,000 cy) 

20 

an 

10 

149 

860 

380 

$1 , 550 

8,370 

4,230 
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T a b l e  A - 1 3 .  ( c o n t i n u e d )  

6 4 4 2  

Item C o s t  (8000) 
- 

%DON CSVER 

1. Compacted bor row 
' ? u r c h a s e ,  h a u l ,  spread ,  

and c o T p a c t  

EROSION COVER 

I. P i t  r u n  rock 
. P u r c h a s e ,  h a u l ,  spread,  

and compact 

DECONTAYINATION (lump sum) 

1. Driveway washdown f a c i l i t y  

SITE RESTORATION 

1. F i l l  material  
P u r c h a s e ,  h a u l ,  spread, 

and compact 

Select  f i l l  material  
P u r c h a s e ,  haul, spread, 

and compact 

2. S e e d i n g  

FENCING (lump sum) 

SUPERVISORY AND FIELD SERVICES - 

1. F i e l d  s t a f f  
P r o j e c t  manager 
P r o j e c t  e n g i n e e r  
C o n s t r u c t  i o n  e n g  i n e e r  

* S a f e t y  e n g i n e e r  
. S c h e d u l e s / c o s t  e n g i n e e r  

Secretary 

(290,000 c y )  

( 1 5 5 , 0 0 0  c y )  

(640 ,000  C Y )  

( 7 0 , 0 0 0  cy)  

( 7 5  A c )  

( 7 , 0 0 0  LF) 

2 .  F i e l d  s e r v i c e s  
A d d i t i o n a l  labor - S e c u r i t y  
Survey  crew 

1 ,370  

930 

60 

3,960 

80 

1,000 

1,060 

* Q u a l i t y  c o n t r o l  0 
A-57 



Table A - 1 3 .  (con:inued) 

I t e z  cos: ( $ 0 0 0 )  

3 .  Field health services 
Health physics manager 

Truck monitor 
Laboratory services 
Equipment and miscellaneous 

* Access control technician 

4. Temporary facilities 
Field office 
Field office expenses 
Change and shower unit 

Temporary sanitary facilities 

Consumable supplies ' 

* Temporary utilities 

Insurance 

Laundry and operation 
Mobile equipment . Fencing, barricades, signs, 
and miscellaneous 

1 , 0 1 0  

4 10 

Supervisory and Field Services Total: 3 , 6 0 0  

Total Preliminary Cost Estimate $24,150 
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A.9.2 South Ciive - site--Alternative 3 (proposed action) 

A cost es:imate has been prepared, based upon the conceptual design 
described in =his Appendix. The conceptual design cost estimate is $63.78 
[train) or 6 7 . 6 8  (truck) million and is summarized in Tables A-14 and A - 1 5 .  
This represen:r the Preliminary cost estimate for cost-sharing purposes. A 
detailed brea<down of the remedial action construction costs is presented in 
Tables A-16 (::din) and A - 1 7  (truck). These costs do not include the vicinity 

0 

’ property work. 

Table A-14. Site cost estimate summary (1983 - $000) 
Alternative 3 - train transportation 

Item costs 

Site acquisition 

Miner.al value 
Lana value 

TOTAL SITE ACGUISITION 

Remedial action (RA) 

Work at Salt Lake City 
Site preparation 
Decontamination 
Site relocation 
Site restoration 
Supezvisory and field services 

Work at Clive 
Site preparation 
Cover 
Erosion protection 
Decontamination 
Site relocation 
Fencing 
Supervisory and field services 

TOTAL REMEDIAL ACTION 

Engineerinq/cmstruction management 

Engineering 
Cons:ruction management 

TOTAL ENGINEERING/CONSTRUCTION MANAGEMENT -0 - MAINTENANCE ASD SURVEILLANCE 
/ 

0 
80 - 
8 0  

2,520 
330 

33,400 
5,270 
3,980 

45 500 

2,820 
1 ,250  
1 ,430  

330 
6,460 

90 
3,020 

1 5  400 

60 ,900  

1,150 
1 , 5 6 0  

2,710 

90 

TOTAL COST ESTIMATE $63,780 

- 



Table A - 1 5 .  Site cost escimate summary (1983 - SOGC; 
A1crrna:ive 3 - truck transportation 

I tern coscs 

Site acquistion 

Mineral Value 
Land value 

TiYl”AL SITE ACQUISITION 

Remedial action (RA) 

Work at Salt Lake City 
Site preparation 
Decontamination 
Site relocation 
Site restoration 
Supervisory and field services 

Xork at Clive 
Site preparation 
Cover 
Erosion protect ion 
Decontamination 
Site relocation. 
Fencing 
Supervisory and field services 

TOTAL REMEDIAL ACTION 

Engineering/construction management 

Engineering 
Construction management 

0 
8 0  - 
8 0  

1,490 
120 

41,300 
5,270 
4,320 

52,500 

3,510 
1,250 
1,430 

120 
2,680 

90 
3 I 220 

12,300 

64,800 

1,150 
1,560 

TOTAL ENGINEERING/CONSTRUCION MANAGEMENT 2 I 710 

MAINTENANCE AND SURVEILLANCE 90 

TOTAL COST ESTIMATE $67,680 
- 
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Table A-16. Cost estiinate--detailed 

Alternative 3 - train transportation 

Item cost ($000 ) 
- 

WORK AT SALT ! A K Z  C I T Y  

SITE PREPARATION 

1. Mobilization (lump sum) 

2. Staging area (lump sum) 
Laydown and parking facilities 

3. Utility protection 
Concrete protection pads over utilities 

4. Clearing and grubbing (lump sum) 

5. Dewater ing 
. Temporary ditches, gravel liners 

Sump pumps and lines 
Retention ponds 
Permanent ditches 

. .. __ . -.- 6. Was te-water treatment facility 

7. Demolition 
Stack, concrete foundations 
Telephone and power lines (relocate) - Water and gas lines (relocate) 

8. Temporary railroad spur 
Construct base, install new and used track, 
maintenance and salvage 

Total site preparation 

DECONTAMINATION (lump sum) 

1. Equipment and truck wash-down facility 

2. Train wash-down facility 

SITE RELOCATION 

1. Excavate and load contaminated material (2,450,000 cy) 

2. Transportation: cars, maintenance, hauling, covers 

60 

20 

20 

10 

140 

8 60 

380 

1,030 

$2,520 

330 

8 , 810 

24 , 590 
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Table P.-16. (continued) 

I tern cos: ( 5 0 0 0 )  

SITE PESTORATION 

1. F::; _ _ _  material (825,000 cy) 
. ?z:cnase, haul, spread, 

ar,c compact 

Select fill material (120,000 cy) 
hrcnase, haul, spread, ana compact 

2. Seoe-ing (128 Ac) 

SUPERVISORY AND FIELD SERVICES 

1. Field staff 
P:oject manager - ?'reject engineer 
Construction engineer 
Safety engineer 
Scnedules/cost engineer 
Secretary 

2. Field services 
Additional labor - Security 
Survey crew 

. Quality control 
3. Field health services 

Health physics manager 
Access control technician - Laboratory services 
Equipment and miscellaneous 

4. Temporary facilities 
Field office 
Field office expenses 
Change and shower unit 

' * Temporary utilities 
* Temporary sanitary facilities 

Insurance 
Consumable supplies 
Laundry and operation 
Mobile equipment 
Fencing, barricades, signs 
and miscellaneous 

5 , 2 7 0  

1,190 

1,090 

1,140 

560 - 

Supervisory and field services total: 3 , 980 
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Table A-16. (continued) 

Item cost ($000) 
0 

--- 
WORK A'r CLIVS 

SITE PREPARATION 

1. Mobilization 

2. Staging area 
Laydown and 

3. Roads 

lump sum) 

lump sum) 
parking facilities 

60 

20 

Construct and maintain temporary roads 
Construct permanent roads 

4. Dewatering - Temporary ditches, gravel liners 
Retention ponds I 

Permanent ditches 
\ 

5. Water well 

6 .  Temporary railroad spur 

Total site preparation I 

RADON COVER 

1. Compacted on site soils (570,000 Cy) 
Excavate, spread, 

and compact 

EROSION COVER 

1. Pit run rock (190,000 cy) 
Excavate, haul, spread 

DECONTAMINATION (lump sum) 

1,070 

190 

120 

1 , 360 

$2 ,820 

1, 250 

1,430 

3 30 

I. Equipment and truck wash-down facility 

2. Train wash-down facility 

r SITE RELOCATION 

1. Haul tailings from radial stacker.; ( 2,450,000 cy) 4,290 
spread and compact 

- 
2. Off-loading facility 2,170 

A-63 
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Table A - 1 6 .  (continued) 
/ 

I tern cost (Boot; 

S S? ERV I S DRY .YJD r" I EL D S E RV ICES 

I. Field s:aff 
- Constrnc:ion engineer 

2 . \  Field services - Additional labor - Security 
Survey crew 
Quality control 

3. Field healtn services - Health physics manager 
Access control technician 
Laboratory services 
Equipment and miscellaneous 

( 7 , 5 0 0  LF) 90 

4. Temporary facilities 
Field off ice 
Field office expenses 
Change and shower unit 
Temporary utilities 
Temporary sanitary facilities 
Insurance 
Consumable supplies 
Laundry and operation 
Mobile 'equipment 
Fencing, barricades, signs 
and miscellaneous 

\ 

Supervisory and field services total: 

Total preliminary cost estimate 

260  

1 , 2 6 0  

, 
810 

6 90 

3 , 0 2 0  

$60,900 
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Table A-17. Cost estimate--detailed 

0 
Alternative 3 - truck transportation 

I tern cost ( 530 0 ) 

WORK AT SALT LAKE CITY ----- 
SITE PREPAMTION 

1. Mobilization (lump. sum) 

L 2. Staging area (lump sum) 
Laydown and parking facilities 

3. Utility protection 
Concrete protection pads over utilities 

4. Clearing and grubbing (lump sum) 

5. Dewatering 
Temporary ditches, gravel liners 
Sump pumps and lines 
Retention ponds 
Permanent ditches 

6. Waste-water treatment facility 

7. Demolition 
Stack, concrete foundations 
Telephone and power lines (relocate) 
Water and gas lines (relocate) 

Total site preparation 

DECONTAMINATION (lump sum) 

69 

20 

20 

10 

1 4 0  

8 60 

380 

$1 , 490 

1 2 0  

I. Equipment and truck wash-down facility 

SITE RELOCATION 

1. Excavate and load contaminated material (2,450,000 cy) 4 , 510 
_. _ _  . - - - ._ . 

2. Transportation: trucks, maintenance, hauling, covers 36 , 790 

A-6 5 
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Table A - 1 7 .  (continuedj 

I cem cos: ($0001 ,, 

I. Fill material (825,000 cy) 
. Purchase, haul, spread, 
and compac: 

Select fill material (120,000 cy) 
- Purchase, h a u l ,  spread, 
and compact 

2 .  Seeding ( I 2 8  Ac) 

SUPERVISORY AND FIELD SERVICES 

1. Field staff 
Project manager - Project engineer 
Construction engineer 
Safety engineer 
Schedules/cost engineer 

. Secretary 
2. Field services 

Additional labor - Security 
Quality control 
Survey crew 

3. Field health services 
* Health physics manager 
. Access control technician 
. Truck monitor 
Laboratory services 
Equipment and miscellaneous 

4. Temporary facilities 
Field office 
Field office expenses 
Change and shower unit 
Temporary utilities 
Temporary sanitary facilities 
Insurance 
Consumable supplies 
Laundry and operation 
Mobile equipment 
Fencing, barricades, signs 
and miscellaneous 

Supervisory and-f ield services total: 

5 , 2 7 0  

1,190 

1,090 

1 , 500 

540 - 

4 , 3 2 0  
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Table A-17. (continued) 

Item cost ($000) 

WORK AT CLIVE 

SITE PREPARATION 

1. Mobilization (lump sum) 

2. Staging area (lump sum) 
Laydown and parking facilities 

3. Roads 
Construct and maintain temporary roads 
Construct permanent roads 

4. Water well 

5. Dewater ing 
1 

Temporary ditches, gravel liners 
Retention ponds 
Permanent ditches 

Total site preparation 

RADON COVER 

1. Compacted on-site soils (570,000 cy) 
Excavate, spread, and compact - 

EROSION COVER 

1. Pit run r o c k  (190,000 cy) - Excavate, haul, spread 

DECONTAMINATION (lump sum) 

1. Equipment and truck 
wash-down facility 

60 

20 

3 , 1 2 0  

1 2 0  

190 

$3,510 . .  

1 , 2 5 0  

1 , 4 3 0  

120 

SITE RELOCATION 

1. Haul tailings to embankment area (2 ,450,000 cy) 2,680 

FENCING (7,500 LF) 90 
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Table A-17. (continued 
-- 

Item cost ($000) 

SUPERVISORY AND FIELD SERVICES 

I. Field staff 
* Conscruction engineer 

2. Field services 
Additional labor 
Security 
Survey crew 

* Quality control 

3. Field health services 
Health physics manager 
Access control technician . Truck monitor 

' . Laboratory services 
Equipment and miscellaneous 

4. Temporary facilities 
Field office 

. Field office expenses 
Change and shower unit 
Temporary utilities 
Temporary sanitary facilities 
Insurance 
Consumable supplies 
Laundry and operation I 

. Mobile equipment . Fencing, barricades, signs 
and miscellaneous 

Supervisory and field services total: 

Total preliminary cost estimate 

2 60 

1 , 2 6 0  

1,010 

6 90 
I- 

3 , 2 2 0  

$ 6 4 , 8 0 0  

E.- 6 8 
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Appendix B 

THE SELECTION OF AN OFF-SITE DISPOSAL SITE 

The impacts of transporting the Vitro tailings and other contaminated 
material to an off-site location are described in this document in terms of a 
new dis-,osal site approximately 1 mile south of Clive, Utah. This appendix 
provides a background for and history of the events that led to the choice of 
the South Clive s i t e  as the off-site alternative. 
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B.l BACKGROUND 

.On March 1 2 ,  1974, t h e  su5committee on Raw Materials of the Joint 
Committee on Atomic Energy (ZCXZ), Congress of the United States, held 
hearings on two identical 5ills submitted by Senator Frank E. Moss and 
Representative Wayne Owens of Utah. The bills, S. 2566 and H.R. 11378, 
provided for the assessinen: ~f an appropriate remedial action to limit the 
exposure of individuals to raciation from uranium mill tailings at the Vitro 
site i n  Salt Lake City, Utah .  These bills also provided for a cooperative 
arrangement between the A:ornic Energy Commission (AEC) and the State of Utah 
in making the assessment. 

0 

During the JCAE hearings, Or. William 0. Rowe of the U.S. Environmental 
Protection Agency (EPA) pointed out that there were other inactive uranium 
mill sites that shared the problems of the Vitro site; he recommended a 
generic approach to the problem of abandon.ed uranium mill tailings, with first 
priority being given to addressing the most critical tailings sites. Similar 
recommendations were made 5y  Dr. James L.,Liverman who testified for the AEC: 
he proposed that a Comprehensive study should be made of all abandoned 
tailings piles, rather than treating potential problems on a piece-meal 
basis. This comprehensive stady would be a cooperative two-phase undertaking 
by the concerned states and appropriate Federal agencies such as the AEC and 
EPA. Phase 1 of this undertaking would involve identifications of sites that 
might require remedial action, arid determination of the need for corrective 
action through observations of each site’s condition, ownership, proximity to 
populated areas, and prospects for increased population near the site. A 
preliminary report of Phase-I work would serve as a basis for determining if a 
detailed engineering assessment (Phase-XI) was necessary for each mill site. 
The Phase-I1 engineering, if necessary, would include evaluation of the 
.problems, examination of alternative solutions, preparation of cost estimates 
and of detailed plans, ana specifications for alternative remedial-action 
.measures . 

The Phase-I assessment began in May 1974, with teams consisting of repre- 
sentatives of the AEC, the EPA, and the affected states visiting 21 of the 
known inactive millsites. A Phase-I report was presented to the JCAE in 
October 1974 (AEC, 1974). aased on the findings of.that report, a decision 
was made by the AEC to praceec’, with the Phase-XI engineering assessments at 17 
sites, including the Vitro site at Salt Lake City. 

. ... 

i. 
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3 . 2  HISTORY 

6 . 2 . 1  The FBDU e n a i n e e r i n q  aszesrine-rs 

An a c t i v e  s e a r c h  f o r  a1:er:ate disposal s i t e s  f o r  t h e  v i t r o  m i l l  t a i l i n g s  
began i n  1 9 7 5 .  On May 5 ,  1 9 7 5 ,  tne  U . S .  Energy Research and Development 
A d m i n i s t r a t i o n  ( E R D A ) ,  formed zy :he 3nergy R e o r g a n i z a t i o n  A c t  of 1 9 7 4  w h i c h  
a b o l i s h e d  t h e  AEC. selected 2 : 5 ,  8ac3n h Davis  Utah I n c .  (FBDU) of S a l t  L a k e  
C i t y  tc p r o v i d e  a c c h i t e c t - e n c : ~ . o e r i ~ c  s e r v i c e s  f o r  Phase-:I a s s e s s m e n t s  of t h e  
1 7  m i l l  s i t e s  mentioned i n  t k e  ?5ase- I  r e p o r t  (AEC, 1 9 7 4 1 ,  FBDU began w o r k  o n  
J u n e  2 3 .  1 9 7 5 ,  q i v i n q  f i r s t  cc?.s iceracion to  t h e  V i t r o  size. The a r c h i t e c t -  
e n g i n e e r i n g  s e r v i c e s  c o n t r a c t  s?eki:ied,  among o t h e r  t h i n g s ,  t h a t  FSDU w o u l d  
d e t e r m i n e  t h e  adequacy and tke  env i ronmen ta l  s u i t a b i l i t y  of s i t e s  a t  which 
m i l l  t a i l i n g s  .could be d i s p o s e = .  

T h e  o r i g i n a l  Phase-I1 ro;ri:; on t h e  V i t r o  s i t e  i n  S a l t  L a k e  C i t y  was pub- 
, l i s h e d  i n  A p r i l  1976 ( F B D U ,  1 9 7 5 ) .  A l t o g e t h e r  2 9  p o t e n t i a l  d i s p o s a l  s i tes 

o r  a r e a s  were mentioned i n  this r e p o r t ;  t h e s e  s i t e s  a r e  l i s t e d  i n  T a b l e  B-1. 
The 29 sites were e i t h e r  nominated by s t a t e  a g e n c i e s ,  F e d e r a l  a g e n c i e s ,  
p r i v a t e  i n d i v i d u a l s ,  o r  were ckcsen by FBDU on t h e  basis  of t h e i r  knowledge o f  
s u i t a b l e  a r e a s  i n  t h e  vicinit :r  of S a l t  Lake C i t y .  Because o f  t r a n s p o r t a t i o n  
costs, o n l y  t h o s e  l o c a t i o n s  wr::lin 150 miles o f  S a l t  Lake C i t y  were i n i t i a l l y  
c o n s i d e r e d .  

Very e a r l y  i n  t h e i r  w o r k  an t h e  e n g i n e e r i n g  a s s e s s m e n t s ,  FBDU deve loped  
29 c r i t e r i a  for  d e t e r m i n i n g  t h e  s u i t a b i l i t y  o f  s i t e s  proposed f o r  - s t o r a g e  o f  
m i l l  t a i l i n g s  ( p e r s o n a l  communication, Mr.  Rober t  Overmyer, FBDU, Octobe r  5 ,  
1981). T h e s e  2 9  c r i t e r i a ,  l i s z e d  i n  Tab le  B-2 i n  t h e i r  o r i g i n a l  form a s  a 
f i e l d  " s c o r e  s h e e t , "  'were l o g i c a l l y  developed from g e n e r a l  p r i n c i p l e s  o f  
r a d i a t i o n  p r o t e c t i o n  t h a t  had been adopted by ERDA. I t  s h o u l d  be emphasized 
t h a t  i n  1975 t h e r e  were n o  Fede ra l  s t a n d a r d s  OK g u i d e l i n e s  s p e c i f i c a l l y  
d i r e c t e d  t o w a r d s  t h e  c l e a n u p  of uranium m i l l  sites or d i s - s a l  of uranium m i l l  
t a i l i n g s .  Some g u i d e l i n e s  f o r  c l eanup  of h a b i t a b l e  s t r u c t a r e s  c o n t a m i n a t e d  
w i t h  t a i l i n g s  had been pub l i shed  by t h e  U.S. Surgeon Genera l  f o r  u s e  i n  t h e  
Grand J u n c t i o n ,  C o l o r a d o  r emed ia l  program ( 1 0  CFR 121,  bu t  t h e s e  g u i d e l i n e s  
d i d  n o t  d i r e c t l y  a p p l y  t o  t h e  sroblems of m i l l  t a i l i n g s  d i s p o s a l .  Conse- 
q u e n t l y ,  ERDA and FBDU had to  c r e a t e  t h e i r  own g u i d e l i n e s  i n  order to  p r o c e e d  
w i t h  t h e  e n g i n e e r i n g  a s ses smen t s .  In  b r i e f ,  t h e s e  ad-hoc g u i d e l i n e s  had t h r e e  
o b j e c t i v e s :  (1) t o  reduce r e s i d u a l  gamma r a d i a t i o n  to l e v e l s  which would be 
as l o w  a s  p r a c t i c a b l e ;  ( 2 )  where c l e a n u p  was n e c e s s a r y ,  t o  r e d u c e  t h e  radium 
c o n t e n t  o f  t h e  so i l  t o  n o  more t l a n  twice t h e  radium background i n  t h e  a r e a ;  
( 3 )  to  meet a p p l i c a b l e  s t a t e  azd F e d e r a l  s t a n d a r d s  f o r  t h e  radium-226 c o n t e n t  
of ground or s u r f a c e  w a t e r s .  Other d e s i r a b l e  goals, such  a s  p r e s e r v a t i o n  of 
local e c o s y s t e m s ,  t h e  minimizazion o f  p r o j e c t  c o s t s ,  and making best u s e  of. .. - 
l a n d s ,  were f a c t o r e d  i n t o  t h e  development o f  t h e  29 s i t e - s e l e c t i o n  
c r i t e r i a .  

The s i t e - s e l e c t i o n  c r i t e r i a  were used to  score and rank t h e  29 sites 
shown i n  T a b l e  B-1; t h e  h ighesc - sco r ing  s i t e  w a s  r anked  f i r s t ,  t h e  n e x t -  
h i g h e s t - s c o r i n g  s i t e  was rankee second, and so on. I n  o b t a i n i n g  a t o t a l  score 
for each  s i t e ,  t h e  scores for esch c r i t e r i o n  ( a  number i n  t h e  r a n g e  1 to 1 0 )  
were s i m p l y  added ,  and e q u a l  weights were g i v e n  t o  t h e  29 c r i t e r i a .  The 
r e s u l t s  of t h i s  r a n k i n g  a r e  s f e c i f i e d  i n  T a b l e  B-1 for t h e  top-ranking 15 0 
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T a b l e  B-1. Twenz:l-nine s i t e s  eva1tia:ed a s  r e p c s i t o r i e s  for t h e  V i t r o  
t a i l i n c s  i n  P h a s e  1 1 - T i c i e  I Engineer inq Assessment  

S a l t  Lake V a l l e y  s i t e s  

FBDU 
s i t e  i a e n t i f  i c a t i o n  FBDU 

number r a n k a  

S a l t  Lake I n t e r n a t i o n a l  A i r p o r t  
F i l l  for proposed  runway expans ion  
Township 1 N o r t h ,  Range 1 West 

Freeway I n t e r c h a n g e  (1-80:40th W )  
S o u t h  of S a l t  Lake I n t e r n a t i o n a l  Ai rpor t  #1 
Township 1 S o u t h ,  Range 2 West 

Kennecot t  T a i l i n g s  Area 
2 miles n o r t h  o f  Magna, Utah 
Township 1 S o u t h ,  Range 2 West 

B u t t e r f i e l d  Canyon 
5 miles s o u t h ,  s o u t h w e s t  of La rk ,  Utah 
Township 1/2 S o u t h ,  Range 1 West 

Magna Lake Bed 
Nor th  a n d  ea s t  o f  Kennecot t  T a i l i n g s  Pond 
Township 1 S o u t h ,  Range 2 West 

Magna A r e a  S t a t e  Land 
2 miles eas t  of Maqna, Utah 
Township 1 S o u t h ,  Range 2 WEst 

Lark Copper  T a i l i n g s  S i t e  
1/2 m i l e  e a s t  o f  Lark,  Utah 
Township 3 S o u t h ,  Range 2 West 

O q u i r r h  F o o t h i l l s  
1 2  miles w e s t  o f  Midvale,  Utah 
Township 3 S o u t h ,  Range 2 West 

Great S a l t  L a k e  Desert s-ites 

4 c  

5c 

6 

1 4  

2 8C 

2 4c 

25 

\ 

2gC 

1 mile s o u t h  of C l i v e ,  Utah I C  

Township 1-1/2 South ,  Range 11 West 

N a t u r a l  D e p r e s s i o n  
8 miles n o r t h  o f  C l i v e ,  Utah 
Township 1/2 Nor th ,  Range 1 2  West 

N a t u r a l  D e p r e s s i o n  
Township 1 Nor th ,  Range . 1 5  West 

Newfoundland Range Bas in  
. T o w n s h i p  5-1/2 North,  Range 1 4  West 

2c  

11 

1 2  

7b 

1 4  

- 

1 2  

1 5  

- 

2 

1 
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T a b l e  3-1 ( c o n t i n u e d )  

G r e a t  S a l t  L a k e  Desert s i tes  

FBDU 
s i t e  i d e n t  i f i c a  t ion  FBDU 

. number r a n  ka  

D~qway  Prov inq  Grounds 
5 miles west of Camels Back Ridge 
Township 6 S o u t h ,  Range 11 West 

6 miles n o r t h w e s t  of K n o l l s ,  Utah 
S a l t  L a k e  Baseline,  Range 1 2  West 

1 2  miles n o r t h w e s t  of K n o l l s ,  Utah 
Township 1 N o r t h ,  Range 13 West 

1 m i l e  s o u t h  of L o w ,  Utah 

O t h e r  l o c a t i o n s  

.Nor th  S k u l l  V a l l e y  
3 miles west of Delle,  Utah 
S a l t  Lake B a s e l i n e ,  Range 9 West 

20 miles s o u t h  o f  T o o e l e  Army Depot e, 

Township 7 S o u t h ,  Range 5 West 

R i p p l e  V a l l e y  
5 miles s o u t h e a s t  of P o r t e r  Well, Utah 
S a l t  L a k e  B a s e l i n e ,  Range 10  West 

Cedar Mountain F o o t h i l l s  
10 miles e a s t  of C l i v e ,  Utah 
Township 1-1/2 S o u t h ,  Range 1 0  Wesz 

Cedar Mountain F o o t h i l l s  
1 0  miles w e s t  of Delle, Utah 
S a l t  L a k e  B a s e l i n e ,  Range 9 West 

17 - 

2 2  

23 

27 

3c 

7 

8 

9 

10 

_ . .  B l a c k  Mountain L a k e s i d e  Mining D i s t r i c c  . .  .. 20 
7 miles n o r t h  of Delle, Utah 
Township 1 / 2  N o r t h ,  Range 8 West 

P o i n t  of t h e  Mountain 
3 miles n o r t h  of Leh i ,  Utah 
Township 2 N o r t h ,  Range 10 West 

Pudd le  V a l l e y  
5 miles e a s t  of G r a s s y  Mountain Well 
Township 2 N o r t h ,  Range 10 West 

: ,. - .c 

26 

1 3  

1 0  r 

13 
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Table 8-1 (continued) 

Gther locations 

FBDL' 
site identification FBDU 

number ranka 

Puddle Valley 
Northwest of Delle, Utah 
Township 1 North, Range 9 West 

Hell ' s Kitchen Ranch 
40 acre natural basin 
Township 17 South, Range 1/2 West 

Rush valley 
4 miles south of Tooele A m y  Depot 
Township 7 South, Range 4 West 

Camp Williams State Military Reservation 
Tickville Gulch, 8 miles west of Lehi 
Township 3 South, Range 3 West 

Ripple Valley 
7 miles southwest of Porter Well, Utah 
Township 1/2 South, Range 1.1 West 

2 1  9 

16 

18 

19 

15 

4 

11 

aRanks are specified for only the top-ranking 15 sites. 
bNo longer available as of. 1981, since developments are already underway 

CAlternative disposal sites selected for cost studies (FBDU, 1976). 
or are completed. 
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sites. I: is seen that areas in the Great Salt Lake Desert, or in the series 
of valleys vest of the Salt Lake Valley, rank the highest. The hichest- 
rankins sires in the Salt Lake Valley, sac;? as tne runway expansion at Salt 
Lake hirpcrt and the 1ntersta:e-80 Exchange, would a l s o  be acceptajle; but the 
latter ar? nc lonoer at a stage of aevelc?men: where joint uti1ira:ion for 
:ailings dis?csal is practicable 
(FBDU, 1921). 

B.2.2 S i r e  seiection by the State of Utah 

In Novem5er of 1978, Congress passed PL95-604, "The Uranium Mill Tailings 
Radiation Cor.:rol Act of 1978" (UMTRCA). Title I of PL95-604 authorized the 
U.S. Departme!?: of Energy (DOE) , successor to ERDA, to enter into cooperative 
agreements wizh affected states and Indian tribes in order to establish 
assessmen: and remedial action programs at inactive uranium mill tailings 
sites; the Federal government would pay 90 percent of remedial-action costs 
and the affeczed state would pay the remainder. The UMTRCA also stipulated 
that the affected state would acquire mill tailings disposal sites during 
remedial-action operations, but that ownership of these sites would revert to 
the Federal qovernment after completion of the remedial action. 

In Kovemjer 1979, 25 former uranium-milling sites including the Vitro 
site in Salt Lake City, Utah, were designated for remedial action under 
PL95-604. In early 1980, Utah's governor directed the State Division of 
Environmental Health to recommend a final disposal site for the Vitro 
tailings. A committee of eight members, representing all pertinent Bureaus in 
the Division of Environmental Health and the Utah Geological and Mineral 
Office, was established to make the requisite studies and recommendations. 
The committee, called the 'Vitro Tailings Site Selection Committee" (VTSSC) 
began work with the consideration of sites proposed in previous studies. The 
29 sites mentioned in the 1976 engineering assessment (FBDU, 1976, and Table 
B-1) were studied, and all but the 3 top-ranking candidates were eliminated. 
Eight new candidates were added to obtain the 11 sites listed on Table B-3. 
All of the sites in the Salt Lake Valley were eliminated in this first round 
of site screening. 

t 

'k- 

The VTSSC adopted the following rules for conducting its second and final 
round of screening: (1) each committee member would evaluate only those 
aspects of the site representative of his particular expertise; (2) the 
technical criteria used by FBDU (see Table B-2) would be used with possible 
changes in relative weighting of these criteria; (3) each committee member 
would submit a report to the Chairman who would summarize the committee 
recommendations; (4) only physical acceptability of the sites would be 
evaluated on the basis of direct observations and a review of information from 
reports of previous investigations: and (5) each committee member was to 
consider three separate options. The three options were: Option-I sites, the 
use of which was judged to entail no economic or political complications; 
Option-I1 sites, those sites requiring further evaluations to determine if 
transport of the tailings to them would be economical: and Option-I11 sites at 
which reprocessing of the tailings might be possible, subject to favorable 
outcomes of evaluations of the political and economic factors involved with 
reprocessing. The VTSSC eventually declined evaluation of Option-I1 and 
Option-111 sites (VTSSC, 19801, pending an economic evaluation by the DOE 
(see Section C.2, Appendix C). 0 
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Table B-3. Sites considered by Vit:o tailings 

site selection commi::2e (VTSSC) 

VTSSC 
site no. Location 

FBDU 
site no.a 

Option-1 sitesb 
1 

2 

3 

4 

Option-11 sitesb 
5 

6 

.:Opt ion- I I I s i tesb 
A 

B 

C 

D 

E 

One mile south of Clive, 
Tooele County 1 

Eight miles north of Clive, 
(Natural Depression) , Tooele County 2 

Three miles west of Delle, 
Tooele County 

Boulder Creek, Tooele County 

Three miles north of Wocdside, 
Carbon County 

Nine miles south of Crescent 
Junction, Grand County 

North of Crescent Junction, 
Grand County 

Sager's Flat, Grand County 

Northwest of Whitehouse, Grand County 

West of Cisco, Grand County 

North of Cisco, Grand County 

3 

=See Table B-1. 
bOption-I sites: Use of these would entail no economic or political 

complications. . ._ . _ .  - _  - 
Option-11 sites: Use of these might require economic evaluations 

to determine if costs are competitive with Option-I sites. 
Option-I11 sites: Use of these might include reprocessing to recover 

the uranium and other mineral values. In addition to economic evaluations, 
agreements with the DOE, the State of Utah, and property owners would be 
required. 
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A report by the VTSSC was submitted to the Governor of Utah on june 20, 
1980 (VTSS.:, 198C). The Committee recommended the FBDU site No. 2, 2 natural 
depression 8 miles north of Clive in Tooele County, as a primary site for 
final dis?osal of the tailings at the Vitro site. 
committee recommended FBDU site No. 1, one mile south of Clive, Tooele County, 
ana FBDU site No. 3, 3 miles west of Delle, Tooele County. The Governor of 
Utah endorsed these recommendations in a letter to the DOE on January 6, 1981. 

As seconaar'y sites, the 

After. the VTSSC report had been submitted, the Utah Department of Health 
recommended consideration of a fourth area not previously included in the 
State's site-selection process. In a letter to the DOE dated July 23, 1.981, 
the Utah Department of Health requested that DOE evaluate an area on the 
extreme northeast corner of the Wendover Bombing and Gunnery Range, about 3 
miles south of FBDU site No. 1. The DOE notified the U.S. Department of 
Defense (DOD) that it would consider part of the Wendover Bombing Range as a 
location for disposal of uranium mill tailings, and requested permission to 
perform studies and tests on the land in question. Officials of the DOD 
declined approving use of the Wendover Bombing Range lands on September 4, 
1981, stating that the lands would be needed to support operational require- 
ments and that they believed the lands would in any case be environmentally 
unsuited for the proposed use. 

8.2.3 Site evaluations by the DOE 

In April 1981, a DOE contractor made an independent analysis of the three 
Option-I sites recommended by the State of Utah. At the conclusion of this 
evaluation, the DOE determined that the area 1 mile south of Clive, Tooele 
County (FBDU site No. 1) was the superior of the three areas proposed by the 
State. The relative rankings of the three sites according to 7 environmental 
and geotechnical disciplines are shown in Table B-4. 

Table B-4. Relative rankings of state-nominated areas 

FBDU FBDU FBDU 
Discipline Site No. 1 Site No. 2 Site No. 3 

J 

Vegetation 
W ildl if e 
Soils & reclamation 
Hydrology 6 

water quality 
Meteorology 6 

air quality 
Human resources 
Geotechnical 

engineer ing 
Composite score 

2 
1 
2 

1 

1 
1 

1 
9 
- 

1 
2 
3 

3 
3 
1 

2 3 

2 3 
3 2 

' 3  
16 
- 2 

17 
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A summary of the evaluation of the three state-nominated areas, and 

reasons for rejecting FSDU sites Nos. 2 and 3, are provided in Appendix C 
where considered-but-rejected alternatives are discussed. 

The Option-11 and Option-I11 sites proposed by the State's site-selectioc 
committee were evaluated by the DOE and then rejected because of their . 

distance being at least 150 miles by road or rail from the Vitro site; 
evaluations of these options and reasons for rejecting them are also con:ained 
in Appendix C. 

The possibility that there are technically suitable disposal areas nearer 
to the Vitro site than the three state-nominated areas was also considered. 
At the request of the DOE, Sandia National Laboratories ( S N L )  reviewed all the 
sites that had so far been proposed as alternative disposal sites, and in 
September 1981 the W E  determined that (1) there are presently no 
more-isolated locations for disposal of the Vitro tailings within 17 
road-miles of the Vitro site other than the former Vitro site itself, and (2) 
there may be technically suitable disposal areas west of the Salt Lake Valley 
other than the three state-nominated areas, but the use of such areas would 
offer little or no environmental or economic advantages beyond the advantages 
to be realized in the use of one of the state-nominated areas. Therefore, the 
DOE determined that it was not reasonable to examine these Salt Lake Valley 
areas further. The bases for these conclusions are outlined in Appendix C. 
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8.3 CONCLUSIONS 

The DOE has chosen Ehe area approximately one 

6442 

mile south of Clive, Utah 
as the candidate f o r  use as an alternative disposal site for the Vitro 
tailings and other contaminated material. This choice is in accord with site 
nominations made by the State of Utah, and can be justified by the results of 
over 7 years of st'udy directed towards finding suitable alternate areas for 
long-term storage of the Vitro site wastes. The impacts of a remedial action 
at the Vitro site that would include the transpor:ation of mill tailings and 
wastes to the area south of Clive, Utah, are assessed in the body of this 
document . 

I 
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ALTERNATIVES THAT WERE CONSIDERED BUT REJECTED 
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Appendix C 

ALTERPjATXVES THAT WERE CONSXDEiZED BUT REJECTED 

The alternatives for remedial actions at the Vitro site that were 
considered during the development of this EXS but were determined to be 
unreasonable are described in this appendix, and reasons given for their 
relection. The considered-but-rejected alternatives can be divided into f o c r  
classes: (1) alternatives involving disposal of the Vitro wastes at other 
locations considered by the State of Utah (excluding the South Clive site): 
( 2 )  alternatives involving disposal at sites in Carbon County: ( 3 )  
alternatives involving disposal of the Vitro wastes at locations within or 
near the Salt Lake Valley: ( 4 )  alternatives that would involve the 
reprocessing of the Vitro m i l l  tailings to extract residual mineral values. 

f 
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C.l STATE-RECGPA~ENDED ALTERNATE DISPOSAL AREAS 

The State of Utah fcund three areas acceptable for long-term disposal of 
the mill tailings and otker residues from the Vitro site (see Section B.2.2, 
Appencix B). They are named and located as follows. 

o The Prime Area is the so-called great depression located approximately 
8 miles north of Clive, Tooele County, Utah. This area consists of 
three sections of public domain: Sections 8, 17, and 20 of TlN, R12w. 

o The First Alternate Area is a parcel of state land located 
approximately one mile south of Clive, Tooele C m n t y ,  Utah within 
Section 32  of TlS, RllW. This area is referred to throughout this EIS 
as the "South Clive site." 

o The Second Alternate Area is a section of state land located approxi- 
mately 3 miles west of Delle, Tooele County, Utah: Section 2 of TlS, 
R9W. 

The firm of Dames 6 Moore was contracted by the DOE to perform an 
independent evaluation of the suitability of the three areas for disposal of 
uranium mill tailings; the evaluation was made in April of 1981 by specialists 
in geohydrology, surface-water hydrology, soils and reclamation, plant 
ecology, wildlife ecology, meteoro1og.y and air quality, human resources, and 
geotechnical engineering. Evaluations were based on available literature, 
knowledge of the region, site reconnaissance, and professional judgement. It 
was assumed that the disposal of the mill tailings would be, according to 
current practice, subgrace in lined trenches or cells. Factors considered by 

, /  . /  the specialists were oriented toward achieving the standards then proposed by 
the EPA for disposal of mill tailings under Title I of UMTRCA (46 FR 
2556-2563). Specific factors considered included the following: 

0, 4 

o Potential for geologic hazards, erosion potential, or subsidence. 

o Economics of the transport and stabilization of contaminated 
materials, including transportation distance, access to existing rail 
and highway systems, construction of the retention system, and 
availability of cover materials. 

--. 

o Geohydrology, including general depth to ground water and potential 
for impacts on ground-water quality. 

o Surface-water hydrology, including proximity to and potential for 
impacts on intermittent and perennial drainages, drainage basin 
characteristics, and flood potential. 

o Local meteorological conditions and potential fcr impacts on air 
quality . 

o Topography as related to transportation, engineering, and long-term 
stabilization (erosional versus depositional enwironment). 
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o Present and potential land use, general productivity. 

o Existing and potential vegetation, -.-aiue as ;rildlife habitat and/or 
rangeland. 

o Importance of area to plant and wililife species of concern 
(endangered, threatened, ecologiczlLy important) . 

o Potential for reclamation. 

o Proximity and potential for visual impacts to human residences and 
public upe areas. 

o Engineerinq restrictions and construction problems imposed by geotech- 
nical conditions. 

The evaluation lea to the elimination by the W E  of two of the three 
areas that the State had found to be acceptable--the Prime Area and the Second 
Alternate Area. The DOE found that these,are not reasonable alternative areas 
(see Appendix B). A description of each of these areas and reasons for their 
elimination are given below. . 

C.l.l The Prime Area 

The Prime Area is an elongated natural depression in the Great Salt Lake 
desert. The depression is up to about 10 feet in depth, approximately 1 mile 
in width, and extends both north and so'uth beyond the three sections of 
concern. The depression is bounded to the east and west by what appear to be 
old sand dune ridges that are sparsely covered with shadscale, winterfat, 
nuttall saltbush, koschia, and other salt-tolerant species of plants. 

0 \ 

L>. - 

Geohydrology and surface waters. During the site reconnaissance, (April 
1981), the ground-water table was within 3 feet of the depression's floor, 
which is a mud flat composed of salt-encrusted silt and clay underlain by Lake 
Bonneville lakebed depositions. Periodically there is standing water in the 
depression and there would thus be a very high potential for impact on 
ground-water quality if the disposal site were located there. Otherwise, this 
depression has no clear-cut disadvantages from a surface hydrology 
standpoint. It would not be subject to erosion from runoff and would have a 
very low potential for flood damage. I 

Soils and reclamation. The general lacK of an on-site source of rock and 
gravel to protect the reclaimed surface from wind erosion coupled with an 
anticipated difficulty in establishing a vecetative cover would increas%e the 
cost of reclamation; the latter would make reclamation success questionable. 
The depression is a depositional environment since it receives run-in from the 
adjacent ridge slopes. Upon drying, however, the deposition of material 
carried in by water would be countered by wind erosion. The net effect of 
these two opposing actions would be most influenced by moisture conditions 
which, in turn, will reflect precipitation patterns and fluctuations in Great 
Salt Lake water levels. 

.< ,. . . . 
000463 
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wildlife and plants. The desression floor is nearly devoid of 

vecetation. As evidenced 5~ the stesence of several desicca:ea individuals on 
t.ie depression floor the da:~ after heavy precipitation, the aud flat contains 
a population of Great Basin Spacefsot Toads ;  otherwise, ver:/ limited wildlife 
naoitat exists on this area. No sridangered or threacened species are known 
from this vicinity. 

Meteoroloqv and air cxalitx. The depression is the farchest from 
Interstate 80 of the three areas (about 5 miles). Since about 40 percent of 
ail winds qreater than 12 inph are from the south, emissions would be blown 
away Erom the highway. However, scil erosion and drifting in the vicinity of 
the depression indicate that blow dust and wind erosion could be serious local 
problems; use of the area vould ixolve about 10 miles of unpaved haul roads 
(compared to approximately 2.5 and 0.8 miles at the other two areas). 

The railroad line lies 0.5 mile south of 1-80. If contaminated 
material were transported Sy rail, a transfer p i n t  for transport to the 
depression would be required which could produce emissions that would impact 
highway traffic. 

The nearest Class I air qualizy area (Capital Reef National Park) is 
approximately 200 miles south of the area. 

Human resources. The issues that are of consequence to the choice of the 
best among the three nominated areas are transportation costs (construction of 
new rail or roads, total cost of transportation) and visual impacts to travel- 
ers on 1-80 and/or nearby residents. The Prime Area would involve the longesc 
(rail or highway) distance from Salt Lake City and the greatest transportation 
cost for haulage from the rail or highway to the disposal area. Visual 
impacts would be concentrated near Clive where material would be transloaded 
from the existing rail or highway to the connecting rail spur or haul road. 
The depression is sufficiently far from the existing railroad and 1-80 (8-10 
miles) to prevent on-site activities being visible to travelers. Of 
historical interest, the Donner Trail passes to the north of this depression. 

Geotechnical enqineerinq. Use of the depression would present major con- 
struction problems relative to excavation of pits or ,trenches in the soft 
silty clays and transport of contaminated materials from the adjacent alluvial 
ridges onto the'mud flat. Periodic inundation of the site and the shallow 
water table would further complicate engineering design and construction. 
Excavated clay from the depression vould be suitable for use as an impermeable 
cover over the disposal trenches or pits. A bottom liner would be unnecessary 
to control vertical seepage. The nearest gravels for cover are about 5 miles 
away in the Grayback Hills to the east. 

Reasons for elimination. The Prime Area was ranked second after the 
South Clive Area owing mainly to its disadvantages in terms of reclamation, 
transportation, and geotechnical engineering, all of which would lead to 
increased costs of implementation vith no increase in environmental benefits 
over those offered by use of the South Clive Area. Another major problen Wiih 
use of the Prime Area would be the necessity for transporting the tailings 
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from a railhead near Clive, across Interstate 6C., and into the Prime Area. 
The most economical means of carryins the mate:iii over this path would be 
truck trar.sport. A direct truck route that.crossed Interstate 80 would lead 
to serious and frecueni traffic interruptions; rJn the other haPC, use of an 
existins overpass west of Clive would necessitsze the upgradins OK 
construction of frontage roads ana an extra trar.s?ort distance of about 1 5  
miles. 

For these reasons, and the fact that an aliernative involvincj the Prime 
Area would be too close on the spectrum of alternatives to one involving the 

unreasonable. 
' South Clive site, the DOE has determined that :he Prime Area alternative is 

C.1.2 The Second Alternate Area 

This area, about 3 miles west of Delle, is in the Skull Valley portion of 
the old lakebed deposits of Lake Bonneville. The topsoil is poorly developed 
and varies from sandy to clayey silt. There is some topographic relief in the 
area and defined runoff channels are present, particularly on the eastern 
portion of the section. The area is used for recreation (hunting and target 
shooting, motorcycle riding) and is traversed by an access road to the Cedar 
Mountains, which are also used for recreation. 

Geohydrology and surface waters. Based upon the literature, the upper 
water table is approximately 150 feet beneath the ground surface. However, 
the area is clearly the worst from the viewpoint of surface hydrology. 
Because of i'ts location relative to surrounding terrain and the size of the 
drainage basin, it is susceptible to sufficient velocity and volume of runoff 
to be hazardous to a disposal system. This is evidenced by the existence of 
defined drainage channels. A relatively large depression in the eastern part 
of this area is not enclosed but, rather, is a portion of a major drainage 
system through Skull Valley. Thus, th-ere would be a serious potential for 
contamination of down-gradient water quality. 

Soils and reclamation. Because of its proximity to the Cedar Mountains, 
this area is exposed to lower wind velocities than the other two areas. There 
is consequently less potential €or wind erosion. As on the other areas, the 
soils are highly alkaline; the soil texture is less than 18 percent clay. Of 
the three areas, soils on this area offer the greatest potential for 
development of winter sheep range through proper management. As elsewhere, 
rock and gravel would have to be imported for cover material. Because of the 
relatively favorable soils and availability of suitable plant materials for 
revegetation, this area would be the easiest to reclaim of the three evaluated. 

Wildlife and plants. Because ecological conditions on this area are the 
most diverse of those evaluated, it is rated as being the most valuable as 
wild-life habitat. In addition, the presence of prairie dogs is not only 
academically of interest (since they were not known to occur in this vicinity) 
but represents potential habitat for endangered species. (However, no 
endangered or threatened species are known from this vicinity.) The area is 
used for recreational hunting more khan are the other two. No wetlands are 
present. 

~ . 
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Ve9etation on the area varies froin what is essentially a qressewood flat 

on the northwestern portion of the seccion to a sparse grasslazc to the east; 
the exis:ing vegetation is simila: to that on the South Clive si:e but is more 
diverse and includes less of the noxious weed Halogeton. 

Me:ooroloay and air aualitx. Assuming transportation emissions would be 
proportional to distance, this area is most favorable in being the closest to 
the Vic:c site. However, the nearest residences are within 2 miles of the 
area and would potentially be impac:ed by fugitive emissions. In addition, 
the access road to the Cedar Mountains passes along and through this area; 
travelers on this would be impacted by fugitive emissions. F r n a i l y ,  the area 
is both south of and the closest to 1-80 (less than 1 mile); because about 40 
percent of the winds stronger than 12 mph blow from southerly directions, 
fugitive emissions would be carried ac:oss the highway. 

Human resources. Because the existing railroad is on the opposite side 
(north) of 1-80, transloading material from the railroad would require 
a crossing, increasing transportation costs. This would be parzially offset 
by the fact that this area is about 25 miles closer to the Vitro site than the 
others. The overall cost advantage of the Delle area would be minimal. 
Because of its proximity to 1-80 and to Delle, the use of this area would be 
more visible than at the other tvo areas. 

Geotechnical engineering. From an engineering viewpoint, this area is 
similar to the South Clive site except for access problems imposed by the 
railroad being north of X-80; the latter problem is common to this area and 
the Prime Area. 

Based upon the literature, the upper water table is deeper than at the 
First A1:ernate Area but the difference is not that significant relative to 

. construc:ion and operation of a disposal site. Construction problems would be 
minimal. Clay capping material could be obtained through excavazion of 
trenches: a bottom liner would not be necessary., A gravel source is less than 
1 mile from the area.. 

\../ 

Reasons for elimination. The Second Alternate Area was ranked only 
slightly below the Prime Area, and, hence, third after the South Clive site, 
owing mainly to its value as wildlife habitat, its proximity to ::?e highway 
and the settlement of Delle, and its unfavorable surface hydrology. As stated 
above, the Second Alternate Area shares the same kind of access problem with 
.the Prime Area--the tailings would have to be transported from the rail head 
across 1-90 to reach the disposal site. Thus, the DOE has concluded that an 
alternative involving the Second Alternative Area would be unreasonable for 
the same reasons that an alternative involving the Prime Area was determined 
to be unreasonable. - 

C-7 
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C.2 ALTEXXATE DfSTOSAL AREAS IN CX33ON X D  GRAND COUNTIES, UTAH 

The State of Utah's site-selection team cansidered two disposal areas in 
Carbon and Srand'Counties, respectively, but declined to evaluate them in 
detail (VTSSC, 1980). These areas were (1) an area 3 miles north of Woodside, 
Carbon County, Utah, and (2) an area 9 miles south of Crescent Junction, Grand 
C o u n t y ,  Utah. The following is a brief discussion of these alternate disposal 
areas and the ma:or environmental and economic factors that caused them to be 
rejected as reasonable aiternate areas for the disposal of Vitro mill tailings 
and residues. 

c.2.1 Stabilization north of Woodside 

The Woodside site that was considered is lccated approximately 156 road 
miles southeast of Salt Lake City in Emery County, Utah, as shown on Figure 
C-1. Consideration was given to this area in response to a proposal submitted 
to the State of Utah that recommended the use of an existing fleet of trucks 
that.were currently (1980) hauling coal from the Emery and Carbon County areas 
to the Kennecott copper mill near Salt Lake City. After the State of Utah had 
suggested this site, a preliminary analysis was made by DOE contractors of 
environmental and economic factors affecting its suitability. From this 
evaluation, it was concluded by the DOE that the Woodside site could not be 
considered a reasonable alternative disposal 'site. 

0; . .- , 

General description of the area. The Woodside site, approximately 6.5 
square miles in size, is located on a level, sparsely vegetated pediment near 
the base of the Book Cliffs. The site area itself appears to be suitable for 
the deposition of the Vitro tailings according to preliminary evaluations in 
which the geologic, hydrologic, and environmental setting of the site were 
considered (FBDU, 1981). The site is isolated from major population centers 
and is easily accessible by highway. It is public domain administered by the 
U.S. Bureau of Land Management. The stabilization alternatives proposed in 
the conceptual plan and engineering evaluation for the South Clive site (see 
Section 3.2.4 and Appendix A) would be suitable for the Woodside site. 

Reasons for rejection. Although the Woodside site appears to be 
physically suitable for the stabilization of tailings, the primary concern 
associated with using this site,involves the transportation of materials. One 
transportation proposal presented to the State consisted of using coal hauling 
trucks to transport the Vitro tailings to the Woodside site (VTSSC, 1980). 
The trucks currently haul coal from mines in Carbon and Emery Counties to the 
Kennecott mill near Salt Lake City. It was recommended in the proposal that, 
once unloaded, the trucks would be diverted to the Vitro site and loaded with 

contractors, a preliminary cost estimate was prepared. The estimate was 
prepared assuming a 9-year transporting period (250 working days per year) 
requiring an average of 39 truckloads per day. The estimated cost of 
transportation for this period was -814.09 per ton which included the cost of 
fitting trucks with the required seals and covers. This cost is well in 
excess of the $8.50 per ton ($0.10 per ton mile) estimated for truck 
transportation to the South Clive site and, thus, from the economic stand- 

tailings for their return trip. After discussions with local trucking . _  

point alone does not represent a reasonable alternative. Furthermore, the 0 
c-9 



0 20  40 
c 

SCALE IN M I L E S  

VICINITY MAP, WOODSIDE AREA 
. .  



6 4 4 2  
9-year transporting period would exceed the 7 years (after publication of 
final EPA standards) allowed for remedial actiocs by PL95-604, Title I. 

An additional concern that decreases the practicality of this alternative 
is the increased transport distance and the consequent increased potential for 
the occurrence of a traffic accident invol*iing a truck filled with contami- 
nated tailings. The transport distance estimated for the Woodside site is 
approximately 156 miles compared to a distance of about 85 miles for the South 
Clive site. Further, a s  shown on Figure C - 1 ,  the shortest route between the 
Vitro site and Kcodside is via Highway 6, wnich crosses the Wasatch Mountain 
Range at Soldier P a s s .  During the winter m m t h s  this pass is periodically 
snow packed and slippery, thus significantly inc:easing general trucking 
hazards. 

0 

C.2.2 Stabi1iza:ion south of Crescent Junction 

The Crescen: Junction area is 9 miles south of Crescent Junction, Grand 
County, Utah. It is about 11 square miles of pediment near the base of the 
Booker Cliffs, and is similar to the Woodside area except that it lies 
approximately 215 road miles from Salt Lake City. Though the State ranked the 
Crescent Junction area higher than the Woodside area in terms of technical 
suitability for uranium mill tailings disposal, the State also disqualified 
the area. Apparently, use of the area for uraniua mill tailings disposal 
would conflict with a proposed land exchange between the Division of State 
Lands and the Bureau of Land Management (vTssc8 1980). 

The DOE did not perform cost  estimates for transportation to the Crescent 
Junction area, but since the area is some 60 miles farther from Salt Lake City 
than the Woodside area the reasons for rejecting the Woodside area would also 

Therefore, transport of the tailings and other contaminated material to the 
Crescent Junction area would not be a reasonable alternative. 

. apply with increased force to the rejection of the Crescent Junction area. 

c-11 
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C . 3  ALTERNATIVE DISPOSAL AREAS I N  THE SALT LAKE VALLEY 

The S t a t e  of Utah d i d  n o t  recommend any a r e a s  w i t h i n  t h e  S a l t  Lake Va l l ey  
for a l t e r n a t i v e  d i s p o s a l  s i tes  for t h e  V i t r o  m i l l  t a i l i n g s  and o t h e r  r e s i d o e s .  
The p o s s i b i l i t y  t h a t  s u i t a b l e  a r e a s  e x i s t  i n  t h e  S a l t  L a k e  V a l l e y  or on i t s  
p e r i p h e r y  v a s  b r i e f l y  s t u d i e d  i n  September 1981 by t h e  DOE'S c o n t r a c t o r ,  Sand ia  
National L a b o r a t o r i e s ,  and based o n  r e s u l t s  of t h a t  s t u d y ,  t h e  DOE concluded 
t h a t  (1) there a r e  p r e s e n t l y  no s u i t a b l e  l o c a t i o n s  f o r  d i sposa l  of t h e  V i t r o  
t a i l i n g s  w i t h i n  the S a l t  L a k e  V a l l e y  more iso1a:ed than  t h e  V i t r o  s i t e  i t s e l f ,  
and ! 2 )  t h e r e  may be t e c h n i c a l l y  s u i t a b l e  d i s r p s a l  a r e a s  w e s t  of t h e  S a l t  Lake 
V a l l e y  o t h e r  than t h e  t h r e e  s t a t e -nomina ted  a r e a s ,  b u t  u s e  of such  a r e a s  would 
o f f e r  l i t t l e  o r  n o  e n v i r o n m e n t a l  or economic b e n e f i t  beyond t h e  b e n e f i t s  t g  be 
r e a l i z e d  i n  t h e  use of one of t h e  s t a t e -nomina ted  a r e a s .  This s e c t i o n  b r i e f l y  
documents t h e  b a s e s  f o r  these t w o  c o n c l u s i o n s .  

C.3.1 Lack o f  i s o l a t e d  a r e a s  w i t h i n  t h e  S a l t  Lake V a l l e y  
- . - .--. 

The S a l t  Lake V a l l e y  is assumed to  be t h a t  r e g i o n  bounded on t h e  e a s t  by 
t h e  f o o t h i l l s  of  t h e  Wasatch Mountains ,  on t h e  n o r t h  by t h e  G r e a t  S a l t  Lake, 
on t h e  west by the Great S a l t  L a k e  and the f o o t h i l l s  o f  t h e  O q u i r r h  Mountains ,  
and on t h e  s o u t h  by t h e  f o o t h i l l s  of  t h e  Trave r se  Mountains.  The Vitro s i t e  is 
l o c a t e d  i n  t h e  n o r t h w e s t  q u a d r a n t  o f  t h i s  v a l l e y ,  and s t r a i g h t - l i n e  d i s t a n c e s  
from i t  to  o t h e r  p o i n t s  i n  t h e  v a l l e y  va ry  up t o  a b o u t  17 miles; road mi'leage 
between any t w o  p o i n t s  is u s u a l l y  l a r g e r  than t h e  s t r a i g h t - l i n e  mi l eage .  R a i l -  
r o a d s  connec f ing  to  t h e  Vi t ro  s i t e  a r e  l i m i t e d  to a narrow nor th - to - sou th  c o r -  
r i d o r  t h a t  rough ly  b i s e c t s  t h e  r e g i o n  and l i e s  on t h e  w e s t e r n  s i d e  o f  i ts  most 
u r b a n i z e d  p a r t s .  An eas t - to -wes t  r a i l r o a d  c o r r i d o r  j o i n s  t h e  no r th - to - sou th  
c o r r i d o r  a t  a p o i n t  j u s t  n o r t h  of  m e t r o p o l i t a n  S a l t  L a k e  C i t y  and r u n s  westward 
a l o n g  t h e  s o u t h e r n  margin o f  t h e  Great S a l t  Lake. No r a i l r o a d s  c r o s s  t h e  
Wasatch mountains  east  of t h e  S a l t  L a k e  Val ley:  1-80 is t h e  main r o u t e  c r o s s i n g  
t h e  Wasatch r ange  e a s t  of t h e  c i t y .  

.d 

The l a n d s  e a s t  o f  t h e  n o r t h - s o u t h  r a i l r o a d  c o r r i d o r  a r e ,  i n  g e n e r a l ,  
h e a v i l y  p o p u l a t e d  and p r i v a t e l y  owned; no a r e a s  t h e r e  c o u l d  be c o n s t r u e d  a s  
b e i n g  i s o l a t e d  o r  would be a c c e p t a b l e  to  t h e  S a l t  L a k e  V a l l e y  r e s i d e n t s  a s  a 
s i t e  f o r  t h e  d i s p o s a l  of uranium m i l l  t a i l i n g s .  The l a n d s  west o f  t h e  
n o r t h - s o u t h  r a i l r o a d  c o r r i d o r  a r e  less d e n s e l y  p o p u l a t e d ,  a l t h o u g h  most of t h e s e  
a r e  i n  v a r i o u s  s t a g e s  of development .  The immediate v i c i n i t y  of t h e  V i t r o  s i t e  
is f a i r l y  t y p i c a l  o f  t h e  type and d e g r e e  o f  development o f  t h i s  w e s t e r n  h a l f  o f  
t h e  r e g i o n :  l and  is used f o r  b u s i n e s s e s  ( r e t a i l ,  m a n u f a c t u r i n g ,  l i g h t  i n d u s t r y )  
and r e s i d e n c e s  or, i n  t h e  ex t r eme  w e s t  of  t h e  r e g i o n ,  f o r  a g r i c u l t u r e  and mining 
( g r a v e l  p i t s ,  copper  mine f a c i l i t i e s ) .  I t  is t h u s  p o s s i b l e  t h a t  l o c a t i o n s  a s  
i s o l a t e d  and a s  t e c h n i c a l l y  s u i t a b l e  f o r  t a i l i n g s  disposal a s  t h e  Vitro s i t e  
c o u l d  be found i n  t h i s  w e s t e r n  h a l f  of t h e  v a l l e y .  From t h e  s t a n d p o i n t  of t h e  
major p h y s i c a l  f a c % t o r s  that  d e t e r m i n e  d i s p o s a l  s i t e  s u i t a b i l i t y  ( topography ,  
g e o l o g y ,  hydro logy ,  and c l i m a t e )  a l l  l o c a t i o n s  i n  t h e  w e s t e r n  h a l f  would be 
r o u g h l y  e q u i v a l e n t .  

The e q u i v a l e n c e  o f  t h e  physical-  f a c t o r s  t h a t  d e t e r m i n e  s i t e  s u i t a b i l i t y ,  
however,  s u g g e s t s  t h a t  t h e r e  would be n o  environmental  b e n e f i t  i n  moving t h e  
t a i l i n g s  from t h e i r  p r e s e n t  l o c a t i o n  to  a new one i n  t h e  we,stern h a l f  of t h e  
v a l l e y  u n l e s s  t h e  new l o c a t i o n  a f f o r d e d  unique o p p o r t u n i t i e s  f o r  s t a b i l i z a t i o n  0 
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of the tailings at reasonable costs and with minimum 
'land use. A few such locations have been considered 
with public- construction projects such as interstate 

interference with Slanned 
in the past in connec'. Lion 
highway exchanges 0: airport 

runway ex:ensions; but as of September 1981 these projects were no lonoe: avail- 
able and further projects of this kina are not foreseen to occur within the time 
span allowed for completion of remedial actions under the UMTRCA. For these 
reasons, the DOE determined that an alternative involving disposal at a location 
in the Salt Lake Valley other than the Vitro site would be unreasonable. 

C . 3 . 2  Lack of technically suitable areas in the mountains 

Suitably isolated sites for disposal of the Vitro tailings might be found 
in the Wasatch Mountains bordering the Salt Lake Valley on the east or in the 
Oquirrh Mountains to the west. However, these mountains are of high relief, 
and there are few roads leading into them that could support a safe and efficient 
transport of the large amounts of material that would.be moved during remedial 
action at the Vitro site. Railroad access to locations within the Wasatch Range 
is possible only by'a long and roundabout route through Provo, Utah. Rail ac- 
cess to the Oquirrhs is apparently limited to routes owned by the Kennecott 
Corporation. 

It would be difficult and expensive to construct an engineered waste con- 
tainment in these mountains that would meet the EPA disposal standards. The 
large relief combined with relatively high precipitation make erosion a problem; 
there is also the risk of long-term contamination of useful ground waters, since 
both mountain ranges are recharge areas for the deeper ground waters of the Salt 
Lake Valley. Thus, the cost of placing the Vitro tailings in these mountains 
would probably be excessive because of the additional engineering required to 

neither environmental nor economic advantages in placing an alternative disposal' 
site within the Wasatch or Oquirrh Mountains, and has determined that such 
alternatives are not reasonable. 

- build a waste depository under these adverse conditions. In short, the DOE sees 
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(2 .4  ALTE?SATI'ES INVOLVING REPROCESSING OF THE VITRO MILL T A I L I N G S  

In  a l t e r n a r i v e s  of t h i s  k i n d ,  t h e  h ighe r -g rade  t a i l i n g s  a t  t h e  Vit::: s i t e  
vou ld  t i r s t  be r f p r o c e s s e d  to  r e c o v e r  r e s i d u a l  m i n e r a l s  o f  economic v a l c c :  t h e n  
t h e  r e s i d u e s  (s:ill r e c a i n i n g  most o f  t h e  o r i g i n a l  r a d i o a c t i v e  e l e m e n t s )  ; r o u l d . b e  
p l a c e d  i n  an eng inee red  s t r u c t u r e  f o r  long-term d i s p o s a l .  I n  p r i n c i p l e ,  a t  
l e a s t  t w o  b a s i c  a l t e r n a t i v e s  a r e  p r a c t i c a b l e :  ( A )  on-site r e p r o c e s s i n g  cf t h e  
V i t ro  t a i l i n g s  followed by o n - s i t e  s t a b i l i z a t i o n  of t h e  r e s i d u e s :  (E) t r z n s f e r  of 
t h e  w a s t e s  to  a new s i t e  and d e c o n t a m i n a t i o n  of the -  V i t ro  s i t e ,  f o l l o w e z  3y t h e  
r e p r o c e s s i n g  of t h e  was t e s  and s t a b i l i z a t i o n  of t n e  r e s i d u e s  a t  t h e  new r i t e .  

These  a l t e r n a t i v e s  i n v o l v i n g  r e p r o c e s s i n g  canno t  b e  e n t i r e l y  r e j e c t e d  u n t i l  
a l l  p r o c e d u r e s  f o r  de t e rmin ing  t h e  p r a c t i c a b i l i t y  of r e p r o c e s s i n g  have been 
comple t ed .  By law (PL95-604, T i t l e  I ,  S e c t i o n  1 0 8 ( b ) ) ,  t h e  DOE must s o l i c i t  
e x p r e s s i o n s  of i n t e r e s t  r e g a r d i n g  t h e  r e m i l l i n g  of r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  
a t  d e s i g n a t e d  i n a c t i v e  p r o c e s s i n g  s i t e s  and ,  u p o n  r e c e i p t  of any e x p r e s s r o n s  of 
i n t e r e s t ,  must de t e rmine  whether t h e  p r o p o s a l s  a r e  p r a c t i c a b l e .  The de te rmina -  
t i o n  of p r a c t i c a b i l i t y  i n c l u d e s  a n  a s s a y  o f  t h e  t a i l i n g s  t o  d e t e r m i n e  t h e i r  
r e s i d u a l  m i n e r a l  c o n t e n t s .  The DOE h a s  complied w i t h  t h e s e  r e q u i r e m e n t s  by pub- 
l i s h i n g  a request for expr \ e s s ions  o f  i n t e r e s t  i n  t h e  F e d e r a l  R e g i s t e r ,  "Commerce 
and ' B u s i n e s s -  D a i l y , '  and i n  local  newspape r s .  S e v e r a l  e x p r e s s i o n s  o f  ger .e ra l  
i n t e re s t  were r e c e i v e d :  and an a s s a y  program was begun i n  1981.  The V i t z o  
t a i l i n g s  p i l e  was sampled €or a s s a y  i n  May 1981. The r e s u l t s  of t h e  a s s a y  
program a r e  a v a i l a b l e  i n  DOE . (1982) .  

Summary o f  i n v e s t i g a t i o n s  a t  V i t r o  s i t e ,  S a l t  Lake C i t v ,  Utah 

P r o j e c t  D e s c r i p t i o n :  .. 
< ../ .-__ 

The pr imary  o b j e c t i v e s  o f  t h e s e  i n v e s t i g a t i o n s  were to: 

o Determine t h e  t o t a l  q u a n t i t y  o f  uranium b e a r i n g  m a t e r i a l  a t  t h e  s i t e .  

o Determine t h e  t o t a l  q u a n t i t y  of uranium, vanadium, and molybdenum p r e s e n t  
i n  t h e  m a t e r i a l  a t  t h e  s i t e .  

I 

o De te rmine  t h e  e x t r a c t a b i l i t y  of uranium, vanadium, and molybdenum by 
l e a c h i n g  methods. 

,o E v a l u a t e  t h e  economics o f  r e p r o c e s s i n g  t h e  t a i l i n g s  f o r  r e c o v e r y  of any 
or a l l  of  t h e s e  t h r e e  m e t a l s .  

o O b t a i n  d a t a  on t h e  c o n c e n t r a t i o n  o f  v a r i o u s  t r a c e  m y t a l s  no rma l ly  a s s o c i -  
a t e d  wi th  uranium m i l l  t a i l i n g s ,  i n c l u d i n g  Ra-226. 

In  o r d e r . t o  accomplish t h e s e  o b j e c t i v e s  i t  was n e c e s s a r y  t o  d r i l l  asa sample 
t h e  e n t i r e  t a i l i n g s  d e p o s i t  a t  t h e  s i t e .  A s u f f i c i e n t  number o f  samples  was 
r e q u i r e d  to a s s u r e  a s t a t i s t i c a l  a c c u r a c y  o f  90 p e r c e n t  w i t h  a minimum 12 p e r c e n t  
c o n f i d e n c e  i n t e r v a l .  A t o t a l  o f  104 h o l e s  ( samples )  were t a k e n  a t  t h e  s i t e .  
Samples  of each  2.5-foot i n t e r v a l  were t a k e n  t o  p r o v i d e  moisture  d e t e r m i n a t i o n s  
t h r o u g h o u t  t h e  p i l e .  Where p o s s i b l e ,  each  hole  was d r i l l e d  a minimum of 5 f e e t  
i n t o  t h e  s u b b a s e  m a t e r i a l  t o  i n v e s t i g a t e  t h e  amount o f  uran ium m i g r a t i o n  i n t o  t h e  
s u b s t r a t e  . 0 
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- A L L  samples were transported zo the Tucson laboratories of Mountain States 
Research ana Development (MSXD) w5ere they were dried, analyzed, and prepared 
into coir2osite cnarges for leach :estins. Approximately 10 percent of the 
samples were taken wi'tn Shelby tu% samplers so that bulk density determinations 
could be made on the tailings. 

. .  

Using survey data for the drill holes, hole depths, moisture data, bulk . 

density data, and chemical analyses, the volume, tonnage, and metal content of 
the tailings and subbase material vere calculated. 

Laboratory leach testing was conducted on composite .test charges to deter- 
mine optimum conditions and methods for leaching of the uranium, vanadium, and 
molybdenum. The'se data were then used to develop process flowsheets and major 
equipmen= lists, from which the casita1 cost could be estimated for a treatment 
plant. 

Based upon total recoverable value of the three metals, the capital cost of 
the plant, and the estimated cost of operating the plant, a final evaluation a s  
to the profitability of reprocessing the tails was made. 

Site Description: 

The Vitro site is located in :he Salt Lake City Metropolitan area and 1,s 
bordered on the south by 33rd Sout.? Street and on the west by 9th West. The 
immediate vicinity is zoned for lisht industry. 

0 The tailings were deposited ir, five separate and distinct areas covering 
approximately 75 acres. Section A ,  located in the northwest portion of the area 
is surrounded by berms and during recent years has been used for discard and 
storage of sewage plant effluent. A major part of the section is extremely soft 
and has a high water content. 

t.. 

Section E is located on the eastern portion of the site and is low-lying 
with no distinct boundaries. This section had some of the highest grade material 
found, probably due to its proximi:y to the mill and discharges of higher grade 
material during emergency situations as well as use for ore storage. 

The other three sections are easily distinguishable and, with the exception . 
of ,the heavy rubble cover on Section C, present no particular handling problem. 

The tailings are typical of beneficiated ore, being sandy in nature and 
relatively fine. Screen analyses indicate they are 100 percent minus 10 mesh and 
over 50 percent minus 200-mesh. 

A drilling and sampling program was conducted at the site to provide the 
physical and analytical data required to determine the total quantity of tailings 
and uranium-bearing subbase material at the site and the total content of uran- 

developed: 
I ium, vanadium, and molybdenum. From these data the following statistics were 
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Tailings, we: tons 

Tailings, dr:r tons 

FOCndS 

Water, % 

U3O8, % 

v205, % 
-pounds 

pounds 
MOP % 

Subbase, wet tons 

Subbase, dry tons 
Water, % 

U308, % 
pcunds 

.Total material, wet tons 

Total material, dry tons 
Water, % 

U308,  % 
pounds 

Amenability Testing : 

2 , 7 5 5 , 7 1 1  
2 0 . 2 1  

2,198,668 
.0150 

659,452 
.0955 

4,198,565 
.0173 

62 ,458  

739,047 
3 .39  

566 ,157  
.0116 

1 3 1 , 4 4 0  

3,494,758 
20.89 

2,764,825 
.0143 

790,892 

Laboratory testing was conducted at MSRD's laboratories on composited 
samples 

0 
0 
0 

from the site. Testing was conducted on samples representing each 
and for the entire site. Testing procedures included: 

Agitation leach with sulfuric acid. 
Agitation leach with carbonate solution. 
Extended acid agitation leach. 
Column leach with acid. 

The tailings were generally unresponsive to alkaline leaching with low 
extractions of uranium and vanadium. 

Agitation leacning with acid indicated uranium extractions in the 55 
percent range could be expected. Hence, column leach testing was conducted 
with acid only. The best overall results were obtained with the column acid 
leach process, which is indicative of what can be attained in the heap leach 
process. Analysis of the test results indicated that extraction for uranium, 
vanadium, and molybdenum, respectively, of 75 percent, 30 percent, and 55  
percent could be expected in a heap leach operation on this material. 

Accordingly, flowsheets were developed for a process plant to treat the 
pregnant leach so1u:ions from heap leaching to recover uranium, vanadium, and 
molybdenum as marketable products. 

Economic Evaluation: 

Although a total of 2 ,764 ,825  dry shozt tons (DST) of uranium-bearing 
material was identified,at the site, only 1,192,940 DST were considered to be 
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acceptable 
ment. The 
either lef 

feed for processing by reasor! of i:s grade and/or response to treat- 
material considered not acceptable is located such that it could be 

t in piace or bypass the piant aurin5 mining operations. 

The process plant was sized to treat the 1,992,940 DST of tailings plus 
subbase material at a rate of 750,000 d r y  short tons per .year with a project 
life of apporoximately 2.7 years. During this period the production would 
be as tabulated below: 

Product Total lbs Unit Price Total 

"3O8 567 , 968 $23.00 
'2O5 1,168,831 3.00 
MO 390 , 161 8.50 

TOTAL VALUE I 

$13,063,264 
3,506 , 493 
3 , 316 , 369 

$19,886,126 

Evidently, reprocessing of the Vitro site tailings is not economic at 
present-day prices (unit prices given above) as shown by the following estimates: 

- 
Plant Capital Cost 
Operating Cost 
Total Project Cost 
Less Salvage Value 

Marketable Production 
Profit or (Loss) 

Total Direct Cost 

$16,060,000 
27,419,000 

$43,479,000 
782 , 000 

542,697,000 
$19,886,126 
(622,810,900) 
\ 

The $23 million loss would be added to the costs of stabilizing the residues 
that remain after reprocessing is completed. Therefore, reprocessing does not 
represent a reasonable alternative at this time. 
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D. 1 I?iE?ODUCTION 

D . l . l  Vitro site 

In this appendix the hydrocynacics, geochemistry, and sol~te transport 
affecting the ground water underlyins the Vitro site and the surrounding area 
are analyzed. The hydrodynamic ana1:isis includes: 

Assessment of historic conditions. 
Assessment of present conditions. 
Prediction of post-remedial action conditions. 

Static water-level measurements, acuifer tests, and numerical nechods were 
used for the analysis of the hydrodynamic characteristics of the unconfined 
aquifer, the confining layer, and the confined aquifer. 

The geochemical analysis includes supporting data and descriptions and 
explanations for the chemical changes between: 

\ 

The 

Layer 1 (tailings and tailinqs water) and Layer 2 (tailings, soil, 
water, and ground water) of the pile. 
Layer 2 and the underlying qround water. 
The underlying ground water and downgradient unconfined ground water. 
Upgradient unconfined ground water and downgradient unconfined ground 
water. 
Upgradient confined ground water and downgradient confined ground 
water. 
Uncontaminated surface water and contaminated surface water. 

solute transport analyses were used to: 

Support the explanations for measured downgradient concentrations of 
uranium and sulfate. , 

Predict the time of entry into the qround water and the 
concentrations of sulfate, uranium, arsenic, and molybdenum followin5 
remedial action. 

D.1.2 South Clive site 

Starting in section D . 5  of this Appendix, the ground-water regime of the 
South Clive site and the surrounding area are analyzed. The analysis includes: 

Assessment of hydrologic settino. - - Assessment of existing water quality. 
Assessment of potential for recharge on site. 
Assessment of existing and potential water uses. 

P 
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D . 2 . 1  Exiszing conditions 

The Vi::o site is located within the J o r t a n  Xiver Valley in  SOU::^ Sal: 
Lake, Utah. The ground-water reqime is generally characterized by two aquifer 
systemsr a near-surface unconfined system and a deeper confined system. The 
unconfined s:lstem is principally recharged oy upward flow from the confined 
aquifer and surface infiltration (Figure D-1). The confined system is 
recharged by infiltration into porous materials on the flanks of the Kasatch 
Mountains : 3  the east and the Oquirrh Mountains to the west. Near the site, 
both aquifers flow generally toward the west-northwest (Figures D-2 and 0-3). 
The unconfrzec aquifer discharges into surface-water courses such as Mill 
Creek, the Zordan River, and the Great Salt Lake. 

The background water quality (chemistry) in the vicinity of the Vitro 
site is subs:antially different for each of the two aquifer systems. The 
upper unconfined aquifer water is characterized by a brackish quality with 
high total dissolved solids, generally 2000 ppm or greater, and sulfates on 
the order of 800 ppm or greater. [The unconfined water quality generally 
improves with depth and apgroaches the qualit:/ of the confined ground water.] 
Due to its irna~rainall quality and minimal yields to wells, this water has very 
limited use for domestic or agricultural purposes. The confined aquifer water 
generally has dissolved solids values of about 300 ppm and a sulfate content 
of'about 20 ppm. The confined aquifer is an important source of domestic, 
agricultural, and industrial water supply in the Salt Lake Valley. (Table 
D-1, EPA National Interim Drinking Water Standards). 

, 

. ..r-9 

Elevated levels of sodium, sulfate, chloride, total dissolved solids, and 
uranium have been found in the unconfined aquifer ground water downgradient 
(west-northwest) and beneath the tailings pile, as compared to the upgradient 
conditions of the same aquifer. No elevated levels of molybdenum (Mol, 
selenium (Se) , radium (Ra-226 and Ra-2281, vanadium (VI, thorium (Th-2301, and 
lead 210 (PS-210) have been found downgradient of the pile boundary. Samples 
from upgradient wells contained higher concentrations of arsenic '(As) than 
samples from downgradient wells. Elevated levels of molybdenum hav'e been 
found in discharge water from the excavation at the Central Valley Water 
Reclama t ion Facil i ty ( C W )  . 

None of the radioactive constituents and metals listed above, which would 
be associated with the tailings pile, were found in levels above background in 

were found in samples of the confined aquifer beneath and downgradient of the . . .  . 

pile boundary than were found in samples taken from upgradient wells. 

the confined aquifer water. However, higher levels of sulfate and chloride ., 

D . 2 . 2  Problem statement 

The purpose of this study is to evaluate.the present and projected 
characteris:ics of the ground-water flow regime. From this evaluation, a 
determination will be made of the projected chanqes in the water levels, and 
present and future rates and concentrations of contaminant migration. The 
following i:erns have been analyzed: 0 
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Table D-1. EPA National  In erim Drinking Water S tandar2s  ( 4 0  C ? 3  1 4 1 ,  43  1 

Pa r ame t er  Drinkinc r a t e r  s tandardsa  
p r  imary secondary 

Arsenic 
B a r i u n  
Cada i s m  
Ch romi um 
Copper 
F l u o r i d e  
Lead 
Mercury 
N i t r a t e  
Selenium 
S i l v e r  
Zinc 

. Chlor ide  
I r o n  
Manganese 
PH 
S u l f a t e  
TDS 
Uranium (Hea l th  Advisory l e v e l )  

Radium 226-228 combined 

Gross a l p h a  

Gross b e t a  

( i n  p i c o c u r i e s  pe r  l i t e r )  

( i n  p i c o c u r i e s  pe r  l i t e r )  

( i n  p i c o c u r i e s  p e r  l i t e r )  

( i n  p i c o c u r i e s  p e r  l i t e r )  

0.05 
1 . 0  
0.01 
0 .05  

1 . 4 - 2 . 4  
0 .0s  
0.002 

0 .01  
0.05 

-- 

10.0 

-- -- 

a A l l  v a l u e s  i n  mg/l u n l e s s  o t h e r w i s e  noted.  
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* Numerical simulation of the steady-state water levels as con?ared to 
measured water levels (both aquifer systems). 

* Calibration of prese:: and historic rates ana concer.zr?rions of 
contaminant migration, using total uranium and sulfare (i.e. the most 
representative mobile contaminants) as the key indicacors in both 
sys tems. 

- Prediction of post-renedial action, steady-state water level 
elevations for the unconfined aquifer. 

Prediction of post-remedial action rates and concentrations of 
contaminant migration (total uranium, sulfate, arsenic, and 
molybdenum) . 

D.2.3 Methods of calculation 

* Detailed field investigations involving water-level monitoring, pump 
testing, and water sampling of both the unconfined system and the 
confined system were carried out by the TAC (1983) 'and Dames and 
Moore (1982). The data were analyzed for aquifer parameters such as 
hydraulic conductivity, transmissivity, storativity, and vertical and 
lateral hydraulic gradientsu. 

The Illinois State Water Survey finite difference hydrodynamic flow 
model was used to simulate the hydrodynamic setting and predict the 
changes in the ground-water regime after remedial action (Prickett 
and Lonnquist, 1971). Input, output, calculation of the error 
tolerance, and several other parts of the program were modified or 
enhanced. The details of the modeling e.ffort are presented in 
Sections D.3.4 and D.3.5. 

. - Contaminant migration was analyzed using the existing data base (TAC, 
1983; Dames and Moore, 1982; and Markos and Bush, 1982) and the 
Prakash (1982) equations. The existing data were used to determine 
the lateral and vertical contaminant migration parameters, which were 
subsequently used to predict post-remedial action conditions. 

The ground-water chemistry was analyzed on the basis of chemical 
equilbria relations. The existing data were used to predict the 
migration from the tailings pile and subsequent precipitation of 
these constituents. The PHREEQE geochemical model (Parkhurst et al., 
1980) was used to determine speciation. 

D- 8 
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D.3.1 

~ . 3  HYDROLOGY AND GROUND-~IYER CHEXSYX - V'I:?.O SITE 

D.3.1.1 Data Sources. 

Subsurface explorations, monitoring well installation, hydrologic 
investigations involving pump testing of both acuiFezs, uszer-level 
monitoring, and Sampling €OK Water-qUalLty testinq have j t e n  tarried out by 
various investigators at and near the Vi:ro site and in the Jordan River 
Valley. These investigators include Hel:J, Mower, and Har: (i9711, Markos and 
Bush (19821 I Dar,os and Moore (19821, and the TAC (1983). in\-addition, several 
studies using puDlished data have been presented fcr the S a l :  Lake area in 
other references. 

Several monitoring wells have been drilled (ir. 1982 and 1983) on and 
aromd the site both in the unconfined aquifer and the confined aquifer. 
During the first drilling program, 12 wells were completed in the shallow 
system (completion depths 50-60 feet) and 7 wells were csnpleted in the deep 
system (completion depths 70-80 feet), (DOE, 1983). These wells are located 
within the Vitro site boundary, roughly defined as the quadrangle formed by 
3300 South Street, 900 West Street, Mill Creek, and the Denver and Rio Grande 
Western Railroad. 

During the second drilling program, 10 well points, 24 monitor wells, and 
1 pump well were completed in the unconfined systein. The 2: monitor wells are 
grouped in 8 nests with 3 wells per nest. Five monitor wells and one pump 
well were completed in the confined aquifer system. Also, tvo wells were 
completed to depths of 65.7 feet to 67.7 feet and 53.6 feet to 55.6 feet. 
These wells were used to isolate the confining layer between the Unconfined 
and confined systems. Figure D-4 shows the location of t3e wells drilled in 
1982 and in 1983 (TAC 1983), and Tables D-2 and D-3 describe the installation 
details for each well. 

The first field testing program; in 1982, included a pump test on 
shallow, on-site well V-CSl and 2 slug tests on well V-BS, 2 slug tests on 
well V-BD, 3 slug tests on well V-DS and 1 slug test each on wells V-ES, V-ED, 
V-FS, V-GS, and V-HS (Dames and-Moore, 1982). The second field testing 
program, in 1983, included a pump test on deep, off-site well No. 15, and 
another pump test on shallow, off-site well No. 14. 

The first water-quality sampling program, in 1978 and 1979, included 7 
surface-water,samples, 2 from the Jordan River, 2 from Mill Creek and 1 each 
from Vitro Ditch, South Vitro Ditch, and the marsh east of the site. Also, 14 
borehole water-samples were taken from the tailings pile (Xarkos and Bush,"'- --- - 
1982). 

The second water-quality sampling program, in 1382, included 17 samples, 
taken on various dates, from a total of 15 on-site wells. This program 
included 11 samples from 9 shallow wells and 6 samples f:cm 6 deep wells. 
Each of the 17 samples was analyzed for 70 differer.t consci:uents or 
parameters (DOE, 1983) (Table D-4). 
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T a b l e  D-2. F e l l  c o m p l e t i o n  d a t a ,  Vi t ro  s i t e ,  TAC (1983)  w e l l s  

. -0 TAC T o t a l a  Screeneda Blanka Ground C o l l a r  
*le11 d e p t h  i n t e r v a l  i n t e r v a l  e l e v .  e i e v .  
No. F t .  F t .  Ft. F t .  " C  . C .  Loca t i o c b  

1 
2 
3 
4 
5 

6 A  

6C 
7A 
78 
7c  
8A 
88 
8C 
9A 
9B 
9c  

10A 
10B 
1oc 
11A 
11B 
11c 
12A 
12B 
1 2 c  
13A 
13B 
13C 

1 4  
1 5  
1 6  
1 7  

KP-2 
WP- 3 
WP-4 
WP- 5 
hi-6 
WP- 7 
h i -8  
WP- 9 
kP- lo  

6a 

wp-1' 

11 5 
13 5 
1 2 5  
1 3 7  
1 3 2  
31.5 

20 
' 1 0  

35  
25  
1 5  
40 
35  
1 0  
3 5  
25  
1 5  

36.5 
20 
1 0  

31.5 
20 
1 5  

3 1  . 5 
20 
1 0  

31 .5  
20 
1 0  

41.5 
1 3 3  

71  
60 
9 
6 
8.5 
7 
8 . 5  
9 .5  
1 0  
7 
1 0  
1 0  

100-110 0-100 4244.96 4246.47 
119-129 
110-120 
105-115 

115.5-125.5 
26-2 8 
17-19 

7-9 
26-28 
15-17 

8-10 
26-28 
19-21 

6-8 
27-29 
16-18 

6-8 
26-28 

14.5-1 6.5 
6-8 

24-26 
17-19 

26-28 
17-19 

6.5-8.5 
26-28 
16-18 

6-8 
18-38 

102-112 
. 66-68 

54-57 
7-9 
4-6 

6.5-8.5 
5-7 

6.5-8.5 
7.5-9.5 

8-10 
5-7 
8-10 
8-10 

6-8 , 

0-119 
0-110 
0-10 5 
0-115.5 
0-26 
0-17 
0-7 
0-26 
0-15 
0-8 
0-26 
0- 1 9  
0-6 
0-27 
0-16 
0-6 
0-2 6 
0-14.5 
0- 6 
0-24 
0-17 
0-6 
0-26 
0-17 
0-6.5 
0-26 
0-16 
0-6 
0-18 
0-102 
0-6 6 
0-54 
0-7 
0-4 
0-6.5 
0-5 
0-6.5 
0-7.5 
0-8 
0-5 
0-8 
0-8 

4238.07 
4233.13 
4234.37 
4234.92 
4244.61 

4244.71 
4237.97 
4238.02 
4237.98 
4233.13 
4233.13 
4233.13 
4233.17 
4232.97 
4233.02 
4234.60 
4234.65 
4234.55 
4234.52 
4234.62 
4234.82 
4235.90 
4236.06 
4235.95 
4235.70 
4235.75 
4235.75 
4233.27 
4233.73 
4234.47 
4233.40 
4235.52 
4233.87 
4233.37 
4233.35 
4232.09 
4231.18 
4236.68 
4236.62 
4238.02 
4236.25 

4244.68 

4239.07 
4235.74 
4235.62 
4237.41 
4246.42 
4246.51 
4246.46 
4240.30 
4240.53 
4239.81 
4236.20 
4235.40 
4235.53 
4234.80 
4235.05 
4235.73 
4236.95 
4236.67 
4236.80 
4236.54 
4236.34 
4236.54 
4238.04 
4237.87 
4237.96 
4238.41 
4238.23 
4237.95 
4235.40 
4235.20 
4236.80 
4235.80 
4237.42 
4236.20 
423 5.79 
4235.70 
4234.29 
4233.31 
4238.47 
4237.71 
4239.29 
4Z37.90 

U 
U 
C 
D 
D 
U 
U 
U 
U 
U 
U 
C 
C 
C 
D 
D 
D 
D 
D 
D 
D 
D 
D 
C 
C 
C 
D 
D 
D 
D 
D 
D 
D 
C 
D 
D 
D 
D 
D 
C 
U 
U 
U 

a A l l  d e p t h s  from ground s u r f a c e .  
bWhere: U = u p g r a d i e n t  

C = c r o s s g r a d i e n t  
D = downgradien t  
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Table D-4. (continued) 

well numbera 

Parameter b V-AS V-AS 

Date sampled 7/18/82 11/8/82 

Aluminum (All 
Arsenic ( A s )  
Arsenic - total (As)  
Barium (Ea) 

Boron (B) 
Cadmium (Cd) 
Cadmium - total (Ci) 
Chromium (Cr 
Chromium - total ( C r )  
Cobalt (Co) 
Copper (Cu) 
Copper - total (CUI 

Barium - total (Bai 

Iron (Fe) 
Iron - total (Fe) :q _i . Lead (Pb) 
Lead - total (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Manganese - total (Hn) 

-L, 

Mercury - total (Ec) 
(in micrograms per liter) 

Molybdenum (Mol 
Nickel (Nil 
Potassium (K) 
Selenium (Se )  
Selenium - total ( S e )  
Silver ( A g )  
Silver - total (A?) 
Sodium (Na) 
Sodium - total (Na! 
Strontium (Sr) 
Vanadium (V) 
Zinc (Zn) 
Zinc - total (Zn) 

< 0.01 
0.08 
0.10 

< 0.1 
< 0.1 

1.75 
< 0.01 
< 0.01 
0.01 

< 0.01 
0.1 

< 0.01 
< 0.01 

0.13 
0.24 

< 0.05 
< 0.05 
730 

0.06 
0.07 

< 0 . 3  

0.2 
< 0.05 
120 
4 0.01 
' 0.01 
< 0.01 
< 0.01 

1,600 
1 600 

10.00 
< 0.5 
c 0.01 
< 0.01 

.. -. 

< 0.1 
0.034 
0.048 

< 0.1 
< 0.1 
1.28 

< 0.01 
< 0.01 
0.01 

e 0.01 
< 0 .05  
< 0.01 
< 0.01 

0.13 
2.18 

< 0.01 
< 0.01 
540 

0.05 
0.11 

< 0.3  

0.1 
' 0.05 
110 
< 0.01 

0.01 
< 0.01 
< 0.01 

l? 120 
1 ? 090 

9.5 
< 0.1 

0.01 
0.01 

- .. - 
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Although E!i was measured in the field and resorted on Table D-4, these 
values were not used in the geochemical mcde1ir.q wi:h PHaEEQE (see Section 
0.3.5). The measured values may not be accurate because dissolved oxygen ma:] 
have been grea:er than 0.01 mg/l. Dissolved ox:igen was not measured. For the 
geochemical modeling, discussed in Section D i 3 . 5 ,  redox potential was 
estimated on the basis of a general understanding of the geochemical system. 

The third sampling program, through September, 1983, included a total of 
52 samples, taken on various dates, from 33 different. wells and the CVWRF 
excavation. I t  vas comprised of 33 samples from 22 shallow wells, 15 samples 
from 9 deep weils, 2 samples from 2 wells completed in or adjacent to the 
aquitard between the confined and unconfined systems, and 2 samples from the 
excavation. Five to 34 constituents were analyzed per sample (TAC, 1983). 
The sampled wells, the dates of sampling, and the analyses are shown in Table 
D-5.  The State of Utah (1983) obtained 32 sample splits with samples 
collected during the 1983 program. These samples were analyzed for 13 to 18 
parameters (Table D-6).  

A set of standardized procedures was used for gathering, preserving, 
shipping, handling within the laboratory, and analyzing samples. Details of 
these procedures are available at the DOE Uranium Mill Tailings Remedial 
Action (UMTRA) Project office in Albuquerque, New Mexico. The determination 
Of the concentration of most of the chemical constituents was done according 
to the analytical procedures of the United States Environmental Protection 
Agency (1979). 

The following discussion summarizes the current understanding and 
interpretation of the stratigraphy, geohydrology, and ground-water chemistry 
in the general vicinity of the Vitro site. 

0 . 3  .l.2 Stratigraphjc and hydrologic setting. 

The general stratigraphy of the Jordan River Valley in the vicinity of 
the site consists of several hundred feet of unconsolidated to poorly 
consolidated alluvial and lacustrine deposits of interbedded and highly 
lenticular sands, silty sands, silts, and clays. The fine-grained deposits 
were laid down in the lake environment of the prehistoric Lake Bonneville. 
The coarser-grained soils were deposited as alluvium, probably along the 
margins of this prehistoric lake as the levels fluctuated and lowered to its 
present condition, the Great Salt Lake; 

The field investigations in the vicinity of the Vitro site indicate that 
approximately the upper 85 feet of subsoil consists of interbedded fine sand, 
silty sand, clay, and silt. These beds are often laterally discontinuous and 
vary in thickness from a few inches to several feet. Generally, the upper 50 
to 70 feet of this complex profile form the unconfined aquifer system. This 
unconfined aquifer generally overlies a stratum of interbedded layers of 
low-permeability clays and silts. Because materials of the unconfined aquifer 
are very similar to the underlying aquitard, the thickness of the unconfined 
aquifer varies and can only be estimated. Potentiometers installed between 10 
and 60 feet below the ground surface revealed water levels at, slightly below, 

D-23 000504 
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6 4 4 2  -_ 
or s1i;htl.y above t h e  ground s u r f a c e .  Thus, in  t h e  vicini :y  of :he t a i l i n g s  
p i l e ,  3 e  unconfined a q u i f e r  appears  to  be about  60 f e e t  t h i c k .  The 
interkedded s t r a t a  of t h i s  a q u i f e r  system produce water  a t  v a r i z z l e  r a t e s .  
R e s u l t s  o f  water-sample col lect ion for  q a l i t y  t e s t i n g  and a pc-5 t e s t  * 

ind iceze  t h a t  water y i e l d s  can  be much l e s s  than 1 gpm f o r  t h e  s i l t s  and c l a y s  
and Ofea ter  than 10 gpm f o r  t h e  f i n e  sands and s i l t y  s a n d s .  (Ge:ailed wel l  
logs of t h e  r e c e n t  i n v e s t i g a t i o n  by t h e  TAC (1983) f o r  t h e  s h a l l z v  wei l s  a r e  
a v a i l a z l e  a t  t h e  UMTRA P r o j e c t  o f f i c e  i n  Albuquerque, N e w  Hexicc ; .  

?..e major sources of  r e c h a r q e  t o  ehe unconfined a q u i f e r  a r ?  i n f i l t r a t i o n  
of p r e c i p i t a t i o n  and upward leakage  from t h e  c o n f i n e d  a q u i f e r .  >,is a q u i f e r  
g e n e z a l l y  d i s c h a r g e s  i n t o  t h e  s u r f a c e v a t e r  d r a i n a g e s  such  a s  t h e  Jordan 
Fliver, Y i l l  Creek, and t h e  G r e a t  S a l t  Lake. However, d e w a t e r i n q  3f a 
temporary e x c a v a t i o n  near  t h e  CVWW t rea tment  p l a n t  h a s  t e m p o r a r i i y  modif ied 
t h e  d i s c h a r g e  p a t t e r n s  of t h e  unconfined a q u i f e r  (see S e c t i o n  D . 3 . 4 . 1  f o r  
d e t a i l s ) .  A highway d r a i n  below t h e  Denver h Rio Grande Wester: 3 a i l r o a d  
o v e r p a s s  of  3300 South S t r e e t  l o c a l l y  i n f l u e n c e s  f low i n  t h e  u n c m f i n e d  
a q u i f e r .  The ground water  which e n t e r s  t h e  d r a i n  is pumped out sf a sump i n t o  
a c u l v e r t  which d i s c h a r g e s  i n t o  t h e  head of  South Vitro Ditch.  Sround-water 
l e v e l s  i n  t h e  a r e a  i n d i c a t e  t h a t  t h e r e  is a g r o u n d r a t e r  d i v i d e  !Sear ,  1979) 
between the s i t e  and t h e  highway d r a i n .  The p r e s e n c e  o f  t h e  grwnd-water  
d i v i d e  means t h a t  t h e r e  is l i t t l e  or no p o t e n t i a l  f o r  t h e  migra t ion  o f  
c o n t a n i n a n t s  from t h e  s i t e  to t h e  d r a i n .  

'n'ater l e v e l s  i n  t h e  unconfined a q u i f e r  range from 1 0  f e e t  c: more below 
t h e  ground s u r f a c e  (where a f f e c t e d  by t h e  CVWRF excavat ion '  or hiqnway d r a i n )  
to 1 f o o t  or more above ground s u r f a c e .  Topographic d e p r e s s i o n s  and d r a i n a g e s  
a l l o w  s u r f a c e  e x p r e s s i o n s  of t h e  water  t a b l e .  Topographic  "lows" to  t h e  e a s t  
of t h e  s i t e  a r e  p e r e n n i a l  marshy a r e a s .  

Tne s t r a t i g r a p h y  below a depth  of  about  85 f e e t  a l s o  c o n s i s z s  of  
interbedded s i l ts ,  c l a y s ,  and sands.  The sand l a y e r s  a r e  g e n e r a l l y  
c o a r s e r - g r a i n e d  than t h e  o v e r l y i n g  beds d e s c r i b e d  above. I n  s o t e  i n s t a n c e s  
t h e  sar.d l a y e r s  c o n t a i n  c o n s i d e r a b l e  amounts of g r a v e l .  

2ecent  work by Dames and Moore (1982) and t h e  TAC (1983) icc luded  
monitor ing and pump wells to  a maximum depth  of about  130 f e e t  below t h e  
ground s u r f a c e .  The wells t h a t  p e n e t r a t e d  to a d e p t h  of a b o u t  7 0  f e e t  or 
g r e a t e r ,  below the  ground s u r f a c e ,  encountered ground w a t e r  under s i g n i f i c a n t  
a r t e s i a n  p r e s s u r e .  The h y d r a u l i c  head l e v e l s  ranged from a b o u t  7 . 5  f e e t  above 
land  s u r f a c e  f o r  t h e  w e l l  a t  70 f ee t  to  15 f e e t  above l a n d  s u r f a c e  f o r  t h e  
wells a t  a depth  of  a b o u t  130 f e e t .  Near t h e  Jordan  R i v e r ,  i t  i s  reported 
t h a t  :>is a r t e s i a n  a q u i f e r  system extends to d e p t h s  of  500 to 8C3 fee t  be low 
t h e  grcund s u r f a c e  (Hely e t  a l . ,  1971) .  

Flow r a t e s  from 2-inch open piezometers  i n  t h e  c o n f i n e d  a q u i f e r  ranged 
from a few gpm to s e v e r a l  t e n s  o f  gpm (TAC, 1 9 8 3 ) .  Pump t e s t i n c  of an  8-inch 
w e l l  produced a s u s t a i n e d  q u a n t i t y  of about 300 gpm, of which a t c u t  150 gpm 
was ar:esian flow. Even though t h e  producing sand l a y e r s  of  t h e  conf ined  
a q u i f e r  a r e  s e p a r a t e d  by c l a y  and s i l t  l a y e r s ,  moni tor ing  of p o t e n t i o m e t e r s  a t  
v a r i o u s  d e p t h s  i n  the a q u i f e r  dur ing  a long-term pump t e s t  i n d i c a t e d  t h a t  t h e  
sand l a y e r s  a r e  h y d r a u l i c a l l y  connected.  ( D e t a i l e d  w e l l  logs of t h e  r e c e n t  
inves::gation by t h e  TAC (1983)  f o r  t h e  deeper wells a r e  a l s o  a v a i l a b l e  a t  t h e  
UM"RA ?:oject o f f i c e . )  
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The major source of rechar;e to :he confined aqzifer is infil:ra:ion of 
precipitation and snowmelt in :ne flanks of the Wasatch and 0 q ~ : : : h  
Mounzains. Beneath the site, the wate: in this aquifer flows t3*&ara the 
nor:?:wer:. Na.tura1 discharge is upwards to the unconfined aquifer systerr.. 
Artificial discharge occurs w i 5  pumpinq of wells completed in :?ie confined 
aquifer system. 

Based on the well logs, simplified subsurface cross-sections, 
Figures D - 5 ,  D-6 ,  and D-7 were constructed to illustrate the coni,i:ions 
desciijed above. It should be noted that the subsurface stracz consist of 

thickness. 
'numerous laterally discontinuous layers of silt, clay, and sand ~f variable 

The relationship of the two aquifer systems with regard to ==charge, 
discharge, and movement of ground water, as determined by a rete?: pump test 
by the TAC (1983) and a previous study by Hely et al., (1971) are described in 
detail in a subsequent section of this appendix. 

Available records indicate that eight wells were drilled on the Vitro 
site in the period 1943-1961 (State of Utah). The wells were screened between 
500 and 800 feet below ground surface. All but one of the wells were 
constructed as flowing wells: the remaining well was equipped wi:n a pump. 
Five of the flowing wells can still be found on the site, with snut-off valves 
in working condition. 

A small pool at the head of the Vitro ditch may be the site of another 
well. Water flows from the pool through a culvert to Vitro Ditch at a rate of 
about 1 cubic foot per second (Weber, 1983). Such high volume, localized 
discnarge would not be expected f Torn spring flow through the f 1uvia.l-pluvial 
sediments at the site. A possible explanation for the discharge would be 
artesian flow through a partially destroyed well completed in the confined 
aquifer. During remedial action, this area should be excavated and, if 
present, the well or wells would be sealed properly. 

The existing monitoring wells in the confined aquifer represent a 
potential pathway for communication between the two aquifers. This 
communication could mean either loss of usable water from the confined aquifer 
or; in the event of a revers& of the upward hydraulic head gradient, downward 
migration of contaminants. During the remedial action these wells, and the 
remaining wells for the mill would be plugged and sealed. 
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D.3.2 Description of existinc crmnd-water chemistrv 

f 

D.3.2.1 Field sampling of grounl water. 

Water from the shallow and artesian wells was obtained wit;? a small 
diameter electric peristaltic pun;?. The samples were. filtered through an 
in-line system having disposable 0.45 micron filter membranes. The water was 
then placed in several containers, preserved as per specifications provided by 
the testing laboratories (Bendix Field Engineering Corporation, Grand 
Junction, Colorado; and AnaCor Laboratories, Aibuquerque, New Mexico) and 
placed in shipping containers witt ice. Field testing of the samples 
included: alkalinity, pH, Ec (specific conductance), and temperature. 
Sufficient water was withdrawn from each well until the Ec and temperature 
values were stable. 

D.3 -2 -2 Field test results. 

Field determined Ec values ( h h o s  per cm) reflect the general water 
quality with regard to dissolved solids. The field Ec values for umradient 
wells in the unconfined aquifer generally ranged from about 1000 to 4000 
pnhos/cm with one anomalously high value of about 12,500 pmhos/cm at the 
10-foot depth in well No. 6, located southeast and upgradient of the pile ’ 

(Table D-5). 
about 11,000 to 13,000 pnhos/cm. This increase in Ec values reflects an 
increase in dissolved solids downgradient (west and northwest) of the tailings 
pile as compared to the shallow wells upgradient. 

Ec values for the shallow wells downgradient were consist-ently 

The field alkalinity values, a measure of dissolved carbonates and 
bicarbonates, are lower umradient than downgradient from the pile boundary. 
Upgradient alkalinity values ranae from 400 to 580 mg/l. Downgradient 
alkalinity values range from 680 to 1400 mg/l. 

Field Ec values for the artesian wells were typically about 350 
upgradient and 2,000 pmhos/cm downgradient of the pile and the alkalinity 
values were about 300 mg/l both umradient and downgradient of the site 
(Table D-5). These conditions indicate a much lower level of dissolved solids 
as compared to the overlying unconfined aquifer water and an increase 
downgradient in the confined. aquifer,. 

D.3.2.3 Laboratory testing arid unconfined aquifer results. 

Water samples were tested for several chemical constituents including 
major cations, anions, trace metals, total dissolved solids, Th-230, Pb-210, 
u, V, gross alpha, and gross beta. The results of the chemical analyses are 
shown in Table; D-4, D-5, D-6. 

Standardized procedures were used for each of the steps in the 
water-quality sample program as detailed in Section D.3.1.1. 

For this Appendix, the discussion of ground-water quality and contaminant 
migration is divided according to location with respect to the tailings, and 
according to the type of contaminant. Separate discussions are provided for 
the water quality upqradient, downgradient, and beneath the tailings. 
Contaminants are discussed according to classification as major constituents 
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Constituent 

Measured concentrations Backcround measured 
(upqr ad ient and CIOSS- concentration 

gradient wells) (wells 7 A ,  6 A ,  ana 1;C: 
(mg/l) ( m g i  1) 

(predominantly SO4 and TCS) , minor c0ns:ituents (As, Cd, Se, Cr, MC) , or 
radionuclides (U, Ra-226, Th-230, Pb-210). 

Backcround 'dater quality. The backqrocnd water quali:y e s : ~ b l - ~ ~ ~ ~  
from wells uFqradlent and Cross cjradient tG the site. The s?..aliow ;;ells 
revealed the followir,g typical backqromd values for the pararr.e:ezs iis:et 
above (not including Well No. 6C a t  10-foot depth). lb further screen ti-,€ 
uparadient samples tO better represent unccnfined, backcrounc Later cual;:y, 
only 'thos'e wells with TDS between 1000 ana 2 O G O  m q / l  are conslderec 
(Table D-7). 

Table D-7. Sumrrtary of background data - unconfined aquife: 

As 
Mo 
U 
Ra- 226 
Gross a 
c1 

TDS 
Cd 
Fe 
Se 
v 
Th-230 
Pb-210 

so 4 

(0.05 to 0 . 2 4 5  
(0.01 to 0.02 
0.003 to 0.022 

(1.0 to 1.2 pCi/l 
(80 to 200 gi/l 
13.9 to 1200 

( 5  to 2000 
310 to 4250 

(0.01 to 0.01 
0.02 to 14.0 

(0.01 
(0.01 
(1.0 pCi/l . 
(1.5 gi/l 

0.02 to 0.12 
c o . 0 1  to 0 . 0 2  
(0.003 to 0 . 0 1 7  
< l . O  to 3.2 gi/l 
(20 tO(80 pci/l 
78 to 320 
21 to 4 1 0  
a i 0  to 1654 

c o . 0 1  

( 0 . 0 1  
(0 .01  
(1 .0  pCi/l 
(1.5 gi/1 

0.02 to 0.04  

As noted earlier, the 10-foot-deep sample from well No. 6 is anomalously 
high as compared to the other background sample concentrations and previous 
work by Hely, Mower, and Harr (1971). The source of the very h i g h  TDS and 
certain anions and cations in this upqraaient well is not certain, but is not 
considered to be associated with the tailinqs. 

On-site water quality. The water quality below the pile is characterized 
by high concentrations of chlorides, iron, sulfates, TDS, molybdenurr., urafiium, 
Ra-226, Th-230, and other major constituents (see Table D-8 for classific-- o Lion 
of constituents). The concentration of arsenic remains within the backqrcnnd 
ranqe, and vanadium is not found in elevated levels. Water quality under the 
site is summarized in Table D-9. 

Downqradient water qualitv. The wacer-quality of the unconfined acjii:fsr 
downgradient (northwest to west) Of the pile is character izea by elevated 
levels of sulfates, chlorides, iron, T D S ,  ana total uranium as compared t 3  t h e  
background water-quality data. Radium, arsenic, vanadium and thor i m  are not 
found in concentrations above background levels, except one analysis for vel1 0 
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Table D-8. Classification of dissolved solids, based on 
abundance in potable watera 

Major Constituents 
Sod ium Bicarbonate 

, 

Calcium 
Magnes ium 
Silica 

Secondary Constituents 
Iron 
Strontium 
Po tass ium 
Boron 

Minor Constituents 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chrorni urn 
Copper 
Lead 

Trace Constituents 
Mercury 

Sulfate 
Chloride 

Carbonate 
Nitrate 
Fluoride 

Manganese 
Molybdenum 
Nickel 
Selenium 
Ur an i urn 
Vanad i urn 
Zinc 

Thor i um 
Radium- Silver 

aAfter Davis and Dewiest (1965) 

Table D-9. Summary of on-site data, unconfined aquifer 

Parameter Measured concentrations 

As 
Cd 
c1 
Fe 
Mo 
Se 

TDS 
U 
V 
Ra-226 
Th-230 
Pb-210 

so4 

Gross alpha 

(0.01 to 0.19 mg/l 
(0.01 to 0.003 mg/l 
13.9 to 2686 mg/l 

~ 0 . 0 5  to 54.0 mg/l 
eo.1 to 0.2 mg/l 
(0.01 mg/l 
23.0 to 6008 mg/l 
544 to 10,592 mg/l 
0.004 to 0.61 mg/l 

1.020.2 to 114 +2.1 pCi/l 
0.020.5 to 28.9z2.5 pCi/l 
0.9+1.3 to 161+4.5 pCi/l 
0.0239.7 to 1181+167 pCi/l 

< 0.5 mg/l 
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No. 13C with a vanadium concentration of 0.04 m q / i  and an arsenic 
concentration of 0.5 m g j l .  

The downgradient water quality in the unconfined aquifer is summarized ir: 
Table D-10. 

.- Table 0-13. Surnarjr of dovngradient datz, unconfined aquifer 

Parameter 
(dissolved ) 

Heascred concentrations 

As 

c1 
Fe 
Mo 
Se 

TDS 
U 
v 
Ra-226 
Th-230 
Pb-210 

CC, 

so 4 

Gross alpha 

0.05 to 0.52Samg/l 
0.005 to-=O.OL mg/l 
540 to 4,200 mg/l  
0.012 to 33 mg/l 
0.01 to 0.045 mg/l 
0.01 mg/l 
250 to 7,000 mg/l 
2,300 to 21,000 mg/l 
0.02 to 4.05 mg/l  
0.01 to 0.04 mg/l 
1 . 0  to 1.4 pCi/l 
1.0 pCi/l 
1.5 pCi/l 
200 to (400 pCi/l 

aAnomalously high concentration from Well No. 13C 

Well No. 13 is located southwest of the Vitro site. Water-quality from 
this well was included in the above table because it is located west of the 
pile area. However, the ground-water flow direction in the southwest corner 
of the pile is generally toward the northwest and thus the ground-water 
quality at well No. 13 was probably not measurably influenced by the pile. 
This is reflected in the water-quality data for well No. 13, which are very 
similar to the background quality summarized in Table D-10. 

. *- - 

Summary of results. As shown above, the majcr influence of the tailings 
pile on the unconfined aquifer west of the site has been the past contribution 
of measurable amounts of TDS, chloride, sulfate, iron, and uranium. The 
background water qualit.] of the unconfined aquifer is characteristically 
brackish with high levels of TDS, chloride, sulfa:e, and other nonradioactive 
constituents that make the water from this systen nonpotable. Because the 
water of this aquifer throughout much of the Jordan River Valley is unsuitable 
for potable use .without- extensive treatment, the impacts of very limited 
quantities of additional dissolved solids and uranium after remecial action, 
immediately downgradient of the pile, are expected to be minimal. 

D . 3 . 2 . 4  Laboratory testing and confine0 aquifer results. 

The water quality of the confined system con:ains elevated levels of 
chloride, sulfate and iron downgradient ana benearn the tailings pile as 
compared to the upgradient, background samples (Ta5le D - 8 ) .  

The following is representative of typical va:er-quality data for wells 
penetrating the artesian aquifer upgradient, downcradient, and beneath the 

0 
. .  ' ( ' .  tailings pile. '. . . ,' . ;a , . - .  . .  ._I , , 
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m  abl le G-11. Summary of c x f i n e c  aqxifer data 

?a r ame t e r U -3 r ad i e n t Down~rati~zz Beneach pile 
!2issolved) (well No. 1) ( w e 1 1  i-ic. d, ' (well CD) 

As 
Cd 
Ci 
Fe 
MO 
Se 

TDS 
U 
v 
Ra-226 
Th-230 
Pb-210 
Gross alpha 
Ec (field) 

so4 

0 . 0 3  mg/l 
0 . 0 1  mg/l 

0 . 2 1  mg/l 
0 . 0 1  mg/l  
0 . 0 1  mg/l 

10 mg/l 

1 0  mg/l 
330 mg/l 

0.01 mg/l 
0.06 mg/l 
1.0 pCi/l 
1.0 pCi/l 
1.5 pCi/l 

385 pmhos/cm 
30 pCi/l 

0 . 0 c t S  mq/l 
-=0 .001  mc/l 
85 m q i l  

0 . 6 2  n g / l  
( 0 . 0 1  mg/l 
C O . 0 1  mg/l 
110 mg/: 
580 mc/l 
c 0 . 0 0 3  mq/l  

0 . 0 1  mq/l 
~ 1 . 0  p C i / l  
(1.0 pCi/l 
3.0 p C i / l  

c 4 5  p C i / l  
700 pmhos/cm 

~ 0 . 0 1  mg/l 
~ 0 . 0 1  mg/l  
2 2 0  mg/l 

0.22 m q / l  
<O.Ol mg/l 
~ 0 . 0 1  mg/l 
230 mg/l 
864 mg/l 
K 0 . 0 0 3  m q / l  
0.01 mg/l 

~ 1 . 0  pCi/l 
q1.0 pCi/l 
' 1.5 p C i / l  
20 pCi/l 

1080 pmhos/crn 

The three wells listed above were sampled as part of the TAC (1983) 
study. Complete data summaries are shown in Tables D-4, D-5, D-6.  

D.3.2.5 Confined aquifer hydrodynamics and ground-water quality impacts. 

The relatively good water quality of the artesian (confined) aquifer is 
maintained by the upward gradient of the aquifer which prevents downward 
migration of the brackish unconfined aquifer water. Current utilization 
(pumping) of the confined aquifer in the Salt Lake City area has not 
significantly reduced the areal extent of the flowing artesian conditions 
which are present in the valley or the head levels of the aquifer as compared 
to levels measured in the early 1900's (Hintze and Miller, 1975). Thus, this 
upward gradient has been and is currently maintained in the Salt Lake area. 
Much heavier utilization of the artesiaa aquifer would reduce the head levels 
and possibly reverse the upward gradient. This condition would then cause 
downward flow of the brackish unconfined aquifer waters. The presence of the 
several feet of confining clay and silt layers would retard flow to very low 
velocities if the vertical gradient were reversed: however, the downward 
driving force would be present. 

The location and volume of pumpage necessary to reverse the upward 
gradient near the Vitro site can be estimated by examining present pumpage of 
the artesian aquifer. Available data from the U.S. Geological Survey (1983) 
indicate that pumpage within two miles of the Vitro site averaged 462 gallons 
per minute in 1982 (Table D-12). Data of the TAC (1983) and the DOE (1983) 
indicate that an upward gradient is present and has been maintained in recent 
years. These data indicate that heavy pumpage in close proximity, probably 
less than 1/2 mile radial distance, of the Vitro site would be necessary to 
locally reverse the upward gradient. 
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T a b l e  D - 1 2 .  Major pumpage of t h e  a r t e s i a n  a q u i f e r  i n  t h e  v i c i n i t y  

o f  t h e  V i t x o  s i t e  

h e l l  Numbera Owner 
ic-i-li 25caa  P u b l i c  s u p p l y  w e l l  
( C - l - l ) 2 5 a b c  P u b l i c  s u p p l y  w e l l  
( C - 1 - l j  35add S a l t  L a k e  County 

Ka ter  C o n s e r v a t i o n  
(C-1-1135dab C i t y  o f  Sou th  S a l t  
(C-1-1) 35ddc C i t y  of South  S a l t  

Approx. d i s t a n c e  f r m  s i t e  
( I n  f e e t )  
1600- i 4 0 0 
2400-3300 
5 700-64 00 

D i s .  
L a k e  3 700-4400 
L a k e  5700-6400 

Annual  25caa  
Pumpage 
i n  acre- 
f e e t / y r  (gpm) 

320 ( 1 9 8 )  
678  ( 4 2 0 )  
527  ( 3 2 7 )  
280 (174)  
272 ( 1 6 9 )  
52 ( 3 2 )  
77 ( 4 8 )  
4 1  ( 2 5 )  
178(110) 

35cdd 

56 (35 )  
83 (51) 
7 3 ( 4 5 )  
48 (  30) 

0 
2 .3(1.4)  
53 (33) 
0 
0 
0 
0 

3 Sdab 

985 ( 6 1 1 )  
1135 ( 7 0 4 )  
1057 (655)  
785(487)  
1026 (636)  
1 2 3 3  (764)  
905 (561)  
985 ( 6 1 1 )  
1329 (824)  
1454 (901)  
821  ( 5 0 9 )  
568(  352)  

3 5ddc T o t a l  

325 ( 2 0 1 )  
1366 ( 8 4 7 )  
1543 ( 9 5 7 )  
1455 ( 9 0 2 )  
1478(916)  
2029 (1258)  
2087 (1294)  
1563 ( 9 6 9 )  
1582 ( 9 8 1 )  
138  ( 8 5 6 )  
1531(949)  
8 6 2 ( 5 3 4 )  
746 ( 4 6 2 )  

Year  

1970  
1 9 7 1  
1972  
1973  
1974  
1975  
1976  
1977  
1 9 7 8  
1979  
1980 
198  1 
1982  

- 

aWells numbered a c c o r d i n g  to  loca t ion  a s  e x p l a i n e d  i n  He ly ,  Mower; and  Harr 
(1971)  

The m i g r a t i o n  o f  t h e  u n c o n f i n e d  a q u i f e r  water to t h e  lower c o n f i n e d  
a q u i f e r  would i n c r e a s e  t h e  t o t a l  d i s s o l v e d  s o l i d s  l e v e l s  i n  l o c a l i z e d  and 
d o w n g r a d i e n t  p o r t i o n s  o f  t h e  c o n f i n e d  a q u i f e r .  T h i s  c o n d i t i o n  would d e g r a d e  
t h e  a r t e s i a n  water and i t  c o u l d  e v e n t u a l l y  m a k e  t h e  a r t e s i a n  wa te r  
n o n p o t a b l e .  T h i s  s c e n a r i o  s h o u l d  r e s t r i c t  t h e  long- t e rm,  heavy u t i l i z a t i o n  of 
t h e  c o n f i n e d  a q u i f e r ,  i r respect ive o f  t h e  c o n t a m i n a t i o n  n o t e d  i n  t h e  uppe r  
a q u i f e r  s y s t e m  associated w i t h  t h e  t a i l i n g s  p i l e .  - - 

The e v i d e n c e  o f  e l e v a t e d  i r o n ,  c h l o r i d e s ,  and s u l f a t e s  i n  t h e  c o n f i n e d  
a q u i f e r  b e n e a t h  and downgrad ien t  of t h e  p i l e  may r e f l e c t  p a s t  u t i l i z a t i o n  of 
t h e  c o n f i n e d  a q u i f e r .  P a s t  heavy pumping o f  t h i s  a q u i f e r  a t  one  or more 
l o c a t i o n s  n e a r  or u p g r a d i e n t  o f  t h e  t a i l i n g s  p i l e  and m i l l  site may h a v e  
lowered  the head  l e v e l s  o f  t h e  a r t e s i a n  s y s t e m  and a l lowed  d o m g r a d i e n t  
m i g r a t i o n  of u n c o n f i n e d  ground w a t e r .  
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Based on recent pump test results (TAC, 1 9 2 3 ) ,  the inf1uenc.e of this 
industrial pumping probably extended several hundreds of feet. from the 
production wells. The vertical gradient was reverse4 most noticeably at the 
production wells, providinq a drivinq mechanisn for movement of mobile 
constituents such as sulfates and chlorides. These constituents are present 
in high levels in the unconfined aquifer both in background water samples and 
in the vicinity o f  the pile'. Water-quality of samples collected during the 
pump test (TAC, 1983) of the confined aquifer revealed increased levels of 
iron, sulfates, chlorides, and TDS when compared to an artesian water sample 
taken at a nearby well prior to the pump test (Table D - 5 ,  wells No. 1 5  and 5)  

In summary, data indicate that Contamination from the brackish unconfined 
aquifer will occur if the underlying confined system is depressurized by 
sustained pumping at volumes large enough to depress the head levels below the 
head levels of the unconfined ground-water system. It should be noted that no 
significant evidence of levels above background for heavy metals and 
radionuclides were found in the confined aquifer beneath or downgradient of 
the tailings pile. These constituents are less mobile than the sulfates and 
chlorides and probably were adsorbed or precipitated in the clay and silt 
layers of the unconfined aquifer and aquitard. 

D.3.3 Geohydrologic data analysis 

D.3.3.1 Hydrodynamic data collection. 

Subsurface explorations, monitoring well installation, hydrologic 
investigations involving pump testing of both aquifers, water-level 
monitoring, and sampling for water-quality analyses have been carried out by 
various investigators at and near the Vitro site and in the Jordan River 
Valley area. These investigators include Hely, Mower, and Harr (19711, Markos 
and Bush (1982) , Dames and Moore (1982) , and the TAC (1983). Details of these 
programs are presented in Section D.3.1.1.' The well locations are shown in 
Figure D-4. The pump tests were all constant discharge, wherein declines in 
water level are measured periodically at various observation wells. Slug 
tests were performed by instantaneous removal of a slug of water from a wyll, 
followed by the measurement of the recovery of the water level in the well. 
Results of hydrodynamic testing are discussed below. 

D.3.3.2 Hydrodynamic data analysis and results. 

Pump Test Unconfined Aquifer. The pump test on shallow well V-CS1 was 
run for about 4 . 5  hours at a pumping rate of about 11 gpm (Dames and Moore, 
1982). The total drawdowns at the observation wells were slight: 

- 0.58 feet at the pumped well. 

0.20 feet at observation well V-CS2 which is 9 . 6  feet from the pumped 
well. 

0.14 feet at observation well V-CS3 which is 20.0 feet from the pumped 
well. 
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T h e  drawdown and  r e c o v e r y  d a t a  a: x e l l  V-CS2 were a n a l y z e d  to  s u p p l y  
v a l u e s  o f  t r a n s m i s s i v i t y  and  s t o r a t i v i c y  o f  t h e  u n c o n f i n e d  a q u i f e r  and 
s a t u r a t e d  t a i l i n g s  m a t e r i a l  a t  t h e  s i t e .  Using t h e  T h e i s '  Recovery  method 
( D a v i s  and Dewiest, 19651 ,  a v a l u e  Of  : r a n s m i s s i v i t y  = 6684 f:2/day was 
c a l c u l a t e d .  Using t h e  J a c o b ' s  method (Dav i s  and Dewiest, 1965)  on  t h e  
drawdown d a t a  y i e l d e d  a v a l u e  of t r a n s a i s s i v i t y  = 7455 € t 2 / d a y .  Us ing  t h e  
J a c o b ' s  method w i t h  a t r a n s m i s s i v i t y  v a l u e  o f  7059 f t 2 / d a y  ( t h e  g e o m e t r i c  
mean of t h e  r e s u l t s  f o r  t h e  drawdown and r e c o v e r y  d a t a )  y i e l d e d  a v a l u e  of 
s t o r a t i v i t y  = 0,026.  No c o r r e c t i o n s  o f  drawdowns f o r  w a t e r  t a b l e  c o n d i t i o n s  
were  needed  b e c a u s e  t h e  t o t a l  drawdown v a s  much less t h a n  t h e  s a t u r a t e d  
t h i c k n e s s  o f  t h e  a q u i f e r .  A check  on t h e  v a l u e  o f  ( u ) ,  t h e  w e l l  f u n c t i o n ,  
shoved  t h a t  t h e  Jacob's method was v a l i d  a t  times g r e a t e r  t h a n  1 0  minu tes .  
T h e s e  r e s u l t s  may be  i n a c c u r a t e  d u e  t o  t h e  l o w  pumping r a t e ,  a p p r o x i m a t e l y  11 
gpm, and s h o r t  d u r a t i o n  of t h e  t e s t ,  abou t  270 m i n u t e s ,  r e s u l t i n g  i n  
r e l a t i v e l y  s l i g h t  t o t a l  drawdowns. 

The on-site s l u g  t es t  da t a  were ana lyzed  w i t h  3 methods :  t h e  H v o r s l e v ,  
t h e  Cooper ,  B r e d e h o e f t  and  Papadopu los ,  and t h e  F e r r i s  and Knowles ( T a b l e  
D-13). The  c a l c u l a t e d  v a l u e s  o f  h y d r a u l i c  c o n d u c t i v i t y  r a n g e  from 0 .0  to  6.4 
x cm/sec. Assuming a s a t u r a t e d  t h i c k n e s s  o f  38 f e e t ,  t h e  
t r a n s m i s s i v i t y  v a l u e  o f  7059 f t 2 / d a  from t h e  pump t e s t  a n a l y s i s  i n d i c a t e s  a 
h y d r a u l i c  c o n d u c t i v i t y  of 6.5 x 10- 3 cn / sec .  

T a b l e  D-13.  R e s u l t s  o f  o n - s i t e  s l u g  t e s t s  (cm/sec.) 

Well 

H y d r a u l i c  Hyd r a u l  i c Hyd r a u l  ic 
c o n d u c t i v i t y  c o n d u c t i v i t y  c o n d u c t i v i t y  

amethod 1 %nethod 2 'method 3 

V-BS 
v- 3s 
v- a D  
v- aD 
V-DS 
V-DS 
V-DS 
V-ES 
V-ED 
v-ES 
V-GS 
V-BS 

4 . 0 ~ 1 0 - 4  

1 . 2 ~ 1 0 - 3  

3 . 5 ~ 1 0 ' ~  
1 . 6 ~ 1 0 ' ~  

0. 
0. 
0. 

5 . 4 ~ 1 0 ' ~  
3.3~10'~ 
2 . 6 ~ 1 0 ' ~  
1 . 6 ~ 1 0 - ~  

a. aX10-5 

1 . 8 ~ 1 0 ' ~  
1.3~10'~ 
6 . 4 ~ 1 0 ' ~  

0. 
0. 
0. 

7 . 7 ~ 1 0 ' ~  
3 . 5 ~ 1 0 ' ~  
2 . 4 ~ 1 0 ' ~  

4 . 8 ~ 1 0 - 3  

1 . 2 ~ 1 0 - 4  

s. 2x10'5 

aMethod 1 is H v o r s l e v  ( 1 9 5 1 ) .  
bMethod 2 is Cooper ,  B r e d e h o e f t ,  and Papadopulos  ( 1 9 6 7 ) .  
CMethod 3 is F e r r i s  and Knowles ( 1 9 6 3 ) .  
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m e  pump test on shallow, off-site well No. 1 4  was run for about 24  houzs 
at a pumping rate of about 11 gpr.. No drawdown was recorded 2: any of the 
cbservation wells (TAC, 19E3). The lack of drawdown was p ~ o k b 1 . j  caused by 
recharge from surface floodin5 (May, 1963) of the area and the relatively low 
pumpins rate. A total dravdown of about 15.98 feet was reccr5ed at the pump 
well.. Pump well recovery data were analyzed to obtain values of 
transmissivity and hydraulic conductivity. Actual residual drawdowns were 
corrected for dewatering. The calculated value of transmissivity from this 
analysis was 768 ft2/day. 
saturated thickness above the bottom of the well screen, the hydraulic 
conductivity is 20.1 ft/day or 7.1 x 10-3cm/sec. 

Assuming a saturated thickness of 36 feet, the 

The United States Geoloaical Survey published values of transmissivity and 
specific yields for the shallow aquifer, estimated from lithologic logs 
(Hely et al., 1971). The transmissivity values range from 1300 to 4000 
ft2/day. 
2700 ft2/day. 
to 0.20. 

At the area around the Vitro site, transmissivity is estimated as 
The specific yield of the unconfined aquifer ranges from 0.10 

Pump test - confined aquifer. The pump test on deep, off-site well No. 15 
was run for about 91 hours at a pump rate of approximately 300 gpm. Water 
levels were measured at the pump well, 6 other deep wells, 24 shallow wells, 
and 2 intermediate wells during the pump test and recovery period (TAC, 
1983). Table D-14 lists the completion intervals, radial distances from the 
pump well, drawdowns at the time the well was shut down ana the land surface 
elevation for all 33 observation wells. 

In the analysis of drawdown data, no corrections were needed for 
barometric response of the aquifer, aquifer recharge-discharge trends, aquifer 
boundaries, and off-site water use. During the pump test, barometric pressure 
varied from a low of 30.00 inches of mercury at 4:OO a.m. on May 21 to high of 
30.14 inches of mercury at 6:OO p.m. on May 2 0 ,  1983. At the beginning of the 
test, 2:30 p.m. on May 19, the barometric pressure was 30.08 inches of mercury 
and at the end of the pumping period, 9:45 a.m. on May 23, the barometric 
pressure was 3 0 . 0 7  inches of mercury. These values were abstracted from a 
barometric chart recording station at the United States Geological Survey's 
office at 1700 South, 1745 West in Salt Lake City. 

The maximum change in barometric pressure was 0.14 inches of mercury which 
converts to 0.16 feet of water. The change from the beginning to the end of 
the pump test was 0.01 inches of mercury or 0.01 feet of water. Assuming an 
aquifer barometric efficiency of 100 percent, these values would represent the 
change in measured water level due to the change in atmospheric pressure. 
These small corrections were considered insignificant in the analyses of 
drawdown data. Static water levels were measured for up to one and a half 
months at the deep wells prior to the pump test. 
this period was +0 .3  feet at well No. 3 from May 6 to May 19, 1983. Due to 
this minimal rise, corrections of drawdown data for aquifer recharge-discharge 
trends , aquif'er boundaries , and of f-site water use were not needed. 

The maximum change through 

L . 
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T a b l e  D - 1 4 .  Restilts of pump t e s t  o n  d e e p  w e l i  315 
Sou th  S a l t  L a k e  s i t e  

- Depth  of R a d i a l  Drawdowr. Land 
c o m p l e t i o n  d i s t a n c e  d t  w e l l  stir f a c e  

well i n t e r v a l  - from w e l l  shu tdown e l e v a t i o r !  
i d e n  ti f i c a  t i o n  ( f t . )  a15 ( f t . )  (ft.1 ( f t .  m s l )  

. CD 
1 
2 
3 
4 
5 

6A 

6C 
7A 

7c  

tia 

7a 

a;\ 
aa 
ac 

sa 
9A 

9c 
10A 
10B 
1oc 

, 11A  
11B 
11c 
12A 
12B 
1 2 c  

~ 13A 
13B 
13C 

1 5  
1 6  
1 7  

105.0-115.0 
93.8-109.8 

119 0-129.0 
110.2-120.2 
10 5.1-115.1 
115.5-125.5 

26.4-28.4 
16.7-18.7 

6.7-8.7 
26.2-28.2 
15.3-17.3 
I 7.6-9.6 
26.4-28.4 
18.7-20.7 

6.8-8.1 
216.9-28.9 

15.7-17.7 
5.8-7. a 

26.1-28.1 
: 14.5-16.5 

6.3-8.3 
24.3-26.3 
16.8-18.8 

6.1-8.1 
26.4-28.4 
16.7-18.7 

16.2-18.2 

6.5-8.5 
25.7-27.7 

6.2-8.2 
102.1-112.1 

65.7-67.7 
53.6-55.6 

550 
4 4 4 0  
3420 
2000 

50 0 
1 0 0  

4510 
4 510 
4510 
3420 
3420 
3420 
2220 
2220 
2220 

70 
70  
70 

a70 
a 70 
870 
1 5 0  
15  0 
150 

2200 
2200 
2200 
1220 
1220 
1220 

0 
20 
20 

3.40 
1 .04  
1 . 8 7  

.2.1s . 
4.08 
3.42 
0 .26 .  
0.70 
0.84 

-0.OL 
0.17 
0 .17  

-0.07 
-0.05 

Dry 
0.12 
0.18 
0.19 
0.08 
0.03 
0.08 
0.27 
0.27 
0.26 

-0.05 
-0.25 

1 . 3 1  
0.39 
0.34 
0 . 0 1  

58.69 
0 . 5 1  

-1.04 

4245.0 
4238.1 
4234.1 
4234.4 
4234.9 
4244.6 
4244.7 
4 2 4 4 . 7  
4238.0 
4238.0 

4233.1 
4233.0 
4233.1 
4233.2 
4233.0 
4233.0 
4234.6 
4234.7 
4234.6 
4234.5 
4234.6 

4235.9 
4236.1 
4236.0 
4235.7 
4235.8 
4235.7 
4233.7 
4234.5 
4233.4 

4238.0 

4234.8 

b? 
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Qualitative information can be gained from the response sf various wells 
ZG :he pump test. Most of the shallow wells (wells Nos. 6A tc 13C) show 
cra=down through the pumpinq period, but 6 shallow wells show t recovery 
(ne5z:ive values on Table D-14). Generally, the A series shall~w wells show 
less drawdown than the B series and the B series wells show LEES drawdown than 
t h e  C series. Because the A wells are the deepest and the C &ells are the 
shallowest, it would normally be expected that the deeper A wells would show 
more drawdown. It is difficult to determine if the non-normal shallow well 
response is due only to the pumping of well No. 15 or if the response is due 
to the combination of the pumping and some other unknown local stress or 
stresses attributable to environmental influences (Todd, 1980;. 

well No. 17 is screened at a depth of about 54 to 56 fee:, in the top of 
a clayey silt layer. This silt layer appears to be approximately 15 feet 
thick with sand partings. Xell No. 16 is screened at a depth c: about 66 to 
68 feet near the base of the clayey silt layer. 
differential across this layer is approximately 8 feet, this la:?er is believed 
to be the confining layer separating the unconfined and confined systems. 

Because the hydraulic head 

The hydraulic heads at wells No. 16 and No. 17 responded o?,positely to 
.the pumping of well No. 15. Well No. 17 showed a rise of 1.05 feet during the 
91- hour pump test. This response was probably due to compaczion of the 

. underlying confining layer and aquifer. The hydraulic head at well No. 16 
rose about 0.10 feet at the onset of the test, but eventually dropped 0.51 
feet. The data from wells No. 16 and 17 were somewhat compromised because the 
sand filter packs extended from the screened intervals in the clayey silt 
layer into the overlying sand layer. Nonetheless, the hydraulic head measured 
in well No. 16 is substantially greater than that measured in well No. 17. 
Therefore, it is concluded that the changes of water level at well No. 16 
represent the response of the confining layer. This response vas used to 
calculate a value of vertical hydraulic conductivity of the aqcitard. 

All the deep observation wells showed definite drawdown in response to 
the pump test. The heterogeneity and layering of the materials composing the 
confined aquifer system are exhibited by the various responses of the deep 
wells. For instance, the final drawdown at well No. 5 was 3 . 4 2  feet, while 
the final drawdown at well No. 4 was 4.08 feet, even though well No. 5 is 100 
feet from the pump well, while well'No. 4 is 500 feet from the pump well. 
Both wells are located west of the pump well. Well No. 4 is completed at 
approximately the same depth as the pump well, while well No. 5 is 10 feet 
deeper. The response at well No. 2 also exhibits the effects of heterogeneity j 

or layering. The logarithmic plot of drawdown versus time used to analyze the 
test results (Lohman, 1972) shows an abrupt increase in the raze of drawdown 
about 200 minutes into the pump test. Well No. 2 is completed about 12 feet 
deeper than well No. 15. 

\.- 
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Values of transmissivity and storativity of the confined aquifer and 
values of vertical hydraulic conductivity for the overlying aquitara were 
calculated from the response to pumping at deep observation wells Nos. 1 
through 5 and CD using the Hantusn Modified method (Lohman, 1972). Also, 
values of vertical hydraulic conductivity through the confining layer were 
calculated using the "Ratio Method" (Neuman and Witherspoon, 1972). The 
values of vertical hydraulic conductivity were obtained by assuming a specific 
storage for the confining layer of 0.0125 ft'l. 
storage, the 'Ratio Method" and the geometric mean values from the Hantush 
Modified method were solved simultaneously. The results were a scecific 
storage of 6.6 x 
10-3 ft/day. 
same parameters that were published by the United States Geological Survey 
(Hely et al., 1971). The field data, assumptions, and calculations that were 
summarized in this section ate available at the UMTRA Project Office in 
Albuquerque, New Mexico. 

Without assuminq a specific 

ft'l and vertical hydraulic conductivity of 3.1 x 
Table D-15 lists these calculated values and values for the 

0 . 3 . 4  Description of Illinois State Water Survey model modifications and 
additions 

The Illinois State water Survey finite difference hydrodynamic model ~ 

(Prickett and Lonnquist, 1971) has a wide range of applications and has been 
pre-qualified for use on low-level waste disposal sites by the United States 
Nuclear Regulatory Commission. The code solves the partial differential 
equation governing the transient, two-dimensional flow o f  ground water in a 
confined, heterogeneous aquifer with axidirectional anisotropy. This' equation 
is 

'- i a/ax [T(x) &I/~XI +a/& [T(Y) ah/&] = s &/at + Q, where 
2 T(x) = transmissivity in x direction (L /T) 

T(y) = transmissivity in y direction (L2/T) 
h = hydraulic head (L) 
t = time (TI 
S = storage coefficient 
Q = net ground-water withdrawal rate per unit area (L/T) 

x,y = rectangular coordinates. The code has been augmented and can also 
simulate : 
Unconfined conditions 
Conversion from unconfined to confined conditions - Conversion from confined to unconfined conditions 
Leaky confined conditions 
Induced infiltration from a stream or pond 
Ground-water evapotranspiration - Variable pumping rates 

T h e  code is applicable to the simulations of two-dimesional, heterogeneous, 
isotropic, steady-state ground-water flow as applied to the Vitro site and 
surrounding area. 

.2. 
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Table D-15. Values calculated from pump test results on deep 
well 1 1 5  west of South Salt Lake site 

Vert ica 1 
h yd r aul ic Observation 

well Method Transmissivity conduct iv i ty 
identification used (ft2/day) Storativi ty ( f t/day 1 

5 

CD 

Modi'f ied 867 
Ha n t us h 

Modified 1482 
Hantush 

Modified 2298 
Hantush 

2.7~10'~ 1. SxlO-' 

1 . 8 ~ 1 0 - ~  6. 5x10-' 

Modified 7660 3 . 8 ~ 1 0 - ~  1.5x10-6 
Hantush 

Modified 3535 
Hantush 

Mod if ied 4596 
Hantush 

---- 16 Ratio 

Ratio and ---- 
Hantush 

A1 1 
Above Wells Mod if ied 

Geometric 
Mean -- 2676 

2. 4x1OY4 0.98 

1. kx10-4 7 . 8 ~ 1 0 - ~  

U.S .G. S 9000 
Estimate 

1.0~10-4 1 . 6 ~ 1 0 - ~  
and 

4.9x10-2 
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For the vitro site, the model is used to predict the past, present, and 

future hydrodynamics of the site and vicinity. To facilitate its use on this 
project, modifications and additions have been made to the code. These 
include : 

Increased flexibility for input and output procedures. 
Variably-s?aced grid option. 
Redefinition of convergence cr iter ia. - Calculation of global mass balance and mass fluxes. 

* Added statenents to avoid infinite value errors. 
Slight reorganization to allow more efficient compilation. 

Renumbering of statement labels to make the program more readable. 

The modifications to the input and output procedures have no effect o n  
the numerical calculations of the code. The new input procedures allow for 

s the reading of a complete data file of nodal parameters. The file contains a 
line for each node which includes the I and J coordinates (column and'row 
designations) followed by the 13 hydraulic parameters. These parameters, in 
the order that they aFpear on each line, are: 

1. 
2. 
3. 

4 .  
5 .  

6 .  

7 .  

8 .  

9. 

10. 
11. 
12. 

13. 

T2 - Transmissivity in X direction, in L2/T. 
T1 - Transmissivity in Y direction (for isotropic case T2 = Tl). 
SFl--Artesian storage factor (storativity multiplied by the area 
represented by the node), in L 2 .  
H-Initial estimate of hydraulic head at the node, in L. 
Q-Constant rate of vertical recharge or withdrawal for the area 
represented by the node, in L3/T; for nodes along the boundary 
this nay also represent constant lateral flux. 
R-Vertical permeability factor between the modeled aquifer and a 
stream bed, vadose zone, or contiguous aquitard (the vertical 
hydraulic conductivity divided by the thickness of the stream bed, 
vadose zone, or'contiguous aquitard multiplied by the area 
represented by the node), in L3/T. 
RH-Elevation of land or stream surface for problems involving 
seepage from a stream or evapotranspiration; or hydraulic head in 
adjacent aquifer for problems involving leakage through an aquitard, 
in L. 
RD-Elevation of bottom of stream or water level below which 
evapotranspiration ceases, in L. 
SF2-Water table storage factor (specific yield multiplied by the 
area represented by the node), in L 2 .  
CH-Elevation of the top of the principle aquifer, in L. 
P2-Hydraulic conductivity in the X direction, in L/T. 
PI-Hydraulic conductivity in the Y direction, in L/T (for isotropic 
problems P2=Pl). 
BOT-Bottom of the principle aquifer, in L. 

- 

k 
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Data.manipulation is made more efficient for a heterogeneous setting by 
allol*ing explicit reading of ili sacameter values in the daza file. Computer 
codes to manipulate these da:r car. be written and executed easily. The only 
modification to the output is creation of a data file with all the calculated 
hydraulic head values in a fcrsat that can be input to a con:ouring program, 
thcs allowing computer-generazed potentiometric surface and water-table maps. 
These modifications to the insu: ana output capabilities of the code d o  not 
affec: the calculations in any way. 

The variably-spaced grid option was necessary for an accurate 
representation of the unconfined flow regime at the Vitro si:e without using 
an excessive number of nodes. A detailed discussion of the finite-difference 
grid representations is prese?.:ed in section D.3.4.1. The subroutine for this 
optior,, VAXGRID, was verified on a transient problem with a pumping well in 
the center of an area. Also, computer codes were developed to interpolate 
nodal parameters from a variable-spaced grid to an equally-spaced grid and 
vice-versa. These codes, the subroutine VARGRID, and the input and output for 
the test case are available at the UMTRA Project Office in Albuquerque, New 
Mexico . 

The modification to the convergence criteria does not affect the 
calculations of the computer code. Originally, the absolute differences 
between calculated hydraulic head at each node were computed and summed at the 
midpoint and end of each iters:ion. The modification was made to calculate 
and sum only the absolute differences at the end of each iteration. It was 
found. that in most cases with a large grid, heterogeneous material properties, 
and inclusion of vertical leakage, the error criterion would converge 
asymptotically to some value qreater than zero. The choice of the value t o  
set the convergence criteria is subjective and should ensure that an adequate 
number of iterations have been executed to reach a relatively smooth 
solution. The modified convergence criteria allowed convergence to a more 
consistent asymptote for a given problem than did the original convergence 
criteria. In addition to modifying the computation of the convergence 
criteria, a parameter to end the computations after a given number of 
iterations was added to limit computer time and costs while executing a 
nonconvergent or slowly converging problem. 

For each hydrodynamic si:uation simulated, a subroutine was added to 
calculate global mass balance and each flux into or out of the principle 
aquifer. These subroutines were added to ensure mass balance and to assess 
the relative significance of the various sources of inflow and outflow t o  the 
aquifer being modeled. These subroutines are discussed in detail in section 
D.3.4.1. Anotated versions of these subroutines and all modifications t o  the 
original code are available at the UMTRA Project office in Albuquerque, 
New Mexico. 
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D.3.4.1 Calibration of the hydrodynamic model 

6442 - 

The Illinois Sta:e Water Survey hydrodynamic code was used to calibrate 
two steady-state hydroceologic settings for the unconfined aquifer and one 
settinq for the confine5 aquifer. For each setting, the model of the Vitro 
site and adjacent areas vas calibrated in two ways. First, calculated 
hydraulic heads were cczpared to field measured water levels. A residual 
(measured head minus calcul_ated head at a given point) of + 4 feet was 
adequate because this represents the range of annual water-level 
fluctuations. Second, the mass balance of the system was calculated and 
calibrated, i.e., inflovs balanced against outflows. The calibration 
techniques and results are discussed in detail for each of the three 
calibrated case;. 

Calibration of uncmfined aquifer--present case. Recent water level 
measurements in the unconfined aquifer on and adjacent to the Vitro site 
reveal that: 

The present water table is below Mill Creek, Vitro Ditch, and South 
Vitro Ditch. These surface water courses are presently recharging 
the ground water. 
Shallow ground water flows radially toward the CVWRF excavation. 

Prior to dewatering of the C W R F  excavation, shallow ground water discharged 
into Mill Creek, Vitro Ditch, and South Vitro Ditch. They were surface 
expressions of the water table. These shallow ground-water flows were toward 
the Jordan River and M i l l  Creek (Figure D-8). 

To enhance calibration of the unconfined aquifer system, a subroutine to 
. .L 

the Illinois State Water Survey code was written to calculate the various 
fluxes of water into ana out of the area being modeled. 
allowed calculation of the global mass balance. The fluxes calculated include: 

This subrotkine 

Infiltration from the surf ace. 

Upward leakage from the underlying artesian aquifer. 

Vertical seepage from M i l l  Creek, Vitro Ditch, and South Vitro Ditch. 

Lateral flow to or from the Jordan River. 

Lateral flow t 3  the CVWRF excavation. 

Lateral flow into and out of the area being modeled. 

Infiltration and upward leakage were summed and modeled as a constant 
rate across the entire modeled area. The constant recharge parameter, Q, for 
each node not along the Soundary of the grid was assigned a value representinq 
the sum of infiltration and upward vertical leakage in terms of ft /day. 
This was implemented by assigning an identical flux to each internal node, iz 
terms of ft/day and allowing the subroutine VARGRID to multiply the flux by 

3 

i 
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t h e  a r e a  r e p r e s e n t e d  by t h e  node. The  v a l u e  of f l u x  from i r . f i l t r a t i o n  was 2 . 4  
in /year  ( 5 . 5 ~ 1 0 - ~  f t / d a y )  ( f rom Eely e t  a l . ,  1 9 7 1 ) .  Upward, v e r t i c a l  

- l eakage  was a d j u s t e d  and a v a l u e  of 2 . 2 5  i n / y r  (5.1~10-~ f z ; i ay )  p rov ided  
the  best  c a l i b r a t i o n .  

Seepage from M i l l  C r e e k  ana :he Vitro D i t c h e s  was modeled wi th  t h e  use of 
t h e  R ,  RH and RD n o d a l  pa rame te r s  ( see  P r i c k e t t  and Lonnquisc ,  1 9 7 1 ) .  The R 
v a l u e s  r e p r e s e n t  t h e  v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  of t h e  z a t e r i a l  between 
the  s u r f a c e  wa te r  body and the water  t a b l e  m u l t i p l i e d  by t h e  w i d t h  of t h e  
s t r eam c h a n n e l  m u l t i p l i e d  by t h e  l e n g t h  r e p r e s e n t e d  by t h e  R o d e  i n  t h e  
d i r e c t i o n  of  t h e  stream. For M i l l  C r e e k ,  t h e  wid th  o f  t h e  s t r eam c h a n n e l  was 
e s t i m a t e d  a s  1 5  f e e t  and t h e  c a l i b r a t e d ,  h y d r a u l i c  c o n d u c t i v i z y  was 1.5 
f t / d a y .  For t h e  V i t ro  D i t c h e s .  t h e  w i d t h  o f  t h e  s t r e a m  c h a r n e l  was estimated 
a s  10 f e e t  and t h e  c a l i b r a t e d  h y d r a u l i c  c o n d u c t i v i t y  was 0 . 3  f t / d a y .  The  
v a l u e s  of  RD, ( t h e  bottom e l e v a t i o n  o f  t h e  s t r e a m s )  were de r ived  from 
topograph ic  maps and i n t e r p o l a t e d  between a s s i g n e d  p o i n t s .  The v a l u e s  o f  RH, 
( t h e  e l e v a t i o n  o f  t h e  s t r e a m  s u r f a c e )  were a s s i g n e d  v a l u e s  cf RD p l u s  2 . 0  f t .  
for M i l l  C r e e k  and RD p l u s  1.5 f t .  f o r  the V i . t r o  Ditches. 

The f lows  t o  t h e  J o r d a n  River and to  t h e  CVWRF excava t ion  were c a l c u l a t e d  
w i t h  Darcy ' s  Law. For each  node r e p r e s e n t i n g  t h e  J o r d a n  Ri:.er or t h e  boundary 
of the  CVWRF e x c a v a t i o n ,  t h e  flow was approximated by ( F i g u r e s  D-9 and D-10): 

Q = (  hn - ho) Knodb where: 
K 

Q =  

hn = 

ho = 

r =  

Kno = 

d =  

b =  

Volumet r i c  f low r a t e  ( f t 3 / d a y ) .  

C a l c u l a t e d  h y d r a u l i c  head a t  t h e  node ( n )  adjacen:  to t h e  r i v e r  or 
e x c a v a t i o n  ( f t )  . 
C a l c u l a t e d  h y d r a u l i c  head a t  t h e  node ( 0 )  represen:ing t h e  r i v e r  
or e x c a v a t i o n  boundary. 

The d i s t a n c e  between nodes N and 0. 

The v a l u e  o f  h y d r a u l i c  c o n d u c t i v i t y  f o r  f low between nodes  N and 0. 

The w i d t h  r e p r e s e n t e d  by nodes N and 0. 

The d i f f e r e n c e  between average  h y d r a u l i c  heads  and t h e  ave rage  
bot tom of  t h e  a q u i f e r  a t  nodes N and 0. 

The computer code a u t o m a t i c a l l y  s e t s  t h e  b o u n d a r i e s  of t h e  g r i d  a s  
impermeable. To model the boundar ies  a s  c o n s t a n t  f l u x  w i t h  a f l u x  o t h e r  t han  
z e r o ,  t he  c o n s t a n t  f l u x  v a l u e s  a r e  a s s i g n e d  i n  the r e c h a r g e / v i t h d r a w a l  a r r a y ,  
Q. The c a l i b r a t e d  v a l u e  of  vo lumet r i c  f l u x  i n t o  t h e  a r e a  being modeled was 
5 2 , 0 6 2  f t3/day.  
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The unconf ined  a q u i f e r  a t  t h e  V i t r o  s i t e  anc a l j a c e n t  a r e a ,  p r e s e n t  c a s e ,  
was modeled i n i t i a l l y  on a v a r i a b l y - s c a c e d  g r i d  w i t h  36 columns ar,c 28 rows of 
nodes ( T a b l e  0-16). The s t o r a g e  f a c t o r s  (SF2) for  t h e  nodes  r e p r e s e n t i n g  t h e  
JorBan River  and t h e  CVwRF e x c a v a t i o n  were s e t  t G  ix1O2O0. 
h i g h  v a l u e s  a l lowed t h e s e  nodes to  h a v e  a l a r g e  enough s t o r a g e  c a p a c i t y  so 
t h a t  t h e  h y d r a u l i c  heads  would r e m r i n  c o n s t a n t .  The s t o r a g e  fac tors  a t  t h e  
o t h e r  nodes  were se t  t o  low v a l u e s ,  on t h e  o r d e r  of l ~ l O ~ ~ ~ ,  t o  a i l o v  
s t e a d y - s t a t e  c a l c u l a t i o n s .  These  low v a l u e s  caused t h e  f i n i t e - d i f f e r e n c e  
a n a l o g  o f  S t o  be i n c o n s e q u e n t i a l  i n  t h e  r e s u l s  o f  t h e  i t e r a t i v e ,  

f i n i t e - d i f f e r e n c e  c a l c u l a t i o n s .  

The e x t r e m e l y  

d t  

T a b l e  D-16.  V a r i a b l e  g r i d  s p a c i n g  (36 x 28 n o d e s )  

Column Width Row Width 
d e s i g n a  t i o n a  ( i n  f e e t )  d e s i g n a  t i o n  ( i n  f e e t )  

1- 3c 
4 
5-26 
27 
28 
29 
30 
3 1  

33-34 
3 5  

3 2  

390.6 
260.4 
130.2 
162.8 
312.5 
481.8 
260.4 
377.6 
390.6 
520 .E 
722.8 

1 
2-9 
10-13 
1 4  
1 5  
16-18 
19-21 

.- 22-24 
25-27 

182 .3  
130.2 
162.8 
1 3 0 . 2  
221.4 
195 .3  
156.3 
260.4 
390.6 

\- .  

aColumn N is  s p a c e  between nodes  (N-1,J) and (N,JI. 
bRow M is space between nodes ( 1 , M - 1 )  and ( 1 , M ) .  
cColumn d e s i g n a t i o n  1-3 means columns 1 through 3. 

B e c a u s e  t h e  unconf ined  s y s t e m  was modeled a s  i s o t r o p i c  and h e t e r o g e n e o u s ,  
f o r  e a c h  n o d e ,  t h e  h y d r a u l i c  c o n d u c t i v i t y  i n  t h e  x d i r e c t i o n  was se t  e q u a l  to 
t h e  h y d r a u l i c  c o n d u c t i v i t y  in.  t h e  y d i r e c t i o n  b u t  t h e  v a l u e s  f rom node t o  node\- 
v a r  i e d .  

The most r e p r e s e n t a t i v e  f i e l d  d e t e r m i n a t i o n  of  h y d r a u l i c  c o n d u c t i v i t y  f o r  
t h e  u n c o n f i n e d  a q u i f e r  was t h e  pump tes t  performed and a n a l y z e d  by t h e  TAC 
(see S e c t i o n  D.3.3.2) : The v a l u e  o f  h y d r a u l i c  c o n d u c t i v i t y  o b t a i n e d  f rom t h i s  
test was 20.1 f t / d a y .  The c a l i b r a t i o n  was most s u c c e s s f u l  by a s s i g n i n g  
h y d r a u l i c  c o n d u c t i v i t i e s  o f  15 f t / d a y  to  nodes r e p r e s e n t i n g  t h e  J o r d a n  R i v e r  
meander b e l t ,  30 f t / d a y  to 50 f t / d a y  a l o n g  M i l l  Creek, and  20 f t / d a y  t o  3 5  
f t / d a y  for a l l  o t h e r  nodes w i t h  lower v a l u e s  n e a r  t h e  J o r d a n  R i v e r  i n c r e a s i n g  
to  h i g h e r  values to  t h e  e a s t .  Al though t h e s e  v a l u e s  were c h o s e n  t o  e n h a n c e  
c a l i b r a t i o n ,  t h e i r  s p a t i a l  d i s t r i b u t i o n  is a l so  c o n s i s t e n t  w i t h  t h e  
d e p o s i t i o n a l  h i s t o r y  of t h e  s h a l l o w  a l l u v i a l  m a t e r i a l s .  As t h e  m a t e r i a l s  were 
d e p o s i t e d  i n  t h e  l a c u s t r i n e  e n v i r o n m e n t s  of  Lake B o n n e v i l l e  and  t h e  Great S a l t  
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Lake, t h e  h e a v i e r ,  coarser.-gained p a r t i c l e s  probably  set:led f u r t h e r  away from 
t h e  center o f  t h e  b a s i n ,  w h i l e  f i n e r - g r a i n e d  p a r t i c l e s  w o u l d  s e t t l e  c l o s e r  t o  
the  c e n t e r  of t h e  b a s i n .  Coarser -gra ined ,  more permeable m a t e r i a l  p r o b a b l y  
u n d e r l i e s  M i l l  C r e e k  and t h e  h igh  h y d r a u l i c  c o n d u c t i v i t i e s  were n e c e s s a r y  t o  
a t t a i n  a mass b a l a n c e  and c a l c u l a t e d  h y d r a u l i c  head t h a t  matched t h e  measured 
v a l u e s .  The v a l u e s  of CH, t o p  of a q u i f e r ,  were se t  t o  approximate l a n d  - 
s u r f a c e  e l e v a t i o n  and t h e  v a l u e s  o f  BOT., bottom of a q u i f e r ,  were s e t  to  a b o u t  
60 f ee t  below l a n d  s u r f a c e .  

After numerous  r u n s  with t h e  36 by 28 n o d a l  g r i d ,  it was found t h a t  t h i s  
spac ing  of  nodes d i d  n o t  p r o v i d e  s u f f i c i e n t  d e t a i l  i n  t h e  a r e a s  w i t h  s t e e p  
h y d r a u l i c  g r a d i c y t s  to a d e c u a t e l y  c a l i b r a t e  t h e  model. ?he major i n f l o w  and 
out f low occurs i n  a r e l a t i v e l y  s m a l l  a r e a ,  bounded by M i l l  Creek and t h e  Vi t ro  
D i t c h e s ,  which i n c l u d e s  t h e  CVWRF excavat ion .  The major a r e a  of c o n c e r n  was 
around t h e  e x c a v a t i o n ,  p a r t i c u l a r l y  t h e  M i l l  C r e e k  s i d e .  I t  was found t h a t  t o  
a c c u r a t e l y  c a l c u l a t e  f l u x  us ing  Darcy ' s  Law, t h e  nodes a d j a c e n t  to  t h e  
e x c a v a t i o n  must be close to  t h e  nodes r e p r e s e n t i n g ' t h e  e x c a v a t i o n  boundary,  
o t h e r w i s e  t h e  l i n e a r  approximation of  t h e  h y d r a u l i c  g r a d i e n t  is n o t  a c c u r a t e .  
The second g r i d  has more nodes l o c a t e d  i n  t h e  c r i t i ca l  a r e a  around t h e  
e x c a v a t i o n .  T h i s  g r i d  c o n t a i n s  50 columns and 4 1  rows of nodes,  a p p r o x i m a t e l y  
doubl ing  t h e  number of nodes c o n t a i n e d  i n  t h e  f i r s t  g r i d  (Table  D-17, 
F i g u r e  D - 1 1 )  . 

T a b l e  D-17. V a r i a b l e  g r i d  s p a c i n g  ( 5 0  x 4 1  nodes) 

Width ..- _* Column Width Row 
d e s i g n a t i o n =  ( i n  f e e t )  d e s i g n a  t i o n b  ( i n  f e e t )  

1-5c 
6-8 
9-1 2 
1 3  
14-16 
17-18 
1 9  
20-26 
27-34 
35-37 
38-45 
46-48 
49 

390.6 
234.4 
156.3 

78.1 
46.9 
7 8 . 1  
46.9 
78.1 
46.9 
78.1 

156.3 
468.75 
625. 

.. .. 

1 
2 

6 
7-1 2 

14-1 6 
17-18 
19-20 
21-22 
23-34 
35 
36 
37 

39-40 

- 3-5 

- -'13 

38 

312.5, 
187 .5  
156.3 

7 8 . 1  
46.9 
7 8 . 1  

156.3 
78 .1  
46.9 
78.1 

156.3 
78.1 
46.9 

156.3 
390.6 

78.1 

...,. ._A. 

/ 

I 

aColumn N is space between nodes ( N - 1 , J )  and ( N , J )  
bRow M is s p a c e  between nodes ( 1 , M - 1 )  and ( 1 , M )  
'=Column d e s i g n a t i o n  1-5 means columns 1 through 5. 
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During the calibration process, it was found that the hydraulic head 

distribution was more sensitive to changes in lateral hydraulic conductivity 
than to changes in infiltration, upward leakage, and seepage from the surface 
water bodies. The mass balance was relatively insensitive to changes in 
infiltration and upward leakage but was sensitive to changes in seepage from 
the creek and ditches. Table D-18 contains the results of the calibration of 
the unconfined system for present , steady-state conditions. The excavation 
has been and is currently being dewatered. The calculated value of flow rate 
to the CVWRF excavation is 34,718 ft3/day or 284 gpm. 
rate from the excavation discharge pipe is approxiinately 300 qprn. The 
relative error in the mass balance is about -1 percent computed with a 
relative error of (inflow-outflow)/(inflow+outflow). The calibration of 
residual hydraulic heads, measured hydraulic head minus calculated hydraulic 
head, had absolute values of less than 3.1 feet. 

0 

The measured flow 

Table D-18. Calibration of unconfined system, 
present case 

Well I SWS Measureda Calculated 
designation nodal location water levels water levels Difference \ 

J (ft) (ft) (ftlb 

1 -  

7 
13 
9 

11 
6 
10 
12 
8 

X 
47 
13 
13 
11 
49 
13 
38 
27 

- Y 
18 

28 
28 
40 
22 
39 
9 

- 
3a 

4235.55 
423 3.79 

4231.61 
4243.44 
4230.01 
4233.53 
4226.42 

4231.68 

4232.45 
4231.64 
4230.53 
4230.85 
4242.79 
4229.41 
4233.56 
4228.48 

+3.10 
+2.15 
+1.15 
+O. 76 
+O. 65 
+O. 60 
-0.03 
-2.06 

3 
Fluxesb(in ft /day) 

Sum of infiltration and upward leakage 
Seepage to Mill Creek 
Seepage from Vitro Ditches 
Flow to Jordan River 
Flow across boundaries 
Flow to CVWRF excavation 
Net mass balance error 
% Percent relative error: (inflow-outflow)/ 

(inflow + outflow) 

+35,192. 
+ 4,765. 
+ 1,195. 
-40 I 587. 
-+52,062. 
-54 , 718. 
+ 2,091. 

-1% 

'average of well triplet completed to different intervals 
bplus is flow into modeled aquifer; minus is flow out of modeled aquifer 
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Calibration of unconfined sys:em--historic case. The historic case 
refe:r'to the unconfined hydrodynamics prior to the existence of the CVWRF 

i. 
exca*Ja:ion. The same values of infil:ration, upward leakage, ana h:n3raulic 
conduc:ivity used for the present case were used also for the historic case. 
The differences between the two simulations were in boundary conditions. In 
the historic case, Mill Creek and the Vitro Ditches were designated constant 
head boundaries ( S F 2 = 1 ~ 1 0 ~ ~ ~ ) .  In the present case they were modeled as 
contributors of seepage to the unconfined system. Water levels measured 
(Dames and Moore, 1982) before the excavation at wells close to the creek and 
ditches, confirm that the surface water bodies are surface representa:ions of 
the water table. The fluxes to Mill Creek and the ditches were calcglated 
with Darcy's Law in the same manner as described in the previous section of 
this document. The constant head designation of the CVWRF excavation was 
eliminated, i.e., the values of SF2 where changed from 1 ~ 1 0 ~ ~ ~  to 
I X ~ O - ~ ~ .  
adjuszed to properly calibrate the mass balance. Results of the calibration 
are siiown on Table D-19. The relative mass balance error is 1.5 percent and 
the maximum absolute difference of measured head minus calculated head at a 
given point is 2.7 feet. The total calculated flux through the system is 
about 64,000 ft3/day, (calculated by summing the flux in or out) while in 
the present case with the CVWRF excavation causing steep hydraulic gradients, 
the total calculated flux is about 94,000 ft3/day. In the historic case, 
much of the ground-water discharge from the site is to Mill Creek. 

The fluxes (values of Q) for nodes on the grid boundary were 

Table D-19. Calibration of unconfined system-historic'case 

Well ISWS Mea su r eda Calculated t. 0 
designation nodal location water levels water levels Difference 

(ft) (ft) (ft)a 

x - 
v-cs 15 
V-AS 26 
V-GS 43 
V-ES 40 
V-BS 21 
V-HS 37 
V-FS 47 

Y 
26 4230.63 
28 4231.84 
24 4235.83 
14 4234.25 
32 4232.41 
31 4234.79 
34 4236.51 

- 
4230.69 -0.06 
4231.66 +0.18 

4233.56 +O. 69 

4232.41 +2.38 
4233.82 +2.69 

4235.26 +O. 57 

4230.66 +2.15 

3 
Fluxesa( in ft /day) 

Sum of infiltration and upward leakage +35,192. 
Seepage to Mill Creek -57,841. 
Seepage from Vitro Ditches +13,196. 
Flow to Jordan River - 4,853. 
Flow across boundaries +16,252. 
Net mass balance error +1,945. 
Percent Relative Error (inflow-outflow)/ 

(inflow + outflow) 1.5% 

aplus is flow into modeled aquifer; minus is flow out of modeled aquifer 
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Prediction of unconfined svstern--post-remedial action. Two minor changes 
were made to the unconfined system, historic case, to predict the 
post-remedial action water levels in the unconfined system. First, tne rate 
of infiltration for the area Of tne covered embankment was reduced from 2.4 
inches/year to 1.3 inches/year. Second, the lateral flow intp the modeled 

I .. area was raised about 2 percent to account for more inflow due to steeper 
. hydraulic gradients caused by less infiltration. Table D-20 lists the various 

calculated fluxes. The calculated hydraulic heads were slightly lower than 
those calculated for the historic case. There was no calculated water level 
rise anywhere on the modeled area. 

I '  

Table D-20. Fluxes in unconfined system after remedial action 

Fluxesa (in f t3/day) 

Sum of infiltration and upward leakage +33 , 819. 
Seepage to Mill Creek -57 711. 
Seepage from Vitro Ditches +13 , 643. 
Flow to Jordan River - 4,814. 
Flow across boundaries +15,683. 
Net mass balance error + 560. 
Percent Relative Error (inflow - outflow)/ 

(inflow + outflow) 0.4% 

aplus is flow into modeled aquifer; minus is flow out of modeled aquifer 

.--. 

Calibration of confined system-present case. The confined system was modeled 
-. on the second unconfined system grid (50x41 grid). The following parameter values 

were used: 

1. SFlPArtesian Storage Factor--8.4~10-~ x area represented by the. 
node. 
analysis (see Section D.3.3.2). 

The storativity of 8.4~10-~ was derived from the pump test 

2. Q = Constant leakage or constant flux across boundary of grid--This 
value was set to 0.0 for internal nodes. It was set to negative 
values on the south and east borders of the grid and positive values 
on the north and west borders of the grid. Negative values indicate 
flow into the aquifer: positive values indicate flow out of the 
aquifer. These values were chosen to simulate the potentiometric 
surface configuration and fluxes observed in the field. 
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3. Perm = The hydraulic conductivity in the X and Y directions for each 
node were set to the same value to simulate isotropic conditions. 
The values varied from 6.5 f=/day in the southeast portion of the 
grid to 21.7 ft/day on the ncrthwest portion of the grid with an 
arithmetic mean of 13.3 ft/day and-a geometric mean of 14.1 ft/day. 
These values corresponded to the lower values calculated with the 
pump test analysis (see Section D.3.3.2). These values were chosen 
and varied as described to enhance calibration of measured to 
computed hydraulic head. The recharge factor R chosen was 3.4~10‘~ 
day” which equals a vertical hydraulic conductivity of 3.4x10+ 
ft/day through the aquitard divided by the 10-foot thickness of the 
aquitard. This value of vertical hydraulic conductivity is within 
the range calculated from the pump test results. The values of 
hydraulic head in the overlying aquifer, RH, were tGose values from 
the calibrated, unconfined system, present case. The aquifer 
thickness, CH-BOT, was set to a value of 70 feet. 

Table D-21 shows the results of the calibration of the confined system. 
The relative mass balance error is about 0.1 percent. The largest difference 
between calculated and observed hydraulic heads is 4.8 feet. All the 
calculated values are lower-than the corresponding measured values, but the 
measured values in 1981 by Dames and Moore were about 3 feet lower than the 
values measured in 1983. The calculated upward leakage is about 15,000 
ft3/day which equals 1.5 inches/year. 
calibration of the unconfined system was 2.25 inches/year. These two values 
confirm that the upward leakage is about equal to the recharge from 
infiltration, which was estimated as 2.4 inches/year. 

The value calculated with the 

Table D-21. Calibration of confined system, present case 

- 
Well ISWS Measured Calculated 

designation nodal location wat-er levels water levels Difference 
(ft) (ft) (ftIa 

2 
4 
5 
3 
1 

Y - X - 
47 17 4248.9 
a 27 4246.8 
11 27 4247.2 
26 5 4246.8 
49 40 4249.1 

4244.1 + 4 . 8  
4242.7 +4.1 
4243.2 +4 .0  
4243.7 +3.2 
4248.8 +0.3 

Fluxesa (in f t3/day) 

Upward leakage -15,236. 
Flow across boundaries +15,218. 
Net mass balance error - 18. 
Percent relative error (inflow - outflow)/ 

(inflow + outflow) 0.1% 

aplus is flow into modeled aquifer; minus is flow out of modeled aquifer 

io 
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D.3.5 Analysis of water quality, aeochemistry, and so1u:e transport 

Chemical data representing the tailings pile water and unconfined ground 
wa:er were analyzed using the geochemical model PHREECE (Parkhurst et al., 
1430). This model uses thermodynamic relationships to determine aqueous and 

exists while in solution and the mineral which co-exists with the solute and 
controls its concentrations. 

.-. 
* 1 .  . solid speciation. PHREEQE allows calculation of the forn(s) in which a metal 

The equations used by PHREEQE are as follows: 

1. 

2 .  

3 .  

4 .  

5 .  

Electrical nputrality (one equation). 

I 
il. m l = 0  

i= 1 

Conservation of electrons (one equation). The sum of the OPV of aqueous 
species equals initial total plus contribution from phases other than 
aqueous. This equation is o n l y  used in determining the speciation in 
reaction solutions, not initial solutions. 

I P 

g up MIN P C v i  . m i = OPV + 
i= 1 P l  

Mass balance (one equation for each element except H and 0). The sum of 
aqueous species equals initial total plus contribution from phases other 
than aqueous. 

I P . m = TOT. + b . MIN for each j C ci,j i plj P P=l is 1 

Mineral equilibrium (one equation for each mineral phase). 

J 

i= 1 
. log (a. 1 = log (K ) for each p 

3 P 

Mass action equations for aqueous species (one for each aqueous species 
other than master species; written as association reactions). 

. -  

.t.: 
D-6 3 008544 



where \ 

ai activity of the ith ion pair. 

a, 

bp,, 

activitiy of the jth master species. 

stoichiometric coefficient of the j th  master species in the 

action equation for the ith species). 
pth mineral (zero if master species is not present in 'mass 

stoichiometric coefficient of the jth master species in the 

in mass action equation for the ith species). 
ith aqueous species (zero if master species is not present 

I number of aqueous species. 

J number of master species. 

Ki equilibrium constant for the mass action equation for the i* 
aqueous species. 

Kp equilibrium constant for the mass action equation for the pth 
phase. 

mi molality of the ith aqueous species. 

MI% 

OPV I 

moles of the pth mineral transferred into (+) or out of ( -1  in 
the aqueous phase. 

vi mi, calculated from the speciation of the initial 
i= 1 solution or the mixture of two initial solutions. 

P number of mineral. phases. 

TOT, Total concentration of the element corresponding to the jth 
master species preceding any mineral dissolution or precipitation. 

sum of the OPV's of the constituents in the pth mineral. J 

op3 = +3 
EX. PpeS = 0 and 

2 
pFc 

v i  Operational valence (OPV) of the ith aqueous species. The 
numerical values are assigned arbitrarily for bookkeeping 
convenience: they are self-consistent in terms of correctly 
defining electron transfer in redox reactions, but may or may not 
correspond to the true chemical valence for the entities involved. 

vi = 0 for "non-redox" species (those whose valence does not 
change within the stability range for water) . 

= 0 for H , 

= 0 for OH , 



. .  
. .  
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= +4 f o r  0 (aq)  , 

I 

. .  

= t h e  f o r m a l  e l e m e n t a l  v a l e n c e  f o r  aqueous  r edox  swcies 
(or t h e  sum of t h e  f o r m a l  v a l e n c e s  o f  t h e  c o n s t i t a e n t s  o f  
a n  a q u e o u s  complex ,  e x c l u d i n g  H and 0 ) .  Ex. V F ~ ~ +  - - 

2- 0 
+ 2 ,  v = + 6 ,  and v = +8.  

SO4 Fe SO4 

zi c h a r g e  on t h e  ith s p e c i e s .  

PHREEQE s o l v e s  a set  o f  n o n l i n e a r  e q u a t i o n s  u s i n g  a c o m b i n a t i o n  of t w o  
t e c h n i q u e s :  

o a c o n t i n u e d  f r a c t i o n  a p p r o a c h ,  a s  i n  Wigley (1977)  , is u s e d  f o r  
mass b a l a n c e  e q u a t i o n s  

o a m o d i f i e d  Newton-Raphson t e c h n i q u e  is u s e d  f o r  a l l  o t h e r  e q u a t i o n s  

PHREEQE is an  e q u i l i b r i u m  model  and d o e s  n o t  account f o r  r e a c t i o n  k i n e t i c s .  
S o l u t e  t r a n s p o r t  was s i m u l a t e d  w i t h  s t e a d y - s t a t e  u n i d i r e c t i o n a l  s o l u t i o n s  t o  
t h e  a d v e c t i o n - d i s p e r s i o n  e q u a t i o n s  found i n  P r a k a s h ,  1982.  

D.3.5.1 The P r e s e n t  C o n d i t i o n  

S u r f a c e  and  ground waters on and n e a r  the Vitro s i t e  h a v e  been 
c o n t a m i n a t e d  by t h e  t a i l i n g s  p i le .  A sample was d e f i n e d  a s  b e i n g  c o n t a m i n a t e d  
i f  i t  s a t i s f i e d  any  of t h e  f o i l o w i n g  c r i t e r i a :  0, '. 2 

I t  c o n t a i n e d  metals a s s o c i a t e d  w i t h  t h e  t a i l i n g s  p i l e  i n  
c o n c e n t r a t i o n s  h i g h e r  t h a n  t h e  h i g h e s t  c o n c e n t r a t i o n  found i n  
uncon tamina ted  ( b a c k g r o u n d )  samples. 

The pH o f  the sample was lower t h a n  the lowest found i n  background 
samples .  

I t  c o n t a i n e d  h i g h e r  c o n c e n t r a t i o n s  o f  c a l c i u m  ( C a + 2 )  or b i c a r b o n a t e  
(HCO:) t h a n  the h i g h e s t  c o n c e n t r a t i o n s  found i n  background 
samples. 

T h e s e  c r i t e r i a  a re  broad and may encompass samples which have  n o t  been  
c o n t a m i n a t e d  by water d e r i v e d  from t h e  t a i l i n g s  p i l e .  

As f a r  a s  its e f f e c t  upon water q u a l i t y  is c o n c e r n e d ,  t h e  t a i l i n g s  p i l e  .- - - -  

is composed of t w o  g e o c h e m i c a l l y  d i s t i n c t  l a y e r s .  The top l a y e r  is composed 
of t a i l i n g s  and p i l e  water (Laye r  1). I t  res t s  upon a m i x t u r e  of t a i l i n g s ,  
soil ,  and ground water ( L a y e r  2 ) .  These  l a y e r s  a r e  a b o u t  10  f e e t  and 3 f e e t  
t h i c k ,  r e s p e c t i v e l y .  Layer  2 c o n t a i n s  bands o f  i r o n  ( F e )  and  s u l f a t e  
(SOZ) p r e c i p i t a t e s  which are  the r e s u l t  of t a i l i n g s  water moving i n t o  t h e  
c h e m i c a l  env i ronmen t  o f  t h e  ground-water  sys t em (Markos and  Bush,  1 9 8 2 ) .  
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Determination of qeciation in Layer 1 using P t i k E Q E  can be found in 
Table D-23. Chemical da:a from both tailings layers are presented in Table 
D-24. These data il1ustra:e that ground water in contact with tailings 
contains hiqher concen:rations of As,  cd, Mo, Pb ant U than does the tailincs 
water. It follows that the chexical mechanisms occurring in Layer 2 are 
different from those in Layer 1 and are responsible for the greatest portion 
of aqueous contamination found in the site area.. An explanation of the hiqher 
concentrations in Layer 2 follows. 

When tailings water is mixed with ground water, the chemical environment 
changes drastically. Acidity decreases by a factor of several hundred and Eh 
(oxidation-reduction potential) decreases by several hundred millivolts 
(Markos and Bush, 1982). The acidic tailings water dissolves soil calcium 
carbonate (CaC03). This causes Fe and SO4 compounds to precipitate which 
in turn causes metal-bearing minerals in the tailings to dissolve more rapidly 
than they do in tailings Layer 1. An example of this process is the 
dissolution of the arsenic mineral, scorodite: 

FeAs03-2H20 (Scorodite) = Fe+3 + As04 + 2H20 (1) 

Fe+3 + 30H' = Fe(OH)3 (Amorphous Iron Precipitate) (2  1 

Reaction (2) causes Reaction (1) to be driven to the right, resulting in 
increased concentrations of dissolved arsenic. Amorphous iron has the ability 
to retard the movement of arsenic and other metals by sorbtion, 
co-precipitation, and occlusion (Markos and Bush, 1982). The concentration of 
arsenic depends upon which mechanism is faster, dissolution or retardation. 
In the water of Layer 2, dissolution is the faster. The implication is that 
if the tailings are placed above the water table, levels of contamination will 
be greatly reduced because the dissolution will not occur at appreciable rates. 

0 
On the other hand, concentrations of barium and chromium are lower in 

Layer 2 than in Layer 1. The movement of these metals may be highly retarded 
in tailings Layer 1, or, they may be rapidly sorbed in Layer 2. Recent 
research indicates that both mechanisms are operating (PNL, 1983). This is 
supported by the speciation information presented in Table D-22. Both barium 
and chromium exist as multi-valent cations in Layer 1. They remain cations as 
pH is increased. Therefore, their movement is retarded. 

Surface Water and CVWRF Excavation 

Data from samples of surface water are presented in Table D-22. The 
Jordan River and Mill Creek are considered to represent background 
conditions. The CVWRF excavation, Vitro Ditch, South Vitro Ditch, and the 
marsh east of the site are contaminated due to tailings sliding or blowing 
into these waters, or shallow ground-water flow beneath the pile to the 
surface water. The excavation and the ditches are bordered by tailings. The 
marsh is within the area identified as containing wind blown tailings (Douglas 
and Hans, 1975). As with the tailings water of Layer 2, some surface water 
samples have concentrations higher than the concentrations in Layer 1. These 
metals are cadmium (a), molybdenum (Mo) and uranium (U). Tables D-23 and 
D-24 show that mixtures of tailings and background waters contain high 

D-66 

.* . . 0.0,054-7 



6442 

u) 
01 
4 a 
E 
9 
u) 

Ll 
aJ 
U 

1L1 
0 
v) 
aJ 
111 
h 
-4 
10 
C 
4 

w 
-4 -4 

I - e J w l n m w o P l  
n o o m o a - t o w  
a o o o o o o o o  
. . . . . . . . . 

0 CyPCDO 

- 0  0 0 0 0  
o o ~ n o m ~ ~ n  . ' Z Z . .  . .z 

w 
4- C y w h l  

- 0 0  0004 

U O O P O ~ J - ~ O P  . . . z . .  . .z 

P W 
0 OCD 

0 0  -400 

o o n o n c y o f i ~  * z z z  - 2  

h) 
w 

-4 4 4 Q ) o  

- 0  0 0 0 0  
n o u n o o o o n  . . z z . .  . . z  

aJ 
-4 
.rl a 
u) 
0 
C 

.rl 
4 
.rl 

9 
U 

aJ c 
U 

E E 
IL1 

aJ 
4 a 
E 
9 
u) 

Ll 
aJ 
U s 
h 
C 
10 

C 

'CI 
aJ 
U 
0 aJ 
U 
0) 
'0 

c 
al 
aJ 

u) 
9 
.c 
Q, 
tl) 

0 z 

.rl 

n 

n 

S 
P 
U 
P aJ 
U 
x 
Q, 

4 
\ 
01 

m 
9 

'0 
aJ 
U 
Ll 
0 a aJ 
Ll 

10 
U 
9 
'0 

4 
4 

E .  

4 

.. 
aJ 
U 
0 z 

. . . .  . . . _ _  

c. . 

D-67 



N N  
I -  

N - 

N 
I _  

w 

g 
a 

4 
4, 
X 

c) 

0 
U 
Q 
V 

i- I 
n 
P 

3 i 
P 

H 

I 

0 
LI 

N N  
I -  

U 

U 
m c  
3 0  
0 0  
a 0  u u  

0 
U P )  c >  
m u  
v -  c -  
J u  

0, urn 

n o  
a 

D-68 



6442 

aJ 
0 
4 
L1 
aJ > 
4 

r- 
w 
0 
0 

0 
N 
0 
0 

0 
0 
0 
0 

w 
m 
0 

* 
rl 

4 

r- 
4 

0 

d 
W 

r- 

L1 
aJ 
U s 
aJ 
rl 
.r( 

a, 
VI 
0 c 
.d 
rl 
.r( 

4 
AJ 

u 
0 
Eo 

Eo 

4 
(0 
C 
4 

-4 

x 

w 
N 
I 

aJ 
P 
4 e 

n 

-4 

-a 
aJ 
Y 
4 o 
'D 
C 

Eo 
9 

L) 
a, 
al o x 
aJ 

\ 
D 
E 
Eo 
4 

a 
aJ 
U 
L1 
0 a a .  
L1 

4 
U 
4 
P 

rl 
rl 

.r( 

.r( 

4 

4 

.. 
01 
U 
0 z 

0)  
r- 
0 
0 

* 
rl 

W 

N 
N 

0 

In 
0 
0 

0 m 
r- 

a 
N 

0 
0 
In 
r- 

n 

aJ 
r( 

QI 
\o 
0 
0 

W 
r? 

0 

u) 
0 
0 

VI 
0 
0 

W 
N 

0 

In 
w 

0 

0 

m 
0 
r- 
N 

0 

A 

d rl -4 
A 

- 
a VI 

4 
4 
m 

L1 
U 

0 r P a 

9. 
D-69 



cancenzrations of Mo. This is ir; contras: to contaminated grocnd waters 
(Tables D-4, D-5. and D-6)  which contain concentrations of Mo a: near 
background levels. This indicazos that two different m e c h a n i s m  are 
o?erating. One controls concencrations of MO in the presence of tailincs, the 
other in the absence of tailinqs. 

Since the opening of the CbXXF excavation, ground-water flow paths in the 
vicinity of the mill site have been altered towards the excavation (Figure 
G-12). The results of the calibrated hydrodynamic model of the present 
condition show that about one-third of the'water flowing into the excavation 
comes from north of the excavation, while about two-thirds of the water is 
flowins from the existing tailings areas. The uranium concentration in the 
excavation drainage water was measured at 0.25 mg/l. Assuming a background 
cancentration of 0.02 mg/l in tho uncontaminated water and assuming that the 
uranium concentration in the shallow ground water entering the excavation is 
accurately represented by the excavation discharge sample, the average uranium 
concentration of water in the tailings can be calculated as 0.35 mg/l. 

The TDS measured in the CVWRF excavation was 4340 mg/l. Assuming a 
background concentration of 2,500 mg/l, the calculated average TDS of ground 
water under'the tailings is 5260 mg/l. These calculated concentrations of 
uranium and TDS may accurately represent present average source concentrations 
from the tailings pile to the shallow unconfined ground water. i 

Unconfined Ground Water. Samples from the following wells f i t  the 
definition of contamination: 8, 9, 10, 11, 13, 14, VBS, and VDS (Tables D-4, 
D-5, and D-6). These samples define -a plume of contamination at least 3600 ft 
wide which has advanced at least 400 ft west of the site boundary. Wells 12 
and 7 represent background concentrations. 

Examination of Tables D-4, D-5, and D-6 yields the following 
information. In no sample is Ba found in concentrations significantly above 
background levels, including beneath the pile. This strongly suggests that 
trarisport of Ba is highly retarded. Arsenic is found in concentrations above 
background in only one well, suggesting that transport o f  arsenic is also 
quite retarded. Cadmium, chromium, molybdenum, and lead are found in 
concentrations slightly above background levels in a few cases, indicating 
that their movement through the aqllifer is retarded to some degree. Uranium 
is found in concentrations above background levels in all but one instance. 
It is the most mobile of the metals considered. 

Retardation of the transport of Ba, Cd, Cr, and P b  is expected because 
these metals exist as cationic species in the unconfined aquifer (see Tables 
D-4,  D-5, and D-6). As and M o  exist as anions but recent research indicates 
that both species may be sorbed by Fe and aluminum compounds (PNL, 1983; 
Markos & Bush, 1982; LeGrendre L Runnels, 1975). It has also been suggested 
that Mo may form long chains of snowflake-like structures '(polymers) which are 
more easily sorbed than MoOZ2 (Bohn, 1975). 
and Mo are.present in concentrations significantly lower than can be 
attributed to dilution alone (see Tables D-4, D-5, and D-6). 

Whatever the explanation, As 

D-70 



6442 

PI * c 
Y 
Y 
U 

0 
0 
7 
F 



Uranium is mobile in the groilnd water beneath the tailincs in the form of 
502 (CO3) 5.  Prior to the excavation, unconfined ground water flowed 
rouckily southeast to northwest through the tailings, and discharged into the 
Jordan River and M i l l  Creek. In the downgradient area, the uranium 
cmcentrations in water samples from well triplets 9 A r  9B, 9C and 11A, 11B, 
11C, indicate evidence of a relic contaminant plume. Uranium concentrations 
at wells 9C and 11C are higher than any uranium concentrations of ground-water 
samples beneath the tailings pile. Using hydraulic parameters for the 
calibrated historic hydrogeologic model and the solute transport equations of 
Prakash (19821, uranium concentrations were calculated and compared to values 
measured in the wells. The strength and location of the source was varied 
until results of- the simulation agreed with the measured values (Table D-25). 

Table D-25. Comparison of measured and calculated uranium concentrations 

Approximate depth of Measured Calculated 
Well ID well screen (ft) concentration (mg/l) concentration(mg/l) 

9A 
9B 
9c 

llA 
11B 
11c 

6 
16 
26 
4 

15 
24 

0.025 
0.13 
2.12 
0.14 
0.57 
1.87 

0.013 
0.23 
2.24 
0.053 
0.39 
1.86 

The following input values were used in this calibration of the solute 
transport equations: 

A point source 700 feet east of 900 West Street, directly east of 
well series 9 and 11. 

An effluent concentration of 7.76 mg/l released at a constant rate of 
1 ft3/day. 

A ground-water velocity of.0.3 ft/day. 

Lateral and vertical dispersivities of 0.00001 ft2/day and 0.007 
ft2/day, respectively. 

The uranium concentration at downgradient well No. 13 is 0.02 mg/l, about 
background level, while downgradient well No. 1OC has a slightly elevated 
concentration of 0.11 mg/l. The concentrations at wells Nos. 10 and 13 show 
that there is selective transport with little spreading of the plume, 
confirming the low dispersivity of the system in the vicinity of wells 11 and 
9. Calibration of the movement of sulfate (see below) showed that the 
dispersivity of the system as a whole is higher than in the area of wells No. 
9 and 11. 
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The cmcentration of sulfate downcradient was also modeled using the 

Prakasli equations. The source was moZeied as 2 lines, 900 feet long, 
perpendic2lar to the direction of flcw. The concentrations were set at 6000 
mg/l above background concentration resresenting the highest sulfate level of 
any sample. This simulation resulted in calculated maximum concenccatims of 

?ile, 5 7 , 4  mg/l above background 415;  feet west of the pile, and 1.2 mq/l 
above bac.cground 4200 feet west of the ?ile (adjacent to the Jordan River). 
The Jordan River is considered as an infinite sink for contaminants through 
the application of image well theory in the Prakash equations. For these line 

of 0.25 ft2/day were used. 
close to */slues measured in that area. 

-. . 

r sulfate of 3750 m q / l  above background at a distance of 1500 feet wesi cf the 

sourcesr i lateral dispersivity of 4.0 ft 2 /day and a vertical dispersivity 
The value at 1500 feet west of the pile was 

- 

Confined svstem. Comparing the water quality at upgradient wells NOS. 1 
and 2 to eowngradient wells Nos. 4 and 5 shows that the downgradient ar:esian 
water has elevated TDS but no elevation in the concentrations of radionuclides 
or trace netals. The average TDS at wells Nos. 1, 2, and 3 is about 300 ppm 
while the average at wells Nos. 4 and 5 is 1200 ppm. The high concentrations 
downgradient must represent relic contamination because the natural vertical 
hydraulic gradient in the area is upward, precluding the downward flow of 
water frcn the unconfined to the confined system. The downgradient 
contamina:ion in the confined system is probably due to downward leakage 
caused by pumping at the mill site during processing. To obtain process water 
at the Vitro site, it is estimated that it was necessary to pump from the 
confined system at an average continuous rate of 190 gpm for 13 years. 

It is difficult to determine whether or not water originating in the 
tailings pile has entered the confined system because the pathway is 
complicated. First, tailings pile water must enter the unconfined systern. 
.All metals will be diluted and immobilized to some degree. Next, the mixture 
of tailincs pile--unconf ined ground water must pass through the clay confining 
layer. Further immobilization will =cur because clays have high sorbtive 
capacities (Garrels 6 Christ, 1965). Finally, the contaminated water enters 
the confined system where it is diluted once again. The plume of 
contamination, which is at least 2600 feet wide and has advanced at least 1900 
feet west of the site boundary, may be due to downward miqration of water from 
both the unconfined aquifer and 'the tailings pile or may .be due to downward 
migration from the unconfined aquifer only. 

Although these wells contain Ba and Cr in concentrations above backoround 
levels, it is unlikely that these metals came from the tailings pile. In the 
first place; 9a is not found in concentrations above background levels in the 
Unconfined aquifer. Secondly, both metals are sorbed more strongly than U 
which is not found in concentrations above background levels. Lead-210 has 
been detected in one of two samples taken from well 5 and one sample from well 
15. The concentrations were not significant because they were only slightly 
above the detection limit of 1.5 pCi/l. 
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It is c'ifficult to accurately determine the concentration of TDS or 
. individual chemical constituents of the water leaking from the unconfined to 
the confine5 aquifer; and the mixing of the natural, confined ground water 
Kith the wa=er derived from leakage once the natural hydraulic gradients were 
restored. 73 determine the possibility of the downgradient water quality in 
the confinee system being a result of pumpage during milling, the following 
calculation yas performed: 

1. Background TDS = 300 mg/l in the confined system. 

2. Uncmfined ground water leaking into confined system may have 
coccained TDS from 4000 to 40,000 mg/l. The lower values would 
re?:esent primarily water natural in the unconfined system while the 
higher values would represent water contaminated with tailings liquor. 

3. Downgradient, unconfined ground-water samples contain approximately 
600 and 1800 mg/l TDS. 

4. Calculate mixing of the two sources of water, unconfined and 
confined, to produce the.measured downgradient contamination, 
assuming no precipitation/dissolution reactions. 

Table E-26 shows that mixing of ground water from the unconfined system 
with the confined system is a reasonable explanation of the elevated 
concentrations of dissolved solids found downgradient in the confined system 
at a depth of 110 to 130 feet below the ground surface. 

Table D-26. Possible mixing of ground waters during pumping 

Confined ground Leaking unconfined Resultant Fraction Fr ac t ion 
water TDS ground water TDS TDS from confined from unconfined 
(mg/l) (mS/l) (Wl) water water 

300 
. 300 

300 
300 
300 
300 
300 
300 
300 

4000 
4000 
4000 
20000 
20000 
20000 
60000 
60000 
60000 

600 
1200 
1800 
600 
1200 
1800 
600 
1200 
1800 

0.92 
0.76 
0.59 
0.98 
0.95 
0.92 
0.99 
0.98 
0.97 

0.08 
0.24 
0.41 
0.02 
0.05 
0.08 
0.01 
0.02 
0.03 
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D.3.5.2 Post-remefial action 

Contaminant migration in the unconfined system after remedial action is 
dependent upon two items: fluid flow after remedial action, and the source of 
contamination aftez remedial action. The source of contamination will vary 
depending upon the location of the tailings with respect to the level of the 
water table. 

0 

Hydrodynamics. The calibrated. hydrodynamic model shows that the water 
levels in the unconfined system will be approximately the same after remedial 
action and after the CVWRF excavation is closed as historic levels (before the 
excavation) (Tables D-19 and D-20) .  The levels will drop slightly under the 
Vitro site in resFnse to the reduced infiltration in that area (Table D-20). 
Significantly, there will be no rise in water levels in the area of the 
tailings, so that :he water table will remain about 3 feet below the 
contaminated material. The restoration of historic ground-water levels means 
that historic flow patterns will be restored, and the unconfined ground water 
will again flow southeast to northwest t o  discharge into the Jordan River and 
Mill Creek. 

The remedial action requires that the tailings material be encapsulated 

' 0.11 feet/year, assuming no vegetation, and a liner that will guarantee that 
with a cap that will reduce infiltration through the tailings to a maximum of 

the tailings are a minimum of 3 feet above the water table. The time 
necessary for contamination to travel from the encapsulation to the ground 
water can be calculated with equations from Gilbert et al., (1983). The input 
parameters for uranium are: 

Ne = effective porosity = 0.10 (assumed value) 0 
- - 

Kd = partitioning coefficient = 15 cm3/g (a value of 30 cm3/g 
for low pH was reported in Gilbert et al., 1983) 

ps = density of liner material = 1.7 g/cm3 (assumed value) 
I = infiltration rate = 0.11 ft/yr 

D = the distance from the encapsulated tailings to the water table = 
3 feet 

The delay time, Td = DX(Ne + 'sKd)/I = 
3 ft. (0.10 + 1.7 g/cm3 x 15 cm3/g)/0.11 ft/yr. = 700 years 

This analysis (700 years) is a worst case assessment for uranium migration, 
using highly conservative parameter values. 

A probable case delay time can be calculated with more likely parameter 
values. 

Ne = 

I =  

D =  
Td = 

Kd = 

Ps = 

0.10 
30 c d / g  
0.33 ft/yr (value calculated assuming sparse vegetation) 
1 . 7  g/cm3 
5 ft (the design thickness of the liner) 
DX(Se + 'sKd)/I = 5 ft (0.10 + 1.7 g/cm3 x 30 cm3/g)/ 
0.033 ft/yr = 7700 yrs 
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Partitioning coefficients for the dissolved metals under unmixed tailings 
pile conditions are available only for uranium (Gilbert et al. 1983). O ~ l y  
qualitative estimates of the effects of retardation can be made for the other 
metals. Recent research (PNL, 1983) and the information presented in this 
section indicates that Ba and Cr are highly retarded under tailings piles 
conditions. 
retarded, while Cdr U, and Mo will be relatively mobile. 

This same research indicates that As ana Pb will also be highly 

The proposed remedial action should cause significant delay (a minimum of 
700 years) for trace metal contaminants to enter the ground-water system. 
Downgradient concentrations were predicted for U r  Mo, and A s  following the 
700+ year delay time, using the following assumptions: 

Tailings Layer 1 concentrations were used as source concentrations. 

Effluent release rate = predicted conservative percolation rate of 
1.3 inches/year. 

Ground-water seepage velocity = 0.3 ft/day. 

Vertical dispersivity = 0 . 2 5  ftz/day. 

Lateral dispersivity = 4 .0  ft2/day. 

The source can be defined as 2 horizontal lines perpendicular to the 
direction of flow. These lines bound the proposed encapsulation to 
the east and west and run the length of the proposed encapsulation, 
north to south. 

The constituents are mobile, i.e., move with the ground water. 

The Jordan River acts as a constant concentration discharge boundary. 

The depth of mixing in the aquifer is 45 feet. 

See Table D-27 for the post-remedial action concentrations calculated for 
U, As and Mo, using the equation from Prakash (1982). 
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Table D-27. Predicted maximum downqradient contaminant concentration in the 

unconfined aquifer, post-remedial ac:ion, with a liner 

~~ 

Con taminant Location Concentration (mg/l) 

As 
As 

As 
MO 
Mo 
MO 

Mo 
U 
U 

' U  
U 

AS 

SO4 = Above background 
SO4 = Above background 
SO4 = Above background 
SO4 = Above background 

At Source 
900 w. 
900' west of 900 W. 
2100' west of 900 W. 
A t  source 
900 w. 
900' west of 9OOW. 
2100' west of 900 W. 
At source 
900 w. 
900' west of 900 W. 
2100' w e s t  of 900 w. 
At source 
900 w. 
900' west of 900 W. 
2100' west of 900 W. 

0.36 
0.008 
0.005 
0.002 
0.05 
0.001 
0.0007 
0.0003 
0.45 
0.01 - 

0.006 
0.002 

6600 
144 
87 
34 

Time necessary for contaminants to travel from base of encapsulation to 
water table : 

SO4 = > 2 8  Yea.rs 
U, Mo, As=-700 Years 
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C.3.6 Aquifer Restorarion Analvsis 

G.3.6.1 Boundaries of ccntamination 

A contaminant plume exists in the unconfined aquifer downqradient of the 
Vitro site (see Section D.3.2 for description of existing ground-water 
quality). Contamination was detected in samples from well triplets 9 ,  10, and 
11 (see Figure D.13 for well locations). Samples from these wells contained 
concentrations of total dissolved solids (TDS) , uranium (U) , sulfate 
(SO71 , sodium (Na+), chloride (Cll) , calcium (Ca") , and magnesium 
(Mqf+) significantly hiqher than samples from upgradient, unconfined wells. 
A sample from well 13C did not contain these constituents in concentrations 
higher than upgrSdient or cross-gradien: "C" wells (see Table D.5). A sample 
from well 17, completed in the top of the confining layer separating the 
unconfined and confined aquifers, also Contained uncontaminated ground water. 
The natural flow in the unconfined aquifer is to the northwest (Figure D-8). 
Therefore, the Jordan River and Mill Creek are considered discharge boundaries 
of the shallow ground water flowing beneath the Vitro site. Based upon the 
data presented above, the assumed maximum boundaries of contamination have the 
following dimensions (Figure D-13) : 

Plume width of 3,100 feet -- The distance, north-to-south, from well 
triplet 13 to Mill Creek. A sample from well 13C showed no 
contamination and Mill Creek is a discharge boundary for shallow 
ground water. 

- Plume length of 1500 to 2600 feet -- The distance from the site 
boundary to the discharge at the Jordan River. 

Plume thickness of 50 feet -- The depth distance from the water 
table to the bottom of the unconfined aquifer. Water at the base of 
the unconfined system is uncontaminated as evidenced by the sample 
from well 17. 

The maximum area of contaminated, unconfined ground water is 
7x10 ft2 (Figure D-13). The maximum thickness is 50 feet. 
Assuming a conservatively high value of porosity,of 0.30 (Hely, et 
al., 1971)r the maximum volume of off-site contaminated, unconfined 
ground water is 1x108 ft3. 

Also ,  to ensure a worst-case analysis, the assumption was> made that the 
quality of all the water contained within the contaminated volume is equal to 
the poorest quality found in the downgradient, unconfined ground-water samples 
(Table D-28). 

D.3.6.2 Potentially affected water supplies 

There are three potentially affected available water supplies (discounting 
quality or need for treatment) : 

Surface water (Jordan River and Mill Creek). 

Unconfined aquifer water. 

Confined aquifer .water. 
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- .. T a b l e  D-22 C a l c u l a t e d  w o r s t - c a s e  charice of w i r e r  
c u a l i t y  i n  J o r d a n  River  

Zordan R i v e r  Unconf ined  Jo rca r .  River  a Res u l  t a r ,  t 

c o n c e n t r a t i o n  c o n c e n t r a t i o n  concen: ra t ion  c o n c e n t r a t i o n  
cu r ren :  a q u i f e r  maximum p l u s  plume c h a n g e  i n  r i v e r  

Par ame t e r  .(mg/l) (mg/l)  (mg/ l )  ( m g / l )  

TDS 1180 20 ,000  1270 +90 

U 

so 4 

Na 

c1 

Ca 

0.7 

368 

186 

271  

127 

2.0 

7 , 0 0 0  

3 , 100 

2 ,500  

1 , 0 0 0  

0 .7  

400 

200 

282 

1 3  1 

0 

+ 3  2 

+ 1 4  

+11 

+ 4  

M 9  60 1 , 0 0 0  64 + 4  

a ( C o n c e n t r a t i o n  i n  R i v e r ) x ( 6 8 , 0 0 0  g p m ) + ( C o n c e n t r a t i o n  from A a u i f e r ) x ( 3 2 5  gpm) 
6 8 , 3 2 5  gpm 

I n  t h i s  s e c t i o n  t h e  b e n e f i t s  o f  a q u i f e r  r e s t o r a t i o n  a re  d e s c r i b e d  a n d  
c a l c u l a t e d  f o r  each  o f  t h e  three w a t e r  s u p p l i e s  by c o n s i d e r i n g  the  loss o f  u s e  
and p o t e n t i a l  u s e ,  g i v e n  no a q u i f e r  r e s t o r a t i o n .  The loss o f  b e n e f i t  would 
e x t e n d  t h r o u g h  t h e  time needed f o r  t h e  c o n t a m i n a t e d  w a t e r  t o  t r a v e l  and 
d i s c h a r g e  t o  the J o r d a n  River  or M i l l  C r e e k  ( p e r i o d  o f  n a t u r a l  p u r g i n g ) .  
Geochemica l  r e t a r d a t i o n  was n o t  c o n s i d e r e d  b e c a u s e  t h e  c o n t a m i n a n t s  are  mobile 
i n  t h e  g r o u n d  w a t e r .  To bound t h i s  time, t w o  methods o f  c a l c u l a t i o n  were 
used .  F i r s t ,  f o r  a lower bound. a s h a l l o w  ground-water  f l u x  to  M i l l  C reek  a n d  
t h e  J o r d a n  R i v e r  o f  62,600 < f t 3 / d a y  was c o n s i d e r e d  (see S e c t i o n  D.3.4.1,  
T a b l e  D-20). Given  a f l u x  of 62,600 f t 3 / d a y  ( 3 2 5  gpm) , i t  would r e q u i r e  4 . 4  
y e a r s  f o r  the e n t i r e  c o n t a m i n a t e d  volume o f  1x108  f t 3  t o  d i s c h a r g e  to  t h e  
s u r f a c e  water streams. For an  upper  bound,  a s e e p a g e  v e l o c i t y  o f  0.3 f t / d a y  
was c o n s i d e r e d  (see S e c t i o n  D.3.5.1) .  G iven  a maximum t r a v e l  d i s t a n c e  of 
2 , 6 0 0  f e e t ,  t h e  c a l c u l a t e d  t r a v e l  time was 23.7 y e a r s .  The a v e r a g e  d i s c h a r g e  
t h r o u g h  t h i s  p e r i o d  would be 11 ,500  f t 3 / d a y  (60  gpm) . 
E f f e c t  upon t h e  J o r d a n  River  

The  w o r s t - c a s e  loss of  b e n e f i t  to  s u r f a c e  w a t e r  would o c c u r  i f  a l l  t h e  
c o n t a m i n a t e d  unconf ined  ground-water  d i s c h a r g e d  to  t h e  J o r d a n  R i v e r .  For t h e  
r e a c h  f rom t h e  Vi t ro  s i t e  to  t h e  G r e a t  S a l t  L a k e ,  t h e  J o r d a n  R i v e r  is 
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c l . a s s i f  i e d  for a q u a t i c  w i l d l i f e  ( C l a s s  3B) and a g r i c u l t u r a l  Sene  
( S t a t e  of U t a h ,  1 9 7 8 ) .  The 3B c l a s r i f i c a t i c n  requi res  p r o t e c t i o n  f o r  w a r m  
w a t e r  s p e c i e s  of game f i s h  and othe:  e q u a t l c  l i f e ,  i n c l u d i n q  t h e  n e c e s s a r y  
a q u a t i c  o r g a n i s m s  i n  Gkei r  food cha iz .  The a g r i c u l t u r a l  u s e s  i n c l u d e  
i r r i g a t i o n  of c r o p s  and stock w a t e r i n g .  G e n e r a l l y ,  warm w a t e r  f i s n  d o  n o t  
s u f f e r  s t r e s s  f rom d i s s o l v e d  s o l i d s  u n t i l  c o n c e n t r a t i o n s  r e a c h  2 , 5 0 0  t o  3 ,000  
mq/l TDS (USEPA, 1 9 7 3 ) .  D i s s o l v e d  s o l i d s  have  been d e t e r m i n e d  t o  be 
d e t r i m e n t a l  f o r  i r r i g a t i o n  and stock w a t e r i n g  o n l y  a t  c o n c e n t r a t i o n s  g r e a t e r  
t h a n  3 ,000  mg/-l. 

0 

/ 

The a v e r a g e  f l o w  o f  t h e  Joroar!  2 i v e r  nea r  t h e  V i t r o  s i t e  is 6 8 , 0 0 0  gpm 
( S t a t e  of U t a h ,  1943-1968) .  The d e q r a d a t i o n  o f  t h e  r i v e r  was c a l c u l a t e d  w i t h  
a g r o u n d - u a t e r  d i s c h a r g e  of 325  gFm. T h i s  maximum d i s c h a r g e  r a t e  was u s e d  t o  
c a l c u l a t e  t h e  maximum d e g r a d a t i o n  o f  r i v e r  q u a l i t y .  The r i v e r  water 
c o n c e n t r a t i o n s  d i s p l a y e d  on T a b l e  0-28  were found i n  t h e  S t a t e  of Utah ,  
1943-1968. The  q u a l i t y  o f  t h e  d i s c h a r g e  from t h e  u n c o n f i n e d  a q u i f e r  t o  t h e  
J o r d a n  R i v e r  is assumed to be  equal to t h e  poorest q u a l i t y  found i n  t h e  
a q u i f e r  to  d e t e r m i n e  the w o r s t - c a s e  d e g r a d a t i o n  o f  r i v e r  q u a l i t y .  

The r e s u l t s  o f  t h e  worst-case d e g r a d a t i o n  c a l c u l a t i o n s  a r e  p r e s e n t e d  o n  
T a b l e  D-28. The i n c r e a s e  i n  TDS, SO:, Na', Cl', Ca++, and Mg++ 
would n o t  c h a n g e  the b e n e f i c i a l  uses o f  t h e  r i v e r .  The change  i n  r i v e r  water 
q u a l i t y  would b e  i n s i g n i f i c a n t  and t h e r e  would be  no  loss o f  b e n e f i t  b e c a u s e  
t h e r e  would be no  e f f e c t  on  t h e  r i v e r ' s  b e n e f i c i a l  u s e s .  

E f f e c t  upon t h e  u n c o n f i n e d  a q u i f e r  

The  uppe r  p o r t i o n  o f  t h e  unconf ined  a q u i f e r  is n a t u r a l l y  b r a c k i s h  
GJ (see Section D.3.2 and He ly  e t  a i . ,  1 9 7 1 ) .  The water q u a l i t y  improves  w i t h  

d e p t h  and  a p p r o a c h e s  t!!e good q u a l i t y  o f  t h e  u n d e r l y i n g  c o n f i n e d  s y s t e m .  
Wi th in  a one -ha l f  mile  r a d i u s  o f  t h e  s i t e ,  t h e r e  a re  t w o  w e l l s  known t o  b e  
c o m p l e t e d  to  t h e  u n c o n f i n e d  sys tem.  These  wel ls  a r e  b e l i e v e d  to b e  u s e d  f o r  
i r r i g a t i o n  o n l y .  T h e r e  a re  no  known wells o t h e r  t h a n  mon i to r  wells c o m p l e t e d  
t o  t h e  u n c o n f i n e d  a q u i f e r  and w i t h i n  t h e  b o u n d a r i e s  o f  c o n t a m i n a t i o n .  A 
maximum loss o f  b e n e f i t  c o u l d  be  c a l c u l a t e d  by assuming a l l  t h e  water w i t h i n  
t h e  boundary  of c o n t a m i n a t i o n  i n  t h e  u n c o n f i n e d  a q u i f e r  would h a v e  been  o f  
d r i n k i n g  w a t e r  q u a l i t y  and t h e  e n t i r e  volume o f  w a t e r  c o u l d  b e  used  b e f o r e  
d i s c h a r g i n g  to  Mill Ueek OL t h e  J o r d a n  R i v e r .  

The maximum volume o f  con tamina ted  ground water was c a l c u l a t e d  a s  
l x  10 f t 3 ,  ( 2 , 3 0 0  acre-feet) .  The S t a t e  o f  Utah s t a t e s  t h a t  t h e  cost o f  
water i n  t h e  S a l t  L a k e  area is a p p r o x i m a t e l y  $105 p e r  a c r e - f o o t  ( S t a t e  o f  
U tah ,  1 9 8 3 ) .  T h e r e f o r e ,  t h e  maximum loss of b e n e f i t  t o  t h e  u n c o n f i n e d  g r o u n d  
wa te r  is $ 2 4 0 , 0 0 0 .  

The change  i n  u s e  o f  t h e  unconf ined  a q u i f e r  due  to  c o n t a m i n a t i o n  f rom t h e  
V i t r o  s i t e  would be  f rom m a r g i n a l  i r r i g a t i o n  and s tock w a t e r i n g  to  i n d u s t r i a l  
u s e  o n l y  i n  t h e  upper  i m r t i o n s  and from p o t a b l e  w a t e r  to  i n d u s t r i a l  u s e  o n l y  
i n  t h e  lower p o r t i o n .  I t  s h o u l d  a l s o  b e  n o t e d  t h a t  y i e l d s  from m o n i t o r i n g  
wells c o m p l e t e d  i n  t h e  unconf ined  sys t em a r e  l o w  ( a p p r o x i m a t e l y  1 0  gpm). 
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Effec: upon the confine5 aquifer 

T h e  confined aquifer is, ar. important source of domestic, agricultural, 
an2 ir:dustrial water supply ir. the Salt Lake Valley (see Section D.2.1). The 
Szate of Utah indicated that within a half-mile radial distance from the Vitro 
site, there are 7,790 acre-fee: per year of total water rights (State of Utah, 
1983). Within the areal boundary of contamination in the unconfined system, 
only two wells are known to be completed to the confined system other than 
wells associated with the Vitro site. Both of these wells are not being used 
pr eseri tly . 

An upward, vertical hydraulic gradient protects the confined aquifer from 
the downward migration of lesser-quality, unconfined ground water. This 
upward gradient occurs naturally but could be reversed by localized heavy 
pumping (see Section D.3.2.5). Several samples downgradient of the Vitro site 
indicate that the confined ground water may have been contaminated. Samples 
from four wells averaged 1,140 mg/l of TDS; background is about 300 mg/l of 
TDS . 

Although future degradation'of the confined aquifer would occur only with 
localized, heavy pumping, the potential loss is considered. The areal extent 
Of p t e n t i a l  contamination in the confined system would be the same as in the 
unconfined system. The depth of contamination would be dependent on the 
magnitude o f  the downward vertical gradient induced by the localized pumping,. 
Because this pumping is hypothetical, the depth of mixing is impossible to 
predict. A reasonably conservative estimate would be mixing to 160 feet below 
the ground surface or to the 100 foot depth of the aquifer. This estimate 
assumes that pumping-induced drawdowns will be less than 170 feet. For this 
hypothetical case, the volume of contaminated ground water would be 2x10 
ft3, assuming a porosity of 0.30. 
value of $105 per acre-foot (State of Utah, 1983), the loss of resource would 
be $480,000. 

This volume is 4,600 acre-feet and, at a 

Spatial apportionment method 

A second method of calculating the loss of benefit due to the volume of 
contamination is to assume that a portion of the water rights claimed within a 
half-mile radius of the Vitro site is not available during the natural purging 
of the unconfined aquifer. Contaminated, unconfined ground water cannot be 
used during the 4.4 to 23.7 year purging period due to Contamination. Also, 
for a worst-case assessment, it is assumed that.ground water beneath the 
contaminated area cannot be used for the full purging period. The ground 
water upgradient or lying outside of the contaminated boundary is not affected 
and may be used to fulfill water rights. Apportionment is made as to the 
percentage o f  the surrounding water rights that will be reduced or not 
available. Even though a greater density of water rights are in the area 
outside the contaminated area, for conservatism it is assumed that water 
rights are equally distributed throughout the half-mile radius circle. 
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A c i r c l e  w i t h  a h a l f - m i l e  r a a i y s  :?as an  a r e a  of 2 . 2 ~ 1 0 ~  f t 2 .  T h e  

maximum a r e a  of t h e  plume is 6 . 7 ~ 1 0 '  f~~ (see F i g u r e  D - 1 3 ) .  
c o n t a m i n a t e d  a r e a  is a p p r o x i m a t e l y  30 s e r c e n t  o f  t h e  a r e a  of t h e  c i r c l e .  
The re  a r e  7 , 7 5 0  a c r e - f e e t  p e r  y e a r  of : o t a l  water r i q h t s  w i t h i n  t h e  a r e a  of 
t h e  c i r c l e  ( S t a t e  o f  Utah ,  1 9 8 3 ) .  ?.i:ty p e r c e n t  o f  t h i s  would be 2 , 3 4 0  

use would be a maximum o f  $245 ,000  pe: y e a r .  

D. 3 . 6 . 3  A q u i f e r  r e s t o r a t i o n  t e c h n i q u e s  

The 0 
r .. a c r e - f e e t .  A t  a v a l u e  of $105 p e r  a c e - f o o t ,  t h e  a n n u a l  loss of ground water 

9 

T h e r e  a r e  s e v e r a l  methods  to  remcve t h e  c o n t a m i n a n t s  c o n t a i n e d  w i t h i n  t h e  
plume. T h e s e  i n c l u d e :  

I n t e r c e p t  t r e n c h  w i t h  r e c h a r g e  c o n t r o l .  

Bar r ie r  wal l s  and r emova l  by pumping. 

Pumping of Con tamina ted  wate: and r e c h a r g i n g  o f  f r e s h  w a t e r  u s i n g  a 
series o f  wells. 

A l l  of t h e s e  methods  would lead to  t r e a t m e n t  and d i sposa l  o f  d i s c h a r g e .  

Using EPA 1982 as  a g u i d e l i n e ,  t h e  i n t e r c e p t  t r e n c h  w i t h  r e c h a r g e  c o n t r o l  
appears t o  be t h e  l e a s t  e x p e n s i v e  and most e f f i c i e n t  method f o r  t h e  
h y d r o g e o l o q i c  s e t t i n g  by t h e  Vitro. s i t e .  The b a r r i e r  w a l l s  w i t h  pumping would 
r e q u i r e  a g r e a t e r  c ap i t a l  i n v e s t m e n t ,  t a k e  more t i m e  f o r  c l e a n u p ,  and  cause 
greater  mix ing  o f  u n c o n t a m i n a t e d  and c c n t a m i n a t e d  water. The pumping/ recharge  
s y s t e m  is more e x p e n s i v e ,  would  take c o n s i d e r a b l y  more time, and  may c a u s e  
d i f f e r e n t i a l  s e t t l e m e n t  or f a i l  c o m p l e t e l y  i n  t h e  h i g h l y  s t r a t i f i e d ,  
u n c o n s o l i d a t e d  u n c o n f i n e d  a q u i f e r .  

..J 

Plume c a p t u r e  methodoloqv 

The i n t e r c e p t  t r e n c h  would b e  p l a c e d  across t h e  p l u m e ,  be tween t h e  Jo rdan  
R i v e t  and 1000 West Street  (see Figure D-13). Another  i n t e r c e p t  t r e n c h  may be 
r e q u i r e d  be tween t h e  n o r t h e r n  end o f  1 0 0  West S t r e e t  and  w e l l  number 4 .  The 
l o c a t i o n  o f  t h e  t r e n c h ( e s )  would be dependen t  on t h e  r e s u l t  o f  a s i t e  
i n v e s t i g a t i o n  conduc ted  a t  t h e  b e g i n n i n g  o f  i n s t a l l a t i o n  o f  a r e m e d i a l  a c t i o n  
program to d e f i n e  and q u a n t i f y  t h e  plume i n  t h e  a r e a  w e s t  and n o r t h  o f  w e l l  
number 4 .  For the p u r p o s e  of t h i s  a n a l y s i s ,  i t  was assumed t h e r e  would be  
1900 l i n e a l  f e e t  o f  t r e n c h ,  f o u r  f e e t  wide and to a d e p t h  o f  5 0 . f e e t .  A 
t r e n c h  o f  t h i s  n a t u r e  would i n t e r c e p t  t h e  c o n t a m i n a n t  plume and p a s s i v e l y  
col lect  it a t  a r a t e  o f  a b o u t  500 to  1 0 0 0  gpm. These  va lues  were c a l c u l a t e d  
u s i n g  t h e  l i n e  s i n k  method i n  Lohman (19721,  w i t h  t r a n s m i s s i v i t y  = 1000 
f t 3  /day ,  s t o r a t i v i t y  = 0 . 3 ,  change  i n  d r a i n  s t a t e  o f  50 f t  and  time = 
d a y s  and 365 d a y s .  The t r e n c h  would be sloped to o n e  end  where a sump would 
col lect  t h e  c a p t u r e d  l i q u i d  and t h e  l i q u i d  would b e  pumped t o  a t r e a t m e n t  
p l a n t .  The' bottom o f  t h e  t r e n c h  would be s e a l e d  w i t h  c l a y .  

100 
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Recharge from t h e  .Torean River  would be c o n t r o l l e d  by t h e  use  of a 
b a r r i e r  to p r e v e n t  J o r d a n  i i v e r  water  from e n t e r i n g  t h e  t rea tmen:  col lect ion 
sys t em and d i l u t i n g  t h e  e f f e c t i v e n e s s  o f  t h e  c o l l e c t i o n  and treatmer,: s y s t e m  
!F igure  D-13). For t h i s  a r , a l y s i s ,  t h e  b a r r i e r  would be an in:eriocK:ng s t ee l  
ba:rier p i l e  d r i v e n  i r t o  t h e  cjround between t h e  i n t e r c e p t  t r e n c h  and t h e  
r i v e r .  T h i s  b a r r i e r ,  a l t h o u g h  n o t  a c o m p l e t e  c o n t r o l  method,  s h o c i c  c o n t r o l  a ' 

s u f f i c i e n t  q u a n t i t y  of r e c h a r g e  to p r e v e n t  s i g n i f i c a n t  d i l u t i o n  i n  t h e  t r e n c h  
(E?A, 1 9 8 2 ) .  

Plcme t r e a t m e n t  

The g o a l  05.  t h e  t r e a t i n e n t  p l a n t  would be to  g e n e r a t e  a n  e f f l u e n t  o f  
s u f f i c i e n t  q u a l i t y  to  d i s c h a r g e  to  t h e  s u r f a c e  w a t e r s  o f  t h e  S t a t e  of Utah .  
I n  a d d i t i o ' n  t o  t h e  e f f luen: ,  t h e  t r e a t m e n t  p l a n t  would g e n e r a t e  a s l u d g e  t h a t  
would c o n t a i n  uran ium and p o s s i b l y  o t h e r  r a d i o a c t i v e  c o n t a m i n a n t s .  (Fo r  t h e  
p u r p o s e s  o f  t h i s  a n a l y s i s ,  i t  h a s  been  assumed t h a t  t h e  s l u d g e  w i l l  r e q u i r e  
d i s p o s a l  a t  a l o w - l e v e l  haza rdous  w a s t e  d i s p o s a l  s i t e . )  

The 

1. 

2 .  

3 .  

t r e a t m e n t  p l a n t  w i l l  i n v o l v e  t h e  f o l l o w i n g  processes (Sherwood, 1983)  : 

N e u t r a l i z a t i o n  t o  a pH o f  8.0 t o  9.0 to p r e c i p i t a t e  most m e t a l s  and 
n e u t r a l i z e  t h e  r e s i d u a l  a c i d .  S u l f a t e  (SOZ), would remain i n  
s o l u t i o n .  The o p e r a t i n g  costs o f  t h e  n e u t r a l i z a t i o n  f a c i l i t i e s  a r e  
b a s e d  on lime a s  a n e u t r a l i z a t i o n  a g e n t .  

F i x a t i o n  -- The s l u d g e  g e n e r a t e d  i n  t h e  n e u t r a l i z a t i o n  s t e p  would be 
s e t t l e d  and then  s t a b i l i z e d  by a s t a b i l i z i n g  a g e n t ,  such  a s  CHEMFIX, 
a f t e r  d e w a t e r i n g  so t h a t  i t  c o u l d  be h a n d l e d  by normal  c o n s t r u c t i o n  
equ ipmen t  f o r  d i s p o s a l .  

R e v e r s e  osmosis -- I n  o r d e r  t o  o b t a i n  a d i s c h a r g e  p e r m i t ,  t h e  
t r e a t m e n t  p l a n t  e f f l u e n t  would be  r e q u i r e d  t o  meet n o n d e g r a d a t i o n  
s t a n d a r d s  ( S t a t e  o f  Utah ,  1978)  f o r  t h e  r e c e i v i n g  s t r e a m  ( J o r d a n  
R i v e r ) .  The p r imary  c o n t a m i n a n t  n o t  mee t ing  t h e  n o n d e g r a d a t i o n  
s t a n d a r d s  a f t e r  t r e a t m e n t  would be TDS and s u l f a t e .  Reve r se  o s m o s i s  
would be used  to remove TDS and s u l f a t e  to  meet t h e  e f f l u e n t  
d i s c h a r g e  s t a n d a r d s .  

The c a p i t a l  costs f o r  i n s t a l l a t i o n  o f  t h e  ground-water  removal  s y s t e m  a n d  
treatment p l a n t  are summarized i n  T a b l e  D-29. 
does n o t  i n c l u d e :  

T h i s  estimate o f  c a p i t a l  costs 
I 

F i n a n c i n g  costs o f  t h e  p r o j e c t .  

R i g h t  o f  ways and, l a n d  a c q u i s i t i o n .  

Removal or r e r o u t i n g  o f  u t i l i t i e s .  

R e r o u t i n g  and r e c o n s t r u c t i o n  o f  roadways  c r o s s e d  by i n t e r c e p t  t r e n c h .  

D r a i n a g e  c o n t r o l  o f  i r r i g a t i o n  d i t c h e s  and c a n a l s  d u r i n g  
c o n s t r u c t i o n  and o p e r a t i o n .  
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e44 2 T a % l e  E. 29 E s t i m a t e d  c a p i t a l  c o s c s ,  g round-wa te r  r e  
and t r e a t m e n t ,  V i t r c  s i t e  

Task d e s c r i p t i o n  Bas is 

Task cost ($1  Task cost ( 3 )  
f o r  500 gpm f o r  1000 gpm 

Uni: ccc: s y s t e m  s y s t e m  

350,000 ------ Ground-wa t e r  
i n v e s t  iga t ior. to 
d e f i n e  a q i r i f e r  

S h e e t  p i l i n g  of 3800 LF 13.75/sc_ f t  
i n t e r c e p t  t r e n c h  x 50 cy 

E x c a v a t i o n  of 1 4 , 0 0 0  cy  2.50/cy 
i n t e r c e p t  t r e n c h  

C l a y  b a s e l i n e r  2 ,000  cy 25.00/cy 
( i n - p l a c e )  

S e l e c t  washed 12 ,000  cy 8.50/cy 
g r a v e l  t r e n c h  f i l l  

Recover  s h e e t  
p i l i n g  

Redr i v e  s h e e t  
p i l e s  a t  r i v e r  

..I 

-J' A d d i t i o n a l  s h e e t  
p i l i n g  r e q u i r e d  
a t  r i v e r  

Removal 
s y s t e m  

N e  u t r  a 1 i za t i o n  
f a c i l i t y  

F i x a t i o n  

R e v e r s e  osmosis 

D i s c h a r g e  s y s t e m  

3800 LF 1 .33/sq  f t  
x 50 f t  

3800,  LF 2.72/sq f t  
x 50 f t  

400 LF 13 .75 / sq  f t  
x 50, f t  

I n c l u d e s  pumps 75 ,000  
6 p i p i n g  to  move 
water 2 , 5 0 0  f t  to 
t r e a t m e n t  p l a n t  

R e a c t i o n  t a n k ,  6 0 0 , 0 0 0  
c o n t r o l l e r ,  
d e w a t e r i n g  , 
s l u d g e  h a n d l i n g  

Mixing t a n k  , 750,000 
d e w a t e r i n g  and  
s e t t l i n g  ponds  , 
water c o n t r o l  

------ 300 ,000  
TOTAL CAPITAL COST 
a s a l v a g e  v a l u e  ;e N e t  C a p i t a l  C o s t  

6.. 

350,000 

2 , 612 ,500  

35 ,000  

50 ,000  

1 0 2 ,  000  

252 ,700 

516,800 

275,000 

75 ,000  

600,000 

750,000 

3 , 2 0 0 , 0 0 0  

300 ,000  
8 , 7 7 4 , 0 0 0  
2 ,612 ,000  
6 , 1 6 2 , 0 0 0  

350 ,000  

2 , 6 1 2 , 5 0 0  

35 , 000 

50,000 

102 , 000 

252,700 

516,800 

275,000 

150,000 

1 , 200,000 

1 ,500 ,000  

6 ,400 ,000  

600 ,000  
14 ,044 ,000  

3 , 670 ,000  
10 ;374 ,OGO 

aBased  on  203 r e c o v e r y  f o r  t r e a t m e n t  s y s t e m  and 50% r e k o v e r y  f o r  s h e e t  
p i l i n g .  
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The szound water woula be c a p t u r t c  a t  a r a t e  of a p p r o x i m a t e l y  SLO t G  1ObO gpm 
and : Z  is e s t i m a t e d  t h a t  apprGxima te ly  2 5 0  to 500 gpm w o u l a  be from the ;lun,r 
w h i l e  t n e  remainder  would be a m c i e n t ,  unconf ined  ground w a c e r .  A t  t h i s  
col1rc: ion r a t e ,  i t  i s  e s t i m a t e 6  t h a t  t n e  r emed ia l  a c t i o n  w i l l  r e q u i r e  
apt:sx:mately t h r e e  to  s i x  y e a r s  to comple t e ly  remove t h e  l x l O i  f t j  
p l x ~ .  The a n n u a l  o p e r a t i n g  costs a r e  shown i n  T a t l e  D-30. E z i m a t r c  
giver .  for t r e a t m e n t  of d i s c h a r g e s  of 500 gpm and 1000 qpm o n  'Iasle D . 3 0 .  

0 

T a b l e  D-30 E s t i m a t e d  annua l  o p e r a t i n g  costs  f o r  ground-water  
removal  and t r e a t m e n t ,  Vi t ro  s i t e  

System O p e r a t i o n  
cost ( $ 1  

500 gpm - D i s c h a r g e  - 1000 gpm 

C o l l e c t i o n  and Labor 
Remov a 1  Main tenance  m a t e r i a l s  

Tr ea  x e n  t and Labor 
Disposal Ma i n  t e n a n c e  mater  i a l s  

R e a g e n t s  
Disposal 

Moni tor  i n g  and Labor 
A n a l y t i c a l  C h e m i s t r y  

40,000 
50,000 

125 ,000  
115 ,000  

1 ,150 ,000  
200,000 

50,000 
200,000 

7 0 , 0 0 0  
100 ,000  

225,000 
230,000 

2,300,000 
3 50,000 

50,000 
200,000 . '\ .. 

Annual O p e r a t i n g  Costs 1,930,000 

~ ~~~ 

3,525,000 

D.3.6.4 Comparison o f  b e n e f i t s  and costs 

. B e n e f i t s  were c a l c u l a t e d  u s i n g  two d i f f e r e n t  methods :  

- Maximum lost v a l u e  o f  deg raded  or p o t e n t i a l l y  d e g r a d e d  wate1 
r e s o u r c e  on a v o l u m e t r i c  b a s i s .  

L o s t  v a l u e  a c c o r d i n g  to  s p a t i a l  a p p o r t i o n m e n t  o f  w a t e r  r i g h t s .  

I n  a d d i t i o n ,  a r a n g e  of time requ ' i red f o r  n a t u r a l  p u r g i n g  o f  t h e  
c o n t a m i n a t i o n  was c o n s i d e r e d .  T h i s  r ange  is 4 . 4  to  2 3 . 7  y e a r s .  A l s o ,  t w o  
p e r i o d s  and r a t e s  o f  d i s c h a r g e s ,  500 gpm d i s c h a r g e  f o r  six y e a r s  and 1000 gpm 
d i s c h a r g e  f o r  three y e a r s  w i t h  t r e n c h i n g  a r e  c o n s i d e r e d .  T a b l e  D-31 c o n t a i n s  
t h e  c o s t - b e n e f i t  r a t i o s  c a l c u l a t e d  f o r  t h e  e i g h t  poss ib i l i t i es .  

The t o t a l  cost is c a l c u l a t e d  as  t h e  c a p i t a l  cost p l u s  t h e  a n n u a l  cost 
m u l t i p l i e d  by t h e  number of y e a r s  o f  r e q u i r e d  t r e a t m e n t .  The  b e n e f i t  u s i n g  
t h e  maximum los t  v a l u e  is t h e  sum of los t  v a l u e  to t h e  u n c o n f i n e d  and c o n f i n e d  
sys t e r r s  ($240,000 + $480,000 = $720,000). The b e n e f i t  u s i n g  t h e  s p a t i a l  ~ 
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6 4 4 2  
a p p o r t i o n m e n t  apprcach  is t h e  d i f f e r e n c e  between t h e  time r e q u i r e d  for  n a t u r a l  
p u r q i n q  ana  the t h e  required for t r e a t m e n t  m u l t i p l i e d  by t h e  a n n u a l  loss of  
b e n e f i t  (S245,OOO). No b e n e f i t  1s c o n s i d e r e d  fGr t h e  J o r d a n  R i v e r  because,  
w i t h  d i l u t i o n ,  t h e  ground-water  c o n t a m i n a t i o n  d o e s  n o t  r e s t r i c t  i ts  u s e .  As 
shown on  T a b l e  D - 3 1 ,  t h e  boundary  c o s t - b e n e f i :  r a t i o s  a r e  4.1 ana  i n f i n i t y .  
Given t h e  c o n s e r v a t i s m  o f  t h e  a n a l y s i s ,  i . e . ,  maximum p o s s i b l e  b e n e f i t s  ana  
costs d i s c o u n t e d ,  a q u i f e r  r e s t o r a t i o n  seems unwarranted .  

Tab le  D-31 Summary of cos t -benef i t  a n a l y s i s  

Range i n  
Lost v a l u e  possible 
v o l u m e t r  ic time f o r  Range i n  T o t a l  T o t a l  cost : 

a p p r  t i o n m e n t  p u r g i n g  d i s c h a r g e s  (3-000) ( t - 0 0 0 )  r a t i o  
or s p a t i a l  na t u t  a 1  t r e a t m e n t  b e n e f i t  cost B e n e f i t  

Lost v a l u e  4.4 y e a r  3-year 
c a l c u l a t e d  n a t u r a l  t r e a t m e n t  7 20 20900 29 
by volume o f  pu rg ing  6-year  
c o n t a m i n a t e d  t r e a t m e n t  720 17700 25 
a n d  po ten -  23.7 y e a r  3-year  
t r a l l y  contam- n a t u r a l  t r e a t m e n t  720 20900 29 
i n a t e d  water p u r g i n g  . 6-year 
resource t r  e a  tmen t 720 17700 25 

mst  4.4 y e a r  3-year 
v a l u e  n a t u r a l  t r e a t m e n t  340 20900 6 1  

pu r  g i n g  6-year c a l c u l a t e d  
by tr ea  tmen t 0.0 20900 i n f i n i t e  
spa t l a1  23.7 y e a r  3-year  
a ppor  t i o n -  n a t u r  a 1  t r e a t m e n t  5070 20900 4 . 2  
men t p u r g i n g  6-year  

- 

1 

t r e a t m e n t  4340 17700 4.1 

D.3.6.5 P o t e n t i a l  u s e  o f  t h e  u n c o n f i n e d  a q u i f e r  a f t e r  r e m e d i a l  a c t i o n  

The h i g h e s t  l e v e l  of uranium d e t e c t e d  i n  water o f €  t h e  s i t e  is 2.24 ppm 
i n  s h a l l o w  w e l l  9C. An i n d i v i d u a l  d r i n k i n a  t h i s  water  e x c l u s i v e l y  o v e r  a 
p e r i o d  of y e a r s  would have  an i n c r e a s e d  r i s k  o f  d e v e l o p i n g  c a n c e r .  (Direct 
consumpt ion  o f  such  water  would r e p r e s e n t  the most s i g n i f i c a n t  e x p o s u r e  
pa thway. )  T h i s  is c o n s i d e r e d  v e r y  u n l i k e l y ,  because  t h e  a r e a  i s  n o t  
r e s i d e n t i a l ,  p u b l i c  wa te r  s u p p l i e s  a r e  a v a i l a b l e ,  and t h e  p r e f e r r e d  
ground-water  s o u r c e  is t h e  d e e p  a q u i f e r .  Even i f  an i n d i v i d u a l  s h o u l d  d r i n k  
s u c h  water, t h e  h i c h  l e v e l  o f  TDS and s u l f a t e s  would r e s u l t  i n  ill e f f e c t s  
s u c h  a s  d i a r r h e a  and d e h y d r a t i o n :  s u c h  water would n o t  be consumed on  a 
long- t e rm b a s i s .  Nonetheless, DOE w i l l  r e v i e w  w i t h .  NEC and t h e  S t a t e  o f  Utah 
t h e  d e s i r a b i l i t y  of m i t i g a t i o n  measu res  to l i m i t  use of t h e  s h a l l o w  
g round-wa te r  sys t em downgrad ien t  o f  t h e  V i t ro  s i t e .  0 
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D . 4  CONCLUSIONS AND S L W R Y  - VITRO SITE 

Downgradien t  c o n t a m i n a t i o n  i n  the Unconf ined  s y s t e n  r e p r e s e n t s  a 
r e l i c  s o u r c e  and r e l i c  plume. The s o u r c e  o f  t h e  uraniur;. was 
modeled a s  a p i n t  s o u r c e  of c o n c e n t r a t i o n  7.76 mc,;2 a t  a d i s t a n c e  
700 f e e t  e a s t  of t h e  s i t e  boundary .  S i g n i f i c a n t  c c z t a m i n a n t  
m i g r a t i o n  a p p e a r s  to have  been a l o n g  a na r row Sand d e f i n e d  by v e l l s  
Nos. 9 and 11. 

P r e s e n t  c o n c e n t r a t i o n s  o f  c o n t a m i n a n t  m i g r a t i o n  frcm t h e  t a i l i n g s  
i n  t h e  unconf ined  ground water  a r e  best  d e f i n e d  by t h e  water  s a m p l e  
t a k e n  from t h e  CVWRF e x c a v a t i o n  and c o n s i d e r a t i o n  of t h e  s o u r c e  of 
t h i s  w a t e r .  T h i s  water sample  shows no  e l e v a t i o n  of c o n c e n t r a t i o n s  
o f  n i t r a t e ,  aluminum, a r s e n i c ,  b a r i u m ,  cadmium, chrcmiurn, c o p p e r ,  
l e a d ,  mercu ry ,  n i c k e l ,  s e l e n i u m ,  s i l v e r ,  z i n c ,  vanadium, 
thor ium-230,  lead-210,  c h l o r i d e ,  s u l f a t e ,  or t o t a l  d i s s o l v e d  
solids. Uranium and molybdenum d o  show e l e v a t e d  c c n c e n t r a t i o n s .  

The u n c o n f i n e d  a q u i f e r  h a s  l imi t ed  u s e  d u e  to  poor water q u a l i t y  
and low y i e l d .  

Downgradien t  c o n t a m i n a t i o n  i n  t h e  c o n f i n e d  s y s t e m  can  best be  
e x p l a i n e d  by v e r t i c a l  h y d r a u l i c  g r a d i e n t  r e v e r s a l  d u r i n g  a c t i v e  
m i l l i n g  a t  the Vitro s i t e .  No f u r t h e r  c o n t a m i n a t i o n  w i l l  o c c u r  
u n l e s s  the v e r t i c a l  h y d r a u l i c  g r a d i e n t  is r e v e r s e d  a g a i n .  

P e r c o l a t i o n  from t h e  s u r f a c e  to the u n c o n f i n e d  a q u i f e r  is 
( a p p r o x i m a t e l y )  e q u a l  to  the p r e s e n t  upward l e a k a g e  from t h e  
c o n f i n e d  a q u i f e r  to t h e  u n c o n f i n e d  a q u i f e r .  

I f  t h e .  s a t u r a t e d  soils u n d e r l y i n g  the embankment a r e  as permeab le  
or more pe rmeab le  t h a n  l a t e r a l l y  a d j a c e n t  soils, then  a 
ground-water  mound w i l l  n o t  form b e n e a t h  t h e  embankment. 

w i t h  a l i n e r  sys t em b e n e a t h  t h e  embankment, u ran ium and t r a c e  
metals w i l l  n o t  ' e n t e r  t h e  ground water f r o m c t h e  embankment unde r  
t h e  worst c o n d i t i o n s  f o r  a t  l e a s t . 7 0 0  y e a r s .  

With a l i n e r  sys t em b e n e a t h  t h e  embankment, o f f - s i t e  c o n t a m i n a n t  
c o n c e n t r a t i o n s  due  to  s o l u t e  t r a n s p o r t  from t h e  t a i l i n g s  w i l l  b e  
less t h a n  any  p r e s e n t  or p r o p s e d  d r i n k i n g  water s t a n d a r d s .  

A q u i f e r  r e s t o r a t i o n  d o e s  n o t  seem w a r r a n t e d  g i v e n  t h e  r anqe  o f  
c a l c u l a t e d  c o s t : b e n e f i t  r a t i o s  ( 4 . 1  to  i n f i n i t y )  and t h e  c u r r e n t  
and  p r e d i c t e d  f u t u r e  a b s e n c e  o f  u s e  i n  t h e  maximum a r e a  of possible 
c o n  t a m i n a  t i o n .  

A l though  t h e  l i k e l i h o o d  o f  human h e a l t h  i m p a c t s  from u n c o n t r o L l e d  
u s e  o f  t h e  unconf ined  a q u i f e r  d o w n g r a d i e n t  o f  t h e  Vitro s i t e  is . 

c o n s i d e r e d  v e r y  s m a l l ,  WE w i l l  r e v i e w  w i t h  NRC and t h e  S t a t e  of 
Utah t h e  d e s i r a b i l i t y  o f  m i t i g a t i o n  measu res  to  l i m i :  t h e  u s e  of 
t h i s  g round  water. 

D-8 9 

000569 



6442 
D.5 G E O H M R O M G Y  - SOUTH CLIVE SITS 

The South Clive site lies near the periphery of the northern Great Salt 
Lake Desert. Two ground-water systems are in the vicinity of the site. The 
largest consists of unconsolidated to partly consolidated valley fill which 
ranges to more than 1600 feet in thickness. An idealized stratiqraphic 
relationship is shown in Figure D-14. The valley fill aquifer does not 
transmit water uniformly, exhibiting a wide range in transmissivity. The 
water quality in the valley fill is generally characterized as briny. 

The other ground-water system in the vicinity of the South Clive site is 
the alluvial fan aquifer which borders much of the floor of the northern Great 
Salt Lake Desert. The alluvial fan aquifer consists of both surficial 
deposits and underlying unconsolidated to well-cemented older alluvium. 
Water in the alluvial fan aquifer is derived from recharge above the desert 
floor (e.g., the Cedar Mountains to the east of the site) and discharges into 
the valley fill aquifer. The locally fresh to slightly saline water in the 
alluvial fan aquifer comprises much of the usable ground water in the northern 
Great Salt Lake Desert. 

0.5.1 Existing geohydrology 

The water table at the South Clive site ranges from about 25 to 35 feet 
below the ground surface, with saturated conditions extending to at least 230 
feet deep. The apparent hydraulic gradient is about 2.8 feet per mile, 
sloping gradually to the north-northeast (Figure D-15). The magnitude and 
direction was determined from static water levels measured in wells. Given 
that ground-water recharge occurs from the east and the surface slope is to 
the southwest, the expected hydraulic gradient should be generally to the 
west-southwest. There are several possible explanations for the discrepancy 
between the apparent, measured hydraulic gradient and the expected hydraulic 
gradient : 

The gradient is shallow and possible surveying errors could cause an . 
apparent reversal of the hydraulic gradient. A new survey has just 
been completed. 

- Wells were completed in different stratigraphic units and the 
vertical hydraulic gradient may have a great enough magnitude to 
cause an apparent reversal of the hydraulic gradient (see Figures 
D-16 through D-19). For example, on Figure D-18, the measured water 
levels are lower at well SC-4 than SC-10 but SC-4 is completed in the 
clayey silt as well as an underlying sand with fines while SC-10 is 
completed in the clayey silt only. 

- A localized recharge from precipitation and snowmelt may affect water 
levels at some wells differently than at other wells. 

Measured fluctuations in ground-water elevations over time are generally 
less than 1 foot (Table D-32). 

I 
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I '  

S t u d i e s  of the  hydrology of nearby a r e a s  i n d i c a t e  t h a t  t h e r e  is mizimal 
p o t e n t i a l  f o r  s i q z i f i c a n t  ground-va ter  r echa rge  on t h e  s i t e .  The low annual  
precipi:a:ion and f ine -g ra ined  l a k e  d e p o s i t s  below a b o u t  4600 f e e t  tend t o -  
l i m i t  i n f i l t r a t i o n  to the  unde r ly ing  ground water  ( P r i c e  and Bolke,  197Oj. 
Recharge may be c o n c e n t r a t e d  on the more permeable  a l l u v i a l  fan d e p o s i s ,  and 
ave rages  c n l y  6 t o  1 0  p e r c e n t  o f  t h e  t o t a l  p r e c i p i t a t i o n  on t h e  d r a i n a c e  b a s i n  
(Hood and Xadde l l ,  1968) .  I t  is be l i eved  t h a t  ground water from the a l l u v i a l  
f a n  d e p o s i t s  r echa rges  t h e  v a l l e y  f i l l  d e p o s i t s .  The South  C l i v e  s i t e  is on 
t h e  per i ;nery of t h e  n o r t h e r n  G r e a t  S a l t  Lake Desert h y d r o l o g i c  p rov ince ,  
where i t  is r e p o r t e d  t h a t  p r e c i p i t a t i o n  c o n t r i b u t e s  l i t t l e ,  i f  any ,  r echa rge  
to t h e  s5allow system (S tephens ,  1 9 7 4 ) .  

D .5 .2  Ca=a Sources  

Informat ion  about  s u b s u r f a c e  c o n d i t i o n s  a t  t h e  s i t e  is based on 13 bor ings  
i n  t h e  v i c i n i t y  of  t h e  s i t e  (WE, 1983) .  The b o r i n g  l o c a t i o n s  a r e  t h e  same as 
t h e  w e l l  l o c a t i o n s  shown i n  F i g u r e  D-15. The b o r i n g s  ex tended  to be tueen  4 3  
and 251 f e e t  below t h e  ground s u r f a c e .  All of  the b o r i n g s  were used t o  
i n s t a l l  obse rva t ion  wells (Tab le  D-33). Four a d d i t i o n a l  w e l l s  were 
constroc:ed f o r  use du r ing  pump tests. Four soil p r o f i l e s  a c r o s s  t h e  s i t e  
were cons:ructed from w e l l  logs (see F igures  D-16, D-17, D-18, and D - 1 9 ) .  
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Pump tests were done at two wells, nc. 7 and no. 8. For each o f  the tests, 
water levels were measured in both the ?umFinq well and two nearby observation 
wells (Table D-34). Water levels were measured in all wells during both the 
drawdown and the recovery phases of c k e  test. Initial analyses of the test 
data, using the Theis method, Jacob's nethod, ana Theis' Recovery Method, 
indicate transmissivities ransing ber-reen 0.8 to 166 ft2/day, with a mean 
value of approximately 40 ft2/day. 

D.5.3 Existing water quality 

Ground-water samples from five acnitoring wells at the South Clive site 
were obtained and analyzed for major cations and anions, metals, and 
radionuclides. The wells were sample< four times over the course of a year in 
order to define temporal variation in water quality. Results of the analyses 
are presented in Table D-35. 

The ground water at the South Clive site is characterized by high levels 
of sodium, chloride, magnesium, sulface, bicarbonate, and total dissolved 
solids. There is no indication of significant seasonal variation in water 
quality. Concentrations of total dissolved solids ranged between about 20,000 
mq/l to about 50,000 mg/l. The water can be classified as unfit for all but 
limited industrial uses without extensive treatment, but could be used for 
dust control during disposal of tailings. 

Significant concentrations of radionuclides are reported for analyses of 
water samples at the South Clive site. Dissolved uranium ranged from 2.7 to 
35.9 pCi/l (0.004 to 0.053 mg/l). Reported concentrations of radon daughters 
were mostly reported on a "total" basis rather than a "dissolved" basis, but 
one analysis reported 6.8 2 1.6 pCi/l of Pb-210 on a dissolved basis. Ra-226 
was not reported on a dissolved basis. 

D . 5 . 4  Water uses 

Other than the 17 monitoring wells installed for the UMTRA project, there 
are no existing ground-water wells on or near the South Clive site. The 
closest known wells are approximately 3 miles northwest and 3 . 4  miles east of 
the site. Locations of these and other nearby wells are listed in Table D-36 
and shown on Figure D-20. The well west of the site has been destroyed: one 
of the two wells east of the site is in current use to water livestock--the 
second well was destroyed. In the Bcnneville Salt Flats to the west, high 
salinity ground water is used for mineral extraction. 

Without extensive treatment, use of the ground water in the South Clive 
area would appear to be confined to vesy limited industrial uses. In general, 
the use of ground water and surface water in the Great Salt Lake Desert is 
concentrated along mountain fronts where the majority of fresh ground water 
and spring discharge occurs. 

. .. . 
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Table D-34. Pump tests - South Clive site 

Test No. 1 

Well ID 

7 
7A 
7B 

Use of well 

pumping 
observation 
observation 

Distance to 
pumped well (ft) 

0 
8 . 9  

15.7 

Test No. 2 

Well ID , 

8 
8A 
8B 

Use of well 

pumping 
observation 
observation 

Distance t o  
pumped well (ft) 

0 
9.4  

21.5 

D-102 
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D.6. CONCLUSIONS 

Tvo ground-water  s y s t e m s  
C l i v e  s i t e :  v a l l e y  f i l l  

AND SUM!!Y--SOUTH CLIVE SITE 

c a n  be found  i n  t h e  v i c i n i t y  of t h e  Soc:h 
and  a l l u v i a l  f a n .  

The  S o u t h  C l i v e  s i t e  o v e r l i e s  b r i n y  g round  w a t e r  d o w n g r a a i e n t  of :he 
r e c h a r g e  to any u s a b l e  g r o u n d  water i n  t h e  a l l u v i a l  f a n  a q u i f e r .  

The  p o t e n t i a l  f o r  i n f i l t r a t i o n  a t  t h e  s i t e  is m i n i m a l .  

S h a l l o w  g round  water a t  t h e  s i t e  is c h a r a c t e r i z e d  by h i g h  TDS and 
c e r t a i n  c a d i o n u c l i d e s  w i t h  l i t t l e  s e a s o n a l  v a r i a t i o n  i n  q u a l i t y .  

Water u s e s  i n  t h e  a r e a  a r e  l i m i t e d  to. a few s tock wells,  d u e  t o  t h e  
poor q u a l i t y  o f  t h e  'ground w a t e r .  

L 

D-119 
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Location I D  

D . 7  SUXACE-WATER QUALITY, TRANS?ORTATION ROUTE 

Additional water-quality data are'available for surface-water sampling 
si:es along the transFortation route between the Vitro and South Clive sites. 
Sampling locations are shown in Figure D - 2 1  and described in Table D-37. The 
data are presented in Table D-38.  At'least 27 other water-quality monitoring 
s:ations of the State of Utah and the US Geological Survey have been 
identified as being on or near the transportation route. 

Table D-37. Surface-water sampling locations 

Location description 

5- 1 

5- 2 

5-3 

5-4 

5-5 

Jordan River west of White's ballpark, south 
side of West N. Temple St. 

Jordan River southeast of Salt Lake Airport, 
west bank of river. 

Great Salt Lake at Salt Air Marina and boat 
launch ramp, at rock embankment northeast of 
marina. 

Ephemeral drainage course 1/2 mile from 
Timpie, Utah, south side of eastbound 
highway 1-60. 

Ephemeral drainage course 3 miles east of 
Delle, Utah, south side of east-bound highway 
1-80. 

D - 1 2 1  

(400598 
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Table D-38. (continued) 

Location number 
Parameter (metals) s- 1 s- 2 5-3 s- 4 s-5 . 

Date sampled 
Aluminum (Al) 
Aluminum - total (Al) 
Arsenic (AS) 
Arsenic - total (As) 
Sarium (Ba) 
Barium - total (Ba) 
aoron (B) 
Cadmium (Cd) 
Cadmium - total (Cd) 
Chromium (Cr) 
Chromium - total (Cr) 
Cobalt (Co) 
Copper (Cu) 
Copper - total (Cu) 
Iron (Fe) 
Iron - total (Fe) 
Lead (Pb) 
Lead - total (Pb) 
Magnesium (Mg ) 
Manganese (Mn) 
Manganese - total (Mn) 
Mercury - total (Hg) 
Molybdenum (Mol 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Selenium - total (Se) 
Silver (Ag) 

2 Silver - total (Ag) 
Sodium (Na) 
Sodium - total (Na) 
Strontium (Sr) 
Vanadium (V) 
Zinc (Zn) 
Zinc - total (Zn) 

(in micrograms per liter) 

10/14/82 
< 0.1 
1.3 

< 0.01 
0.01 

< 0.1 
< 0.1 
0.34 

< 0.01 
< 0.01 
< 0.01 
0.01 

< 0.05 
0.03 
0.07 

< 0.05 
1.23 

< 0;01 
0.02 

50 
0.01 
0.04 
0.3 

<0.1 
< 0 . 0 5  
7.5 

< 0.01 
co.01 
<0.01 
co .01  

130 
130 
0.82 

0.06 
0.02 

<0.1 

10/14/82 
< 0.1 
1.9 

< 0.01 
< 0.01 
< 0.1 
< 0.1 
0.37 

< 0.01 
< 0.01 
< 0.01 
0.01 

< 0.05 
0.04 
0.11 

< 0 . 0 5  
2.54 
0.01 
0.03 

50 
0.01 
0.09 

< 0.3 

C O . 1  

<0.05  
8.6 

< 0.01 
<0.01 
<0.01 
<0.01 

140 
140 

0.77 

0.10 
0.02 

<0.1 

10/14/82 10/14/82 
0.1 

< 0.1 
< 0.01 
< 0.01 
< 0.1 
0.1 
10.9 

< 0.Oi 
< 0.01 
< 0.01 
c 0.01 
~ 0 . 0 5  
< 0.01 
0.03 

< 0.05 
0.07 

< 0.01 
C O . 0 1  
4,200 
0.01 
0 . 0 5  

~ 0 . 3  

<0.1 
< 0 . 0 5  
2,500 
CO.01 
<O.Ol 
CO.01 
CO.01 ' 

37,000 
27,000 

3.00 
<0.1 
0.18 
0.03 

0.1 
< 0.1 
< 0.01 
< 0.01 
< 0.1 
' 0.1 
0.92 

< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.05 
< 0.01 

0 .03  
< 0.05 
0.08 

< 0.01 
<0.01 

80 
<0.01 
CO.01 
< 0 . 3  

<0.1 
e0.05 

89 
<0.01 
<0.01 
< 0.01 
C3.01 
2,500 
2,500 
1.17 

CO.1 
0.07 

CO.01 

10/14/8 2 
0.1 

< 0.1 
< 0.01 
< 0.01 
< 0.1 

0 . 2  ' 

2.53 
< 0.01 
<0.01 
< 0.01 
0.01 

< 0.05 
c0.01 
0.08 

<0.05 
0.11 

c0.01 
< 0.01 

240 
0.01 
0.01 

<0.3 

<G.1 
< 0 . 0 5  

260 
<0.01 
<o.  01 
<o.  01 
( 0 :  01 
8,000 
8,000 
6.8 

<0.1 
0.06 

<o.  01 
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Table D-36. (continued) 

Lcca t i o n  numSe r 
e.  

General paraxoters s- 1 s-2 s- 3 s- 4 s- 5 

Date sampled 9/ 10/81 
Ammonia (NH3-N) 0.95 

Carbonate (C03 1 < 1  
Bicar bond t e (EC03 ) 297 

Calcium (Ca) 98.0 
Chloride (C1) 238 
Chloride - total (Cl) - 
Conductivity - field 2,190 

Conductivity - lab 1 I 715 

Fluoride (F) 0.64 
Fluoride - total (F) - 
Hydroxide (OH) c 0.5 

S 

(in micromhos per centimeter) 

(in micromhos) 

Nitrate (N03-X) 1.8 
Nitrate - total (N03-N) - 

9/10/81 
1.27 

299 
< 1  
100 
251 

2,000 
- 

1 , 757 

0.67 

< 0.5 
1.9 

- 

- 
pH - field 8.1 8.3 

7.98 pH -lab @ 25OC 7.89 
Phenol - 

- Phosphate - total (PO4-P) 0.37 0.97 
Redox potential (EH) 157 156 

I (in millivolts) 

- 0 
Salinity - field (O/OO) - - 
Sulfate (SO41 298 313 
Sulfate - total (SO4) - - 
Sulfide (H2S) - - 
Temperature - field ("C) 18.7 18.5 
rota1 alkalinity (as CaCOj)  257 261 
rota1 dissolved solids 1,140 1,153 

Total hardness (as CaC03) 4 66 480 
(as calcium) 

rota1 organic carbon - - 

9 ,I 8 / 8 1 

600 
3.61 
270 

80,689 

80,000 

6.50 

- 

0.29 

< 0.5 
0.1 

- 

- 

8.7 
8.40 

0.50 
26 

- 

- 
10,711 - - 

22.5 
579 

154,740 

19 , 196 - 

9./9/81 

178 
\ 1  

150 
4,360 

19, 500 

0 . 0 5  

- 

13, a29 

0.31 

0.5 
0.6 

- 

- 
9.1 

8.42 

0.01 
90 

- 

- 
314 - 

- 
22.0 
18 4 

8,160 

675 

9/9/81 
0.34 
56.1 

c l  

500 
7,689 

61 , 000 

27 , 446 

0.19 

< 0.5 
0.3 

- 

8.7 
7.61 

0.01 
76 

- 
1,217 - 

- 
14.3 

64 
15,252 

1,742 - 

.. 

:.: 

.ir, 
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Tabic D-38. (continued) 

Location nun.5or 

Gonezal Darameters 5-1 s-2 s-3 5-4 s- 5 

Date sampled 
Ammonia (NH3-N) 

8icarbona te (HCO3 ) 
Carbonate (CO3) 
Calcium (Ca) 
Chloride (C1) 
Chloride - total (C1) 
Conductivity - field 
Cyanije - total (CN) 
Fluoride (F) 
Fluoride - total (F) 
Hydroxide (OH) 
Nitrate (NO3-N) 
Nitrate - total (NO3) 
pH - field 
pH - lab @25OC 
Phenol 
Phos?hate - total (PO4-P) 
Redox potential (EH) 

(in millivolts) 
Salinity - field ( O / O O )  
Sulfate (SO4) 
Sulfate - total (SO4) 
Sulfide (H2S) 
Temperature - field ("C) 
Total alkalinity (as CaC03) 
Total dissolved solids 

Total hardness (as CaC03) 
Total organic carbon 

(uz-ionized) 

(in micromhos) 

(as calcium) 

1/27/82 
0.03 

235 
< 1  

72.0 
458 
4 58 

2? 200 

\, < 0 . 0 5  
0.68 
0.68 

< 0 . 5  
1.2 ' 

2.9 
-8.1 
7.60 
0.009 
0.91 
150 

- 
184 

< 0 . 0 5  
222 

5.0 
210 

1,273 

3 52 
28 
\ 

1/2 7/82 
C0.02 

297 
< 1  

79.0 
253 
253 

1,600 

< 0.05 
0.82 
0.82 

'0.5 
1.2 
3.6 
8.1 

8.50 
<0.005 

0.94 
152 

- 
229 

0.05 
299 

7.3 
261 
981 

423 
25 

1/2 7/8 2 1/27/82 
<0.02 c0.02 

638 211 
< 1  < 1  
2 90 110 

79,238 4,481 
79,465 4 I 492 
77,000 22,000 

< 0.05 
0.66 
1.2 

< 0 . 5  
0.1 
0.1 
8.9 

8.20 
<0.005 

0.23 
-90 

< 0.05 
0.50 
0.53 

< 0 . 5  
0.7 
0.7 
8.8. 

8.50 
<0.005 

0.03 
-20 

- - 
9,984 327 

<0.05 CO.05 
9,984. 331 

3.8 , 12.2 
557 190 

144,512 8,092 

21,304 587 
64 12 

1/27/82 
<0.02 

174 
< 1  
250 

10,425 
10,425 
42,000 

< 0 . 0 5  
0.58 
0.82 

<0.5 
0.3 
0.3 
8.5 
8.05 

'0.005 

-50 

- 
' 876 

<0.05 
904 

4.0 
160 

18,472 

1,406 
20 
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T a b l e  0-38. ( c o n t i n u e d )  

Locat i o n  number 

Gene c a 1 pa c ame t e  c s s- 1 s- 2 s- 3 S- 4 5 - 5  

Date  sampled  4/26/82 
Amrnonia (NH3-N) . 0.05  

Ca  c bond  t e ( C 0 3  1 - 1  

(un- i o n i z e d )  
B i c a  b bond t e (HCO3 268  

Ca lc ium ( C a )  79.0 
C h l o r i d e  (Cl) 1 0 9  
C h l o r i d e  - t o t a l  (C1) 1 0 9  
C o n d u c t i v i t y  - f i e l d  760  

( i n  micromhos per c e n t i m e t e r )  
C y a n i d e  - t o t a l  (CN) ' 0.05 
F l u o r i d e  (F) 0 .33  
F l u o r i d e  - t o t a l  (F) 0.35 
Hydrox ide  (OH) - c o . 5  
Ni t ra te  (NO3-N) < 0 . 1  
N i t r a t e  - t o t a l  (NO3)  0 .1  
pH - f i e l d  8.2 
pH - l a b  @25"C 8.00 
Pheno l  < 0.005 
P h o s p h a t e  - t o t a l  (P04-P) 0 .55 
Redox p o t e n t i a l  (EH) 1 7 8  

S a l i n i t y  - f i e l d  ( O / O O )  - 

Sulfide ( H 2 S )  <0.05 

( i n  m i l l i v o l t s )  

S u l f a t e  ( S O 4 )  1 4 0  
S u l f a t e  - t o t a l  (SO4)  1 4 5  

T e m p e r a t u r e  - f i e l d  ("C) 12.6 
T o t a l  a l k a l i n i t y  (as CaC03) 234  
T o t a l  d i s s o l v e d  s o l i d s  620  

/ 

(as  c a l c i u m )  
T o t a l  h a r d n e s s  ( a s  CaC03) 3 4 5  
T o t a l  o r g a n i c  c a r b o n  11 

4/26/82 
- 0.05 

262 
- 1  

75.0 
1 7 1  
172  

1 , 400 

0.05 
0.54 
0.56 

0.5 
0 . 1  
0.2 
8.1 

7.90 
< 0.005 

0.58 
164  

- 
212 
219 

< 0.05 
14.5 

22 7 
830 

384 
8 

4 / 2  6 /8  2 - 0 .05  

617  
- 1  
2 70 

7 0 , 8 4 3  
7 0  , 843  
77 ,000  

- 0.05 
0 .59  
0.59 - 0.5 
c o . 1  
'0.1 

8.8 
8.20 

~0.005 
0.65  

2 1  

- 
r 9 , 4 4 4  

9 , 6 5 8  
<0.05 

12.8 
53 3 

135  , 1 7 5  

1 8 , 7 8 4  
3 7  

4 / 2 6 / % 2  
* 0 .05  

194  
- 1  
140 

4 , 436 
4 , 492 

20 , 500 

- 0 . 0 5  
0.37 
0.37 
- 0 . 5  
' 0.1 
'0.1 

8.7 
8.40 

-0.005 
0.02 

89 

- 
3 31  
332 

~ 0 . 0 5  
1 6 . 3  

187  
8 , 360 

662 
3 

4 / i  6 / b  i 
' 0.05 

117 
- 1  
540 

24 ,923  
24 , 979 
63 ,000  

- 0.05  
0.59 

- 0 . 5  
. 0.59  ' 

* 0 . 1  
'0 .1  

8 .9  
8.2C 

'0 .005 
0.06 

49 

- 
2 ,066  
2 ,090  
co .05  

1 4 . 4  
1 1 6  

45 ,106  

3 ,365  
1 8  
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Table D-38. (continued) 

Locarion number 

General parameters s-1 s-2 s- 3 s-4 s- 5 

Date sampled 6/16/82 
hmonia (NH3-N) < 0.05  

Carbonate (C03) < 1  

(un- ionized) 
Bicarbonate (HCO3 1 207 

Calcium (Ca) 66.0 
Chloride (C1) 94.6 
Chloride - total (Cl) 92.6 
Conductivity - field 730 

(in micromhos per centimeter) 
Cyanide - total (CN) < 0 . 0 5  

Hydroxide (OH) < 0.5 
Nitrate (NO3-N) 1.0 
Nitrate - total (NO3) 0.9 

Fluoride (F) 0.34 
Fluoride - total (F) 0.31 

pH - field 8.1 
pH - lab @25"C 7.88 
Phenol <0.005 

Redox potential (EH) 184 
Phosphate - total (PO4-P) 0.28 

Salinity - field ( O / O O )  - (in millivolts) 

Sulfate (SO4) 117 
Sulfate - total (SO4) 119 
Sulfide (H2S) ~0.05 
Temperature - field ("C) 17.0 
Total alkalinity (as CaC03) 183 
Total dissolved solids 482 

6/16/82 
< 0.05 

186 
< 1  

58.0 
10 7 

105.2 
730 

< 0.05 
0.38 
0.37 

< 0.05 
1.0 
0.9 
8.0 

7.78 
<0.005 

0.35 
, 178 

- 
13 8 
142 

<0.05 
16.0 
16 4 
516 

6/16/ 8 2 
< 0 .05  

431 
< 1  
250 

39,603 
38,845 .O 

89,000 

< 0.05 
0.67 
0.66 
<0.5 
<0.1 
<o.i 

r 8.3 
8.32 

<o. 005 
0.80 

32 

- 
5,162 
5 , 033 
<o. 05 
26.0 
375 

76,602 

6/16/8 2 
0 .05  

196 
< 1  
130 

4,388 
4,456.5 
21,000 

< 0.05 
0.35 
0.34 
<0.5 
0.2 
0.2 
8.4 

8.43 
<0.005 

0.02 
83 ' 

- 
319 
334 

<O. 05 
23.0 
183 

8 , 122 

6/16/82 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

(as calcium) 
Total hardness (as CaC03) 280 268 10 , 914 633 NS 
Total organic carbon 12 10 29 6 NS 
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Table D-38. (continued) 

Location number 

General parameters s-1 s- 2 s- 3 s-4 s- 5 

Jate  sampled 
Ammonia (NH3-N) 

(un-ionized) 
cicarbonate (HCO3) 
Carbonate (C03) 
Calcium (Ca) 
:hloride (C1) 
Chloride - total (C1) 
Conductivity - field 
:yanide - total (CN) 
Fluoride (F) 
'luoride - total (F) 
Iydroxide (OH) 
Nitrate (NO3-N) 
Yitrate - total (NO31 
)H - field 
@H - lab @25OC 
Phenol 
'hosphate - total (Pod-P)  
!edox potential (EH) 

yalinity - field (O/OO) 
iulfate (SO4) 
Sulfate - total (SO4)  
Sulfide (H2S) 
'emperature ,- field (OC) 
r'otal alkalinity (as CaC03) 
Total dissolved solids 

(in micromhos) 

(in millivolts) 
0 

; (as calcium) 
'otal hardness (as CaC03) 
Total organic carbon 

8/18/82 
<0.05 

8/18/82 
0.07 

81 18/82 
<O -05 

8/  18/82 
<O .05 

8/18/82 
NS 

309 
<1 

100 
214 
21 3 

2,000 

327 
<1 

105 
2 50 
238 

2,200 

6 1.7 
<1 

250 
70,673 
74,178 
97,000 

206 
<1 

120 
4,416 
4,423 

20 .ooo 

NS 
NS 
NS 
NS 
NS 
NS 

<0.05 
0.62 
0.68 
<0.5 
2.3 
2.2 

7 -88 
7 -90 

<O . 005 
1.29 
160 

<0.05 
0.70 
0.73 
<0.5 
1 .a 
1.7 

8.00 
8.00 

<O . 00,5 
1.32 
160 

<0.05 
0.62 
0.65 
<0.5 
<0.1 
<o. 1 
8.42 
8.07 

<0.005 
0.22 

22 

<O .05 
0.46 
0.37 
<O .5 

0.4 
0.4 

8.40 
8.30 

:O . 005 
<0.01 

83 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

- 
322 
316 

0.04 
22 .o 

182 
7,844 

- 
289 
27 9 

0.05 
22.0 

268 
1,096 

- 
334 
318 

0.04 
22 -0 

' 281 
1,178 

- 
9,497 
9,275 

0.03 
28 -0 

532 
130,628 

608 
3 

NS 
NS 

459 
10 

488 
9 

19,146 
35 
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Ta5le D-38. (continued) 
I 

Location numbor 

General Darameters s- 1 s- 2 s-3 s-4 5-5 

Date sampled 10/14/82 10/14/82 10/14/82 10/14/82 
Ammonia ( N H 3 - N )  < 0.05 < 0 . 0 5  < 0 . 0 5  < 0.05 

Bicarbonate (HCO3 ) 270.0 264.0 ,442.0 209.0 

Calcium (Ca) 77 71 2 80 150 
Chloride (Cl) 180.0 194.8 49,072 4 I 438.5 
Chloride - total (Cl) 180.0 194.8 47 I 544 4,438.5 
Conductivity - field 2,500 2 I 800 72,000 26 I 000 

Cyanide - total (CN) <0.05 <0.05 <0.05 < 0.05 
Fluoride (F) 0.6 0.6 - 0.9 0.4 
Fluoride - total (F) 0.6 0.6 1.0 0.4 
Hydroxide (OH) <0.5 <0.5 <0.5 ~0.5 
Nitrate (NO3-N) 1.5 1.4 0.2 0.8 
Nitrate - total (NO3) 1.7 1.4 ~ 0.7 0.8 
pH - field 7.96 8.09 8.50 8.40 
pH - lab @ 25OC 8.18 8.20 8.21 8.15 
Phenol <O. 005 <0.005 <0.005 <0.005 

(un-ioni zed) 

Carbonate (C03 1 < 1  < 1  < 1  < 1  

(in micromhos per centimeter) 

Phosphate - total (P04-P) 0.40 . 0.46 0.25 <0.01 
Redox potential (EH) 160 158 35 73 

Salinity - field (O/OO) - - - - (in millivolts) 

Sulfate (SO4) 213 ' 248 5,889 328 
Sulfate - total (so4) 238 248 5 , 893 3 21 
Sulfide (H2S) 0.05 0.06 0.07 0.06 
Temperature - field (OC) 13 12 15 11.5 

Total dissolved solids 858 890 93 , 014 8,018 

Total hardness (as CaCO3) 3 98 383 17,995 704 
Total organic carbon 9 7 25 8 

Total alkalinity (as CaC03) 23 6 22 9 379 182 

(as calcium) 

10/14/82 
< 0 ; 0 5  

172.0 
< 1  
420 

13 I 009 
13 , 123 
62,000 

<O. 05 
0.5 
0.6 

C0.5 
0.1 
0.1 

8.27 
8.10 

<O. 005 

62 

- 
1 I 304 
1,335 
0.07 
7.5 
151 

23 I 830 

2 037 
18 

.. . D-134 

\ 



6442 
Table D-38. (continued) ... Location nember 

s- 1 s- 2 s-3 5-4 s- 5 d 2adiocnenistry 

Date sampled 
Gross alpha, dissolved 
Cross beta, dissolved 
3adium - 226, dissoived 
Radium - 228, dissolved 
Thorium - 230, dissolved 
Lead - 210, dissolved 
Polonium - 210, dissolved 
Uranium ( U j O a ) ,  dissolved 

9/10/81 
10+6 
674 

0. o+o - . 0 2  

0. G o .  2 

- 
0 . 5 + 0 . 5  
0.9TO. 6 

<0.7- 

9/10/81 
2+6 
2 OT5 

1.4+0,3 - 

0.50.7 
0 . 3 + 0 . 3  

- 
0.650.6 

~0.7- 

9/8/81 
207+187 
10 7 55222 

0.7TO. - 2 - 
0.7+0.6 
5.271.6 

8.1- < 

0 .  o-co .2 

9/9/81 9/9/81 
0+37 0+48 
054 0 10745 

0.4+0.2 - 1.8+0.3 - 
0 . 3 + 0 . 3  1.1+0.7 

- - 
0.6z0.7 0.3TO. 8 

-0.7- 60.7-  
0.0+0.2 0.0'50.2 

d ~ l l  values in picocuries per liter. 
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T a b l e  D-38. ( c o n t i n u e d )  

L o c a t i o n  number 

Rad iochemis  t r y  s-1 s- 2 s- 3 5 - 4  s- 5 

Dete sampled 1/27/82 1/27/82 
Gross a l p h a ,  t o t a l  6.6+9.2 11.2+10.4 
G i O S S  b e t a ,  t o t a l  0.0273.0 3 4.5T25.0 . -  

Radium - 226, t o . t a l  0.4+0.2 0.6+0.2 
Radium - 228, t o t a l  0 .9z3 .5  l.OE3.8 
Thorium - 230,  t o t a l  0.6+1.1 2.4+4 .O 
Lead - 210,  t o t a l  0 .551.7 0.751.3 

O.OT0.6 
Uranium (U308) ,  d i s s o l v e d  3 . 4  6 . 1  
Uranium (U308), t o t a l  3.4 13 .5  

Polonium - 210,  t o t a l  0.4TO. - 7 - 

1/27/82 
290+400 
4605405 
0.950.4 
0.073.1 

0. o + i i  .3 
0.7+1.3 
0.  OTO - . 4  
7 .4  

1 3 . 5  

1/27/82 

31.0220.0 
0.5+0.2 
1 .373 .5  

O.Os1.3 
0.050.5 - 
2.0 
3 .4  

2.5+10.9 

1. OSO. 9 

1/27/82 
12.0+28.0 ' 
85.0541.0 

O . O z 1 . 4  

O.OT1.3 
0.070.5 
5.4 
6.8 

0.5+0.1 

2.4+1.4 

- 

r 
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Table 0-38. (continued) 

Location number 

RaZiochenis try s- 1 s- 2 s- 3 s-4 s-5 

... : 

Date sampled 4/26/82 4/26/02 
Gross alpha, total 6.0+6.0 100+22.0 
Gross beta total 11.5z3.3 0. o+ 8 . 0 
Radium-226, total 0. o+o .I 0.5TO. 2 
Radium-228 total 0 .o-. 0 O.O'Jl.8 
That ium-230, total 0 .O+O. - 5 1.671.0 
Lead-210 total O.l+0.8 0.5T0.8 
Polonium210, total 0.5+0.3 0.7%. 4 

Uranium (U308), total 2.0 6.1 
Uranium (U308) dissolved 2.0- 4 .7 -  

4/26/0 2 

6 SOT1 20 
0.7%. 2 

0.070 - .6 
0.5+0.8 
1.370.7 
6.1- 
8.1 

1.6+8.3 

0. o'J2.0 

4/26/82 4/26/82 
0.0+50 .O 0.02147 
2 0'5; 12 1 4532145 
1. e-. 2 0.5+0.2 - 
1.821.6 3.722.0 
0 .o+o. - 4 0.2+0.6 - 
0. o+o. 9 0.0+0.9 
0.4TO. - 2 0.5ZO. 4 

< 0 . 7  3.4 
2.0 5.4 
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Table D-38. (continued) 

Location number 

Rad iochemistrv s- 1 s-2 s-3 s-4 s-5 

Date sampled 6/16/82 6/16/82 6/16/82 
Gross alpha, total 7.3+4.6 6.3+4.3 0.0+194 
Gross beta, total 10.0+12.0 6.42il. 8 183 625 9 3 
Radium-226, total 0.3+0.1 0 . 4 + 0 . 1  , 1.120.3 
Radium-228, total 2.951.9 0. 8Z1.8 1.522.6 

Lead-210, teal 1.5Tl.O 1.8+1.6 0.351.0 
Polonium-210, ,total 0.270.2 1.4z1.0 0.270.3 

Thorium-230, total 8.6T2 .O 1.921.4 1.5+1.1 

Uranium (U3O8) dissolved 0.7- 2.0 5.4- 
Uranium (U3O8), total 0.7 4.1 5 . 4  

6/16/82 
0.0+27.2 

15.8T87.7 

1.352.1 
0.9Tl. 6 

0.270.3 - 

1.4+0.2 

2.1T1.1 

<0.7 
<0.7 

6/16/8 2 
NSe 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

=NS-not sampled ' because of insufficient flow: 

L 
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Table D-38. ( con t inued)  

Locat ion number 
* .  

Radiochenistry s- 1 s- 2 s- 3 5-4 s-5 

Date sampled 8/18/82 
Gross a lpha ,  t o t a l  0.029.2 
Gross beta, t o t a l  42.0244.3 
Radium-226, t o t  a1 0.4-+0.2 
Radium-228, t o t a l  2.024.4 
Thorium-230, t o t a l  3.G2.1 
Lead-210, t o t a l  1.021.3 
Polonium-210, t o t a l  0.620.5 
Uranium (IJ3O8> d i s so lved  <1.4 
Uranium (U3O8), t o t a l  (1.4 

8/18/82 8/18/82 8/18/82 
0,0224.7 0.02630 0.0240.9 

0.320.2 1.2Z0.3 1.820.3 
0.0'4.9 0.025.0 8.625.0 
2.121.5 0.921.4 1 .33 .4  
0.42 1.2 0.221.2 0.721.2 
0.2'0.3 0.320.3 1.120.6 

<I .4 <1.4 <1.4 
<1.4 <1.4 <1.4 

0.02133 7442998 . 1172216 

8/18/82 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
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Table D-38. (continued) 

Location number 

Rad ioc hemi s t rv s-1 s- 2 s- 3 s-4 s-5 

Date sampled 10/14/82 1G/14/82 10/14/8 2 
Gross alpha, total 4.0+4.9 11.6+6.7 0.0+134.1 
Gross beta, total 26.6+19.8 6.3219.1 1062.4T502.2 
Radium-226 , total 0.6+0.2 0.6+0.2 1.6;O. 3 
Radium-220, total 1. OT1.0 O.lSl.0 I. 651.1 
Thor ium-230 , total 3.2s1.1 8.752.2 0.3T1.1 

- Polonium-210, total 1.050.6 - 1.0+0.6 - 1.2TO. - 4 
Uranium (U3O8) dissolved 6.7 8.0 8.0 
Uranium (U30s) , total 7.4 8.0 8.0 

Lead-210, total 0. oT1.2 0.421.2 0.151.2 

10/14/8 2 
18.5+26.2 
67.8581. 4 
1.6+0.3 

2.351.2 

0.750.4 - 
1.3 
1.3 

o.sT1.2 

0. oT1.2 

10/14/8 2 
0.0+76.3 

372.32i29.3 
0.4+0.2 

3 1.254.3 
0. ST1.3 
'0.950. - 5 

6.7 
6.7 

1. ST1.1 
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X e g i o n a l  land-use p a t t e r n s  a r e  d i s t i n c t l y  d i f f e r e n t  i n  k e a v i l y  u r b a n i z e d  
S a l t  L a k e  County and t h e  more r u r a l  T o o e l e  County. The S a l t  Lake County popula- 
t i o n  is almost e n t i r e l y  urban ( 9 9 . 1  p e r c e n t . o f  its p o p u l a t i c r .  l i v e d  i n  u rban  
a r e a s  a c c o r d i n g  t o  t h e  1980 c e n s u s ) .  O f  a t o t a l  county l a n d  a r e a  of  488,960 
a c r e s ,  307,978 (63.0 p e r c e n t )  a r e  p r i v a t e l y  owned and 66,113 a c r e s  (13.5 p e r c e n t )  
a r e  c o n s i d e r e d  urban or a r e  occupied by roads and r a i l r o a d s .  The F e d e r a l  govern- 
ment owns and c o n t r o l s  110,335 a c r e s  (22.6 p e r c e n t ) ,  w h i l e  t h e  S t a t e  owns 4,286 
a c r e s  ( 0 . 9  p e t c e n t ) .  T h e r e  a r e  243 a c r e s  of s m a l l  water  a r e z s  ( 2  t o  4 0  a c r e s )  
and s t r e a m s  t h a t  a r e  l e s s  than  0.13 mile i n  width (Utah S t a t e  Department of  
A g r i c u l t u r e ,  1 9 8 1 ) .  

S a l t  L a k e  County ' s  1980 l a n d  use i n c l u d e d  38,096 a c r e s  (16 .8  p e r c e n t )  of 
r e s i d e n t i a l ,  52,995 acres (23.4 p e r c e n t )  of a g r i c u l t u r a l  and 78,032 a c r e s  (34.5 
p e r c e n t )  o f  v a c a n t  land.  By 1995, r e s i d e n t i a l  l and  u s e  is p r o j e c t e d  t o  i n c r e a s e  
36.1 p e r c e n t  t o  51,848 a c r e s .  While a g r i c u l t u r a l  l a n d  u s e  and v a c a n t  l a n d  a re  
p r o j e c t e d  t o  d e c r e a s e  by 30.3 p e r c e n t  and 24.5 p e r c e n t ,  r e s p e c t i v e l y  (Wasatch 
F r o n t  R e g i o n a l  Counci l ,  1980) .  I n  1980, t r a n s p o r t a t i o n  used 24,815 a c r e s  (11.0 
p e r c e n t ) ,  i n d u s t r y  15,801 acres (7.0 p e r c e n t ) ,  and commercial 5,073 a c r e s  (2.2 
p e r c e n t ) .  

I n  T o o e l e  County t h e  F e d e r a l  government owns and c o n t r o l s  82.6 p e r c e n t  o f  
t h e  county  l a n d  area of 4.43 m i l l i o n  acres ( T a b l e  E - 1 ) .  The g r e a t e s t  p o r t i o n  
(1,948,417 acres) of t h e  F e d e r a l  l a n d  is p u b l i c  domain a d m i n i s t e r e d  by t h e  U.S. 
Bureau of Land Management (BLM). The U.S. Department of Defense (DOD) c o n t r o l s  
t h e  next  g r e a t e s t  p o r t i o n  of 1,558,862 acres? and n a t i o n a l  f c r e s t s  occupy 152,223 
a c r e s  (Utah S t a t e  Department of A g r i c u l t u r e ,  1981) .  Regional  l a n d  ownership is e:, \..-I shown i n  F i g u r e  E-1. 

T o o e l e  County land ,  exc luding  F e d e r a l  and urban l a n d  and small b o d i e s  of 
water, t o t a l s  755,288 a c r e s .  Land u s e  f o r  t h i s  a c r e a g e  is as fo l lows:  

C r opl and 39,776 
P a s t u r e  2 , 326 

F o r e s t  214,332 
Other  80,385 

. S u b t o t a l  755,288 

Range 418,469 

P o p u l a t i o n  f i g u r e s  from t h e  1970 c e n s u s  show t h a t  28.2 p e r c e n t  of T o o e l e  
County 's  p o p u l a t i o n  w a s  r u r a l .  T h i s  i s ' somewhat  h igher  t h a n  t h e  19.6 p e r c e n t  
r u r a l  p o p u l a t i o n  of  t h e  s t a t e .  

Much of  t h e  s t a t e o w n e d  l a n d  i n  T o o e l e  County is l e a s e d  t o  p r i v a t e  c i t i z e n s  
f o r  g r a z i n g  c a t t l e .  The estimated t o t a l  number of  c a t t l e  i n  Tooele County 
(18,300) is 2 .1  p e r c e n t  o f  t h e  s t a t e  t o t a l  (Utah S t a t e  Depar taent  o f  A g r i c u l t u r e ,  
1981) .  

E- 1 



T a b l e  E-1. Lana u s e  ( b y  u s e  or ownersh ip )  f o r  
T o o e l e  Coun ty ,  i n  acres,  1 9 7 0  

Use or o w n e r s h i p  Acres 
P e r c e n t  of 

t o t a l  c o u n t y  

F e d e r a l  l a n d  

R e s i d e n t i a l  and 
a c c e s s o r y  u s e  

Comer c i a l  

I n d u s t r i a l  
( p l a n t  s i t es ,  885; 
sa l t  ponds  and 
o t h e r  50 ,000)  

A g r i c u l t u r e  
(crops 39,776:  
i r r i g a t e d  18,859 
n o n - i r r i g .  20,917)  

O t h e r  p r i v a t e  l a n d s  

S t a t e  l a n d s  ( n o  highways)  

Highways, r o a d s  6 st reets  

R a i l r o a d s  

I n d i a n  l a n d  

P u b l i c  6 q u a s i - p u b l i c ,  
i n  m u n i c i p a l i t i e s  

Small waters ( e x c l u d i n g  a l l  
of more t h a n  40 acres)a 

T o t a l s  

3 ,659 ,502  

1 , 5 4 6  

24 0 

50 ,885  

39 ,776  

82.60 

0 .03  

.o .  0 1  

1.15 

0.90 

425 ,107 9.60 

218,640 

1 3 , 6 5 1  

3 ,000  

1 7  e 763 

588 

22  

4 ,430  e 720 

4.94 

0.30 

0.06 

0.40 

0;01 

0.00 

100.00  

aWater areas of 2 t o  40 acres and streams less  t h a n  0.125 m i l e  
i n  w i d t h .  

Sour.ce: Mountain Area P l a n n e r s ,  1972.  
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1 Public Land - BLM, I n d i a n  R e s e r v a t i o n s ,  and Military 

E State Land 

a ?ri v a ' t e  Land 

FIGURE E-1 
REGIONAL LAND OWERSHIP 
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0 E . l . l  V i t r o  s i t e  

The  e n t i r e  128-ac re  V i t r o  s i t e  is owned by t h e  C e n t r a l  V a l l e y  Water Reclama- 
tior. F a c i l i t y  Board ,  o p e r a t o r  of t h e  sewage t r e a t m e n t  p l a n t  to  t h e  n o r t h  of t h e  
s i t e .  

Land o w n e r s h i p  i n  t h e  v i c i n i t y  is p r e d o m i n a n t l y  p r i v a t e .  

E . l . l . l  Historic l a n d  u s e  

The  V i t r o  s i t e  w a s  used f o r  an a l u m i n a  p l a n t  d u r i n g  World War 11. T h a t  
p l a n t  was c o n v e r t e d  t o  produce  uranium b e g i n n i n g  i n  May 1951;  t h e  o u t p u t  was s o l d  
t o  t h e  U.S. A t o m i c  Energy Commission (AEC) under  p rocuremen t  c o n t r a c t s  u n t i l  
F e b r u a r y  1964.  The  p l a n t  w a s  t h e n  c o n v e r t e d  t o  p roduce  commercial vanadium,  
o p e r a t i n g  u n t i l  J u l y  1968. P l a n t  d e m o l i t i o n  was completed d u r i n g  1970.  

The s i t e  is par t  of a 1979 a n n e x a t i o n  by t h e  C i t y  of S o u t h  S a l t  L a k e  of a 
Land u s e  w i t h i n  a 0 .5-mi le  r a d i u s  p o r t i o n  o f  u n i n c o r p o r a t e d  S a l t  L a k e  County.  

o f  t h e  s i t e  began  t o  change  from p r e d o m i n a n t l y  a g r i c u l t u r a l  and v a c a n t  t o  o ther  
u s e s  i n  1979.  I n  1974,  a c o n s t r u c t i o n  mora to r ium imposed by t h e  S a l t  
Lake  Ci ty-County  Board o f  H e a l t h  banned c o n s t r u c t i o n ' w i t h l n  a 0 .5-mi le  r a d i u s  o f  
t h e  si te.  T h i s  ban w a s  l i f t e d  i n  1 9 7 9 .  

E.1.1.2 P r e s e n t  l a n d  u s e  

Land u s e  w i t h i n  a 0.5-mile r a d i u s  o f  t h e  s i t e  is shown on 
F i g u r e  E-2 and  is a s  follows: 

Land Use 

R e s i d e n t i a l  
Commercial 
I n d u s t r i a l  
T r a n s p o r t a t i o n / U t i l i t y  
Ag r i c u  1 t u r  e 
Vacan t  ( e x c l u d i n g  Vi t ro  s i t e )  

P e r c e n t a g e  o f  t o t a l  
w i t h i n  0.5-mile r a d i u s  

(1370 acres) 

6 
5 

1 8  
28 
1 6  
27 

Source :  FBDU, 1 9 8 1  

T h e  S a l t  L a k e  C i t y  Suburban S a n i t a r y  Dis t r ic t  No. 1 sewage  t r e a t m e n t  p l a n t  
is located i m m e d i a t e l y  t o  t h e  n o r t h  of t h e  Vitro s i t e  ( F i g u r e  Pl). T h i s  
f a c i l i t y  h a s  been i n  o p e r a t i o n  s ince  its i n i t i a l  c o n s t r u c t i o n  i n  1954.  
Cen t r a l  V a l l e y  Water Reclamat ion  F a c i l i t y  (CVWRP) Board ,  owner and operator of 
t h e  t r e a t m e n t  f a c i l i t y ,  is c u r r e n t l y  b u i l d i n g  a new f a c i l i t y  o n  t h e  V i t r o  s i t e .  
The  new p l a n t  is p lanned  t o  be  o p e r a t i n g  by 1987 a t  s u f f i c i e n t  c a p a c i t y  t o  p r o v i d e  
t r e a t m e n t  t h r o u g h  t h e  y e a r  2000. 

T h e  

0 
E-4 



R - R E S l D E N T l A L  
C - COMMERCIAL 
I - INDUSTRIAL 
T - T R A N S P O R T A T I O N  
U - UTILITY 
A - AGRICULTURE 
D - DISTURBED 
V - V A C A N T  
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FIGURE €02 
LAND U S E  WITHIN 0.5-M1LE RADIUS OF VITRO SITE 



5.1 .1 .3  P o t e n t i a l  f u t u r e  l and  u s e  and development  

The  p o t e n t i a l  for development  o f  t h e  v a c a n t  p o r t i o n s  of t h e  1 2 8 - a c r e  V i t r o  
s i t e  is e s s e n t i a l l y  n i l  i n  t h e  a b s e n c e  o f  some r e m e d i a l  p l a n  t o  e l i m i n a t e  h a z a r d s  
caused  by t h e  p r e s e n c e  of  t h e  t a i l i n g s .  P l a n s  f o r  CVWitc's e x p a n s i o n  of i t s  
wastewater t r e a t m e n t  f a c i l i t y  t o  1 0 0  m i l l i o n  G a l l o n s  per d a y ,  and c o n s t r u c -  
t i o n  o f  a temporary  i n d u s t r i a l  park and a m u n i c i p a l  s o l i d  w a s t e t o - e n e r g y  
f a c i l i t y  c a n n o t  be implemented w i t h o u t  some r e m e d i a l  a c t i o n .  

I n  t h e  g e n e r a l  v i c i n i t y  of t h e  s i t e ,  t h e  l e v e l  t o p o g r a p h y ,  s o i l s  s u i t e d  f o r  
f o u n d a t i o n s ,  and good a c c e s s i b i l i t y  r e n d e r  l a n d s  s u i t a b l e  f o r  a wide r a n g e  of 
urban  u s e s .  I t  is g e n e r a l l y  a g r e e d  by t h e  CVWRF Board, S o u t h  S a l t  L a k e  
o f f i c i a l s ,  and S a l t  Lake County o f f i c i a l s  t h a t  t h e  " h i g h e s t  and  best" 
u s e  f o r  t h e  a r e a  i s  p r i m a r i l y  i n  w h o l e s a l i n g  and warehous ing  f u n c t i o n s .  H o w -  
e v e r ,  t h e  3300 S o u t h  S t r e e t  f r o n t a g e  p o r t i o n  of t h e  V i t r o  'site is c u r r e n t l y  zoned 
B u s i n e s s  ( A )  which p e r m i t s  a wide v a r i e t y  o f  b u s i n e s s  and r e t a i l  a c t i v i t i e s .  

The  C i t y ' s  Master P l a n  c o n t a i n s  estimates o f  t h e  a b s o r p t i o n  o f  v a c a n t  
l a n d  zoned for i n d u s t r i a l  use i n  S o u t h  S a l t  L a k e .  The  " h i g h  estimate" projects 
t h a t  be tween 82 and 84 p e r c e n t  of t h e  C i t y ' s  deve lopment  s c e n a r i o  a s sumes  t h e  
f o l l o w i n g  "major economic s t i m u l i " :  (1) deployment  o f  t h e  MX missi le  s y s t e m  i n  
w e s t e r n  Utah:  ( 2 )  i n c r e a s e d  e x t r a c t i o n  o f  coal r e s e r v e s  i n  U t a h ' s  O v e r t h r u s t  
B e l t :  and ( 3 )  c o n t i n u e d  development  of s ta tewide  wa te r  and  power projects. The  
"low estimate" assumes a moderate n a t i o n a l  and/or  r e g i o n a l  r e c e s s i o n .  Under 
t h i s  s c e n a r i o ,  58 p e r c e n t  o f  t h e  a v a i l a b l e  i n d u s t r i a l  l a n d  w i l l  be absorbed by 
1990. B e c a u s e  of t h e  low a v e r a g e  income of t h e  c i t y ' s  p o p u l a t i o n ,  as  w e l l  a s  
i ts  p r o x i m i t y  t o  t h e  S a l t  L a k e  C i t y  b u s i n e s s  d i s t r ic t ,  r e t a i l  and  commercial 
deve lopmen t  i n  t h e  a r e a  is expec ted  t o  be minimal: S o u t h  S a l t  L a k e ' s  f o r e c a s t e d  
growth  w i l l  be p redominan t ly  i n  w h o l e s a l i n g ,  d i s t r i b u t i o n ,  and  o f f i c e / w a r e h o u s e  
( 7 0  p e r c e n t )  and i n d u s t r i a l  uses ( 1 6  p e r c e n t ) ,  w i t h  t h e  r e m a i n i n g  1 4  p e r c e n t  b e i n g  
a c o m b i n a t i o n  o f  r e t a i l i n g ,  o f f i c e ,  and  s e r v i c e  b u s i n e s s e s  (Vanwagoner and 
Associates, 1 9 8 0 ) .  

E . 1 . 2  S o u t h  C l i v e  s i t e  

T h e  S o u t h  C l i v e  s i t e  is owned by .hhe S t a t e  o f  Utah.  Most l a n d s  w i t h i n  a 
10 -mi l e  r a d i u s  a re  p u b l i c  domain a d m i n i s t e r e d  by t h e  BLM, w i t h  scattered l a n d s  
owned by t h e  S t a t e  o f  Utah or p r i v a t e l y .  

Most l a n d s  w i t h i n  a 10-mile  r a d i u s  o f  t h e  s i t e  a re  u s e d  v e r y  r a r e l y  b e c a u s e  
of t h e i r  r e m o t e n e s s  from u r b a n i z e d  areas and  t h e  poor s o i l ,  o c c a s i o n a l  muddy 
c o n d i t i o n s ,  and s p a r s e  v e g e t a t i o n  c h a r a c t e r i s t i c  o f  t h e  r e g i o n .  S h e e p  g r a z i n g  and  
r e c r e a t i o n a l - v e h i c l e  d r i v i n g  a re  t h e  p r i m a r y  u s e s  made o f  t h e  area,  b u t  s u c h  u s e s  
a re  a p p a r e n t l y  l i g h t .  The p r o d u c t i v i t y  ( i n  t e r m s  of a n i m a l  u n i t s  s u p p o r t e d )  of 
t h e  S o u t h  C l i v e  s i t e  and v i c i n i t y  for g r a z i n g ,  a l t h o u g h  r e l a t i v e l y  good for t h e  
area (e .g . ,  t h e  Mud F l a t s ) ,  is l o w  r e l a t i v e  t o  o t h e r  l a n d s  i n  t h e  r e g i o n .  T h e  
S k u l l  V a l l e y  Company h o l d s  a S t a t e  g r a z i n g  lease f o r  t h e  s i t e .  
r e p o r t s  on  l a n d  uses i n  t h e  v i c i n i t y  c o u l d  be found ,  numerous t r a i l s  i n  t h e  area 
i n d i c a t e  t h a t  i t  h a s  been used on o c c a s i o n  for r e c r e a t i o n a l  v e h i c l e  p u r p o s e s ,  and  
much of t h e  v i c i n i t y  may be  used  on  o c c a s i o n  for j ack rabb i t  h u n t i n g .  
o t h e r  u s e  o f  l a n d s  w i t h i n  a 10-mi le  r a d i u s  i s  for t r a n s p o r t a t i o n .  I n t e r s t a t e  80 
and t h e  Union P a c i f i c  System r a i l w a y  pass 2.5 miles and 1 m i l e  n o r t h ,  
r e s p e c t i v e l y ,  o f  t h e  s i t e .  

A l t h o u g h  n o  

The o n l y  
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E.2  SCENIC, HISTORIC, AND CULTURAL RESOURCSS 

E . 2 . 1  R e g i o n a l  h i s t o r y  

3 u r i n g  t h e  1820s, t h e  a rea  a round  t h e  G r e a t  S a l t  L a k e  was e x p l o r e d  by 
t r ap ;e r s  and s c o u t s  o f  t h e  Ash ley  p a r t y ,  J i m  B r i d g e r ,  J e d e d i a n  S. S m i t h ,  C o l o n e l  
J . G .  F remont ,  and  K i t  Ca r son .  Use of t h e  e x p l o r e r s '  t r a i l s  ( F i g u r e  E - 3 )  soon  
expanded t o  c a t t l e  d r i v e s  and s e t t l e r s ,  most o f  whom were heaeed  t o  C a l i f o r n i a  or 
Otegcr.. One s u c h  g r o u p  of s e t t l e r s  was t h e  Donner p a r t y  t h a t  opened t h e  rou te  

- t h r o u c n  t h e  Wasa tch  Range and across t h e  Great  S a l t  L a k e  Desert n o r t h  o f  C l i v e .  

.. 

On J u l y  2 4 ,  1847,  t h e  p i o n e e r  p a r t y  o f  Mormons l ed  by Brigham Young p u l l e d  
o u t  of E m i g r a t i o n  Canyon, f o l l o w i n g  t h e  Donner r o u t e  i n t o  t h e  V a l l e y  o f ' t he  Great 
S a l t  L a k e ,  and set t led t h e  s i t e  near. p r e s e n t  Temple S q u a r e  i n  S a l t  Lake C i t y  
where t h e y  b u i l t  c a b i n s  on  S e t t l e m e n t  C r e e k  and Twin S p r i n g s  ( p r e s e n t  S t a n s b u r y  
P a r k ) .  W i t h i n  t w o  y e a r s  a n o t h e r  t o w n s i t e  was e s t a b l i s h e d  a t  G r a n t s v i l l e .  
R e l i g i o u s  r e f u g e e s  s e e k i n g  a n  isolated l o c a t i o n  t o  p r a c t i c e  t h e i r  f a i t h  i n  
c o m p a r a t i v e  f reedom,  t h e  Mormons c o l o n i z e d  over 300 sett lements i n  and n e a r  t h e  
G r e a t  B a s i n  unde r  t h e  l e a d e r s h i p  of Brigham Young. 

The t h e o d e m o c r a t i c  s t a t e  of Deseret was proposed i n  1 8 4 9 ,  when a Mormon 
committee s e n t  a p e t i t i o n  t o  Wash ing ton ,  D.C. a s k i n g  f o r  a t e r r i t o r i a l  govern-  
ment of t h e i r  own. The  "state" encompassed t h e  v a s t  area o f  p r e s e n t  day  Utah ,  
Nevada, A r i z o n a  and p o r t i o n s  of Oregon,  Wyoming, C o l o r a d o ,  N e w  Mexico, I d a h o ,  and  
C a l i f o r n i a .  T o o e l e  County  was e s t a b l i s h e d  by t h e  State .of  Deseret i n  J a n u a r y  of 
1850., 

U t a h ' s  a p p l i c a t i o n s  f o r  s t a t e h o o d  were d e n i e d ,  however ,  f o r  over f o r t y  y e a r s  ': -J b e c a u s e  o f  t h e o c r a t i c  d o m i n a t i o n  of t h e  c i v i l  gove rnmen t  and t h e  p r a c t i c e  of 
polygamy. A f t e r  t h e  M a n i f e s t o  o f  1890, t h e  U.S. C o n g r e s s  passed a n  e n a b l i n g  act  
i n v i t i n g  Utah  to  s u b m i t  a c o n s t i t u t i o n  f o r  s t a t e h o c d .  T h e  c o n s t i t u t i o n  was 
r a t i f i e d  i n  November of 1895.  On J a n u a r y  4 ,  1896,  P r e s i d e n t  C l e v e l a n d  s i g n e d  t h e  
s t a t e h o o d  a c t  and  Utah  j o i n e d  t h e  Union. 

- .  

During  t h e  y e a r s  s i n c e  s t a t e h o o d ,  a s p l i t - p a r t y  s y s t e m  of " m i d d l e o f - t h e -  
road" c o n s e r v a t i v e  p o l i t i c s  h a s  m a i n t a i n e d  t h e  p r e - s t a t e h o o d  theme o f  community. 
The  Mormon v o t e  h a s  t r a d i t i o n a l l y  been  a key f a c t o r  i n  p o l i t i c a l  issues. The  
s e p a r a t i o n  of c h u r c h  and s t a t e  became more e v i d e n t  w i t h  t h e  e n e r g e n c e  o f  a 
s u b s t a n t i a l  b u s i n e s s  sector,  t h e  c o m m e r c i a l i z a t i o n  of a g r i c u l t u r e ,  and t h e  
deve lopment  of corporate mining  and  m a n u f a c t u r i n g .  

With World War I came t h e  s o p h i s t i c a t i o n  of i n d u s t r i a l i z a t i o n .  S h o r t l y  
a f t e r  t h e  war ended ,  t h e  c a n c e l l a t i o n  o f  gove rnmen t  c o n t r a c t s ,  t h e  t e r m i n a t i o n  of 
war t ime  b u s i n e s s  c o n t r o l s ,  and t h e  c h a n g e  of m a r k e t i n g  and  b u s i n e s s  p a t t e r n s  t h a t  
had d e v e l o p e d  d u r i n g  t h e  war b r o u g h t  t o  a n  end  t h e  "warborn"  economic boom i n  
Utah. L i k e  t h e  rest  of t h e  c o u n t r y ,  Utah was s e v e r e l y  a f f e c t e d  by t h e  1929 s t o c k  
marke t  c r a s h .  A l l  aspects o f  U t a h ' s  economy plummeted,  and  d i d  n o t  recover u n t i l  
t h e  outbreak o f  World War 11. D u r i n g  t h e  c o u r s e  of t h e  war, Utah became t h e  s i t e  
of t e n  major m i l i t a r y  bases and a n  army h o s p i t a l ,  employing  a p p r o x i m a t e l y  100 ,000  
peop le .  F o r t  Doug las ,  e s t a b l i s h e d  i n  1862,  became t h e  n e r v e  c e n t e r  f o r  s t a t e s  
west o f  t h e  R o c k i e s ,  and Kearns  Army A i r  Base w a s  r a p i d l y  c o n s t r u c t e d  and t r a i n e d  
ove r  90,000 a i r m e n  between Augus t  1942 and October 1943.  The  n a t i o n ' s  l a r g e s t  
m i l i t a r y  r e s e r v e ,  c o v e r i n g  t h r e e  and a h a l f  m i l l i o n  acres ,  is t h e  Wendover A i r  
F o r c e  aase i n  Tooele County  w h e r e - t h e  5 0 9 t h  Compos i t e  t h a t  d ropped  t h e  atomic 
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bombs on Hi rosh ima  and Nagasaki t r a i n e d .  Also c o n s t r u c t e d  were t h e  T o o e l e  Army 
Depo t ,  t h e  Deseret Chemica l  Depo t ,  ana  t h e  Dugway P r o v i n g  Ground.  The b u i l d i n q  
o f  m i l i t a r y  i n s t a l l a t i o n s  d u r i n g  t h e  war and t h e  c o n t i n u a t i o n  of t h e i r  u s e  h a s  
r e s u l t e d  i n  Utah b e i n g  t h e  s t a t e . w i t h  t h e  l a r g e s t  number of governmer.: em- 
p l o y e e s .  I n  1974 ,  more t h a n  11 p e r c e n t  of t h e  p o p u l a t i o n  w a s  employed by t h e  
gove rnmen t  ( P e t e r  s o n ,  1977)  . 

f.- 0 
I -  

A g r i c u l t u r e  and mining  i n d u s t r i e s  have  t a k e n  a l ess  s u b s t a n t i a l  p l a c e  i n  
t h e  economy t h a n  government  employment. However, e n e r g y  p r i c e s  have  c r e a t e d  a 
s t i m u l u s  f o r  p r o d u c t i o n  of fo s s i l  f u e l s  and coal min ing  h a s  made a r e c e n t  come- 
back i n  Utah.  O t h e r  min ing  i n d u s t r i e s  c o n t i n u e  t o  f l o u r i s h .  I n  r e c e n t  y e a r s  
t o u r i s m  h a s  p r o v i d e d  a g r e a t  b o o s t  t o  U t a h ' s  economy. 

- _  

E.2.2 H i s t o r y  o f  S o u t h  S a l t '  L a k e  

On September  29, 1938,  S o u t h  S a l t  L a k e  was i n c o r p o r a t e d  i n  time t o  m a k e  t h e  
September 30 d e a d l i n e  f o r  a p p l i c a t i o n  f o r  a P u b l i c  W o r k s  A d m i n i s t r a t i o n  g r a n t  
f o r  f e d e r a l  f i n a n c i a l  a i d  to  b u i l d  a sewer sys tem.  By t h e  f a l l  o f  1940,  t h e  main 
sewer s y s t e m  had been  i n s t a l l e d .  The c i t y  would n o t  grow u n t i l  i t  could p r o v i d e  
a potable water sys t em;  a water r e v e n u e  bond e l e c t i o n  w a s  h e l d  and t h e  issue was 
passed i n  1947.  The  town a lso e s t a b l i s h e d  its own bank a n d  o b t a i n e d  a char ter  
for V a l l e y  S t a t e  Bank i n  1947.  I n  1950,  t h e  t o w n ' s  f i r s t  p o s t  o f f i c e  was b u i l t  
a n d  i t  became a t h i r d - c l a s s  c i t y .  The  p o p u l a t i o n  a t  t h e  t i m e  of i n c o r p o r a t i o n  
w a s  4000; by 1950 it had grown to  5000. The  c i t y  expanded  its b o u n d a r i e s  i n  1955  
by a n n e x i n g  t o  E i g h t h  West Street .  Dur ing  t h e  1 9 5 0 s ,  t h e  c i t y  grew and became a 
major i n d u s t r i a l  c e n t e r .  

r 
k l  

By 1970 t h e  c i t y ' s  r e s i d e n t i a l  p o p u l a t i o n  was d e c l i n i n g .  I n  1979,  t h e  c i t y  
annexed  a p p r o x i m a t e l y  900 acres, e x t e n d i n g  its b o u n d a r i e s  from M i l l  C r e e k  t o  
3300 S o u t h  Street  and  from t h e  J o r d a n  R i v e r  t o  S e v e n t h  E a s t  S t r ee t ,  t h e r e b y  
i n c r e a s i n g  its p o p u l a t i o n  t o  10 ,500 .  The  d a y t i m e  p o p u l a t i o n  i n c r e a s e s  t o  a b o u t  
40 ,000  d u e  t o  t h e  l a r g e  c o m m e r c i a l - i n d u s t r i a l  sector of t h e  c i t y .  

E.2.3 S c e n i c  q u a l i t y  r a t i n g  of S o u t h  C l i v e  s i t e  

The  BLM V i s u a l  Resource  I n v e n t o r y  and E v a l u a t i o n  Sys t em (BLM, 1978)  w a s  u sed  
t o  r a t e  t h e  s c e n i c  q u a l i t y  of t h e  s i t e  r e l a t ive  t o  t h e  p h y s i o g r a p h i c  p r o v i n c e .  
T h i s  r a t i n g  s y s t e m  employs a scale  o f  0 t o  3 3 ,  w i t h  h i g h e r  r a t i n g s  (19 or above)  
i n d i c a t i n g  t h a t  s p e c i a l  management a t t e n t i o n  is r e q u i r e d .  The  n u m e r i c a l  r a t i n g  
s y s t e m  is shown below, w i t h  t h e  r a t i n g s  f o r  t h e  S o u t h  C l i v e  s i t e  u n d e r l i n e d .  

E-9 



Scen ic  Q u a l i t y  R a t i n g  

C a t  eqory  

Landform 
V e g e t a t i o n  
Water 
Color 
I n f l u e n c e  
S c a r c i t y  
C u l t u r a l  Modif icat ion 

S c o r e  
L o w  - Eigh M e d i u m  

1 

0 
1 
0 
1 
4 

- 1' 

- 
- 

T h e  t o t a l  s c o r e  of 1 2  -ass igned  t o  t h e  S o u t h  C l i v e  S i t e  is a 
low-t*medium r a t i n g  for s c e n i c  q u a l i t y ,  i n d i c a t i n g  t h a t  n o  s p e c i a l  management 
a t t e n t i o n  is n e c e s s a r y .  

E.2.4 A r c h a e o l o g i c ,  h i s t o r i c ,  and c u l t u r a l  s i g n i f i c a n c e  of S o u t h  C l i v e  s i t e  

On August  24-26, 1981,  an i n t e n s i v e  c u l t u r a l  r e s o u r c e  i n v e n t o r y  of t h e  S o u t h  
C l i v e  s i t e  and v i c i n i t y  was conducted  by t h e  A r c h a e o l o g i c a l - E n v i r o n m e n t a l  
Research C o r p o r a t i o n .  N o  c u l t u r a l  r e s o u r c e  s i t e s  were i d e n t i f i e d  d u r i n g  t h e  
i n v e n t o r y  b u t  o n e  isolated a r t i f a c t  ( d e s i g n a t e d  615A/X1) w a s  found.  T h i s  a r t i -  
f ac t  is f o u r  pieces of broken  p u r p l e  g l a s s  f rom some unknown h i s to r i c  g l a s s  object. 
I t  does n o t  appear t h a t  s u c h  a f i n d  i n d i c a t e s  t h e  e x i s t e n c e  o n  t h e  s i t e  of s i g n i f i c a n t  0 i. a r c h a e o l o g i c  a r t i f a c t s .  .- 

The  Ground t o  A i r  P i l o t l e s s  Ai rcraf t  Launch S i t e  and B l o c k h o u s e  l i s t e d  i n  
t h e  N a t i o n a l  R e g i s t e r  of Histor ical  P l a c e s  is a p p r o x i m a t e l y  1 0  miles w e s t  of 
C l i v e  a t  K n o l l s .  To  t h e  s o u t h e a s t  of C l i v e  ( a p p r o x i m a t e l y  23 a i r  miles) is t h e  
s i t e  o f  t h e  Iosepa S e t t l e m e n t  Cemetery.  T h e s e  a r e  t h e  h i s tor ic  s i t e s  closest t o  
t h e  t r a n s p o r t a t i o n  corr idors  between t h e  Vi t ro  s i t e  and t h e  S o u t h  C l i v e  s i te .  



E.3 SOCIOXONOMICS 

E .  3 . 1  R e a  i o n d l  P o p u l a t i o n  '0 
A c c o r d i n g  t o  t h e  1980 c e n s u s  (U.S. Depar tmen t  o f  Commerce,  19811, t h e  s t a t e .  

of Utah  had a t o t a l  p o p u l a t i o n  of 1 , 4 6 1 , 0 3 7  ( T a b l e  E-2) .  T h i s  was a n  i n c r e a s e  of 
37.9 percent s i n c e  1970,  t h e  l a r g e s t  s i n c e  t h e  1940-1950 decade when t h e  p q u l a -  
t i o n  g rew by 25.2 p e r c e n t .  M O S t  Of  t h e  s t a t e ' s  p o p u l a t i o n  ( 8 0 . 4  p e r c e n t )  l i v e d  
i n  u r b a n  a r e a s  (p laces  of 2500 o r  more), p r e d o m i n a n t l y  i n  t h e  Wasatc:? F r o n t .  T h e  
median  a g e  o f  Utah r e s i d e n t s  i n  1980 was 24.2 y e a r s ,  lowest i n  t h e  n a t i o n .  T h e  
s t a t e ' s  p o p u l a t i o n  g rowth  be tween  1950 and 1960 was 9 5  p e r c e n t  f rom n a t u r a l  
i n c r e a s e  ( b i r t h s  minus d e a t h s ) ,  w i t h  o n l y  a small  am0un.t of i n m i g r a t i o n  ( 1 0 , 0 0 0  
p e o p l e ) .  D u r i n g  t h e  n e x t  d e c a d e ,  n a t u r a l  i n c r e a s e  o f f s e t  t h e  o u t m i g r a t i o n  of 
a p p r o x i m a t e l y  11 ,000 ,  t o  i n c r e a s e  t h e  t o t a l  p o p u l a t i o n  by  18 .9  percent .  
" B a s e l i n e "  p o p u l a t i o n  p r o j e c t i o n s  i n d i c a t e  that b y ' t h e  y e a r  2000 t h e  s t a t e  c o u l d  
i n c r e a s e  i ts t o t a l  p o p u l a t i o n  t o  2 . 3 ' m i l l i o n  p e r s o n s ,  60 p e r c e n t  o v e r  t h a t  of 
1980  ( U t a h  S t a t e  P l a n n i n g  C o o r d i n a t o r ,  1 9 8 1 ) .  

T a b l e  E-2. Historic p o p u l a t i o n  da ta  

P o p u l a t i o n  ( p e r c e n t  c h a n g e  from p r e v i o u s  Census )  
1940 1950  1960 1 9 7 0  1980 

7 

S t a t e  550,310 688,862 890,627 1 , 0 5 9 , 2 7 3  1 ,461 ,037  
( 8 . 4 )  (25.2)  (29 .3)  (18 .9 )  (37.9)  

T o o e d e  Coun ty  9 ,133  14 ,636  17 ,868  21.545 26 ,033  
(-2.97) ~ (60 .3 )  (22 .1)  ( 2 0 . 6 )  (20.8)  

S a l t  L a k e  County  211 ,623  274,895 383,035 4 5 8 , 6 0 7  619,066 
. (9 .0 )  (29 .8)  (39 .3)  ( 1 9 . 7 )  (35 .0)  

S o u r c e :  U.S. Depa r tmen t  Qf Commerce, 1 9 5 2 ,  1 9 6 3 ,  1 9 7 3 ,  and 1981.  

E .3 .  I. 1 L o c a l  p o p u l a t i o n  and  demography 

Historic and c u r r e n t  p o p u l a t i o n s  and  t r e n d s  a r e  described i n  t h e  f o l l o w i n g  
s e c t i o n s  f o r  t h e  C i t y  of S o u t h  S a l t  Lake ,  t h e  a r e a  w i t h i n  0 . 5  m i l e  o f  t h e  Vi t ro  
s i t e ,  T o o e l e  C i t y ,  and  G r a n t s v i l l e .  T h e  s o u r c e s  o f  d e m o g r a p h i c ' i n f o r m a t i o n  a r e  
t h e  d e c e n n i a l  c e n s u s  c o u n t s ,  u n l e s s  otherwise i n d i c a t e d .  

. ._. .  

C i t y  of S o u t h  S a l t  L a k e  

T h e  p o p u l a t i o n  o f  S o u t h  S a l t  L a k e  d e c r e a s e d  a t  a n  a v e r a g e  a n n u a l  r a t e  of 
2.0 p e r c e n t  d u r i n g  t h e  1960-1970 p e r i o d ,  from 9520 i n  1 9 6 0  t o  7810 i n  1970.  
I t  t h e n  g rew by an  a v e r a g e  a n n u a l  r a t e  of 3 .1  p e r c e n t  d u r i n g  t h e  1970s, r e a c h i n g  
1 0 , 5 6 1  i n  1980.  I n  1980,  92 .6  p e r c e n t  o f  i ts p o p u l a t i o n  w a s  c l a s s i f i e d  as w h i t e ,  

E- 11 



compared t o  94.3 p e r c e n t  f o r  S a l t  Lake County and 94.6 p e r c e n t  f o r  t h e  s t a t e  a s  a 
uhole .  South S a l t  Lake can be c h a r a c t e r i z e d  a s  an a r e a  with small  f a m i l i e s ,  i n  
l i f e  c y c l e  s t a g e s  e i t h e r  before  or a f t e r  t h e  c h i l d - r e a r i n g  s t a g e .  The p r o p o r t i o n  
of f a m i l i e s  w i t h  incomes below poverty l e v e l  i n  1970 was 10.3 p e r c e n t ,  h i g h e r  
than  t h e  s t a t e w i d e  a v e r a g e  of 9 . 2  p e r c e n t .  

. 
Vit ro  s i t e  v i c i n i t y  

P o p u l a t i o n  c o u n t s  were conducted f o r  t h e  a r e a  w i t h i n  0.5 m i l e  of t h e  V i t r o  
s i t e  by FBDU (1981) .  These coun:s i n d i c a t e d  t h a t  497 p e r s o n s  r e s i d e d  i n  t h e  
area, w i t h  a v e r a g e  r e s i d e n t i a l  d e n s i t i e s  g e n e r a l l y  i n c r e a s i n g  wi th  d i s t a n c e  
from t h e  s i t e .  Average popula t ion  d e n s i t y  w i t h i n  0.5 mi le  of t h e  V i t r o  s i t e  w a s  
about  one person  per  acre. Beyond 0 . 5  mile,  d e n s i t y  i n c r e a s e d  r a p i d l y  t o  4.3 
persons  per acre  w i t h i n  2 miles. 

Tooele  Ci ty  

Tooele  C i t y ' s  p o p u l a t i o n  grew from 9133 i n  1960 t o  12,539 i n  1970, an  a v e r -  
a g e  annual  i n c r e a s e  of 3.2 percent .  I n  t h e  f o l l o w i n g  decade  t h e  growth r a t e  
decreased  t o  1.3 p e r c e n t  per  year ,  t o  a 1980 c i t y  p o p u l a t i o n  o f  14,335. Nonwhite 
persons  made up 8 p e r c e n t  of t h e  c i t y ' s  p o p u l a t i o n  i n  1980. 

Tooele  C i t y ' s  p o p u l a t i o n  was, on t h e  a v e r a g e ,  o l d e r  t h a n  t h e  s t a t e ' s  i n  1970 
(24.7 v e r s u s  23.1 y e a r s  of a g e ) ,  and had a . l o w e r  p e r c e n t  of p e r s o n s  o v e r  64 y e a r s  
o l d  (6.2 p e r c e n t  v e r s u s  7 . 3  percent  for t h e  s t a t e ) .  A r e l a t i v e l y  h i g h  p r o p o r t i o n  
of its p o p u l a t i o n  w a s  marzied (69  p e r c e n t  of males v e r s u s  56.6 p e r c e n t  f o r  t h e  
s t a t e )  and its b i r t h  ra te  ( 4 3 5 )  was about  e q u a l  to  t h e  s t a t e  a v e r a g e  (436) .  

The a v e r a g e  household s i z e  i n  Tooele  C i t y  was 3.38 p e r s o n s  i n  1970, s l i g h t l y  
less than t h e  s t a t e w i d e  average. Thus,  much of  t h e  c i t y ' s  p o p u l a t i o n  a p p e a r s  t o  
be i n  t h e  e a r l y  c h i l d - r e a r i n g  l i f e  c y c l e  s t a g e .  Its p o p u l a t i o n  was s l i g h t l y  less 
educated ( a n  a v e r a g e  of 12.2 y e a r s  of e d u c a t i o n )  t h a n  t h e  s t a t e w i d e  a v e r a g e  b u t  
f a r  more educa ted  t h a n  t h e  n a t i o n a l  average.  Only 4.8 p e r c e n t  of  i ts  f a m i l i e s  
had incomes less  t h a n  t h e  poverty l e v e l .  The County m o r t a l i t y  r a t e  d e c r e a s e d  
more r a p i d l y  t h a n  t h e  b i r t h  r a t e  d u r i n g  t h e  1970s,  c a u s i n g  an  i n c r e a s e  i n  t h e  n e t  
n a t u r a l  p o p u l a t i o n .  However, net  o u t m i g r a t i o n  d u r i n g  t h e  1970s ( i n c l u d i n g  
annexat ion  of l a n d )  caused  a loss of 682 r e s i d e n t s .  

G r a n t s v i l l e  ' 

G r a n t s v i l l e ' s  p o p u l a t i o n  grew by an a v e r a g e  a n n u a l  r a t e  of 3.1 p e r c e n t  
between 1960 and 1970, from 2166 t o  2931 p e r s o n s I  and i n c r e a s e d  by 4.2 p e r c e n t  
per  year  d u r i n g  t h e  1970s t o  a 1980 p o p u l a t i o n  of 4419. Only 4.2 percent of 
its p o p u l a t i o n  was nonwhite i n  1980. 

G r a n t s v i l l e ' s  p o p u l a t i o n  had a h igh  b i r t h  r a t e  i n  1970 (517 v e r s u s  436 for 
t h e  s t a t e ) *  a l a r g e  a v e r a g e  household s i z e  ( 3 . 7 1 ) ,  a l o w  p r o p o r t i o n  o f  p o p u l a t i o n  
over  65, and a h igh  p r o p o r t i o n  under 18. Thus,  many G r a n t s v i l l e  r e s i d e n t s  
appear  to  be members of f a m i l i e s  i n  t h e  e a r l y  c h i l d - r e a r i n g  l i f e  c y c l e . s t a g e .  

'Live b i r t h s  per  100,000 popula t ion .  -, 
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E . 3 . 1 . 2  P o p u l a t i o n  p r 3 j e c t i o n s  

A g r o w t h  r a t e  a v y r a g i n g  3 . 1  p e r c e n t  is assumed most probable  for S a l t  L a k e  
County  t h r o u g h  t h e  ye8z 2005 because i t  c o r r e s p o n d s  t o  t h e  g r o w t h  r a t e  o f  t h e  
County  f rom 1970 t o  1578. T h e  deve lopmen t  of s y n t h e t i c  f u e l s  w i t h i n  t h e  s t a t e ,  
however ,  c o u l d  c r e a t e  a s h o r t - l i v e d  r a p i d  growth  w h i c h  s h o u l d  t a p e r  off. Assumins 
t h a t  r a p i d  deve lopmencs  i n  t h e  e n e r g y  f i e l d  o c c u r ,  t h e  g r o w t h  r a t e  c o u l d  g o  up 
to  "7.0 p e r c e n t  d e c l i n L n g , "  meaning i n  25 y e a r s  t h e  g r o w t h  r a t e  w i l l  t a p e r  o f f  
to zero (FBDU,  1 9 8 1 ) .  A growth  r a t e  of 0.8 p e r c e n t  would be c o n s i s t e n t  w i t h  t h a t  
of t h e  e n t i r e  U n i t e d  S t a t e s .  

0 

I t  is p r o j e c t e d  t h a t  T o o e l e  County  w i l l  i n c r e a s e  i ts p o p u l a t i o n  a t  a n  a n n u a l  
r a t e  o f  3.8 p e r c e n t  u C Z i l  1985;  t h e r e a f t e r ,  i ts growth  r a t e  w i l l  d e c l i n e .  T h i s  
p r o j e c t i o n  is based on expec ted '  e n e r g y  deve lopmen t  and s u b s e q u e n t  employment 
o p p o r t u n i t y  t h a t  s h o u l d  a l s o  t a p e r  o f f .  I t  is  e x p e c t e d  t h a t  t h e  l a r g e s t  pe r -  
c e n t a g e s  of g r o w t h  w i l l  o c c u r  i n  T o o e l e  C i t y ,  G r a n t s v i l l e ,  and  .Wendover (Mountain 
Area  P l a n n e r s ,  1 9 7 2 ) .  

E. 3 . 2  Economic - s t r u c t x  e 

T h e  d i s t r i b u t i o n  of U t a h ' s  employment and income among i n d u s t r i a l  sectors 
i n d i c a t e s  a w e l l - b a l a n c e d  and h e a l t h y  economy similar i n  s t r u c t u r e  t o  t h a t  of 
t h e  U n i t e d  S t a t e s  as a whole.  T h e  s t a t e ' s  most p r o m i n e n t  employment sectors 
i n  1979 were services v i t h  a 16.4 p e r c e n t  s h a r e  of t o t a l  wage and s a l a r y  employ- 
ment ,  gove rnmen t  w i t h  a 24.0 p e r c e n t  s h a r e ,  r e t a i l  t rade a t  17.0 p e r c e n t ,  and 
m a n u f a c t u r i n g  w i t h  15 .5  p e r c e n t  ( U . S .  Depar tmen t  of Commerce, 1 9 8 1 ) .  P e r  capita 
income i n  1979 w a s  $7182, which p l a c e d  Utah  below b o t h  t h e  Rocky Mounta in  s t a t e  
and  n a t i o n a l  averages. Dur ing  t h e  1 9 7 0 s ,  t h e  economy g rew and ma tu red  s u f f i -  

r e s i d e n t s  w i t h o u t  e x t e n s i v e  dependence ,  a s  had been  p r e v i o u s l y  t h e  case, on o t h e r  
r e g i o n s  i n  o b t a i n i n g  t h o s e  goods  and services (Utah S t a t e  P l a n n i n g  C o o r d i n a t o r ,  
1 9 8 1 ) .  

- 

,' c i e n t l y  t o  b e g i n  p r o v i d i n g  a n e a r l y  f u l l  r a n g e  of goods  and  services t o  its 

E.3.2.1 R e g i o n a l  economic c o n d i t i o n s  

T h e  economies  of S a l t  L a k e  and T o o e l e  C o u n t i e s ,  t h e  t w o  c o u n t i e s  i n  t h e  
immediate project  r e g i o n ,  d i f f e r  i n  s t r u c t u r e  a l t h o u g h  t h e  t w o  a r e  c l a s s i f i e d  
as b e i n g  i n  t h e  same ( S a l t  L a k e  C i t y )  S t a n d a r d  M e t r o p o l i t a n  S t a t i s t i c a l  Area.  
Thus ,  t h e  f o l l o w i n g  d i s c u s s i o n  d i s t i n g u i s h e s  t h e  t w o  c o u n t i e s .  

S a l t  L a k e  County ,  which is t h e  S t a t e  of U t a h ' s  c e n t r a l  economic  a r e a ,  
e x h i b i t s  t h e  same g e n e r a l  economic h e a l t h  a s  t h e  s t a t e  as a whole .  I t s  unemploy- 
ment  r a t e  i n  1980 ave raged  5.1 p e r c e n t ,  compared to  a 5.4 p e r c e n t  s t a t ewide  
a v e r a g e  ( U t a h  Depar tment  of Eaployment  S e c u r i t y ,  1 9 8 0 ) .  A s  is t r u e  f o r  t h e  s t a t e  
as a who le ,  t h e  County unemployment r a t e  h a s  been i n c r e a s i n g  s i n c e  1979.  I t  was 
6 . 0  p e r c e n t  i n  Februar:I 1981,  7.4 p e r c e n t  d u r i n g  1982 and  7 . 5  p e r c e n t  as  o f  
May 1983.  Based on an  a n a l y s i s  of 1979 employment p a t t e r n s  by i n d u s t r i a l  
sector ,  t h e  C o u n t y ' s  e x p o r t  b a s e  c o n s i s t e d  p r i m a r i l y  o f  d u r a b l e  goods  manu- 
f a c t u r i n g ,  t r a n s p o r t a t - o n  and p u b l i c  u t i l i t i e s ,  w h o l e s a l e  and r e t a i l  t r a d e ,  

@ 

\ 
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f i n a n c e ,  i n s u r a n c e ,  and r e a l  e s t a t e ,  and se rv ices ;  t h e  i m p o r t a n c e  cf t h e s e  sectors 
u n d e r s c o r e s  t h e  C o u n t y ' s  ro le  as  t h e  s t a t e ' s  economic s e r v i c e s  c e n z o r .  Government  
emplopen :  i s  'less p rominen t  i n  S a l t  Lake County t h a n  i n  t h e  s t a t e  8s a whole .  
Sased o n  t h e  2.5 employment m u l t i p l i e r  used by t h e  Utah S t a t e  P l a n n i n g  C o o r d i n a t o r ' s  
O f f i c e  f o r  t h e  Wasatch F r o n t  p l a n n i n g  a r e a ,  t h e  b a s i c / n o n b a s i c  empl3,yment m u l t i p l i e r  
f o r  S a l t  L a k e  County is es t imated  a t  a p p r o x i m a t e l y  2.5 jobs f o r  evezy  job  c r e a t e d  i n  
t h e  basic, or e x p o r t ,  s e c t o r  o f  t h e  economy. 

T o o e l e  C o u n t y ' s  economy is based p r i m a r i l y  on Federal employment. Employ- 
ment a t  t h e  Deseret T e s t  C e n t e r  and Army Depot were p r i m a r i l y  r e s p c n s i b l e  f o r  t h e  
Federal government  employment s h a r e  o f  49.7 p e r c e n t  of t h e  t o t a l  1579 wage and  
s a l a r y  jobs i n  t h e  County.  Mining i s  t h e  second most i m p o r t a n t  s e c z o r  o f  t h e  e x p o r t  
base of t h e  County,  p r o v i d i n g  7 . 3  p e r c e n t  of t h e  wage and  s a l a r y  jobs.  The  major 
nonmanufac tur ing  employers  i n  Tooele County are  t h e  T o o e l e  Army Depot (3800 
employees)  , t h e  Deseret T e s t  C e n t e r  (680 employees ) ,  t h e  T o o e l e  County S c h o o l  
D i s t r i c t  (710 employees)  , and Anaconda Copper (665 e m p l o y e e s ) .  Major e m p l o y e r s  i n  
t h e  m a n u f a c t u r i n g ,  min ing ,  and p r o c e s s i n g  sectors a r e  N.L. I n d u s t r i e s  (735  
e m p l o y e e s ) ,  C a t a l i n a  S p o r t s w e a r  (75  employees)  , American S a l t  ( 7 0  employees)  , a n d  
Kaiser Aluminum and Chemica l  ( 6 5  employees ) .  The  mining  and  p r o c e s s i n g  sector 
p r i m a r i l y  p r o d u c e s  magnesium, p o t a s h ,  s a l t ,  t i n ,  lead,  s i l v e r ,  z i n c ,  and copper 
(Uta'h I n d u s t r i a l  Development I n f o r m a t i o n  System, no  d a t e )  . 

The r ema in ing  sectors of t h e  T o o e l e  County economy h a v e  f a r  lower s h a r e s  of 
to ta l  County employment t h a n  t h e  s t a t e  a v e r a g e ,  i n d i c a t i n g  t h a t  much o f  t h e  
income e a r n e d  by workers i n  t h e  basic sectors o f  t h e  Coun ty  is s p e n t  i n  o t h e r  
c o u n t i e s ,  p a r t i c u l a r l y  S a l t  Lake  County.  The  basic t o  n o n b a s i c  employment 
m u l t i p l i e r  for T o o e l e  County ,  assuming t h a t  a l l  F e d e r a l  and  min ing  employment, 
75 p e r c e n t  of a l l  employment i n  t h e  m a n u f a c t u r i n g  sector, a n d  1 0  p e r c e n t  of 
a l l  s t a t e  and local government  employment c a n  be c lass i f ied  a s  basic,  is es t i -  
mated a t  a t o t a l  o f  1.5 jobs for e v e r y  job created i n  t h e  basic sectors. T h i s  
estimate of t h e  c o u n t y ' s  m u l t i p l i e r  is c o n s i s t e n t  w i t h  m u l t i p l i e r s  o f t e n  esti- 
mated for r u r a l  areas w i t h  unde rdeve loped  s e r v i c e  economies .  

T o o e l e  C o u n t y ' s  unemployment r a t e  remained close t o  5.8 p e r c e n t  t h r o u g h  
1980 and e a r l y  1981 ,  hav ing  i n c r e a s e d  from 5.0 p e r c e n t  i n  1 9 7 9  (Utan  Depar tmen t  
of Employment S e c u r i t y ,  1 9 8 0 ) .  By c o n t r a s t ,  t h e  s ta tewide  unemployment r a t e  f o r  
1980 was 5.4 p e r c e n t .  Unemployment i n  T o o e l e  County d u r i n g  1982  was 9.9 percent. 
T h i s  compares to  a f i g u r e  o f  7.8 p e r c e n t . f o r  t h e  e n t i r e  s t a t e  d u r i n g  1982.  
C u r r e n t  (May 1983)  unemployment ra tes  f o r  t h e  S ta te  of U t a h  and  T o o e l e  Coun ty  
a r e  8.8 p e r c e n t  and 9.9 p e r c e n t ,  r e s p e c t i v e l y .  F u t u r e  unemployment ra tes  i n  
t h e  c o u n t y ,  which depend t o  a l a r g e  e x t e n t  upon employment a t  Dugway, are  expected 
t o  moderate as  F e d e r a l  d e f e n s e  e x p e n d i t u r e s  r i s e  and t h e  n a t i o n w i d e  economy 
s tab i l izes .  

P e r  c a p i t a  income i n  T o o e l e  County i n  1979 was 56782, 94.4 p e r c e n t  of t h e  
statewide a v e r a g e  ( U . S .  Depa r tmen t  o f  Commerce, 1 9 8 1 ) .  I n  1 9 7 4 ,  p e r  cap i ta  
income i n  T o o e l e  County exceeded t h e  s t a t e  a v e r a g e  by 2.5 percent, and i n  1969  
t h e  County  had 6.0 p e r c e n t  more income per capi ta  t h a n  t h e  s t a t e .  Thus ,  w h i l e  
per c a p i t a  income i n  T o o e l e  Coun ty  h a s  grown i n  real  t e r m s  s i n c e  1969,  its r a t e  
o f  g rowth  h a s  been  s i g n i f i c a n t l y  less t h a n  t h a t  f o r  t h e  s t a t e  as a whole. T r a n s -  
fe r  payments  r e p r e s e n t e d  15.2 p e r c e n t  o f  T o o e l e  County p e r s o n a l  income i n  1979 ,  
compared t o  a n  11 .7  p e r c e n t  s t a t e w i d e  a v e r a g e .  T h i s  is a r e f l e c t i o n  b o t h  of t h e  
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V I  

h i g h e r  p r o p o r t i o n  of e l d e r l y  persons  ( a n d ,  t h e r e f o r e ,  soc ia l  s e c u r i t y  income) i n  
T o o e l e  County than  i n  t h e  s t a t e ,  and t h e  lower per c a p i t a  income and hence h igher  
per  c a p i ' t a  r a t e  of w e l f a r e  payments. 
t h e  T o o e l e  County ecmomy is s t a b l e ' d u e  t o  F e d e r a l  m i l i t a r y  employment b u t ,  
l i k e  most r u r a l  a r e &  i n  t h e  s t a t e ,  i t  h a s  a r e i a t i v e l y  h i g h  unemployment rate 

I n  g e n e r a l ,  t h e  economic d a t a  r e v e a l  t h a t  

I '  and underdeveloped secondary economy. 

I 
E . 3 . 2 , 2  L o c a l  economic c o n d i t i o n s  

T h i s  s e c t i o n  c o n t a i n s  b r i e f  d e s c r i p t i o n s  of t h e  economies of  towns and 
c i t i es  near  t h e  Yitro s i t e  and t h e  South  C l i v e  s i t e - t h e  C i t y  of  S o u t h  S a l t  
L a k e ,  i n  which t h e  Vitro s i t e  is located, and Tooele, G r a n t s v i l l e ,  and Wendover 
i n  T o o e l e  County.  

C i t y  of  South  S a l t  Lake 

. The economy of  t h e  C i t y  of South  S a l t  L a k e  is based p r i m a r i l y  i n  manufactur- 
i n g ,  t r a n s p o r t a t i o n ,  and wholesale and r e t a i l  t r a d e  (Utah Department  of Employ- 
ment S e c u r i t y ,  1 9 8 0 ) .  Much of  t h e  manufac tur ing  and warehousing i n  t h e  S a l t  L a k e  
C i t y  urban  a r e a  is l o c a t e d  i n  South S a l t  L a k e .  Major employers  (Utah I n d u s t r i a l  
Development D i v i s i o n ,  no d a t e )  i n c l u d e  t h e  2CMI C e n t r a l  Warehouse (695 employees) 
and ED0 Western C o r p o r a t i o n  (270 employees) .  The c i t y ' s  p r o x i m i t y  t o  major 
highways makes  i t  an  ideal l o c a t i o n  f o r  warehousing and t r a n s p o r t a t i o n  o r i e n t e d  
i n d u s t r y .  The e x i s t e n c e  of  s i g n i f i c a n t  amounts o f  v a c a n t  l a n d  i n  t h e  c i t y ,  
p r i m a r i l y  n e a r  t h e  Vitro s i t e ,  w i l l  p e r m i t  f u r t h e r  i n d u s t r  i a l / w a r e h o u s e  d e v e l o p  
ment uses f o r  which t h e  a r e a  is planned  and zoned. 

. .- The l a r g e  i n d u s t r i a l  tax b a s e  i n  S o u t h  S a l t  L a k e  permits t h e  c i t y  to l e v y  a 
r e l a t i v e l y  low c i t y  p r o p e r t y  t a x  ( t h e  1982 m i l  l e v y  w a s  6 . 2 5 ) .  The c i t y  a l so  h a s  
a sa les  tax of  0.75 p e r c e n t  which, i n  combina t ion  w i t h  a l a r g e  t a x a b l e  sa les  b a s e  
(S254,513,460 i n  1 9 7 9 ) ,  y i e l d s  l a r g e  revenues  f o r  t h e  c i t y  (Utah I n d u s t r i a l  
Development D i v i s i o n ,  no d a t e ) .  S a l e s  t a x e s  a r e  a n t i c i p a t e d  t o  y i e l d  a b o u t  $2.2 
m i l l i o n  i n  revenue  i n  t h e  1981-82 f i s c a l  y e a r ,  64.7 p e r c e n t  o f  t o t a l  c i t y  g e n e r a l  
fund r e v e n u e s  of  S3,406,916. P r o p e r t y  tax r e c e i p t s  are  p r o j e c t e d  t o  t o t a l  
S465,000, 13.6 p e r c e n t  of a l l  g e n e r a l  fund revenues  ( C i t y  of South S a l t  L a k e ,  
1 9 8 1 ) .  The c i t y  w i l l  a l s o  r e c e i v e  a b o u t  S399,OOO i n  F e d e r a l  revenue  s h a r i n g  
mon i es . 
C i t y  of T o o e l e  

The economy of  t h e  c i t y  of  Tooele ,  t h e  economic and p o p u l a t i o n  c e n t e r  of 
T o o e l e  County,  c l o s e l y  resembles  t h a t  o f  T o o e l e  County. P r i n c i p a l  employers  i n  
t h e  C i t y  i n  1979 were t h e  U.S. Army Depot (3800 employees) ,  Anaconda Copper 
(850 employees) ,  F e d e r a l ,  s t a t e ,  and l o c a l  o f f i c e s  (500 employees) ,  t h e  T o o e l e  
S c h o o l  District ( 4 0 0  employees) ,  T o o e l e  V a l l e y  H o s p i t a l  ( 8 5 1 ,  C a t a l i n a  Sportswear  
(75  employees) ,  and t h e  L a k e  P o i n t  S a l t  Company (45 employees) (Utah  I n d u s t r i a l  
Development D i v i s i o n ,  no d a t e ) .  M i l i t a r y ,  o t h e r  governmental ;  and mining- re la ted  
employment form t h e  c i t y ' s  economic base.  However, t o  t h e  e x t e n t  t h a t  t h e  c i t y  
f u n c t i o n s  a s  an  economic c e n t e r  f o r  t h e  c o u n t y ,  r e t a i l  and w h o l e s a l e  t r a d e  and 
f i n a n c i a l  s e r v i c e  employment a l s o  c o n t r i b u t e  t o  t h e  C i t y ' s  economic base. T h u s ,  

I .  

C'  

.* 
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a p o r t i o n  of t h e  income earned by r e s i d e n t s  of Tooele  County is  s ? e n t  i n  Tooe le  
C i t y ,  adding t o  t h e  c i t y ' s  employment. The c i t y ' s  t o t a l  employmen: i n  May 1981 
was e s t i m a t e d  a t  7412 or  about  70 p e r c e n t  of t h e  t o t a l  c o u n t y  employment. 

S e v e r a l  new i n d u s t r i a l  developments  a r e  planned for t h e  c i t y ,  c h i e f  among 
w h i c h  is EMKO's i n d u s t r i a l  p a r k ,  w h i c h  i n c l u d e s  1783 a c r e s  and w i l l  be d e v e l -  
oped over  t h e  n e x t  8 yea r s .  I n  add i t ion ,  G e t t y  O i l  is p l a n n i n g  a go ld  p r o c e s s i n g  
f a c i l i t y ,  t o  employ 250-300 p e r s o n s ,  i n  MerCuS, 15  m i l e s  s o u t h  of Tooele. T h e  
Army Depot w i l l  a lso be i n c r e a s i n g  employment by 500 p e r s o n s .  

The c i t y ' s  1981  p r o p e r t y  t a x  r a t e  was 25.16 m i l s .  W i t h  a c i t y w i d e  a s s e s s e d  
v a l u a t i o n  of $31,474,748, p r o p e r t y  t a x  b i l l i n g s  f o r  t h e  t a x  y e a r  w i l l  be approxi- 
ma te ly  S757,300. The c i t y  a l so  h a s  a s a l e s  t a x  of 0.75 p e r c e n t ,  w h i c h  i s  a n t i c i -  
pated t o  b r i n g  i n  $470,000 i n  sales t a x  revenue (Tooele C i t y  C o r p o r a t i o n ,  1 9 8 1 ) .  

Gran t s v  i l l e  

G r a n t s v i l l e ,  located appromixa te ly  34 miles from t h e  S o u t h  C l i v e  s i t e , ' h a d  a 
1980 p o p u l a t i o n  of 4419 (U.S. Department of Commerce, 1 9 8 1 ) .  G r a n t s v i l l e ' s  
economy is based p r i m a r i l y  on chemica l  manufacture and m i n e r a l  mining and p r e  
c e s s i n g .  The l a r g e s t  employer is NL I n d u s t r i e s '  M i n e r a l  D i v i s i o n ,  m a n u f a c t u r e r s  
of o r g a n i c  c h e m i c a l s ,  w i t h  725 employees (Utah I n d u s t r i a l  Development D i v i s i o n ,  
n o  d a t e ) .  Other  major employers are  Teddy Bear/Skyl ine,  I n c . ,  a food s e r v i c e  
company (80 employees) , t h e  American S a l t  Company (70 e m p l o y e e s ) ,  t h e  Tooe le  
S c h o o l  Dis t r ic t  (65 employees),.  and U.S. L i m e  (45 employees ) .  

M o s t  o f  t h e s e  firms, however, are n o t  a c t u a l l y  located w i t h i n  t h e  c i t y  
b o u n d a r i e s ,  as evidenced by t h e  f a c t  t h e  S t a t e  Employment S e c u r i t y  D i v i s i o n  
e s t i m a t e d  G r a n t s v i l l e  employment a t  o n l y  248 i n  May 1981. The c i t y ' s  p r o p e r t y  
t a x  b a s e  is small, being approx ima te ly  $7 m i l l i o n ;  hence ,  a r e l a t i v e l y  h igh  
tax r a t e  o f  23.77 m i l s  is l e v i e d  by t h e  c i t y ,  which is e x p e c t e d  t o  y i e l d  a b o u t  
$167,000 i n  t h e  coming yea r .  No major i n d u s t r i a l  deve lopmen t s  a re  f o r e s e e n  t o  
improve t h e  p r o p e r t y  t a x  base.  

I n  a d d i t i o n  to t h e  p r o p e r t y  t a x  base, t h e  c i t y  r e c e i v e s  sales  t a x  r evenues  
a t  a r a t e  of 0.75 p e r c e n t ,  which a re  expected t o  t o t a l  a b o u t  $45,000 i n  t h e  1 9 8 1  
f iscal  yea r .  With a planned c i t y  budget  of $403,459 for 1982,  m i s c e l l a n e o u s  
i n t e r g o v e r n m e n t a l  t r a n s f e r s  ( s u c h  as r e t u r n s  from t h e  s t a t e  gas and l iquor t a x )  
and o p e r a t i n g  r evenues  ( such  as f o r  water and sewer s e r v i c e  and ga rbage  collec- 
t i o n )  are ,  i n  sum, impor t an t  r evenue  sources t h a t  h e l p  support c i t y  s e r v i c e s .  
S e r v i c e s  i n c l u d e  p o l i c e  and f i r e  p r o t e c t i o n ,  ga rbage  c o l l e c t i o n ,  and water  and 
sewer s e r v i c e .  

\ 

E.3.3 Governmental  s t r u c t u r e s  

Sou th  Sa l t  Lake, Tooe le  C i t y ,  and G r a n t s v i l l e  a l l  h a v e  s imi l a r  governmental  
s t r u c t u r e s ,  be ing  governed by a mayor and f i v e  c o u n c i l p e r s o n s .  Likewise,  b o t h  
T o o e l e  and S a l t  Lake C o u n t i e s  are  governed by t h r e e  e l e c t e d  coun ty  commissioners  
who make c e r t a i n  d e c i s i o n s ,  such  as t h o s e  concerning z o n i n g ,  and o v e r s e e  t h e  
p r o v i s i o n  of s e r v i c e s  i n  t h e i r  r e s p e c t i v e  c o u n t i e s .  Fo r  i n s t a n c e ,  S a l t  Lake 
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County p r o v i d e s  f l o o d  p r o t e c t i o n  and h e a l t h  s e r v i c e s  to  t h e  C i t y  of S o u t h  S a l t  
L a k e  b u t  d e l e g a t e s  t o  t h e  c i t y  t h e  r e s p o n s i b i l i t y  f o r  ma in tenance  o f  c o u n t y  r o a d s  
w i t h i n  t h e  c i t y .  S p e c i a l  d i s t r i c t s ,  though not governmental  e n t i t i e s ,  a r e  , 
i m p o r t a n t  i n  b o t h  coun t i e s ,  p r o v i d i n g  s e r v i c e s  s u c h  as sewage t r e a t m e n t  and 
p u b l i c  e d u c a t i o n .  

... 

E.3.4 Hous inq  

The t o t a l  number of housing u n i t s  i n  T o o e l e  County i n c r e a s e d  from 6455 t o  
8566, a n  i n c r e a s e  o f  32.7 p e r c e n t ,  between 1970 and 1980. (U.S. Department  o f  
Commerce, 1 9 8 1 ) .  Housing u n i t  s u p p l i e s  i n c r e a s e d  more r a p i d l y  t h a n  p o p u l a t i o n ,  
i n d i c a t i n g  a d e c r e a s e d  a v e r a g e  household s i z e ,  Housing u n i t  growth w a s  g r e a t e s t ,  
pe rcen tage -wise ,  i n  t h e  G r a n t s v i l l e  area,  a t  64.8 p e r c e n t  b u t  G r a n t s v i l l e ' s  1980 
hous ing  s t o c k  w a s  s t i l l  small  a t  o n l y  1348 u n i t s .  The 1980 Census p r e l i m i n a r y  
c o u n t  i n d i c a t e d  t h a t  5 p e r c e n t  of a l l  u n i t s  i n  G r a n t s v i l l e  were v a c a n t .  Wendover 
a l s o  e x p e r i e n c e d  a housing s t o c k  growth from 278 t o  409 u n i t s  i n  t h e  1970-80 
p e r i o d ,  a 47.1 p e r c e n t  i n c r e a s e ;  t h i s  r a t e  of growth was, however, s t i l l  less 
t h a n  t h e - s t a t e w i d e  55.2 p e r c e n t  ave rage .  T o o e l e  C i t y ' s  hous ing  s t o c k  grew by 
26.5 p e r c e n t  t o  4877 u n i t s .  A c t u a l  1980 vacancy r a t e  d a t a  a re  n o t  y e t  a v a i l a b l e  
from t h e  B u r e a u  o f  Census,  b u t  t h e  p r e l i m i n a r y  c o u n t  i n d i c a t e d  a p p r o x i m a t e l y  5.3 
p e r c e n t  of the  u n i t s  a r e  v a c a n t .  The County averaged 3.23 p e r s o n s  per d w e l l i n g  
u n i t  i n  1980. 

,, I n  a l l  j u r i s d i c t i o n s ,  r e s i d e n t i a l  b u i l d i n g  a c t i v i t y  v i r t u a l l y  stopp'ed w i t h  
t h e  h i g h  i n t e r e s t  r a t e s  of  1980-82. 

_. 

E.3.5 Community s e r v i c e s  

T h i s  s e c t i o n  f o c u s e s  upon t h e  demand f o r  and supply of soc ia l  services i n  
t h e  areas of c o n c e r n  (Tooe le  C i t y ,  G r a n t s v i l l e ,  South S a l t  L a k e ,  and T o o e l e  
Coun ty ) .  The  services d e s c r i b e d  below i n c l u d e  s c h o o l s ,  police and f i r e  protec- 
t i o n ,  p u b l i c  water and sewer sys t ems ,  h e a l t h  s e r v i c e s ,  and g e n e r a l  government .  

E.3.5.1 S c h o o l s  

S c h o o l s  are p rov ided  a t  t h e  coun ty  or d i s t r i c t  l e v e l .  

T o o e l e  Coun ty  

T o t a l  e n r o l l m e n t  i n  t h e  T o o e l e  County Schoo l  District  was 7011 s t u d e n t s  
d u r i n g  t h e  1981-82 s c h o o l  y e a r ,  0.3 p e r c e n t  h i g h e r  t han  t h e  p r e v i o u s  y e a r  
(1980-81) and 2.5 p e r c e n t  h i g h e r  t h a n  t h e  second p r e v i o u s  y e a r  (1979-80) ( T o o e l e  
County S c h o o l s ,  1 9 8 1 ) .  I t  a p p e a r s  t h a t  e n r o l l m e n t  w i l l  i n c r e a s e  i n  t h e  s h o r t -  
term f u t u r e  a t  about t h e  same r a t e  (1.2 p e r c e n t  per  y e a r )  as  i n  t h e  r e c e n t  p a s t .  
I n  t h e  s h o r t  term, t h i s  r a t e  of  e n r o l l m e n t  growth is n o t  expec ted  to  cause 
p h y s i c a l  c a p a c i t y  or f i s c a l  problems s i n c e  t h e  systern is n o t  e x p e r i e n c i n g  s i g -  
n i f i c a n t  ove rc rowding  and h a s  some e x c e s s  bonding c a p a c i t y .  A new e l e m e n t a r y  

E- 17 



s c h o o l  is  b e i n g  b u i l t  i n  G r a n t s v i l l e  t o  a l l e v i a t e  o v e r c r o w d i n g  ana  w i l i  be 
comple t ed  by t h e  1982-83 school y e a r .  I f  Wendover's c a s i n o  s e c t o r  grows as is 
rumored some crowding  may u l t i m a t e l y  r e s u l t .  
costs were S 1 7 1 2  i n  1981,  and t o t a l  per  s t u d e n t  costs were S2535 .  

Distr ic t -wide per s:uden: o p e r a t i n g  \ 

C i t y  of S o u t h  S a l t  L a k e  

E d u c a t i o n  i n  t h e  C i t y  of Sou th  S a l t  L a k e  and other n e a r b y  a reas  .is p r o v i d e d  
by t h e  G r a n i t e  School D i s t r i c t ,  one  of  four d i s t r i c t s  i n  S a l t  L a k e  County.  T o t a l  
d i s t r i c t  e n r o l l m e n t  w a s  61 ,485  i n  Se2tember 1981,  o n l y  a b o u t  2360 of whom were 
r e s i d e n t s  of S o u t h  S a l t  L a k e .  O v e r a l l  d i s t r i c t  e n r o l l m e n t  d e c l i n e d  d u r i n g  t h e  
1970s, b u t  h a s  r e c e n t l y  begun t o  r i s e  a g a i n .  T h i s  g r a d u a l  e n r o l l m e n t  r i s e  is 
e x p e c t e d  t o  c o n t i n u e .  The four s c h o o l s  t h a t  s e r v i c e  t h e  b u l k  of S o u t h  S a l t  L a k e ,  
however ,  a r e  e x p e c t e d  t o  c o n t i n u e  t o  have  s t a b l e  e n r o l l m e n t s .  No crowding  
problems e x i s t  or a re  e x p e c t e d  i n  t n e s e  schools. Dis t r ic t -wide  p e r  s t c lden t  
o p e r a t i n g  costs were $1769 i n  1981 ,  and t o t a l  per s t u d e n t  costs were $2241. 

E. 3.5.2 T o o e l e  County social  s e r v i c e s  

T o o e l e  County  is gove rned  by t h r e e  County Commiss ioners .  Economic p l a n n i n g  
.and  deve lopmen t  a g e n c i e s  are t h e  T o o e l e  County P l a n n i n g  O f f i c e ,  T o o e l e  Coun ty  
Chamber of Commerce, and t h e  Wasatch F r o n t  Range C o u n c i l  of Governments .  

P o l i c e  p r o t e c t i o n  is p r o v i d e d  t o  t h e  u n i n c o r p o r a t e d  areas i n  t h e  c o u n t y  by a 
s h e r i f f  and  14  d e p u t i e s  ( a n  a v e r a g e  of 2.0 off icers  per 1000  p o p u l a t i o n ) ,  and  by 
20-member Jeep P a t r o l  ( T o o e l e  County Chamber of Commerce, 1980). The c o u n t y  
s h e r i f f  a l so  directs t h e  c o u n t y  v o l u n t e e r  f i r e  d e p a r t m e n t  wh ich  h a s  1 8  f i r e  
t r u c k s  a t  9 f i r e  s u b s t a t i o n s  l o c a t e d  i n  Vernon, Clover, T e r r a ,  O p h i r ,  S t o c k t o n ,  
P i n e  Canyon, Lake  P o i n t ,  S t a n s b u r y  Pa rk ,  and G r a n t s v i l l e .  

The c o u n t y ' s  s i n g l e  h o s p i t a l ,  w i t h  36 beds, is located i n  T o o e l e  C i t y  and  
h a s  a l o w  a v e r a g e  occupancy r a t e  of 35 t o  3 8  p e r c e n t .  O t h e r  medical s e r v i c e s  
i n c l u d e  t w o  h e a l t h  c l i n i c s ,  o n e  m e n t a l  h e a l t h  c l i n i c  s e r v i n g  o u t - p a t i e n t s  o n  a 
24-hour basis, a v i s i o n  c e n t e r  and  o p t o m e t r i s t s ,  a foo t  c l i n i c ,  and a v e t e r i n a r y  
c l i n i c .  Ambulance s e r v i c e  is p r o v i d e d  for t h e  c o u n t y  by o n e  p r iva t e ly -owned  - 
company i n  T o o e l e  w i t h  o n e  ambulance  a d  by t h r e e  v e h i c l e s  managed by Advanced 
H e a l t h  S y s t e m s ' l o c a t e d  i n  G r a n t s v i l l e .  
located i n  T o o e l e  C i t y .  I t  h a s  46 beds, a 100 p e r c e n t  o c c u p a n c y  r a t e ,  and  a 
w a i t i n g  l i s t  ( T o o e l e  County Chamber o f  Commerce, 1980). 

The T o o e l e  V a l l e y  R e s t  Home is a l so  

The  c o u n t y  operates o n e  p u b l i c  l i b r a r y  hous ing  48 ,786  vo lumes ,  two book-  

B e c a u s e  t h i s  l i b r a r y  
mobiles and a s t o r a g e  f a c i l i t y  i n  G r a n t s v i l l e  t h a t  is o p e n  t o  t h e  p u b l i c .  T h e  .- 
l i b r a r y  h a s  a 1981-82 a p p r o p r i a t i o n s  budge t  of $73,350. 
s e r v i c e s  t h e  e n t i r e  c o u n t y  and h a s  a h i g h  c i r c u l a t i o n  r a t e  per c a p i t a ,  some 
improvements  are  recommended ( U n i v e r s i t y  of Utah  P l a n n i n g  Program, 1981) .  

E. 3.5.3 T o o e l e  C i t y  social  services 

0 T o o e l e  C i t y  is gove rned  by a mayor and f i v e  c i t y  c o u n c i l m e n .  I t  h a s  o n e  
f u l l - t i m e  l i c e n s e d  c i t y  e n g i n e e r .  T o o e l e  C i t y  employs 22  f u l l - t i m e  police 
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off ice:s  (1 .53 o f f i c e r s  per  1000 p o p u l a t i o n ) ,  2 animal  cont:.cl o f f i c e r s ,  4 
d i s p a t c h e r s ,  and 1 records o f f i c e r ,  and m a i n t a i n s  1 0  p i e c e s  G? motor ized  e q u i p  
ment. A minimum of t h r e e  patrolmen and c a r s  pi l ls  a t  l e a s i  one d e t e c t i v e  a r e  
on d u t y  a t  any g i v e n  time w i t h i n  a 24-hour p e r i o d  w i t h i n  t h e  c i t y  l i m i t s .  The , 

c i t y  budget  f o r  p o l i c e  p r o t e c t i o n  was b663,393 f o r  t h e  1980-31 f i s c a l  y e a r  and 
S723,438 for t h e  1981-82 y e a r .  P r o t e c t i o n  is c c n s i d e r e d  adeqilate.  

-.. 

Tooele C i t y  h a s  an  a l l - v o l u n t e e r  Eire  depar tment  c o n s i s i i n g  o f  a b o u t  50 
v o l u n t e e r s .  F i r e f i g h t i n g  equipment i n c l u d e s  one equipment t f z c k ,  t w o  1500- 
g a l l o n  pumper t r u c k s ,  one 1000-gallon pumper t r u c k ,  and t w o  1500-gal lon brush  
and g r a s s  f i r e  t r u c k s .  F i r e  h y d r a n t s  th roughout  t h e  c i t y  l i m i t s  a r e  l o c a t e d  
every 800 f e e t .  The 1980-81 f i s c a l  y e a r  budget  f o r  f i r e  p r o t e c t i o n  was $90,238; 
f o r  1981-82 i t  i n c r e a s e d  t o  $123,172. F i r e  p r c t e c t i o n  is c o n s i d e r e d  t o  b e  
adequate ;  t h e  f i r e  i n s u r a n c e  r a t e  c l a s s i f i c a t i o n  w i t h i n  t h e  c i t y  l i m i t s  is 5 and 
o u t s i d e  t h e  c i t y  l i m i t s  t h e  c l a s s i f i c a t i o n  is 10 .  These  c l a s s i f i c a t i o n s  a r e  
determined by t h e  American I n s u r a n c e  A s s o c i a t i o n  on a s c a l e  c;f 1 t o  1 0 ,  w i t h  10  
being lowest r a t i n g  ( T o o e l e  County Chamber o f  Commerce, 1 9 8 0 ) .  

T o o e l e ' s  water sys tem is city-owned and is s u p p l i e d  by we l l s  and s p r i n g s .  
The sys tem h a s  a n  above  ground s t o r a g e  c a p a c i t y  o f  7 m i l l i o n  g a l l o n s  (mg) u t i l i z -  
ing t w o  2 mg t a n k s ,  o n e  2.5 mg t a n k ,  and one  0 . 5  mg tank.  The c i t y ' s  w e l l  sys tem 
c o n s i s t s  o f  5 w e l l s  w i t h  a t o t a l  r a t e d  pumping c a p a c i t y  o f  4250 g a l l o n s  p e r  
minute (gpm) , or 6.12 m i l l i o n  g a l l o n s  p e r  day (mgd) . Average d a i l y  u s e  is 
approximate ly  2 mgd, b u t  d u r i n g  t h e  s m e r  i t  r a n g e s  as high as 8 mgd which is 
abave t h e  r a t e d  c a p a c i t y  of t h e  system. The c i t y  is c u r r e n t l y  i n v e s t i -  
g a t i n g  t h e  p u r c h a s e  o f  water  from o u t s i d e  s o u r c e s .  T o o e l e  a l s o  h a s  t w o  i r r i g a -  
t i o n  companies.  One is a p r e s s u r e  systom t h a t  is d u a l  t o  t h e  c u l i n a r y  system. 
The o t h e r  is a g r a v i t y  f l o w  system. To t h e  n o r t h  of  Tooele  azo  t w o  small unin- 

domest ic  u s e  is p r o v i d e d  by f lowing a r t e s i a n  w e l l s .  F i v e  i r r i g a t i o n  companies 
w i t h i n  t h e  a r e a  (Tooele, G r a n t s v i l l e ,  and S t o c k t o n )  p r o v i d e  water  f o r  a g r i c u l -  
t u r a l  u s e  and d o m e s t i c  gardening  w i t h i n  each c i t y ' s  l i m i t s .  

- 2  c o r p o r a t e d  communi t ies ,  Erda and S t a n s b u r y  Park.  Water f o r  both a g r i c u l t u r a l  and 

T o o e l e ' s  sewage t r e a t m e n t  p l a n t  is a combinat ion pr imary s e t t l i n q  t a n k ,  
t r i c k l i n g  f i l t e r ,  and d i g e s t e r .  A r e c e n t  a d d i t i o n  t o  t h e  sys tem,  w i t h i n  t h e  
p a s t  t h r e e  y e a r s ,  h a s  brought  its l i f e  expec tancy  to  20 y e a r s .  Average peak 
use is 25 p e r c e n t  below c a p a c i t y  of  2 mgd. 

E . 3 . 5 . 4  G r a n t s v i l l e  soc ia l  s e r v i c e s  

G r a n t s v i l l e  is governed by a mayor and f i v e  c i t y  counci lnen .  I t  employs o n e  
p a r t - t i m e  l i c e n s e d  c i t y  engineer .  G r a n t s v i l l e  c u r r e n t l y  employs t h r e e  f u l l - t i m e  
p o l i c e  o f f icers  and e x p e c t s  to  h i r e  a f o u r t h  i n  t h e  near  f u t u r e  f o r  0.9 o f f i c e r s  
per  1000 p o p u l a t i o n .  
ment. The c i t y  b u d g e t  f o r  p o l i c e  p r o t e c t i o n  is $122,000 f o r  f i s c a l  y e a r  1981-82. 
According t o  t h e  G r a n t s v i l l e  Mayor, p o l i c e  p r o t e c t i o n  is adequate .  

The department  m a i n t a i n s  f o u r  p i e c e s  of motor ized  e q u i p  

G r a n t s v i l l e ' s  f i r e  depar tment  is manned by 30 v o l u n t e e r s .  F i r e f i g h t i n g  
equipment c o n s i s t s  of 5 t r u c k s ,  4 pumpers, and 1 brush and grass f i r e  t r u c k .  The 
American I n s u r a n c e  A s s o c i a t i o n  r a t e  c l a s s i f i c a t i o n  is 10 .  The f i s c a l  y e a r  
1981-82 c i t y  budget  f o r  f i r e  p r o t e c t i o n  is $15,000.  

- 
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Based CT! 2C average  water users ana 9 high use r s ,  ar, eng ine*r ing  s-ud:; 
i n a i c a t e d  t h a t  a popu la t ion  of 35G3 w o u l d  r e q u i r e  an ave rage  d a i l y  demcad of 
1 3 2 , 1 9 2  g a l l o n s  per .  day (Enqifieering A s s o c i a t e s ,  1 9 7 5 ) .  

L i n e  imFrovements ar.e c u r r e n t l y  be ing  made t o  improve t h e  wa te r  pressx i -e .  
fc d e c r e a s e  w a s t e f u l  consumption, North Willow I r r i q a t i o n  Company is c u r r e s i l y  
h i l j i n g  a r e s e r v o i r  and will soon be p i p i n q  i r r i g a t i o n  water  to  cus tomers  i n  
Grantsv  i l l e .  

The sewage-treatment p l a n t  u t i l i z e s  a n  a e r a t e d  lagoon sys tem,  w i t h  a d e s i g n  
r a t e  c a p a c i t y  of  0.6 m i l l i o n  g a l l o n s  per day (mgd). The a v e r a g e  d a i l y  f low is  
0.4 mgd. The system is c u r r e n t l y  deemed t o  be adequate  u n t i l  1990; when b u i l t -  
i n  1970,  t h e  d e s i g n  c a p a c i t y  was f o r  an  expected t e n  y e a r s  o r  a d e q u a t e  f o r  a 
p o p u l a t i o n  of 3850. When needed, expans ion  of t h e  evapora t ion  ponds w i l l  be 
r e l a t i v e l y  easy  a s  t h e  c i t y  owns t h e  a d j o i n i n g  land .  

E.3.5.5 C i t y  of South S a l t  Lake social  s e r v i c e s  

South  S a l t  Lake is  governed by a mayor and f i v e  counci lmen.  The c i t y  
employs a pa r t - t ime  l i c e n s e d  eng inee r  (Utah I n d u s t r i a l  Development D i v i s i o n ,  
no d a t e ) .  

The South S a l t  L a k e  P o l i c e  Department employs 22 o f f i c e r s  (2.0 o f f i c e r s  per 
l O G O  p o p u l a t i o n )  a s  w e l l  a s  a p u b l i c  r e l a t i o n s  s p e c i a l i s t ,  l i e u t e n a n t ,  and c h i e f .  
I t  o p e r a t e s  17 v e h i c l e s  and has  3 to  4 patrolmen on-duty a t  any hour ,  p r o v i d i n g  
an a v e r a g e  r e sponse  time of 2-3 minutes .  I ts  budget f o r  f i s c a l  y e a r  1981-82 was 
$897,816, of which $727,326 ( 8 1  p e r c e n t )  is pe r sonne l - r e l a t ed  expenses  [ s a l a r i e s ,  
b e n e f i t s ,  t r a i n i n g ,  uniforms,  etc.) . 

The South S a l t  L a k e  F i r e  Department  employs 1 6  men on a f u l l - t i m e  b a s i s  and 
has  25 v o l u n t e e r s .  F i r e f i g h t i n g  equipment inc ludes  two l a d d e r  t r u c k s ,  t w o  squad 
t r u c k s ,  t h r e e  pumper t r u c k s  and one u t i l i t y / s e r v i c e ,  t r u c k .  Response t i m e  is t w o  
t o  t h r e e  minutes .  The American I n s u r a n c e  Assoc ia t ion  r a t i n g  f o r  Sou th  Salt Lake 
is 5. The depa r tmen t ' s  budget  f o r  1981-82 f i s c a l  year  is $581,159. 

South  S a l t  L a k e  u t i l i z e s  a g r a v i t y  water system from s i x  wel ls .  Three  wells 
f low d i r e c t l y  i n t o  t h e  system w h i l e  t h e  remaining r e q u i r e  p r e s s u r e  pumps t o  
c i rculate  t h e i r  water. The p r e s s u r e  r e q u i r e d  f o r  t h i s  c i r c u l a t i o n  is 64 t o  84 
pounds per square inch. 
is 9 m i l l i o n  g a l l o n s  per day Imgd) . The average  pumping c a p a c i t y  is 5.5  mgd. 

The system's s t o r a g e  c a p a c i t y  and peak pumping c a p a c i t y  

The sewage-treatment f a c i l i t y  f o r  South  S a l t  Lake is a combina t ion  pr imary  
c l a r i f i e r  , t r i c k l i n g  f i l t e r ,  and a n a e r o b i c  d i g e s t e r .  The d e s i g n  a v e r a g e  f l o w  
c a p a c i t y  is 3 mgd. Cur ren t  ave rage  f low is 2.4 mgd. 

. _ .  
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Located immediately t o  t h e  n o r t h  of t h e  Vitro s i t e  is t h e  S a l t  Lake C i t y  
Suburban S a n i t a r y  District  NO. 1 t r e a t m e n t  p l a n t .  T h i s  system is b i c f i l t e r  
pr imary s e d i m e n t a t i o n  t y p e  w i t h  a d e s i g n  average  flow c a p a c i t y  of 17.25 mgd. The 
C e n t r a l  V a l l e y  Water Reclamation F a c i l i t y  is c u r r e n t l y  b u i l d i n g  a E.PW f a c i l i t y  on 
t h e  s i t e  u t i l i z i n g  a p o r t i o n  of t h e  e x i s t i n g  p l a n t .  O p e r a t i o n  is  Fianned for 
1987. T h i s  p l a n t  w i l l  have a d e s i g n  average  flow of 50 mgd and is expec ted  t o  
l a s t  u n t i l  t h e  y e a r  2000. Once completed,  t h i s  system w i l l  r e ? l a c e  t h e  South 
S a l t  Lake and t h e  S a l t  L a k e  C i t y  Suburban District No. 1 p l a n t s  a s  well a s  t h e  
7,S-rngd Granger-Hunter District p l a n t ,  t h e  8-mgd Cottonwood D i s t r i c t  p l a n t ,  and 
t h e  4-mgd Murray C i t y  p l a n t .  

E.3.6 T r a n s p o r t a t i o n  n e t w o r k s  

T h e  major t r a n s p o r t a t i o n  routes from t h e  Vitro s i t e  t o  t h e  Socth C l i v e  s i t e  
a r e  d e f i n e d  i n  t h e  f o l l o w i n g  t w o  sections. Annual a v e r a g e  d a i l y  t r a f f i c  c o u n t s  
f o r  p o t e n t i a l  h a u l  routes (borrow and t a i l i n g s )  were provided by t h e  Utah 
Depar taent  o f  T r a n s p o r t a t i o n  (1980, 1 9 8 4 ) .  

E,. 3.6.1 Highways 

?he 'Jitro s i t e  is bounded or: t h e  s o u t h  by 3300 South S t r e e t ,  which is Utah 
S t a t e  Highway 1 7 1  and on t h e  w e s t  by 900 West S t r e e t .  S t a t e  Aighway 1 7 1  e x t e n d s  
west through Granger and Hunter and ends  a t  t h e  i n t e r s e c t i o n  w i t h  S t a t e  Highway 
111 j u s t  s o u t h  o f  Magna. 900 W e s t  S t r e e t  r u n s  nor th-south  and i n t e r s e c t s  
S t a t e  Highway 201 ( U . S .  A l t e r n a t e )  approximate ly  1.75 miles t o  t h e  n o r t h  of 
Rigkway 171. S t a t e  Highway 201 a l s o  r u n s  east-west, p a s s e s  Magna on t h e  n o r t h  
and,  8 m i l e s  t o  t h e  west, j o i n s  I n t e r s t a t e  80 t h a t  e x t e n d s  west p a s t  C l i v e  
( F i g u r e  E - 4 ) .  

An a u t o m a t i c  t r a f f i c  r e c o r d e r  s t a t i o n  l o c a t e d  v e r y  near  t h e  Vi t ro  s i t e  on 
S t a t e  Highway 1 7 1  i n d i c a t e d  a n  a n n u a l  average  d a i l y  t r a f f i c  c o u n t  of  24,850 i n  
1979. Near t h e  n e w  I n t e r s t a t e  215, t h e  volume i n c r e a s e d  t o  about  32,000 and t h e n  
to  34,385 n e a r  Granger.  From j u s t  west of  Granger ,  t h e  volume d e c r e a s e d  from 
18,575 near  Bunter  to  13,790 near Magna a t  t h e  i n t e r s e c t i o n  w i t h  S t a t e  Highway 
111. North of t h i s  i n t e r s e c t i o n ,  t h e  t r a f f i c  volume on S t a t e  Highway 111 between 
S t a t e  Highways 1 7 1  and 201 averaged 8380. J u s t  b e f o r e  j o i n i n g  I n t e r s t a t e  80 ,  t h e  
volume on S t a t e  Highway 201 w a s  over  10,000. 

T o  u t i l i z e  t h e  four - lane  highway system from t h e  V i t r o  s i t e  to  C l i v e ,  t h e  
most logical route would be n o r t h  on I n t e r s t a t e  15 t o  S t a t e  Highway 201. How- 
e v e r ,  t r a f f i c  volumes a r e  much h i g h e r  us ing  t h i s  route.  A t  t h e  i n t e r s e c t i o n  o f  
1-15 and 3300 South  S t r e e t ,  t h e  average  d a i l y  t r a f f i c  c o u n t  was about  24,850 
v e h i c l e s  i n  1980. On 1-15 t h e  count  was 102,230 j u s t  b e f o r e  t h e  i n t e r c h a n g e  w i t h  
1-80 and t h e n  123,015 j u s t  n o r t h  of  t h e  in te rchange .  J u s t  west o f  1-15 on S t a t e  
Highway 201 t h e  count  was 67,670 and reduced to  41,700 about  a m i l e  west o f  
1-215. By a b o u t  h a l f  way to Magna from 1-15 t h e  count  d e c r e a s e d  f u r t h e r  t o  
17 ,680 ,  dro2ping  aga in  to 10 ,810  j u s t  b e f o r e  t h e  i n t e r s e c t i o n  w i t h  S t a t e  Highway 
111. West o f  t h i s  i n t e r s e c t i o n  t h e  volume was o n l y  9720 and cont inued  to  become 
l e s s  ( 6 0 6 0 )  b e f o r e  j o i n i n g  I n t e r s t a t e  80. On 1-80, v e h i c l e  c o u n t s  were 15 ,515  
between t h e  j u n c t i o n  wi th  S t a t e  Highway 201 and t h e  t u r n o f f  t o  Tooele  ( S t a t e  
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Highway 36!. ?regressing westward, the traffic volumes continue to decrease: 
first, from 5150 to 4560 (to the north of Gran:rville) and then to 3455 at Rowley 
Junction, anozher 10 miles distant. Srorri here, and proceeding p a s t  Clive, the 
average volume remains constant at 3465 to Kecdcver. ' 

E. 3.6.2 Railroads 
. .  

The.Denvez ana Rio Grande Western Railroad forms the east boundar:] 
of the Vitro site. The tailings would be trans?orted into Salt Lake City and 
then along the Union Pacific line to Clive. 

E . 3 . 7  Recreation 

In 1975, the Institute for the Study of Outdoor Recreation and Tourism at 
Utah State University inventoried facilities for most types of outdoor zecreation 
within the state of Utah. 

In Tooele County, the greatest nuriber of facilities were availabie for 
four-wheeling with open space, playgrounds; tennis courts, and softball fields 
next. Facilities available for picnickins and camping were also abundant, 
the Wasatch National Forests providing a total of 936 sites for outdoor activi- 
ties such as fishing, hiking, camping and picnicking, and hunting (Utah Travel 
Council, 1979). State Parks within Tooele County include the Great Salt Lake 
State Park Saltair Beach, located 15 miles west of Salt Lake City, the aonneville 
Salt Flats, and Danger Cave located near Wendover. The salt flats are listed in 
the National Register of Historical Places, being approximately 44,OOC acres of 
the remains of ancient Lake Bonneville that at one time covered nearly one-third 
of the state. The salt flats' fame der-ives primarily from land speed record 
attempts at the Bonneville Race Track. 

"v 

Recreational use of land within a 5-mile radius of Clive is limited to 
occasional recreational vehicle use and jackrabbit hunting. Jackrabbit hunting 
throughout the county is allowed any time without a permit or license. Hunting 
other game is allowed only seasonally and requires a permit or license. Off- 
road vehicle use near the site is rare because of the number of mud flats in the 
vicinity . 

In Salt Lake County, facilities for softball, playgrounds, open space, 
soccer, tennis, and swimming are the most numerous with football, golf, and 
picnicking next. South Salt Lake has three parks for general picnic and recrea- 
tion purposes and one ballfield, and borders a public golf course. 
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.- 

This appendix contains: (11 basic facts about radiation ana its 
measurement useful for understanding the methods and calculations wnich 
foliow, (2) a description of the methods used to calculate he2lth effects of 
the various alternatives, ( 3 )  the data an3 calculations for the radioactive 
release source term represented by the various alternatives, and (4) estimates 
of the health effects of the occc?ational and population radiation exposures 
from the ,a1 ternat ive remedial act ions. 

The radiation doses and health impacts for the general population and 
remedial action workers are addressed for .each of the Vitro tailings site 
remedial action alternatives. The slightly increased doses received by these 
individuals can, in a statistical sense, increase the potential for individual 
and population health effects (excess fatal cancers) above those expected frcm 
normal causes. Assumptions made during the calculacions of health effects for 
the general population and for remedial action workers are realistically 
conservative, in order to give a realistic upper limit for the excess c;lncers 
that might occur. 

F- 1 
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F.l BASIC FACTS ABOUT RADIATION .2:D ITS PEASUREMENT 

Atoms that s?cnraneously transform, or "?€ray," into new atoms are termed 
"radioactive." Tho decaying atom is cailed the "parent," and the at03 
produced by the transformation is called the "5aughter." The rate at which 
atoms decay is the "activity" measured by the unit "curie." A more convenient 
unit for measuring the activity of radioactive atoms in tailings iles is the 
picocurie (pci), which is one-millionth of one-millionth (1 x lO-'') of a 
curie. The half-life of a radioactive sirbstance is the time required for the 
radioactive substance to lose 50 percent of its activity by decay. Each 
"radionuclide" has a unique half-life. 

When atoms undergo radioactive decay, they emit "radiation." The most 
common types of radiation are alpha particles, beta particles, and gamma 
rays. "Alpha" and "beta" radiation are tiny particles with excess energy, and 
"gamma" radiation is pure energy without mass. Radiation transfers energy to 
matter as it travels through matter. Alpha radiation penetrates only a few 
millimeters into matter and beta radiation penetrates a few centimeters, 
unlike gamma radiation which can travel deeper into ma'tter in the same way as 
x-rays. Alpha radiation will not penetrate through a layer of skin, whercas 
aamma radiation has some probability of travelling through the whole body 
without transferring energy. 

The amount of radiation to which an.individua1 is exposed may be 
expressed in terms of the amount of energy imparted to cells and tissue by the 
radiation and the degree of biological damaqe associated with the energy as it 
is absorbed. This absorbed energy is termed the absorbed dose and is given in 
units of rads, where one rad equals 100 ergs of energy absorbed per gram of 
material irradiated. When the irradiated material is living tissue, the 
damage per rad varies depending on the type of radiation. By applying a 
"quality factor" to each specific type of radiation, the degree of biological 
damage can be expressed independently of the type of radiation causing it. 
The biologically relevant absorbed energy is termed the dose equivalent and 
the unit is the rem. One rad is equal to one rem for less damaging radiations 
where the quality factor is one (e.g., gamma rays). For comparison, one rad 
of internal alpha-deposited energy is equal to 20 rem because alpha particles 
are more damaging to tissue and the quality factor for alpha radiation is 20. 
The millirem equals one-thousandth (1 x of a rem and is in more common 
usage when expressing doses from environmental levels of radiation. 

When a succession of radioactive parent atoms decay to radioactive 
daughter atoms, a "radioactive decay series" is formed. U-238 is such a 
radioactive parent atom and the U-238 decay series is shown in Figure F-1 

Ra-226, Rn-222 (radon), short-lived radon daughters, and other long-lived 
radioactive atoms. The U-238 decay series ends with Pb-206, an atom that is 
stable and not radioactive. When theldaughters in a radioactive decay chain 
have shorter half-lives than the parent, the daughter activities will increase 
(termed "ingcowth"), until they equal the activity of the parent. 

(Lederer et al., 1967; BRH, 1970). The U-238 decay series includes Th-230, . . .  

Radon is the radionuclide of primary importance to the UmRA Project 
because it represents the largest radiation exposure pathway to the general 
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population. The half-life of radon (3.8 days) is short relative to the 
half-life of Ra-226 (1620 years;. As Ra-226 decays, the newly produced radon 
will begin to decay, and the racon activity will become q u a i  to the Ra-225 
activity within 30 days. Siii,:,a:ly, the short-lived radon dauqkipr activities 
will ingrow within 4 hours to equal the activity of radon. %hen  the activi- 
ties of the parent and its dacghters are equal, the daugnters are said to be 
in "100-percent equilibrium" cr simply in "equilibrium." If the daughters are 
diluted or carried away as tho? are formed, they will not- reach 100-percent 
equilibrium. 

. .  

The only member of the E-238 decay series that is not a solid is radon. 
Radon is an inert gas and does not react chemically with other elements; it 
therefore can diffuse out of zarter and into the atmosphere. Atmospheric 
radon concentration is measured in units of picocurie per liter (pCi/l). In 
the uranium milling process, ?z-226, the parent of radon, is left in the 
tailings, which then become a source from which radon diffuses into the 
atomosphere. Once in the.atmos?here, radon is transported downwind and, 
according to its 3.8-day half-life, decays into the short-lived radon 
daughters which can attach to particulates in the air. Since radon is an 
inert gas, it is inhaled and exhaled, contributing very little radiation 
exposure to the lung. The racon daughters are solids, however, and once 
inhaled can deposit in or attach to.the lung and then decay, transmitting 
alpha energy in the lung. Because of the short half-life, these daughters 
will decay before being removed from the lung. 

Trace amounts of U-238 and its daughters are found everywhere on the 
earth; therefore, radon and its short-lived daughters contribute significantly 
to the.background radiation ex?osure of the general population. Human 

major natural radiations oriqinate from cosmic and terrestrial external 
sources, and from naturally occurring radionuclides which are deposited inside 
the body via the ingestion an? inhalation pathways. Exposure to man-made 
sources results primarily from medical exposures (e.g., diagnostic x-rays), 
with minor contributions from sources such as airline travel, atmospheric 
weapons tests, the nuclear power industry, consumer products, and 
technologically enhanced natural radiation (TENR). 

exposure to radiation originates from both natural and man-made sources. The [.. .. 

Medical usage of radiation is responsible for the highest contribution to 
man's radiation exposure, accounting for approximatedly 50 percent of man's 
total radiation exposure. Other man-made contributors, including airline 
travel, atornospheric weapons tests, the nuclear industry, and consumer and 
industrial products together account for approximately 5 percent. The 
remaining 45 percent of man's total radiation exposure results from exposure 
to natural radiation sources. 

The health effects attributed to a radiation dose are categorized into 
two general types: somatic and genetic. Somatic effects are manifested in 
the exposed individual (e.g., cancer) and genetic effects are manifested in 
the descendants of the exposed. individual. The International Commission on 
Radiation Protection (ICRP, 1577) estimated the genetic effect to be less than 
the somatic effects; therefore, only risk of somatic effects are considered. 

000656 
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F.2 METHOD OF ANALYSIS 

Radiation and its associated health effects have been studied mote 
thoroughly than health effects from other carcinocenic a?ents. The evaluation 
of health effects caused by low-level radiation is, however, a difficult task, 
and many uncertainties are associated with the estimation of risks fror;. radia- 
tion. The traditional approach for estimating risks from low-level radiation 
exposures is to extrapolate from effects observed 2t high radiation exposures 
using the linear dose-response and no threshold assumptions. Synergistic 
effects of other health effect agents (e.g., chemicals), are not considered in 
this analysis. 

There are five principal pathways which could potentially result in 
exposure o f  man to radiation from the tailings pile. These are (1) inhalaticn 
of radon daughters; ( 2 )  direct exposure to gamma radiation emitted from the 
contaminated area: ( 3 )  inhalation and ingestion of airborne radioactive 
particulates; ( 4 )  ingestion of ground and surface water contaminated with 
radioactive materials; and (5) ingestion o f  contaminated foodstuff produced in 
ar8as contaminated by tailings. For calculations of health effects in this 
appendix, only the most significant radiation exposure pathways are con- 
sidered; they are inhalation of radon daughters and direct exposure to gamna 
radiation. Analyses for the latter three radiation exposure pathways lead to 
doses that are much smaller (several orders of magnitude) than doses from 
radon daughter inahlation ani direct gamna radiation. The latter thrse 
radiation exposure pathways are not considered in this analysis. 

The health effect estimations made in this appendix are primarily based 
on data and models presented in the BEIR-I11 report (NAS, 1980). Quantitative 
risk estimation o f  somatic effects for various organs of the body can De 
obtained using available human radiation exposure data. The manifestation of 
a cancer caused by radiation exposure would occur after a latent period o f  UP 
to 25 years, depending on the type of cancer and the age of the person 
exposed. The risks from radiation will vary with adult age and sex, but are 
presented as average values where variation due to adult age and sex is 
small. No data are available that indicate whether risk estimates for adults 
are appropriate for radiation exposure during childhood. Because the BEIR-I11 
report does not always make firm recommendations for application of the data, 
health risk estimates in this appendix also make use of recommendations 
published in scientific journals. 

.- 

F . 2 . 1 .  Health effects of exposure to radon daughters 

The health effects of radon diffusion from tailings arise €rom inhalation 
of the short-lived radon daughters which then deposit energy from alpha . .  
particles in the lung. For radiation protection purposes, the ICRP (1977) 
proposed an individual lung-cancer risk factor of 20 x per rem, or 20 
excess cancer deaths where one million individuals each receive a one-rem lung 
dose equivalent from radon daughters. 

Other standards-setting organizations express the excess risk of lung 
cancer based on the lung collective dose equivalent in person-working-level 
months (person-WLM). The unit of working level (hl) is defined as any 
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combination of short-lived radon daughters in one liter of air which, on 
corr,plete decay, gives a total emission of 1 . 3  x lo5 million electron volts ' 

of alpha radiation. One WL is equivalent zo 100 pCi of radon ?er liter of air 
with the short-lived radon daughters in 100-percent equilibrium. A t  
equilibrium levels less than 100 percent, the WL correspondinq to a given 
radon concentration is reduced. The working-level month (WLr?) is a unit 
defined as the exposure resulting from the inhalation of air with a 
concentration of 1 WL of radon daughters for 170 working hours. The total 
dose of one or more persons is the producc of the number of persons and the 
average dose they receive; the unit for the measurement of such a poplatior. 
dose is the, person-WLM. 

Some of the estimates of excess fatal lung cancers given in terms of 
person-WLM follow. The United Nations Scientific Committee on the Effects of 
Atomic Radiation quoted a range of 200 to 450 x deaths per person-WLM 
(UNSCEAR, 1977), while the NRC in its environmental impact statement on 
uranium milling quoted 360 x deaths per person-WLM (NRC, 1980b). The 
BEIR-I11 report formulated an age-dependent model for predicting the risk of 
lung cancer based on several studies of uranium and fluorspar miners. Evans 
et al., (19811, reviewed the BEIR-111 study, lung-cancer risk estimates 
published by other authors, and epidemiological evidence. .They concluded that 
the most defensible upper-bound to the lifetime lung-cancer risk for the 
general population is 100 x deaths per person-WLM. . ,  

The BEIR-I11 committee reported the conversion factor that one WLM is 
approximately equal to a 5-rem dose equivalent commitment to the lung. The 
risk estimate of 100 x deaths per person-WLM is therefore equivalent to 
the ICRP risk estimate, 20 x deaths per person-rem, which is used in 
this appendix. 

To estimate the radon daughter concentrations breathed by the general 
population and remedial action workers, two.methods are used: (1) atmospheric 
dispersion calculations for radon released from the tailings pile (the MILDOS 
computer code was used, see Section F . 3 1 ,  and (2) long-term measurements of 
atmospheric radon concentrations around the Vitro tailings site (see Section 
F . 3 ) .  

In order to convert measured or modeled radon.and'radon daughter 
concentrations in air to rem of dose equivalent commitment, the following 
conversion factor was developed assuming'a conservative 25 percent equilibrium 
of radon daughters both on the pile and within 1 km of the pile: 

7.4 x 10'' (rem/(hr x pCi/l)) . 
This is derived from the calculation 

(at 100% eq.) 
5 rem 5 rem - 2.94 x low4 rem - - =  

WLM WLM (170 hr/M) (100 (pCi/l)/WL) hr x (pCi/l) 

(at 25% eq.) 7 . 4 - x  rem 
hr x (pCi/l) 

or, = 

000653 . 
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F.2.2 Xeal th  e f f e c t s  of e x p o s u r e  t o  aalma r a d i a i o n  6442  
T a i l i n g s  p i l e s  emit gamma r a d i a t i o n  that  d e l i v e r s  an exter>a!. e x p o s u r e  t o  

the wnoie body o f  p e o p l e  n e a r  the p i l e .  The BEIR-I11 report  c c n c a i n s  s e v e r a l  
models for e s t i m a t i n g  c a n c e r  r i s k  r e s u l t i n g  from e x p o s u r e  to  g a m a  r a d i a t i o n .  
Iiealt!! e f f e c t  estimates i n  t h i s  appendix for e x c e s s  c a n c e r  deat;?s d u e  t o  gamma 
r a d i a t i o n  u s e  a r i s k  f a c t o r  Of 120 x d e a t h s  per  person-ren  (NAS, 1980;  
Cohen, 1981) .  T h i s  is e q u i v a l e n t  to  120 e x c e s s  c a n c e r  d e a t h s  i n  an exposed 
popula t ion  f o r  each 1 , 0 0 0 , 0 0 0  person-ren of  c o l l e c t i v e  dose e q u i v a l e n t .  A 
persoc-rem is t h e  p r o d u c t  o f  t h e  rad ia t - ion  dose e q u i v a l e n t \  m u l t i ? l i e a  by t h e  
number of people  r e c e i v i n g  t h a t ,  dose e q u i v a l e n t .  

S e a l t h  e f f e c t  estimates f o r  gamma r a d i a t i o n  e x p o s u r e  were -xrformed f o r  
remedizl  a c t i o n  workers and f o r  t h e  g e n e r a l  p o p u l a t i o n  w i t h i n  1 k a  from t h e  
t a i l i n s s  s i t e .  The c o n t r i b u t i o n  from t h e  t a i l i n g s  p i l e  t o  gam.a r a d i a t i o n  
l e v e l s  becomes n e g l i g i b l e  beyond approximately 1 km from t h e  t a i l i n g s  p i l e  
p e r i m e t e r .  A h e a l t h  e f f e c t  a n a l y s i s  was done f o r  the q e n e r a l  p o p l a t i o n  and 
remedial  e c t i o n  workers to d e t e r m i n e  gamma r a d i a t i o n  impacts  dur ing  
t r a n s p r t a t i o n  of t a i l i n g s  m a t e r i a l  in  t h e  r e l o c a t i o n  a l t e r n a t i v e  a c t i o n s .  

Fsr gamma r a d i a t i o n ,  1 rem is approximately e q u a l  t o  one roentgen (R) , 

w h i c h  is t h e  u n i t  for measuring gamma-radiation i n t e n s i t y  i n  ai:. A x  
n i c r o r c e n t g e n  (microR) is 1 x R ,  ana t y 9 i c a l  e n v i r o n m e n t a l  pmma 
r a d i a t i o n  l e v e l s  a r e  e x p r e s s e d  i n  microil/hr. 

TSe ICRP (1977) reported t h a t  t h e  average  r i s k  estimated f o r  g e n e t i c  
e f f e c t s ,  a s  e x p r e s s e d  i n  t h e  f i r s t  two g e n e r a t i o n s  and c o n s i d e r e d  g e n e t i c a l l y  
s i q n i f i c a n t ,  is 40  x p e r  rem. For a l l  s u b s e q u e n t  g e n e r a t i o n s ,  t h e  r i s k  
is  e s t i m a t e d  to  be e q u a l  to  t h a t  expressed i n  t h e  f i r s t  t w o  g e n e r a t i o n s .  The 

:-.-. t o t a l  j e r . e t i c  r i s k  ( a l l  g e n e r a t i o n s )  is, t h e r e f o r e ,  80 x per rem. T h i s  
is s u f f i c i e n t l y  s i m i l a r  to  ‘ the  somatic r i s k  e s t i m a t e  so t h a t  p r o t e c t i o n  of  t h e  
i n d i v i 2 s a l  a g a i n s t  somatic e f f e c t s  w i l l  e n s u r e  a d e q u a t e  p r o t e c t i o n  a g a i n s t  
g e n e t i c  e f f e c t s .  , 

0,. 

The gamma r a d i a t i o n  e x p o s u r e s  on and around the V i t r o  t a i l i n g s  p i l e  a r e ,  
estimaEed from d i r ec t  measurements and from t h e  radium-226 c o n t e n t  o f  t h e  
t a i l i n c s .  The e x p o s u r e s  to workers takes  a c c o u n t  o f  s u b s t a n t i a l  s h i e l d i n g  
o f f e r e d  by the working environment .  

F- 9 \ 
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F.3  , SITE RAD?OLOGiiCAL CXUACTERISTICS 6442 
In this section the data concerning the environmental radiation 

' conditions of t!!o Vitro pile, the areas around the Vitro site, tile Sout;? Clive 
site, and the transportation corridor are desczibed. 

F.3.1 Existinc pile characteristics 

The Vit:o site is a 128-acre tracz locazed about 4 miles southwest of 
downtown Salt Lake City, Utah. As desc:ibed in Appendix A,  there are 
approximately 2.3 million cubic yards of uranium mill tailings, rubble, sewage 
sludge, and other mill wastes on the site. An additional 0.15 million cabic 
yards of wincblzwn and other off-site contaminated materials will be included 
in the final stabilization (Table A-1, Appendix A ) .  

The tailings materials are located in three roughly rectangular areas, 
designated as the northwest (NW) , southwest (SW) , and southeast (SH) 
tailings. The original mill location is a t:iangular area to the sast of the 
SE tailings, which is also contaminated and included in the volume estimates 
above. The Central Valley Water Reclamation Facility (CVWRF) sewage treatment 
plant No. 1 is situated to the north of the SH tailings and east of the Nw 
tailings. A descriptive mzp of the Vitro si:e showing the approximate 
locations of the three tailings areas, the original mill site, and the CvwRF 
plant is presented in r'iqure 1-2 of the main text. 

The cross sections of the three main piles (NW, SW,.and SE tailings) are 
variable and their overall dimensions (average areas and thicknesses) are not 
uniformly reported (FBDU, 1981; ORNL, 1977; Fartin et al., 1980; Schiaqer, 

'.,'ORNL 117 acres. FBDU (1981) did not give an area for the tailings, but stated 
0. 1974). Martin et al. reported 90 acres of tailings, Schiager 93 acres, and 

that the site is 128 acres. For the source term calculations, 128 acres was 
chosen as the area to be remediated. 

Depths of the tailings on the bulk of the site were reported to vary from 
6 to 17 feet (Martin et al., 1980) but the more recent data of Mountain States 
Research and Development, Inc. (MSFlD, 1982) indicate the range may go as much 
as 40 feet deep on the SE pile. The bulk of the material is in the SZ pile, 
which appears to be the thickest, Based on the MSRD sampling program, it 
appears that a reasonable average for tbe depth of contaminated material 
beneath the site is 2 feet (MSRD, 1982; Brewer et al., 1982). 

Physical CharacEeristics 

Physical characteristics of the tailings are described by Martin et al., 
(1980) and by MSXI (1982). The Nw tailings consist mainly of medium to fine 
sands. The SW and SE piles contain mostly fine sands with varying proportions 
of slimes. The site average tailings moisture content is 20 percent, with the 
Contaminated material beneath the site averacing 23 percent (MSm, 1982). 

An averaqe tailings moisture content of 20 percent was assumed for the 
in-situ condi:ion. If the tailings materials are moved to the South Clive 
disposal site, it is reasonable to expect that the moisture content w i l i  be 
lower. The NRC (1980a) reports data indicating that nonclayey soils would be a 

F-11 
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expected to retain 6 to 10 ?ercent moisture, and that clayey s c i l s  would 
retain 9 t o  12 percent mois:ure or more. Soil tests indicate that Vitro 
tailings could retain more mois:ure than this. Nevertheless, lacking 
si:e-specific data, a value of 10 percent was assumed as a reasanable generic 
value for long-term tailings moisture retention at the South Clive sice. 

In-situ densities are on the order of 1.4 g/cm3. Results of standard 
Proctor tests indicate that maximum densities of 1.6 to 1.8 g/cz3 would be 
obtained for the sandier materials at 10 to 16 percent moistoro content. The 
maximum densities for the finer materials would be about 1.5 g/cn3 at 20 to 
30 percent moisture. Most field samples were at 75 to 85 percent of the 
maximum Proctor density (FBDU 1981). 
used in this appendix for scabilited tailings. 

A tailings density of 1.6 g/cm3 was 

The radon emanation coefficient is the fraction of radon 2roduced within 
the soil or tailings grains that is released to the interstitial pore spaces. 
Vitro tailings samples analyzed at'LASL (1981) ranged from 0.12 to 0.20. The 
NRC (1979) reported a measured value of 0.2 for Vitro tailings and considered 
this to be a good generic value for tailings. An emanation coefficient of 
0.20 was used in this ,appendix. 

Radionuclide content 

The principal isotopes of concern in assessing the radiological impacts 
of the proposed alternatives are U-238, Th-230, and Ra-226. Concentrations of 
other isotopes may be estimated based on these three radionuclides and the 

radionuclide contents of the Vitro tailings have been made ( F B D U ,  1981; ORNL, 
1977; LASL, 1981; Schiager, 19741, the values used in this appendix are based 
on the statistically designed drilling and sampling program of ,%RD (1982). 
Additional work using MSRD samples has been done by Sandia (1982a) and Bendix 
(1983). 

' assumption of secular equilibrium. Although many estimates of the 

MRSD (1982) found a site average of 0.014 percent uranium (U308) in 
the tailings. This corresponds to about 40 pCi/g of U-238, based on 104 
boreholes sampled every 2.5 feet. This concentration is at the low end of the 
ranges of previously reported values, 20 to 107 pCi/g, ( F B D U ,  1981; OWL, 
1977; LASL, 1981) but is based on the most complete data available. 

The Ra-226 concentration in the material on the site averages 560 pCi/g 
based on 181 samples from 66 of the 104 boreholes drilled by MSm. The Ra-226 
analyses were done by Bendix Field Engineering (Bendix, 1983) on all samples 
of sufficient volume that remained from the sampling program. This is in the 
range of previously reported values, 100 to 2000 pCi/g (FBDU, 1981; ORNL, 
1977; Schiager, 1974; LASL, 19811, and is based on the most comolete data 
available. 

A Th-230 concentration of 560 pCi/g may be estimated assuaing the Ra-226 
is in secular equilibrium. Other information indicates the Th-230 
concentration is perhaps 30 percent lower than this (LASL, 19811, probably due 
to extraction during the acid leach process. The value 560 pCi/g is used in 
this report as a conservative estimate. 

F-12 
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In summary, the radionuclide concentrations used in this appendix are 
560 pCi/g for Ra-226, 560 gi/g for Th.-230, and 40 gi/g for U-238. 

' 0 Radon flux 

Radon flux at the Vitro site has been measured or calculated by various 
groups. 
although ORNL also calculated a flux of 550 @/mas based on Ra-226 content 
of the material. Schiager (1974) reported values that, when weighted by the 
area of the source, yield an average of 400 pCi/m2s; although he assumed a 
value of 350 pCi/m2s. 
pCi/m2s and an area-weighted average of 250 gi/m2s, but used a calculated 
value of 600 pCi/m2S in estimating the health effects. 
reported radon flux-to-radium concentration ratios of 0.35 for wet tailings, 
and 1.2 f o r  dry tailings in units of pCi/m2s radon flux per pCi/g of Ra-226; 
however, the NRC prefers a generic value of 1.0 for this ratio. Based on the 
above estimated average radium concentration of 560 pCi/g, an assumed radon 
flux-to-radium concentration ratio of 1 gram per square meter-second would 
yield a radon flux of 560 pCi/m s. This value will be used in this appendix. 

Short-tera flux measurements by ORNL (1977) averaged 320 pCi/m2s, 

FBDU (1981) reported a measured range of 19 to 440 

The NRC (1979) 

2 

Radon in air 

On-site, ambient air radon concentrations &re needed to estimate 
exposures of workers during remedial action. Long-term radon concentration 
measurements made around the Vitro pile (see Section F.3.2.1) show high values 
.at the edge of the pile of 4 or 5 pCi/l. Assuming isotropic winds, it could 
be argued that a reasonable value for the interior of the pile would be about 
10 pCi/l on the long-term average. 

- Schiager (1974) estimated, for very conservative conditions, that the 
radon concentration miuht average 6.8 pCi/l. 
on a flux yf 350 pCi/m2s Rn-222 rather than the 560 pCi/m2s indicated 
above. The comparable estimate is thus 11 gi/l. 

However, his estimate was based 

Based on the available information, it is believed that 30 pCi/l is a 
conservative upper bound for the long-term average radon concentration in air 
on the Vitro pile. 

F . 3 . 2  Environmental radiation measurements 

The environmental radiation levels for the area surrounding the Vitro 
site and the South Clive site have been studied (ETA, 1975; FBDU, 1981; O W L ,  
1977; ANL, 1983a), and are summarized here. 

F.3.2.1 Vitro site environmental radioactivity 

Airborne Darticulates 

Radioactive airborne particulate concentrations were measured in the 
vicinity cf the tailings pile at the Vitro site by the EPA (1975). The 
average airborne radionuclide concentrations were determined at the CVWRF 
sewage-treatment plant for a one-year sampling program during which 26 

0 .  
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cms2cc:ivt two-week samples were coliected and analyzed (ORNL, 1977). 
Average concentrations Of the nine raeionuclides reported at this location 
ranged S r m  6.5 x 10'' pCi/i (Po-210) to 2.5 x 
presentee ir, Table F-1. 

pCi/l (U-235) and a:e 

Table F-1. Radioactive airborne particulste concentrations at 
the Central Valley Water Reclamation Facility 

3ad ionuclide 
Concentration 

(pCi/l) 

Reference 
concentrations 

(pCi/l) 

Uranium-238 
U r an ium- 2 3 5 
Uranium-234 
Thorium-232 
Thorium-230 
Xad ium-22 8 
2ad ium-226 
Polon ium-210 
Lead- 2 10 

2.0 10-7 

2.2 10-7 
2.5 x 

6.4 x 
8.8 x 
1.7 x low6 
1.8 x 10-6 
6.5 10-5 
1.0 10-5 

aThe smaller of the two concentrations for soluble and insoluble 
particulates in air given in 10 CFR Part 20, Appendix B, Table 11, Column 1. 

Source: ORNL, 1977. 

Radon in air 

Ambient-air Rn-222 concentrations have been measured and calculated for 
the area surrounding the Vitro pile (F'BDU, 1981; ORNL, 1977; Shearer and 
Sills, 1969). Previous estimates indicated 7 pCi/l Rn-222 at about 0.1 mile 
from the edge of the pile, decreasing to 0.38 pCi/l at about 1 mile from the 
pile edce. These were short-term measuements, and have been improved on by 
more recent long-term measurements by Monsanto (1983). Beginning in January 
1982, an ambient radon monitoring program in the Vitro site vicinity began 
which ran for 18 months at 40 locations. Weekly average radon concentrations 
were measured with Passive Environmental Radon Monitors (PERMS). The 
locations of the monitors and results of the measurements are shown in Figure 
F-2. The contour lines indicate isopleths of the 18-month average radon 
.concentration. The concentration field is a result of the radon released from 
the site and its subsequent atmospheric dispersion, on an average basis. The 
background radon concentration of about 0.25 pCi/l is approached at an excess 
of a - mile from the site. 
the pile edges. 

The maximum concentrations are the 4 to 5 pCi/l at 

000664 F-14 
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Gamma radiation - 

Gamma radiation exposure rates have been measured around the Vic:o 
tailings piles by FBDU (1981). They presented data reproduced here as Figure 
F-3, but the location of the edge of the tailings and the direction ir. vnich 
the data were taken were not given. In a study of Salt Lake City, t h e  back- 
ground gamma radiation exposure rate was found to be 12 microRihr, with a 
range from 9 to 17 microR/hr. The contribution of the tailings piles oecomes 
negligible at about 1 km (0.6 mile) from the perimeter of the pile, based on 
Figure F-3. This is much closer to the pile than the distance over which.the 
radon releases influence atmospheric radon concentrations. 

Soil and sediment radioactivitz 

Background concentrations of radionuclides in soils have been measured in 
. and around Salt Lake City by a number of investigators ( O W L ,  1977). Results 
are generally comparable and are typified by the ORNL results, which indicate 
the following values (geometric mean plus or minus geometric standard devia- 
tion): Ra-226, 1.5 2 1.2 picocuries per gram, and U-238, 2.0 2 3.6 picocuries 
per gram. In addition, soil samples were collected by O W L  (1977) from 58 
locations within about 400 to 1000 meters of the (south) tailings pile. 
Samples were collected at the surface and at one-foot depth and were analyzed 
for Ra-226. Concentrations in surface samples ranged from background levels 
(about 1 pCi/g) away from the pile to 560 pCi/g of Ra-226 near the pile. 
Samples obtained from the one-foot depth ranged from background to 460 pCi/g 
of Ra-226. 

Sediment samples from the Jordan River, Mill Creek, and the Vitro 
drainage ditch were collected and analyzed for U-238, Th-230, Ra-226, and 
Pb-210 (ORNL, 19771. -Results showed no contamination in Jordan River sedi- 
ments, and slightly elevated levels (roughly twice estimated background) in 
Mill Creek sediments. The drainage ditch sediments, however, were shown to 
contain relatively elevated concentrations of all three radionuclides. Ra-226 
concentrations range from 60 to 120 pCi/g, while Th-230 concentrations ranged 
up to 284 pCi/g, which was higher than any other reported radionuclide. 

Radionuclides in biota 

The concentration and uptake of radioactive elements by plants and 
animals was qualitatively investigated by FBDU (1981). Based upon this 
preliminary study, the contribution of biota to human exposures as a result of 
uptake of radionuclides originating in the tailings was found to be negligible 
compared to the major pathways of innalation and direct radiation exposure. 
The uptake of radioactive elements by plants and their subsequent concentra- 
tion in the food chain is not an important pathway because there is little 
actively-cultivated land near the Vitro site; the 220 acres of agricultural 
property within 0.5 mile of the site are mainly located upwind from the site 
and, therefore, receive no windblown material; the small amount of agricul- 
tural land within 1500 feet of the site that may receive some windblown 
contamination would be cleaned up during the vicinity property remedial 
actions if the levels of radioactivity in surface soils exceeded EPA 
standards. Consequently, the food-chain pathway was not considered in this 
assessment. 
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F . 3 . 2 . 2  S ~ u t h  C l i v e  s i t e  envir.onmenta1 r a d i o a c t i v i t y  

R a d i a t i o n  l e v e l s  c u r r e n t l y  e x i s t i n g  a t  t h e  South C l i v e  s i t e  have been 
d e t e r m i n e d  from monitor ing programs conducted by Dames 6 Moore and Argonne 
h ' a t i o n a l  Labora:ory (ANL). The d a t a  presen:ed below a r e  t h e  r e s u l t  of t h r e e  
months of moni tor ing  (December 198: to February 1982) .  The e n v i r o c m e n t a l  
C h a r a c t e r  i t a t l o r ?  program inc luded  measurement of t h e  r a d i o n u c l i d e  conten: cf 
a i r b o r n e  p a r t i c u l a t e s ,  ambient radon concer,:ratiocs i n  a i r  , gamma r a c i a t i o c  
e x p o s u r e  r a t e s ,  and r a d i o n u c l i d e  c o n c e n t r a t i o n s  in  s u r f a c e  soils , v e g e t a t i o n  , 
ana a n i m a l s .  

The r a d i o l o g i c a l  envi ronmenta l  sampling program f o r m u l a t e d  f o r  Solith 
C l i v e  is summarized i n  Table  F-2, ana t h e  sampling l o c a t i o n s  a r e  i d e n t i f i e d  i n  
F i g u r e  F-4. S u r f a c e  and ground w a t e r s  were sampled (when p r e s e n t )  ana 
a n a l y z e d  a s  p a r r  of t h e  water q u a l i t y  proqram (Appendix D ) .  The lower l i m i t s  
of d e t e c t i o n  f o r  t h e  envi ronmenta l  r a d i o l o g i c a l  moni tor ing  program were 
s u f f i c i e n t l y  s e n s i t i v e  to meet t h e  s p e c i f i c a t i o n s  of t h e  US NRC ( N R C ,  1 9 8 0 a ) .  

Table  F-2. Summary of  r a d i o l o g i c a l  sampling program 

Sampl inq Method 
Number of 

sampling p o i n t s  Frequency 

Air ' p a r t i c u l a t e  Eber l i n e  
Model RAS-1 
r e g u l a t e d  
a i r  s a m p l e r s  

Amb i e n  t a i r  
radon- 222 

Radon f l u x  

E x t e r n a l  
gamma 
r a d  i a t ion 

S o i l  

B i o t a  
v e g e t a t i o n  

w i l d l i f e  

E b e r l i n e  - 
Model RGM-2 
radon Gas 
moni tors  
Tr ack-e t c h  

Char coal 
c a n n i s t e r  

Eber l i n e  
Model PRM-7 
s c i n t i l l a  t i o n  
survey meters 
Thermoluminescent  
d o s i m e t e r s  ( TLDs 1 

s u r f a c e  - 
. r i n g  method 
Subsurface  - 
t r e n c h  method 

5 c o n t i n u o u s  

! 0 

5 
x. .... 

con t i n  u o u s  
7-day p e r i o d s  
( q u a r t e r l y )  

5 

9 

80 

5 

c o n t i n u o u s  

24-hr p e r i o d s  
3 t imes /year  
(spr ing , 
summer, f a l l )  

o n c e  

q u a r t e r l y  

46 once 

15 once  

3 t imes /yr  
(spr inq , 
summer, f a l l )  
once  
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FlGURE F-4 

FOR SOUTH CLJVE S I T E  
L O C A T I O N S  OF ENVIRONMENTAL RADIATION SAMPLING P R O G R A M S  



A l  rborne pa r t i cu la  t PS 

Continuous sarr.-,ling for a i r b o r n e  p a r t i c u l a t e s  w i t h  low-volume a i r  
samplers  w a s  done for four q u a r t e r s ,  with w e e k l y  f i l t e r  changes.  
were composited for each l o c a t i o n  on a q u a r t e r l y  b a s i s  and analyzed fcr 
uranium, Ra-226, Th-230 and Pb-210. The resu l t s  of t h e  q u a r t e r l y  composits 
are g i v e n  i n  Table  F-3. 

The f i l t e r s  

Radon-222 i n  a i r  

Radon concen tza t ions  were measured by Argonne Na t iona l  Laboratory a t  t h e  
l o c a t i o n s  of  t h e  ai:borne p a r t i c u l a t e  s ample r s  using t h e  fo l lowing  
i n s t r u m e n t a t i o n  and schedule: 

Instrument  Frequency Type 

E b e r l i n e  RGM-2 radon gas monitor Q u a r t e r l y  1 w e e k ,  con t inuous  

Track-etch d e t e c t o r s  Monthly I n t e g r a t e d  

Track-etch d e t e c t o r s  Q u a r t e r  l y  I n t e g r a t e d  

Track-etch d e t e c t o r s  Annual I n t e g r a t e d  

One of t h e  q u a r t e r l y  seven-day con t inuous  r e c o r d s  f o r  t h e  RGM-2 is shown i n  
F igu re  P-5. It i n d i c a t e s  t he  typical d i u r n a l  v a r i a t i o n  c h a r a c t e r i s t i c  of  
remote l o c a t i o n s  wit!! no e l eva ted  radon s o u r c e  p re sen t .  I n  comparison, t h e  

i n  Tab le  F-4. The RGN-2 measurement averaged 0.8 p C i / l  for t h e  week shown: 
t h e  t r ack -e t ch  d e t e c t o r  g ives  a monthly ave rage  of  0.31 pCi/ l .  

0 i -.__ monthly v a l u e s  of radon concen t r a t ion  us ing  t rack-etch d e t e c t o r s  are  p r e s e n t e d  

Gamma r a d i a t i o n  

A g e n e r a l  a r e a  survey of gamma r a d i a t i o n  exposure r a t e s  w a s  conducted by 
Argonne N a t i o n a l  Laboratory a t  t h e  South C l i v e  s i te .  
averaged 1 4  microR/hr and ranged from 11.0 to  16 micro W h r .  (ANL, 1982a) .  

The measurements 

S o i l  r a d i o a c t i v  i t v  

S o i l  sampling of s u r f a c e  so i l s  ( top 5 cm of  soi l )  and s u b s u r f a c e  soils 
(1 m below s u r f a c e )  was done a t  some l o c a t i o n s .  The samples were c o l l e c t e d  
using t h e  methods descr ibed by US AEC Regulatory Guide 4.5 (AEC, 1974) .  The 
r e s u l t s  o f  so i l  analyses  a r e  p re sen ted  i n  Table  F-5. 

Rad ionuc l ides  i n  b i o t a  

Biota sampling included c o l l e c t i o n  of  v e g e t a t i o n  and r a b b i t s  i n  t h e  
v i c i n i t y  of t h e  South Cl ive  si te.  Vege ta t ion  samples c o n s i s t e d  of a minimum , 
of 2 kg of t h e  crown of the  p l a n t .  
and t h e i r  f l e s h  was analyzed f o r  r a d i o n u c l i d e  con ten t .  . The ave rage  

Three r a b b i t s  were taken i n  t h e  v i c i n i t y ,  



. .- 

6442 

m a m a m  
c o o o o  
I I I I I  

W Y W W W  
m n m ~ m  . . . . .  
rn w d.- rl 

+ I  + I  + I  + I  + I  
c a m c a  

3 0  c) 
I I  I w w  w 
w w  m 
w m  cy 
. .  

m a m m a  
0 0 0 0 0  
I I I I I  

w w w w w  
m d m a N  
r n N d r l - 4  
. . . . .  

+ I  + I  + I  + I  +I 
p w m m w  
0 0 0 0 0  
I I I I ' I  

w w w w o  
r l o w m w  

m m m m e  
0 0 0 0 0  
I I I I I  

w w w w w  
n N I n m w  

- w l - w f -  
0 0 0 0 0  
I I I I I  

w w w w o  
O O N d Q I  

+ I  + I  + I  + I  + I  + I  + I  + I  + I  + I  
m m m m w  m m m m w  

0 0 0 0 0  
I I I I I  

w w w o w  
o m Q I m - 3  
r n \ D N N N  
. . . . .  

0 0 0 0 3  
I I I I I  

w w w w i i )  
C V m I n m Q I  . . . . .  
r l N d N - 4  

G 

+; 
N 

p 1 ' 3 . m a m  
c o o o o  
I ! I I I  

k . l U W Y W  
Innrlaca 

C V r n N d  
. . . . .  

+I + I  +I +I + I  
c o o 3 w  

0 0 
I I 

W 0 
f- N 

m N 

m m m a m  
0 0 0 0 0  
I I I I I  

w 3 w w w  
- r h l L n w -  
P l t B r l M W  
. . . . .  

w - p - l -  
0 0 0 0 0  
I I I I I  

w w o w w  
w I n m m e  . . . . .  

O 1 T r t N M  
. . . . .  

. o w l - m m  
+I +I + I  + I  + I  +I+l+l+ I + I  +I +I +I + I  + I  

o o m m m  
0 0 0  
I l l  

w c u w  
N N N  

r n r n r n r n r n  
0 0 0 0 0  
I I I I I  

w w w w w  
N r n l - ~ c D  

W r l d e J N  
. . . . .  

m - m a r -  
0 0 0 0 0  
I I I I I  

w w o w w  
Q I N Y ) O h (  

a D N f - m d  
. . . . .  . . .  

m 4 r l  

m m m m m  
0 0 0 0 0  
I I I I I  

w w w w o  
- r - m \ O w  
r l l - r ( w w  
. . . . .  

+ I  + I  + I  +I +I 
o o m a m  

0 0 0  
I l l  

w o w  * r n d  
N r l d  
. . .  

m ) Q ) m m m  
0 0 0 0 0  
I I I I I  

w w w w w  
m I n m t n o  

0 0 0 0 0  
I I I I I  w w w o w  

w I n n . o m m  
al > 

U 

t 
Y 
3 
0 
v1 

.-( 

4 . . . . .  
d - - m m  
+ I  + I  + I  + I  + I  
mmnmlnnm 
0 0 0 0 0  
I I I 1 . 1  

w w w w w  
N m r - 0 4  

r n M r l N N  
. . . . .  

+i+i+i+t +I + I  +I + I  +I +I 
P - o m a  
0 0  0 0  
I 1  I 1  

w w  w w  
m o  *'I- 

c m o o m  
0 0 

1 I o W 
In m x 
I- d 

. .  . .  
r l d  In- I 

0 
rl 

0 
Y 

&I 
C 
0) 

al 
rn 
4 

a l o  
> d  
4 -  

L, 

0) 
4 

x 
I 

w 
4 

Q, 

2 
Q, 
m 
4 
bl 
al 
> 
4 

d 
V 
3 
C 
0 
'c 
4 
K 

4 

I 
9 a 

a 



CD 
a 
F 

a 
v) 
c 

ct 
0 
c 

01 
c) - 
0 
ol 
c 

a 
0 
c 

(0 
Q, 

P 
Q 

ol 
f- 

0 
a 

a 
ct 

W 
c) 

P 
ol 

ol 
c 

0 

n 

Y 
W 
w 
3 
Y 

z 
0 ' 

n 3 
01 0 

U 
(3 

CD 
Q, 
c 

Y 
0 i 

a a 
m 

z 
.. .~ 
Q 
0 
C 
Q 

Q 

Q 

L 

9 

a 



6 4 4 2  - 
Table F-4. Ambient-air radon-222 concentrations in the vicinity 

of South Clive site (track-etch metnod) 

Collection 
date 

Radon-222 concentration in air (pC i/l) 
North Clive South Clive Sou the as t C 1 iv e 

Monthly 
December (11/17-12/15] 0.23 + 43.1% 0.23 + 43.1% 0.26 2 39.6% 
1981 0.71 5 - 14.5% 0.19 5 - 47.7% 0.12 - + 63.8% 

January (1?/15-1/19) 0.13 + 48.7% 0.26 + 33.1% 0.29 + 31.4% 
1982 0.26 5 - 33.1% ' 0.16 5 - 43.9% 0.19 5 - 40.2% 
February (1/19-2/23) 0.21 + 37.4% 0.32 + 30.8% 0.61 + 21.3% 
1982 0.58 5 21.8% 0.34 5 28.7% 0.19 z 40.2% 

Aver age 0.35 - 7 0.23 0.25 - T 0.07 0.28 - + 0.17 

Quarterly 
0.30 + 17.9% 0.28 + 18.5% 

0.23 '5 - 20.8% 0.31 5 - 17.7% 12/a1-2/a2 0.25 + 19.6% 
0.38 7 - 16.0% 

Average 0.32 0.31 0.26 

Source: ANL, 1982a. 

Table F-5. Radionuclide concentrations in soil samples 
from South Clive site vicinity 

Location Radionuclide 
Concentration 

(pci/g dry wt 22 1 

Clive-North 
( surf ace) 

Clive-South 
( s u r f  ace 1 

Clive-Southeast 
(sur face) 

C1 ive-South 
(subsurface) 

0-238 
Th-230 
Ra-226 
Pb-210 

1.1 + 0.1 
1.1 5: 0.2 
1.1 5 0.1 
1.1 5 - 0.2 

U-238 0.7 + 0.1 
Th-230 1.1 5 0.2 
Ra-226 0.9 T 0.1 
Pb-210 1.4 - 0.2 
U-233 
Th-230 

Pb-210 
Ra-226 

U-238 
Th-230 
Ra-226 
Pb- 210 

0.7 + 0.1 
1.1 5 0.2 
1.0 5 0.1 
1.4 - 0.2 
1.3 + 0.1 

0.7 5 0.1 
1.1 T 0.2 
0.9 - 5 0.2 

Source: Dames 6 Moore,  1984, unpublished 
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concentrations of uranium, Ra-226, Th-230, Po-210, and Pb-210 are presented in 
Table F-6. Note the significantly greater concentrations of,the radon 
daughters in these samples as compared to the concent:ations of the radon 
?recursors, and as compared to the concentrations in local soils. This is 
assumed to be due to the large surface area to mass ratio of plants as opposed 
to s o i l s ,  resulting in enhanced deposition and retention of airborne radon 
daughters by plants. The elevated radon daughter concentrations in rabbits is 
presumably the result of consuming the vegetation. 

F.3.2.3 Transportation corridor environmental radioactivity 

The radiation environment existing along the transportation route from 
the Vitro site to the South Clive site has been monitored by Dames 6 Moore and 
Argonne National Laboratory. The Delle and Knolls monitoring sites are 
located along the corridor, figure F-4. 

Airborne particulates 

The radionuclide,content of airborne particulates was measured at Delle 
and Knolls for two quarters (Table P - 7 ) .  The data presented in Table F-7 
indicate no significant differences from the values measured at South Clive. 

Radon-222 in air 

Three-month average ambient Rn-222 concentrations in air were measured at 
Delle,and Knolls using track-etch detection (ANL, 1982a). The data of Table 
F-8 average 0.35 pCi/l and 0.23 pCi/l at the two sites. 

Gamma radiation 

Gamma radiation exposure rates were measured at four locations along the 
transportation corridor. The average exposure rates were 13 microR/hr at Lake 
Point Junction, lS.rnicroR/hr at Timpie, 10 microR/hr at Delle, and 10 
microR/hr at Knolls (ANL, 1982a). 

Soil radioactivity 

Radionuclide concentrations in soil along the transportation route were 
evaluated from soil samples taken at Delle and Knolls. The samples were 
analyzed for U-238, Ra-226, Th-230, and Pb-210 (Table, F-9). The soil 
concentrations of these radionuclides were not significantly different from 
those measured for the South Clive site. 

i 
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Table F-6. Average radionuclide concentrations in vegetation 

and wildlife in the vicinity of the South Clive site. 

Radionuclide Vegetation samples Wildlife samples 

0.5 + 0.2 - 5.4 + 0.4 - U (Nat) 

Th-230 6.0 - + 0.6 ' 0.5 2 0.2 

0.6 - + 0.05 3.1 + 0.3 - Ra-226 

Pb-210 198 - + 9 4.0 - + 1.0 

PO-210 48 - + 3 8.0 - + 1.0 

Source: Dames 6 Moore, 1984, unpublished 

Table F-7. Radionuclide airborne-particulate concentrations 
along the transportation corridor between Vitro and 
South Clive sites 

Concentration (pCi/l +2 ) 

Radionuclide Quarter Knolls Delle 

U-Nat 1 3.5E-08=+ 1.7E-08 3.5E-08 + 1.8E-08 
2 l.lE-07 5 4.5E-08 0 T 4.OE-08 
3 0 5 2.3E-08 0 T 1.9E-08 
4 3.8E-08 T 1.9E-08 3.5E-08 T 1.8E-08 

1.8E-08 T - 1.3E-08 4.6E-08 5 - 1.4E-08 Average 

Th-230 

Aver age 

Ra-226 

1.8E-07 + 3.5E-08 2.7E-06 + 1.4E-07 
1.3E-07 5 2.2.E-08 8.OE-08 5 4.OE-08 
4.6E-08 7 2.3E-08 2.4E-07 7 3.7E-08 
7.7E-08 7 1.9E-08 l.lE-07 '7 1.8E-08 
l.lE-07 - T 1.3E-08 7.8E-07 - 5 3.8E-08 

2.3E-08 + 1.4E-08 5.E-08 + 1.4E-08 1 
2 
3 4.2E-08 5 1.9E-08 
4 3.5E-08 1.5E-08 0 2 1.4E-08 

2.9E-08 - + 7.4E-09 

3.3~-08 T i.8~-oa ~ . o E - o ~  - 5 L ~ E - O ~  
4.5E-08 - + 1.5E-08 . - .  . 

3.3E-08 5 - 8.3E-09 Average 

Pb-210 1 3.OE-05 + 1.4E-06 3.3E-05 - + 1.8E-06 
2 1.2E-05 5 6.7E-07 1.2E-05 + 6.OE-07 
3 1.6E-05 5 7.OE-07 1.7E-05 7.4E-07 
4 2.7E-05 7 5.4E-06 2.2E-05 7 l.lE-06 

Average 2.1E-05 - 5.4E-07 l.lE-05 5 - 5.8E-07 
'E-x is equivalent to 
Source: Dames 6 Moore, 1984, published 

0 
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Table F-8. Anbient-air radon-222 concentra:ions along the 
transportation corridor between Vitro and South 
Clive sites (track-etch method) 

Collection 
date 

Radon-222 concentration in air (pCi/l) 
Delle Knolls 

Monthly 
December (11/17-12/15) 
1981 

January ( 12/15-1/19 1 
1982 

February (1/19-2/23 1 
1982 

, Average 

Quarterly 
11/81-2/82 -- 

Average 

0.67 + 14.5% 
0.23 z 43.1% 
0.42 + 25.7% 
0.11 i 5 5 . 5 %  

0.24 2 35.0% 
0.26 + 33.1% 
0.32 z 0.20 
0.25 + 20.0% 
0.44 5 - 14.7% 
0.35 

0.19 + 47.7% 
0.12 + 63.8% 

- 
- 

0.16 + 43.9% 
0.08 5 66.0% - 
0.32 + 30.0% 
0.19 5 40.2% 
0.18 7 0.08 - 

0.25 2 19.6% 
0.21 + 21.8% 
0.23 

- 

Source: ANLr 1982a. f 
Table F-9. Radionuclide concentrations in surface soil along the 

transportation corridor between Vitro and South Clive sites 

Loca t ion 
, 

Radionuclide concentration (pci/g dry wt 22 

Knolls 

Delle 

0-238 
Th-230 

Pb-210 
Ra-22 6 

U-238 
Th-230 
Ra-226 
Pb-210 

1.0 + 0.1 

0.7 0.1 
1.6 T - 0.2 
0.9 7 0.2 

1.5 2 0.1 
0.9 + 0.2 
0.7 ‘5 0.1 
1.1 5 - 0.2 

Source: Dames h Moorer 1984, published 
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F.4 RADIOACTIVE SOURCE 'TERM 

I n  t h i s  s e c t i o n  t h e  c a l c u l a t i o n s  n e c e s s a r y  t o  es t imate  t h e  r a d i o l o g i c a l  

- 
e f f e c t  of Lie proposed  a l t e r n a t i v e  r e m e d i a l ' - a c t i o n s  a r e  p r e s e n t e d .  Most o f  
t h e  i m p o r t a n t  r a d i o a c t i v e  re leases  occur a t  t h e  Vitro s i t e ;  however,  
c a l c u l a t i o n s  f o r  t h e  S o u t h  C l i v e  s i t e  and t h e  t r a n s p o r t a t i o n  c o r r i d o r  a re  a lso 
c o n s i d e r e d  n e c e s s a r y .  

F.4.1 Radon r e l e a s e  s o u r c e  term 

Radon may be r e l e a s e d  from t h e  t a i l i n g s  d u r i n g  f o u r  p h a s e s  o f  t h e  
remedial a c r i o n  process: (1) pr ior  t o  remedia l  a c t i o n ,  ( 2 )  d u r i n g  t h e  

. .  m a t e r i a l  moving o p e r a t i o n s ,  ( 3 )  a f t e r  t h e  r e l o c a t i o n  o f  t h e  m a t e r i a l  b u t  p r i o r  
to i n s t a l l a t i o n  of  t h e  c o v e r ,  and ( 4 )  a f t e r  t h e  material  h a s  been covered ,  I n  
A l t e r n a t i v e  1 ( n o  a c t i o n )  o n l y  p h a s e  (1) a p p l i e s ;  i n  A l t e r n a t i v e s  2 and 3 a l l  
f o u r  p h a s e s  a p p l y .  

A l t e r n a t i v e  1- no a c t i o n  

F o r  t h i s  a l t e r n a t i v e  a r a d o n  f l u x  of 560 i / m 2 s  e x i s t s  on t h e  
a p p r o x i m a t e l y  128 a c r e s  of t h e  s i t e  (518,000 rn $ . The t o t a l  estimated radon 
release is (560 p C i / m 2 s )  (518,000 m 2 )  (3.15 x l o 7  s / y r )  = 9.1  x lo3 
C i / y r .  

A l t e r n a t i v e  3 - r e l o c a t i o n  and s t a b i l i z a t i o n  a t  South  C l i v e  

During t h e  m a t e r i a l  moving o p e r a t i o n s  i t  is r e a s o n a b l e  to assume a l l  0; i n t e r s t i t i a l  radon would be released. The t o t a l  q u a n t i t y  of Rn-222 i n  
-. e q u i l i b r i u m  w i t h  Ra-226 is estimated t o  be 1500 C i .  

emanat ion  c o e f f i c i e n t  of 0.2,  t h e  t o t a l  radon t h a t  c o u l d  be r e l e a s e d  from t h e  
i n t e r s t i t i s 1  spaces is 300 C i .  

Based on  a n  a v e r a g e  

The c o n t a m i n a t e d  material a t  t h e  V i t r o  s i t e  would be e x c a v a t e d  and 
t r a n s p o r t e d  to  the S o u t h  C l i v e  s i te ?*i r ing  a three y e a r  period. I f  t h e  
e x c a v a t i o n  r a t e  is uni form,  a p p r o x i m a t e l y  100  C i  would b e  released from 
e x c a v a t e d  m a t e r i a l  each  y e a r  f o r  t h e  t h r e e  y e a r s ,  T h e s e  100 C i  must be added 

. t o  t h e  c o n t r i b u t i o n  from t h e  t a i l i n g s  areas n o t  y e t  excavated. The s i t u a t i o n  
is p o r t r a y e d  i n  t h e  material-removal diagram o f  F i g u r e  F-6, where  t w o  t h i r d s  
o f  t h e  p i l e  a r e  u n d i s t u r b e d  ( p a r t s  B 6 C )  d u r i n g  removal o f  :he f i r s t  t h i r d  of  
t h e  p i l e  ( p a r t  A ) ;  and ,  on t h e  a v e r a g e ,  h a l f  of P a r t  A a l so  c o n t r i b u t e s  a 
y e a r l y  f l u x  a t  a r a t e  of 560 pCi/m2s. 
y e a r s  of p i l e  removal ,  t h e  r a d o n  releases a t  t h e  Vitro s i t e  are: 

Applying t h i s  logic t o  t h e  t h r e e  

F i r s t  y e a r :  6100 C i  + 1/2 (3050)  C i  + 100 C i  = 7725 C i .  
Second y e a r :  3050 C i  + 1/2  (3050) C i  + 100 C i  = 4675 C i .  
T h i r d  y e a r :  1L2 (3050 C i )  + 100 C i  = 1625 C i .  

I n  t h e  f o u r t h  y e a r  and t h e r e a f t e r ,  t h e  radon f l u x  from t h e  decontaminated  
V i t r o  s i t e  would be t h e  normal  background ' f l u x ,  1 -2  pCi/m2s. 
r e s u l t  i n  a n n u a l  r e l e a s e s  o f  1 6  t o  30 C i .  

T h i s  would 
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- A radcn source term for tailings disposal operations at South Clive 

’ 

during Alteznative 3 is not needed as there are no residents within 15 miles 
of the site. For occupational exposures it is assumed that the radon 
concentration on the pile will be the same as at the Vitro site, 30 si/l. 

Alternative 2 - stabilization at Vitro 
Pot disposal at the Vitro site the entire tailings volume will be 

disturbed, just as in Alternative 3. Although the time scale for the remedial 
action is slightly shorter, it is convenient to assume the same tailings 
movement scenario for stabilization at Vitro as for transport to South Clive. 
Thus the radon s,Durce term will be identical, on a yearly basis, to that for 
Alternative 3. 

In the years following completion of on-site stabilization, the radon 
flux from the 55-acre tailings embankment would be less than or equal to the 
EPA standard of 20 pCi/m2s plus 1 to 2 pCi/m2s background soil flux, or 
about 160 to 170 Ci/yr. 

F.4.2 Particulate release source term during remedial action 

This section determines the magnitude of particulate releases from the 
Vitro site during the various remedial action alternatives. It was found that 
the radioactive source term due to particulate releases is orders of magnitude 
below that due to radon. Thus the particulate source term is not of 
importance in estimating the health effects to surrounding populations. 

. Alternative 1 - no action 
Dust suspension due to wind erosion of the tailings piles is a mechanism \. ,--, - 

. Alternative 1 - no action a4 - Dust suspension due to wind erosion of the tailings piles is a mechanism 
for mobilization of tailings material during the no action alternative. 
evidenced by the windblown contamination near the tailings pile, this process 
has operated, to some degree, during the period of existence of the Vitro site 
(ORNL, 1977). 

As 

The mechanism of soil erosion by wind depends on factors such as wind 
speed, soil properties such as particle size and moisture content, and the 
nature of the surface. Wind action results in three basic modes of particle 
motion: stliface creep (particles above 500 km in size), saltation (particles 
between 100 um and 500 vm in size) , and airborne suspension (particles less 
than 100 um in site) (NRC, 1980a). The last mode of particle motion i.e., 
airborne suspension, which in general is a consequence of the saltation 
process, is considered herein. 

An equation presented in Appendix G-1 of NUREG-0706 was utilized (NRC, . -  
1980b). The model below is identical to the referenced formula except that 
the algebraic form is made explicit and all units-have been cast in the MKS 
system. The resuspension rate for particulates less than 20 pm in aerodynamic 
diameter is given by 
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E 
U = shear velocity, meters per second (m/s). 
Uo = threshold velocity for saltation (rn/s). 
p 

= suspension rate, in grams per square mete: per second (g/m2s). 

= mass percent of particles less than 20 pm in aerodynamic diameter. 

The shear velocity, U, is given by the equation (NRC, 1980b) 

U = wind speed at height (z)/f2.5xln(z/zo) I 

where zo is the height at which the windspeed is equal to zero. Assuming a 
particle density of 2.4 9/cm3, and an average particle diamerer of 300 pm, 
tgical of fine grained soils, the threshold velocity for sa1:ation Uo can 
be calculated to yield (NRC, 1980b) 

Uo = 0 .29  m / ~  

A.? average wind speed of 4.5 m/sec (the long-term annual average wind speed in 
the 48 conterminous states) measured 1 meter above the ground surface yields 

U = 0.39 m/s 

and the equation for E reduces to 

E = 1.22 X [(1.34)P/3-1] g/m2S 

In general, ( p )  is a coefficient around a few percent. Assuming a value of 3 
percent yields a suspension rate due to wind action of 

E = 4.1 x 10-7. g/m% 

Wind suspension is the source term for the resuspension flux of particles 
for the no action alternative. The resuspension rate of 4.1 x lo'' 
g/m sec, along with the concentrations from Section F.3.1 were used to 
calculate the source terms for the particulates. For the no-action 
alternative the source terms are listed below. 

2 

Ra-226 = 3.8 x curies/yr 
u-238 = 2.7 x curies/yr 

Th-230 = 3.8 x curies/yr 

In comparison to the 9100 Ci/yr of radon released from the Vitro site, 
t!hese quantities are insignificant over the term of remedial action. It is 
believed they need not be considered further for population exposures. 

Alternatives 2 and 3 

For the alternatives involving tailings disturbance by heavy equipment, 
the particulate-release radioactive source term may be estimated from the air 
auality data of Appendix G. For the operations involving tailings movement, 
the resulting dust releases are estimated at 4 x lo' kg/yr. Assuming all of . 
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this dust contains the average Ra-226, Th-230, and U-238 concentrations 
estimated for the tailings, the radionuclide releases would be: 

Ra-226: (560 x Ci/g) ( 4  x lo8 g/yr) = 0.22 Ci/yr 
Th-230: (560 x Ci/g) ( 4  x lt* g/yr) = 0.22 Ci/yr 
U-238: (40 x Ci/g) ( 4  x 10 g/yr) = 0.016 Ci/yr 

By comparison to the roughly 9000 Ci/yr of radon released from the Vitro 
site these quantities are insignificant. It is believed they need not be 
considered further for population exposures due to remedial action. No 
particulate release estimates are needed for the South Clive site since there 
is no population at risk. It is assumed that there are no routine particulate 
releases in the transprtation corridor because covered vehicles will be used. 

After completion of remedial action, the particulate-release radionuclide 
- _  

source term will be due to the natural radioactivity of the cover soils and 
the effects of wind erosion. It will not differ from that of surrounding 
natural lands. . 

Occupational and population exposures to particulates 

Occupational exposures for remedial action workers breathing dust in the 
vicinity of earth moving equipment may be estimated for comparison to the 
gamma radiation exposure and to the radon daughter exposure. A method 
propcsed by NRC (1981b) was used to estimate doses from inhalation of 
particulates. These doses would be to the worker's lung from inhalation of 
respirable particulates :-=lo pm in size) that contain trace amounts of U-238, 
Th-230, and Ra-226. The equation used is: 

H (fofdf,fs)air X C+PxFair ( N E ,  1981b) 

where 

A = the SO-year dose commitment to the lung in mrem. 

PDcFair = pathway dose conversion factor for air pathways only, i.e., 
inhalation and direct radiation. 

c,= 

f, = 

fd = 

fw = 

f, = 

the radionuclide concentration in the material in piocuries. 
per cubic meter. 

the time-delay factor which is equal to 1 for this appendix. 

site design factor which is equal to 1 for this appendix. 

waste form and package factor which is equal to 1 for this 
appendix . 
for the air uptake pathways, f,, is the product of the 
soil-to-air transfer factor, TSa, and the exposure duration factor 
(the fraction of a year that the worker is exposed). 
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The S o i l  to air transfer factor, Tsar M Y  be expressed in terms of the 
geometry of :he prpolem, the suspension flux (E), and the enpirical equation 

ExGxf r 3 - in m of soil per m3 of air Tsa - uxd ’ 

where 

E = susDension rate of transportation 6 3 0  pm) particulates in units of 
2 9/m 5. 

fr = fraction of suspended transportable particulates that are respirable 
F l O  pm). 

G = Geometry factor = (area subject to dusting)/(width of area x mixing 
height). . 

d = density of the soil (g/cm3); assume 1.6. 

u = wind speed (m/sec) ; assume 1.6. 

The following calculates the transfer factor for particulates from 
excavation at the Vitro site for the action alternative. The total emission 
term for the Vitro site from construction would be 4x105 kg/yr. 
tailings piles encompass approximately 128 acres of contaminated material or 
equivalently 518,000 m2. 
43 acres or equivalently 173,000 m2. 

The 

One third of the pile is removed per year, i.e., 

The total particulate release rate is about 4 x l o 5  kg/yr as indicated 
above. Of this, about 65 percent by weight would be in particles larger than 
30 pm, based on particle size distributions given by MSRD (1982). This 
assumes that the particle size distribution of initially suspended dust is 
proportional to the particle size distribution in the tailings, and assumes 
that only a small fraction of the tailings mass is in particles too large to 

5 be’disturbed by earth-moving equipment. The factor E is thus (0.35)(4 x 10 
kg/yr) (1000 g/kg) (1 yr/3.15 x lo ’s )  (V1.73 x lo5 m2) = 2.6 x 10’’ g/m2s. 

Roughly 30 percent of the release rate for 30 pm and smaller particles 
will represent particles smaller than 10 pm. Thus the factor fr in this 
calculation is 0.3. 

The geometry factor was calculated by assuming that the area of 
2 construction would be 43 acres or 173,000 m and that the mixing height 

would be 3 meters. The width of the area is best represented by the diameter 
of a circle whose area is 173,000 m2. 
to 470 meters. These assumptions yield G = 123. 

The width of the area is then equal 

Therefore, 

- - (2.6xlO-’ g/m2 sec) (123) (.3) = 3.7x10 -10 
6 3 (1.6 m / s )  (1.6~10 g/m 1 Tsa 
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T a b l e  F-10 l ists  t!e pathway d o s e  c o n v e r s i o n  f a c t o r s  f o r  t h e  a i r  pathways 

and a l s o  so i l  c o n c e n t r a c i o n s  (pCi/m3) for Ra-226, Th-230, and U-238 a t  t h e  
V i t r o  s i te .  The dose from Pb-210 h a s  been shown t o  be small when compared t o  
t h e  three p r i n c i p a l  r a d i o n u c l i d e s .  Assuming t h a t  20 p e r c e n t  of t h e  radon is 
r e l e a s e d  from t h e  soi l ,  t h e  c o n c e n t r a t i o n  of the Pb-210 and its decay p r o d u c t  
Po-210 would be approxi ,nately 80 p e r c e n t  of t h e  Ra-226 c o n c e n t r a t i o n .  
C a l c u l a t i o n s  p r e s e n t e d  i n  ANL, 1983b ( T a b l e  4.3) show t h a t  the l u n g  d o s e  would 
i n c r e a s e  by o n l y  6 p e r c e n t  i f  Pb-210 and Po-210 were c o n s i d e r e d .  

'.a 
3 

Table F-10. O c c u p a t i o n a l  d o s e  p a r a m e t e r s  

C o n c e n t r a t i o n  i n  s o i l a  
N u c l i d e  P X F - a i r  ( m r e m - d / C i )  ( PC i/m3 1 

u Ra-226 
Th-2 3 0 
U-238 

1 . 9 36x10 l4 
8 . 5 1 8 ~ 1 0 1 3  
7.55 x i 0 1 4  

8. 9x108 
8 . 9 ~ 1 0 8  
6 . 3 ~ 1 0 7  

aAssuminq a d e n s i t y  o f  1.6 g/cm3 and c o n c e n t r a t i o n s  of  ,560 pCi/q for 
Th-230, Ra-226, ahd 40 pCi/g f o r  U-238. 

Source :  NFC, 1981b. 

The c a l c u l a t e d  50-year d o s e  commitments to t h e  l u n g s  from Ra-226, Th-230, 0. and U-238 from e x c a v a t i o n  a t  t h e  Vitro s i te  are shown below. 

f r a c t i o n  of a y e a r  t h a t  a person  would work is, t h e r e f o r e ,  0.228.,. 

An assumpt ion  
'-- was made t h a t  a person would w o r k  8 h o u r s  a d a y ,  250 d a y s  a year .  The 

a) 50-year dose-comitment  from Ra-226 to t h e  lung  

H = ( l x l x l x O . 2 2 9 x 3 . 7 ~ 1 0 ~ ~ ~ )  x8.9~108pCi/m3xl .  936x1014 
mrem-m3/~i x l  c i / l x l o l 2 p c i  

H = 14.5 mrem 

b)  50-year dose-comitment  from Th-230 to  t h e  lunq 

H = ( 0 . 2 2 8 ~ 3 . 7 ~ 1 0 ' ~ ~  ) x8. 9 x 1 0 8 ~ i / m 3 x 8 .  518x1013 
mrem-m3/~i XI C i / l x l O l 2 g i  I 

H = 6.4 mem 

c )  50-year dose-corrmitment from U-238 to t h e  lung 

H = ( 0 . 2 2 8 ~ 3 . 7 ~ 1 0 ' ~ ~  ) x6. 3x1O7si /m3x7.  55x1014 
m r e n r n ) / ~ i  x l  C i / l x l W g i  

H = 4.0 mrem 

F-33 



,- 

The doses t3 remedial action workers resulting from particulate 
inhalation are very small compared to the doses from radon and radon daughter' 
exposces and gamma radiation exposures. This point is illustrated by the 
information summarized in Table F-11, where the doses from particulates are 
compared to the other radiation doses. The other doses are calculated and 
summarized in different units (person-rem) in Section F . 5  and are recalculated 
and presented here only for comparison. The information presented in the 
Alternative 2 portion of Table F-11 is specific to that Alternative, but-the 
conclusions regarding the significance of particulate doses would be the same 
for explicit calculations for Alternative 3. 

Also summarized in Table F-11, are doses that might accrue to a remedial 
action worker on the Vitro tailings pile under the conditions existing if no 
action were taken (Alternative 1). Of course, no remedial action workers are 
present for the no action alternative, so these calculations are only for 
comparision purposes. 

It is clear from Table F-11 that particulate doses are a small component 
of the total radiation doses that a remedial action worker might receive. The 
particulate doses are less than 10 percent of the gamma radiation dose above, 
and when the radon and radon daughter doses are considered, the particulate 
doses are certainly negligible (less than one percent of the dose to the 
workers). 

For populations off the pile, the particulate component of total dose 
becomes even smaller. 
more rapidly than airborne radon concentrations due to the more effective 
removal of the-particulates from the lower atmosphere as compared to the 
gaseous radon. 

The airborne particulate concentrations will decrease 

The particles to which radon daughters attach will, in general, be 
submicron atmospheric dust particles. 
particulate releases used in the above calculations ( 4 0  pm was used) will be 
in a comparable size range and subject to the same prolonged and extensive 
atmospheric transport. 

Only a small fraction of the 

Based on this, it may be concluded that since particulate doses are 
negligible for remedial action worker-% then particulate doses to off-site 
populations that result from remedial actions are negligible as well. The 
major radiaton doses to off-site populations are from radon and radon daughter 
exposures; particulate releases have no important effect. 

F . 4 . 3  Gamma radiation scurce term 

The gamma radiation emissions from the Vitro site are described by Figure 
F-3. For persons further than 1 km (0.5 miles) from the site, gamma radiation 
exposure is negligible. 
Vitro site, a reasonable average value of 11 microR/hr gamma exposure due to 
the site may be applied. 

For persons living or working within 1 km of the 

For occupational workers on the site gamma radiation exposure is higher. 
Using the 560 pCi/g concentration of Ra-226 assumed for the tailings, the 
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Table  F-11. Occupa t iona l  r a d i a t i o n  d o s e  summary for 
comparing s i g n i f i c a n c e  of r a d i a t i o n  s o u r c e s  

No Act iona  (2000 hr /yr  e x p s u r e !  
Radon Gamma P a r  t i c u l a t e s b  

C i / y r  pCi/l - mr em p / h r  nu e m  C i /y r  mfem - 
y r  1 9,100 30 4,400 1 4  0 280 0.008 0.43 

y r  2 9,100 30 4,400 1 4  0 280 0 . 0 0 8  0.43 

yr 3 9,100 - 30 4,400 - 140 - 2 80 0 . 0 0 8  - 0.43  

T o t a l  13,200 84 0 1.3 = 14,000 

A l t e r n a t i v e  2 (2000 hr exposure )  
Radon GallUM Par  t i c u l a t e s c  

C i / y r  pCx/l mr e m  p z  / h r  mr e m  Ci /yr  - 
e:! Yr 1 7,725 30 . 4,400 140 2 80 0.46 2.49 

y r  2 4 ,675 15  2,200 1 4  0 280 0.46 2.49 

. I  

--. 

2.49 - 0.46 - 2 80 - 140 - yr 3 1 , 6 2 5  - 1 0  1 ,500  

Total  8,100 840 74.7 = 9,000 

r e m e d i a l  a c t i o n  uorkers are p r e s e n t  f o r  t h e  no a c t i o n  a l t e r n a t i v e :  t h e s e  
c a l c u l a t e d  exposures  are merely for comparison.  

b p a r t i c u l a t e  r e l e a s e s  due to wind e r o s i o n  of t h e  t a i l i n g s  p i l e .  
c p a r t i c u l a t e  r e l e a s e s  due to ear thmoving  equipment  d u r i n g  r e m e d i a l  ac- c ion .  ' 

. . ._ 
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average gamma radiation exposure rate can be estimated by the method of 
Schiager (1974): the gamma expsure rate (microR/hr) is 2.5 times the radium 
concentration (pCi/g). In this case, (2.5 (rnicroR/hr)/(pCi/g) 1 (560 pCi/gi = 
1400 microR/hr. This would be the hourly exposure to an unshielded worker on 
the pile. The majority of workers will be enclosed in the cabs of trucks Or 
other earth moving equipment. As an inch of iron.reduces the gamma radiation 
by a factor of 10, a more likely exposure is 140 rnicroR/hr. Also, tile placins 
of. cover on the pile will reduce the gamma exposure rate by a factor of 10 per 
foot of soil: this again leads to the gamma exposure rate of 140 microR/hr as 
an appropriate upper estimate. 

Following remedial action, gamma exposure rates will be at background 
. levels (about 1 3  microR/hr) since sufficient cover will be applied to block 

the gamma radiation. 

F.4.4 Atmospheric dispersion of Rn-222 

Atmospheric-dispersion calculations are used as the basis for estimating 
the environmental radiation dose (for individuals and populations) resulting 
from radon and radon daughters from uranium mill tailings piles. In this 
report, the computer ccde MILDOS was utilized to calculate the atmospheric 
dispersion of radon, and the doses received by individuals and the population 
during the various phases of the proposed alternatives. 
MILDOS runs are used in Section F . S .  

Thes results of the 

The computer code MILDOS was developed by the NRC to estimate the impacts 
from radioactive emission from uranium milling facilities; based on the . 

calculational procedures outlined in Appendix G of NUREG-0706 (NRC, 1980b) and 
in Chapter 2 of the MILDOS user's manual (NFC, 1981a). 

In MItDOS, emissions of radioactive materials from fixed-point sourc'es or 
area sources are modeled using a sector-averaged Guassian plume dispersion 
model. Exposure rates are presented for various source and receptor point 
locations. In order to run the code, four categories of inputs are required: 
source parameters, meteorlogical and population parameters, translocation 
parameters, and receptor parameters. 

The first source parameter required is the number of sources of discrete 
effluents. This may be an actual number if there are fixed point sources or 
an assumed number for area sources. The number of sources of discrete 
effluents used for area sources is dependent upon the area of the source. 
Each source considered may be no larger than 0.1 square kilometers (km2) 
when input for MILDOS. Therefore, the number of sources should be chosen or 
assumed such that each one has an area no greater than 0.1 km2. 
mentioned above, approximately 128 acres of the Vitro site contain 
contaminated materials. The 128 acres were divided into six square areas each 
of approximately 21.3 acres or 0.086 km2 (see Figure F-7) .  
drawn so that the areas and their locations were representative of the 
northwest, southwest, and southeast tailings. The coordinates (x, length; y, 
width; and Z ,  height) of the midpoints of the six source areas were input into 
MILDOS in units of kilometers. 

.I 

As 

Figure F-7 was 
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AREA 6 

0.086 KM2 

AREA 5 

4086 KM2 

SOUTHWEST CORNER OF THE 
SOUTHWEST TAILINGS. 

(FIGURE A-3) 
APPENDIX A 
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X 

FIGURE F-7 
SOURCE TEAM GEOMETRY 
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The source terms from the preceding sections were recalculated and 
entered for a two-year intervai as MILDOS calculates concentrations and doses 
Gn a t-m-year minimum time ste?. For example, a source term for each nuclide 
vas calculated by taking the mean of the first and second years, and dividing 
by the number of source terms, s i x .  

0 
The particle-size distribution for each source was matched with the 

appropriate set-number provided in the code and included in the source input. 
For example, particle-size distribution set-number 3, which represents 
tailings characteristics, was enteced. 

The second. group of parameters requires population and meteorlogical data 
for the site. The meteorological data required included the joint fractional 
f1equency distribution of wind in a certain wind direction and in specific 
wind speeds and atmospheric stability classes. These data were entered for 
the Vitro site along with the population distribution, for 16 wind sectors, 
out to a radius of 10 km from the site. The wind data are presented in 
Appendix G. 

The third group of parameters required are the translocation parameters. 
These parameters, along with the meteorlogical data, determine the actual 
movement of the radionuclides once they leave the source. Usually, food 
productior. in the region for vegetables, milk, and meat must be input in areal 
units of kilograms per year per square kilometers. For the analyses of the 
Vitro site, areal food production and forage uptake by animals was assumed to 
be zero. 

The receptor parameters represent the final set of data required for the 
M I L W S  code. Ten individual receptors were located at a radius of 1 km and 
compass directions of N, ENE, E, SE, SSE, S, SSW, SW, WSW and NNW. 

F . 4 . 5  Accident analyses 

This section considers accidents that might occur during the transport of 
tailings to South Clive in Alternative 3. No accidents will occur in the no 
action alternative, and it is difficult to think of an accident occurring on 
the Vitro site which will have radiological consequences of any significance 
in relation to the radiological effect of the site itself. Accidents are 
considered explicitly for the train-transport option for moving the tailings 
to South Clive; the impact of a truck transport accident is scaled according 
to the volume of material carried. Two kinds of accidents are considered: 
(1) the spill occurs on land and the tailings are dispersed by wind, (2) the 
spill will fall into the Great Salt Lake. 

7.4.5.1 Accidental spill of material on land 

The potential impacts from a spill of material on land were calculated 
using a computer model "AIRREL" (a certified computer model developed by Dames 
6 Moore). AIRREL calculates the theoretical radiological impacts to an 
individual or to populations resulting from an accidental release of uranium 
mill tailings to the atmosphere. The particulates released in this fashion 
would be subject to transportation by prevailing winds to distances where they 0 

. .  . . .  . _ . .  . . .  . .  
i .. 
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might become accessible to the surrounding population. The impacts incurred 
through this airborne transport mechanism are expessed in terms of the 
radiological dose tha: would be received by all individuals (cumulative dose) 
near the accidental release. The population dose is expressed in units of 
man-rem. 

In the AIRREL code, the population dose is determined by multiplying the 
radionuclide concentration at a particular downwind distance by the dose 
conversion factor applicable to the radionuclide and body organ of interest 
and by the number of persons affected. In this program three radionuclides 
(U-238, Th-230, and Ra-226) and five body organs (whole body, bone, lung, 
liver, and kidney) are considered. Dose conversion factors obtained from the 
program MILDOS are used in the calculations. Up to 10 downwind locations and 
their respective populations can be considered in a single execution of the 
prog r am. 

The radionuclide concentration at a particular location downwind from a 
ground-level point source is found using the basic atmospheric diffusion 
equation ( A E C ,  1967). 

where 

X = average centerline ground level concentration (Ci/m3). 
Q = radionuclide source term (Ci/sec).. 
u = wind speed (m/sec) (u = 1 m/sec in the code). 
Oy = horizontal standard deviation of plume (m). 
Qz = vertical standard deviation of plume (m). 
7 = 3.1416. 

. I  

0: 
._-. 

The standard deviations Oy and oz are measures of the spatial spread 
of the particulates plume as a function of downwind distance and 
meteorological stability class. 
class is assumed based on the recommendations of U.S. NRC Regulatory Guides 
1.3 and 1.4. These standard deviations can be computed using the following 
empirical relations (NRC, 1980a) 

In this program a Pasquill Type F stability 

OY = 0.04~ (1 + 0.0001~)'~/~ 

Oz = 0.016~ (1 + 0.0003~)-~ 
and 

where r is the downwind distance in meters. 

AIRREL expresses the population dose as follows: 

Dose (r,n,8) = c(r,n) x DCF(n,B) x (T/8760) x POP (r) 

where 

Dose = radiological impact (man-rem) . 
c = radionuclide concentration (pCi/m3). 
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POP 

n 
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dose conversion factor (mrem/yr per pCi/m 3 1 .  
duration time (hours). 
population count (number of individuals). 
downwind distance. 
radionuclide Inn. 
body organ g9e. 

For a land spill, a worst case accident would be a derailment of the unit 
train with a subsequent spill of material. As the train would contain 5000 
tons of material (or a volume of 2840 m3), a full derailment was assumed to 
dump material over an area twice the ground area of the train. Assuming that 
the cars are 2 meters deep by 3 meters wide, a suspension rate 4.1 x 

Ra-226 of 
g/m 2 s (F.2.1.1) leads to estimated source terms for U-238, Th-230, and 

378 gi/hr, 3220 gi/hr, and 3200 pti/hr, respectively. 

The 1-hour doses to individuals at 0.1, 1.0, 2.0, and 10 km from this 
accident, as computed by AIRREL, are listed in Table F-12, An additional but 
smaller dose of less than 11 percent would be incurred if Pb-210 and Po-210 
were considered (ANL, 1983b; Table 4-3). 

Table F-12. Doses due to a hypothetical accident 

Dose 
Distance (=em) 

(m) Whole body Bone Lung Liver Kidney 

a 

U-238 

Th-230 

Ra-226 
\ 

100 
500 

1000 
1500 
2000 

100 
500 

1000 
1500 
2000 

100 
500 

1000 
1500 
2000 

4.245E-0Sa 
1.933E-06 
5.592B-07 
2.834E-07 
1.797E-07 

5. 028E-03a 
2.289E-04 
6.622E-05 
3.3357-05 
2. i2a~-o5 

1.314E-03 
5.983E-05 
1.73lE-05 
8.772E-06 
5.562B-06. 

7.176E-04 
3.268B-05 
9.4 5 2 - 0 5  
4.79lE-06 
3.038E-06 

1.798E-01 
8.189E-03 
2.369E-03 
1.201E-03 
7.612-04 

1.314E-02 
5.9 8 3 E- 04 
1.73U-04 

. 8.7TzE-05 
5.562E-05 

4.626E-03 
2 . 106E-04 
6.093B-05 
3.088E-05 
1.958E-05 

8.698E-02 
3.961E-03 
1.146E-03 
5.807B-04 
3.682B-04 

1.79LE-01 
8.155E-03 
2.359E-03 
1.196E-03 
7.581E-04 

O.OOOE+OO 
0.000E+00 
O . O O O E + O O  
0,00OE+00 
O.OOOE+OO 

1.035E-02 
4.713E-04 
1.363E-04 
6.909E-05 
4.381E-05 

1.640E-06 
7.4 70E-08 
2.16lE-08 
1.095E-08 
6.994E-09 

1.634E-04 
7.4 4 lE-0 6 
2.1522-06 
1.0910-06 
6.917E-07 

5.028E-02 
2.289E-03 
6.622E-04 
3.357B-04 
2.128E-04 

4.624E-05 
2.106E-06 
6.09lE-07 
3.0870-07 
1.957E-07 

aE-x is equivalent to 

0 These doses are insignificant compared to the doses received by workers 
on the site and by the population immediately surrounding the Vitro site, as 

oooG30 F-4 0 



. 6 4 4 2  
could  be guessed from t h e  sma l l  q u a n t i t y  of t a i l i n g s  carr ied by each t r a i n  and 
the  l i m i t e d  time of exposure.  

S c a l i n g  f o r  a t r u c k  a c c i d e n t  would be accord ing  to  t h e  r a t i o  of (35 t o n s  
per  truck/5000 tons  per  t r a i n )  o r  7 ~ 1 0 ' ~ .  
t o  a t r u c k  s p i l l  w i l l  be more than  100  times smaller than t h e  d o s e s  due t o  a 
t r a i n  s p i l l .  

T h i s  imp l i e s  t h a t  t h e  doses  due  
:. 

The p r o b a b i l i t y  of e i t h e r  a c c i d e n t  is roughly 9 x 10-7 pe r  mile 
t r a v e l e d  (SNL 1982b1, or about  0.05 s p i l l s  by r a i l  t r a n s p o r t ,  or 7.0 s p i l l s  by 
t r u c k  t r a n s p o r t  over  t he  t h r e e  y e a r s  of t h e  r e l o c a t i o n  to  South C l i v e .  S i n c e  
these estimates a r e  based on t h e  frequency of i n j u r y  and d e a t h  a c c i d e n t s  (SNL 
1982b) ,  i t  is c i e a r  t h a t  t h e  major impact w i l l  n o t  be r a d i o l o g i c a l ,  bu t  t h e  
ac t l ;a l  i n j u r i e s  or d e a t h s  involved.  

F.4.5.2 Surface-water  t r a n s p o r t  a c c i d e n t  

The t r a n s p o r t  of t a i l i n g s  by r a i l  to the South C l i v e  s i t e  d u r i n g  
A l t e r n a t i v e  3 cou ld  a l s o  r e su l t  i n  a p o t e n t i a l  s p i l l  of  m a t e r i a l  i n t o  t h e  
Grea t  S a l t  L a k e  s i n c e  t h e  t r a i n  route is a d j a c e n t  to  the l a k e  f o r  
approximately 1 4  miles o r  16 p e r c e n t  o f  t h e  t r i p .  T h i s  r e s u l t s  i n  a t o t a l  
accident p r o b a b i l i t y  of 0.008 s p i l l s  d u r i n g  t h e  t h r e e  y e a r s  of  r e l o c a t i o n  to 
t h e  Sou th  C l i v e  s i t e ,  which is a n e g l i g i b l e  chance. 

I n  a d d i t i o n  to  t h e  n e g l i g i b l e  p r o b a b i l i t y ,  the consequences of such  an 
a c c i d e n t  would also be n e g l i g i b l e .  
and water t r a n s p o r t  of suspens ions  would be the major mechanism of 
d i s p e r s i o n .  As t h e  water body cons ide red  is n o t  a qu ick  moving stream, the 
ma jo r i ty  of  m a t e r i a l  would se t t le  to  t h e  bottom: it would n o t  e n t e r  i n t o  a 
d r i n k i n g  water or i r r i g a t i o n  pathway. Water from t h e  Grea t  S a l t  L a k e  is n o t  
used f o r  d r i n k i n g  o r  farming. 

The t a i l i n g s  m a t e r i a l  is l a r g e l y  i n s o l u b l e  

Pj  

. .  
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F.5 HEALTH EFFECTS 

.For each of the proposed alternatives for the Vitro tailings site, the ‘0 izformation and calculations presented above are applied to give an estimate 
cf the impact of the remedial aczion in terms of health effects in the general 
wpulation and the remedial action workers. 

F.5.1 Alternative 1 - no action 
Remedial action worker health effects. 

No remedial action workers are exposed to radon dauqhte:~ or gamma 
radiation under this alternative. 

General population and nearby worker health effects from radon dauqhter 
exxsure . 

Two methods are used to estimate these exposures. For the major portion 
of the population, the computzr code MILDOS is used to provide estimates of 
radon dauqhter exposure‘cf the population. This code does not provide 
estimates within 1 km of the source, however. For the small population within 
1 km of the Vitro site, radon daughter concentrations are es:imated from 
long-term radon concentrat ion measurements. 

Population within 1 km of the Vitro site 

For persons living or working within 1 km of the Vitro site, long-term 
radon concentration measurements are available for -estimating radon daughter 

, . ex?osures (Section F.3.2.1). Based on Figure F-2, a suitable average Rn-222 
‘--- cmcentration within 1 km of the site is 0.5 pCi/l. Assuming 25 percent 

equilibrium of the radon daughters at this close distance from the pile (Borak 
19831, the conversion factor 7.4 x rem/(hr-pCi/l) (Section F.2.1) may 
be applied. 

Five hundred people live to the west and southwest of the site, within 
1 km (FBDU,  1981). Using a three-year period of exposure for comparison to 
the other alternatives, the population dose equivalent commitment is (500 
persons) (0.5 pCi/l) (8760 hr/yr) (3 yr) (7.4 x 10‘’ rern/(hr-pCi/l)) = 486 
person-rem. Applying the lung cancer risk estimator (20 x 
cancer/person-rem, Section F.2.1) gives an estimated excess of 0.0097 lunq 
cancers in this group. 

There are approximately 50 full-time-workers employed near the Vitro site 
at the CVRXF. These persons are close enough to the tailings that the 30 
pCi/l radon concentration estimated to exist on the pile will be used (Section 
F.3.1). Assuming 25 percent equilibrium of the radon daughers, and a 40-hour 
work weeic per person, the dose equivalent commitment to these nearby workers 
is (50 persons) (30 pCi/l) (2000 hr/yr) (3 yr) (7.4 x 10’’ rem/(hr-pCi/l) 1 = 666 
person-rem. This results in an estimated excess 0.013 lung cancer deaths in 
the nearby worker group. 
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Population beyond 1 k m  of the Vitro s i t e  

The computer code MILDOS was used to estimate population doses beyond 
1 km from the Vitro s i t e .  .The input data required for MILDOS have been 
described above (Section F . 4 . 4 ) .  
three-year exposure (comparable to the time for remedial a c t i o n ) .  

The output i s  summarized i n  Table F-13 for a 

Table F-13. Summary of MILDOS results for no action 
alternative (person-rem) . 

~ 

Distance, km 

Organ 1- 2 1-10 

whole body 9.0 220 

Bone 

Lung 

9.1 

9.0 

240 

220 

Bronchial epithelium 3600 27000 

General population and nearby worker health e f f e c t s  from gamma radiation 
exposure. 

Approximately 500 persons l i v e  w i t h i n  1 km of the V i t r o  s i t e  (FBDU, 
1981). Some of these reside i n  a t r a i l e r  park to the west a t  about 0 . 5  mile, 
while some reside i n  an area 0.05 to 0.5 mile extending from the southwestern 
corner of the s i t e .  From Figure F-3 it is  seen that gamma exposure i s ,  
i n s i g n i f i c a n t  a t  0.5 mile or more. 
0.5  mile averages about 11 microR/hr. Assuming 250 persons l i v e  w i t h i n  
0 . 5  mile, the population dose equivalent is (250 persons)(11  microR/hr) 
( 8 7 6 0  hr/yr) ( 3  y r )  (1~10'~ rem/microR) = 72 person-rem. The estimate of  
excess health e f f e c t s  is 0.0086 cancer deaths. 

The elevated gama exposure rate  w i t h i n  

About 50 persons work f u l l  time near the Vitro s i t e  a t  the CVWFlF. Using 
the same gamma exposure rate for these persons as for remedial action workers 
on the p i l e  for other alternative remedial actions (see following s e c t i o n ) ,  an 
upper estimate of 140 microR/hr may be applied to the nearby workers. 
result ing population dose equivalent i s  (50 persons) (140 microwhr) 
( 2 0 0 0  hr/yr) ( 3  y r )  (1 x rem/microR) = 42 person-rem. The estimate of 
excess f a t a l  cancers due t o  gamma exposure of nearby workers i s  0.0050 cancer 
deaths. 

The 
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F.S.2 Alternative 2 - stabilization at Vitro 6442  
Remedial action worker health effects from radon dauahter ex?osure. 

Worker exposure to radon daughters will occur at the Vitro site during 
excavation and stabilization of the tailings. A conservative assumption is 
that a radon concentration of 30 pCi/l will exist on the pile (Section 
?.3.11. Radon daughter equilibrium is assumed to be 25 percent (Section 
F.2.1). A s  given in Table A-4 (Appendix A) the worker exposure hours 

exposure results in a dose equivalent commitment of (2.3 x lo5 person-hr) (30 
pCi/l) ( 7 . 4  x 10'' rem/(hr-pCi/l)) = 4 8 0  person-rem. 
estimated excess of 0.0096 lung cancer deaths among the workers. 

required for this alternative total 2.3 x 10 ' S  person-hr. This worker 

This corresponds to an 

c 
Remedial action worker health effects from gamma radiation exposures. 

Remedial action workers on the pile will be exposed to g a m a  radiation 
from tailings, as well as radon daughters. 
on the pile in microR/hr is 2.5 times the average Ra-226 concentration in 
pCi/g (Schiager, 19741, or 1400 microR/hr based on the measured average R2-226 
concentration of 560 pCi/g (Section F.3.1). This is a highly conservative 
estimate and represents an upper limit which, in practice, is not expected to 
be received. On a partially reclaimed portion of the tailings pile, the 
exposure rate would be reduced by a factor of 10 for each foot of cover 
material. The majority of workers will be enclosed in the cabs of earth 
moving equipment. This will provide shielding, reducing the exposure rate by 
a factor of 10 per inch of iron. 
exposure would therefore be 140 microR/hr. 

The estimated gamma exposure rate 

A more realistic upper bound for the gamma ' 

Based on Table A-4 (Appendix A) it is possible to estimate the number of 
workers exposed during each phase of remedial action for two categories: 1) 
workers exposed on foot on bare tailings (1400 microR/yr), and 2 )  workers 
shielded by heavy equipment or tailings cover (140 microR/hr). It was assumed 
that the worker classifications of equipment operators and truck drivers will 
be afforded shielding equivalent to 1 inch of steel. The worker 
classifications maintenance personnel, miscellaneous personnel, and 
supervisor/foremen will not be afforded shielding due to heavy equipment. 
Further, full exposure to tailings is assumed to be possible for the remedial 
action phases .of site preparation, tailings relocation, liner system 
placement, and tailings consolidation. For the phases of. cover installation, 
site restoration, and general supervision all workers will be' afforded a 
factor of ten reduction in exposure rate. For simplicity only two exposure 
rates are considered: 1400 microR/hr for exposure on foot on bare tailings, 
and 140 microR/hr for workers shielded by equipment or cover. Table F-14 ' 
summarizes the worker-hours in each remedial action phase and exposure 
category. 

. I  
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Table F-14. Worker exposure-categories by remedial action phase 

Worker hours (000s) 
No shielding Some shieldin5 

?hase (1400 microR/hr (140 microR/hr 1 

Site preparation 1 1 
Tailings relocation 3 7 

Tailings consolidation 10 43 

General supervision - - 

Liner system placement 12 16 

Cover installation 17 
Site restoration 25 

96 
26 205 

The worker exposures are (26 x lo3 person-hr) (1400 microR/hr) (1 x 
rem/microR) = 36 person-rem for unshieldea workersr and (205 x lo3 

person-hr) (140 microR/hr) (1 x rem/microR) = 29 person-rem for workers 
afforded some shielding. These total 65 person-rem which corresponds to an 
estimated excess 0.003 cancer death among the workers. 

' 

General population and nearby worker health effects from exposure to radon 

as a radon source term will decrease from 128 to 0 acres. The amount of radon 
released to the atmosphere will be less than for the no action alternative due 

calculations given in Section F.4.1, the total radon emission for Alternative 
2 is about 0.5 times that for the no action alternative. This scaling factor 
may be used directly to modify the MILDOS estimates for the no action 
alternative to give proper values for the stabilization at Vitro alternative. 
In a general fashion, it is also an appropriate scaling factor to be applied 
to the radon concentrations that would be measured on the pile or near the 
pile on an average basis for the period of remedial action. 

I to a reduced exposed pile surface. Based on the radon source term 

For the 500 people living within 1 km to the west and southwest of the 
Vitro site the radon daughter exposure will be to an average concentration of 
0.25 pCi/l for roughly 3 years, giving a population dose equivalent commitment 
of 240 person-rem. 
cancer deaths. 

This is estimated to result in an excess 0.0048 lung 

For the 50 workers at the OJWRFr an average concen.tration of 15 pCi/l for 
36 months is assumed. This exposure leads to a population dose equivalent 
commitment of 330 person-rem; and an estimated excess 0.0066 lung cancer 
deaths. 

For the population beyond 1 km of the Vitro siter the estimated 
population dose equivalent commitments from MILDOS may be scaled by 0.5 as 
discussed above. The results are summarized in Table F-15. 
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Table F-15. Summary of MILDOS predicted doses around t h e  Vitro site, 
scaled for the disposal at Vitro alternative (person-rem) . 

~ ~~ 

Distance, km 

Organ 1- 2 1-10 

Whole body 

Bone 
8 

4.5 . 

4.6 

11 0 

120 

-.Lung 4.5 11 0 

Bronchial epithelium 1800 14000 

The excess health effects (lung cancer deaths) due to population and 
nearby population expsure to radon daughters total 0.29 excess death for the 
Fopulation surrounding the Vitro site out to 10 km (438,000 persons). 

General population and nearby worker health effects from aamma radiation 
exposure. 

As discussed for the no action alternative, direct gamma exposure due to 
the Vitro tailings is insignificant beyond 0.5 mile. Over the course of a 
36-month stabilization of the tailings at the Vitro site, the excess gamma 
exFsure rate will decrease roughly linearly to zero with time at any given 
point. Thus the average gamma exposure rate at any point will be about half 
of that us@ for the no action alternative. The population dose equivalent 
is: 36 person-rem to the population of 250 persons living to the southwest 
within 0.5 mile of the site. The estimate of excess lung cancer deaths is 
0.00072 deaths. The dose equivalent to the 50-person work fcrce at the CVWRF 
may likewise be scaled by one-half, giving 21 person-rem. 

The excess health effects to the general population and nearby workers 
due to direct gamma radiation is estimated at 0.0011 excess death. 

, 

F.5.3 Alternative 3-disposal at South Clive 

Remedial action worker health effects from radon daughter exposure. 

Worker exposure to radon daughters will occur at South Clive during 
disposal and at Vitro during excavation. A conservative assumption is that a 
radon concentration of 30 pCi/l will exist on the piles at both locations 
(Section F.3.1). Radon daughter equilibrium is assumed to be 25 percent 
(Section F.2.1). Two options are available for this alternative--truck or 
train transport of the tailings to South Clive. Since the hours of worker 
exposure differ for the two options, the calculation of dose equivalent 
commitments is done separately for each option. 
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Truck haulage option 

A s .  given in Table A-8, the worker exposure hours required for this o;?tion 
tstal 1.73 x lo5 person-hr at the Vitro site, and 0.97 x lo-’ person-hr at 
South Clive. Radon daughter exposure during t r x k  haulage of tailings is 
negligible due to the effective dilution and dispersion caused by the moving 
vehicle. The worker exposures result in dose equivalent commitments of 
(1.73 x l o 5  person-hr) (30 pCi/l) (7.4 x 
person-rem at Vitro, and (0.97 x lo’ person-hr) (30 pCi/l) (7.4 x 10’’ 
rem/(hr pCi/l)) = 220 person-rem at South Clive. 

rem/(hr-pCi/l) 1 = 3 8 0  

The total remedial action worker dose equivalent commitment from radon 
daugther exposure under the truck haulage’option is 600 person-rem. This 
corresponds to an estimated excess of 0.012 lung cancer deaths among the 
workers . 

Train haulage option 

As given in Table A-7, the worker exposure hours required for the option 
total 1.91 x lo5 person-hr at the Vitro site, and 1.43 x lo5 person-hr at 
South Clive. Radon daughter exposure during train haulage of tailings is 
negligible due to the effective dilution and dispersion caused by the moving 
vehicle. The worker exposures result in dose equivalent commitments of 
(1.91 x lo5 person-hr) (30 p/Ci/l) (7.4 x 10’’ rem/(hr-pCi/l)) = 420 
person-rem at Vitro, and (1.43 x lo5 person-hr) (30 pCi/l) (7.4 x 10’’ 
rem/(hr-pCi/l)) 320 person-rem at South Clive. 

. 

The total remedial action worker dose equivalent commitment from radon 
daughter exposure under the train haulage option is 740 person-rem. This 
corresponds to an estimated excess of 0.015 lung cancer deaths among the 
workers . 
Remedial action worker health effects from gamma radiation exwsure. 

Remedial action workers on foot on bare tailings will be exposed to 1400 
microR/hr and those afforded shielding by heavy equipment or cover will be 
exposed to 140 microR/hr as discussed above for Alternative 2. 

For tailings transport by truck or train, workers on the vehicles will be 
exposed to elevated gamma radiation. Exposures during transport may be 
conservatively estimated by using an exposure rate of 140 microR/hr in the 
occupied areas of a vehicle. This is based on assuming that the estimated 
1400 microR/hr near a large volume of tailings applies to a train or truck, 
and allowing a factor of 10 reduction to account for vehicle shielding of the 
workers . 

i 

Truck haulage option 

Table F-16 details the number or worker hours in each exposure category 
according to the phase of remedial action work, for the truck transport option. 
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Table F-16. Worker exposure caceqories by remedial actim phase - 

truck transport 

0 Worker hours (000s) 
Some shielding 

No shielding (140 microR/hr) 
Phase (1400 microR/hr) on-site transport 

Site preparation - Vitro 
Site preparation - Clive 
Tailings relocation - Vitro 
Embankment construction - Clive 
Total 

.. . Site restoration - Vitro 

1.5 

106.5 
71 
15 
19 4 
- 

30.5 489 
26 - 
20 - - - 
77 4a9 

As given in Table F-16 the worker-hours of exposure on f o o t  on bare 
5 5 tailings total 1.23 x 10 at Vitro and 0.71 x 10 at South Clive, and 

result in (1.94 x lo5 person-hr) (1400 microR/hr) (1 x rem/microR) = 

and 0.26 x lo5 at South Clive, and result in (0.77 x lo5 person-hr)(l40 
microR/hr: (1 x rem/microR) = 11 person-rem. The transport of tailings 

microR/hr) (1 x rem/microR) = 68 person-rem. 

170 persan-rem. EIeavy equipment operator-hours total 0.51 x 10 5 at Vitro 

requires 48s x lo5 worker-hours, and results in (489 x 10 5 person-hr)(l40 

The total remedial action worker exposure for the truck t:ansport option a! 
'.&, deaths among the workers. 

is 350 person-rem. This corresponds to an estimated excess of 0.042 cancer 

Train haulage option 

As given in Table F-17, the worker exposure hours on foot on bare 
5 tailings total 1.08 x lo5 at Vitro and 0.71 x 10 

result in (1.79 x lo5 person-hr) (1400 microR/hr) (1 x 
250 person-rem. Heavy equipment operator-hours are 0.84 x 10 at Vitro and 
0.72 x l o 5  at South 'Clive, resulting in (1.56 x l o 5  person-hr) (140 
microR/hr) (1 x rem/microR) = 22 person-rem. The transport of tailings 

microR/hr) (lx rem/microR) = 4 person-rem. 

at South Clive, and 
rem microR) = f 

requires 0.25 x la5 person-hr, and results in ( 0 . 2 5  x 10 5 person-hr) (140 

The total remedial action worker dose exposure for the train transport 
option is 280 person-rem. This corresponds to an estimated excess of 0.034 
cancer death among the workers. 
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Table F-17. Worker ex?osure categories by remedial action phase - 
train trans?ort 

Worker hours (OCOs) 
Some shield ins 

No shielding (140 microR!hr 1 
Phase (140G microR/hr) on-site transport 

Site preparation - Vitro 
Site preparation - Clive 
Tailings relocation - Vitro 
Embankment construction - Clive 
Site restoration - Vitro 
Total 

7 

86 
71 
15 

17 9 

- 

- 

- 3 

6 1  25 
7 2  - - - 20 - 

15 6 25 

General population and nearbv worker health effects from radon daughter 
exposure. 

There are no residents within 10 km of the South Clive site, thus no 
population exposures accrue from the uncovered tailings at South Clive. The 
population exposures for t h i s  alternative will occur around the Vitro site and 
along the, transportation corridor to South Clive. 

The excavation and transport of the tailings will take approximately 
three years. Over the course of this period, the tailings radon source term 
will decrease at the Vitro site as described in Section F.4.1. The total 
radon released over the three-year remedial action is about 0.5 times the 
amount released during three years of the no action alternative. Using this 
as a scaling factor, the population dose equivalent commitments around the 
Vitro site are about 0.5 times those for the no action alternative. The 
estimated population dose equivalent commitments are: 240 person-rem to 500 
persons living within 1 km of the site, 330 person-rem to 50 nearby workers at 
the Central Valley Water Facility, and doses based on MILDOS for the 
population beyond 1 km as summarized in Table F-18. 

I .  
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Table F-18. Summary of MILDOS p r e d i c t e d  doses  around t h e  V i 2 2  s i t e ,  

scaled f o r  t h e  d i s p o s a l  a t  South C l i v e  a l t e r n a t i v e  
(person-rem) . 

Organ 

Dis tance ,  km 

1-2 1-10 

Whole body 4 . 5  110 

Bone 4 . 6  120 

Lung 4 .5  11 0 

Bronchial  e p i t h e l i u m  1800 14000 

The excess  h e a l t h  effects  ( lung  c a n c e r ' d e a t h s )  due to  popu la t ion  and 
nearby pcpu la t ion  exposure to  radon daughters  t o t a l s  0.29 e x c e s s  dea th  f o r  the 
e n t i r e  popula t ion  sur rounding  t h e  V i t ro  s i t e  o u t  to 10 km (438 ,000  p e r s o n s ) .  

Genera l  p o p u l a t i o n  and nearby worker h e a l t h  e f f e c t s  from qama r a d i a t i o n  
exposure. 

As d i scussed  f o r  the no  a c t i o n  a l t e r n a t i v e ,  d i r e c t  gamma exposure due t o  
the Vitro t a i l i n g s  is i n s i g n i f i c a n t  beyond 0.5 mile. Over the course of the 
three-year removal o f  the t a i l i n g s  t o  South C l i v e ,  the excess  gamma exposure 
r a t e  a t  any p o i n t  w i l l  d e c r e a s e  roughly l i n e a r l y  w i t h  t i m e  from the  p r e s e n t  
va lue  t o  zero.  Thus ,  the ave rage  gamma exposure r a t e  a t  any p o i n t  f o r  t h i s  
a l t e r n a t i v e  w i l l  be one-half t h a t  used f o r  t h e  no a c t i o n  a l t e r n a t i v e .  I n  t h e  
no a c t i o n  a l t e r n a t i v e  a p o p u l a t i o n  of  250 per sons  l i v i n g  t o  t h e  s o u t h w e s t  was 
exposed t o  11 microR/hr. S c a l i n g  by ha l f  g i v e s  an exposure r a t e  of 
5 . 5  microWhr,  i n d i c a t i n g  a p o p u l a t i o n  dose e q u i v a l e n t  of 36 person-rem f o r  
t he  t h r e e y e a r  pe r iod  of t a i l i n g s  relocation. The dose e q u i v a l e n t  t o  t h e  
SO-person w o r k  f o r c e  a t  t h e  C e n t r a l  Val ley Water F a c i l i t y  may l i k e w i s e  be 
s c a l e d  by one-half ,  g i v i n g  21 person-rem. 

/ 

The excess  h e a l t h  effects to  the gene ra l  popu la t ion  and nearby workers 
due  to d i r e c t  gamma r a d i a t i o n  is estimated a t  0.0011 e x c e s s  dea ths .  

Genera l  popula t ion  h e a l t h  e f f e c t s  from t r a n s p o r t a t i o n  of  t a i l i n g s  tc Sou th  
C 1  i v e  . - 

The a s s u r e  r a t e  fo r  people l i v i n g  along t h e  sh ipp ing  route dur ing  
normal t r a n s p o r t  c o n d i t i o n s  can be determined accord ing  t o  the  fo l lowing  
equa t ion  ( A X ,  1972; D a m e s  6 Moore, 1975; NRC, 1981b) .  

D ( d )  = - I( I ( d )  
V 
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where 

I ( d )  = 

and where u 

t o t a l  i n t e g r a t e d  dose a t  d i s t a n c e  d ,  i n  mrem. 
dose r a t e  f a c t o r  i n  mrem-ft2 per h o u r .  
shipment speed i n  f e e t  per h o u r .  
perpendicular  d i s t a n c e  of an i n d i v i d u a l  f rom t h e  s h i p m e n t  p a t h ,  
i n  f e e t ,  where 

is t h e  linea: absor2 t ion  c o e f f i c i e n t  f o r  a i r  i n  r e c i p r o c a l  f ee t  
( t a k e n  to  be 0.00118 f t ' l  i n  t h i s  appendix) ,  and B ( r )  is the  d imens ionless  
Berger bu i ldup  f a c t o r  i n  a i r  given by t h e  formula 

B ( r )  = 1 + 0.0006 r 

where r is d i s t a n c e  expressed i n  f e e t .  

For t h e  t r a n s p o r t a t i o n  of LFle uranium t a i l i n g s ,  t h e  dose r a t e  (K) w a s  
assumed to  be 1 4 0  rnrem-ft2/hr. This  r a t e  was based on t h e  assumed EGR dose 
r a t e  of about  1400 microR/hr (or 1 .4  mrem/hr) a t  a d i s t a n c e . o f  1 0  f e e t  from 
t h e  t a i l i n g s ;  t h e  s h i e l d i n g  e f f e c t  of t h e  r a i l road -ca r  s i d e s  was ignored. 

A computer program TRANSDOS was developed to  s o l v e  t h e  i n t e g r a l  and 
e v a l u a t e  t h e  i n d i v i d u a l  exposures. The doses  to o n k a k e r s  were c a l c u l a t e d  a t  
1 0 ,  50,  100,  and 500 meters using a speed of 1 0  mi les /hour  and the above d o s e  
r a t e  f a c t o r  of 140 mrem/ft2/hr. 
F-19. 

The r e s u l t i n g  doses  are  l i s t e d  i n  Table 

Table F-19. Dose to  an "onlooker" a long  
t a i l i n g s  t r a n s p o r t a t i o n  route 

Perpendicular  d i s t a n c e  
of observer  

from shipment route (m) 
Dose/shipmen t 

(rem) 

10 
50 

100 
so0 

2.4E-07 
3 .91~-08  
1.5E-08 
5.7E-10 

These small doses  t o t a l  t o  such small popula t ion  dose  e q u i v a l e n t s  f o r  t h e  
number of t r i p s  and l o w  popula t ion  d e n s i t i e s  a long t h e  t r a n s p o r t  c o r r i d o r  t h a t  
they are no t  cons idered  f u r t h e r .  
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F .  5.4 Maximall:? exposed resident 

The maximally exposed resident would be one who lives about 300 feet from 
the southwestern corner of the Vitro site (Figure 1-1). Assuming the edge of 
the Vitro site corresponds to the origin of the abcissa in Figure F-3, the . 
person might be exposed to 50  microR/hr in addition to background g a m a  
radiation. This would yield a dose equivalent of ( S O  microR/hr) (8670 hr/yr)(l 
x low6 rem/microR) = 0.4 rem/yr. 
dose eauivalent as 0.5 rem/yr for that location. 

The EPA (EPA, 1980) estimated the gamma 

The radon daughter exposure may be estimated from the data of Figure 
F-2.  The location of interest falls close to the 1 pCi/l concentration line. 
Fcr a resident fiving fulltime at this location the 1 pCi/l concentration 
would result in a dose equivalent commitment of (1 pCi/l) (7.4 x 
rem/(hr-pCi/l) 1 (8670 hr/yr) = 0.6 rem/yr. 

F . 5 . 5  Health effects perspective 

The health effects calculations presented in this appendix are summarized 
in Section 5.1.4 of the main text. For comparison to the impacts of remedial 
action, estimates of the collective dose equivalents due to natural 
radioactivity (which would result from continuous exposure at the EPA limits 
for remedial action as discussed in Section 3.1.1 of the main text) are 
presented in Table 5-3. It is quickly seen that the incremental radiation 
dose equvalents due to remedial action are small by comparison to the dose 
equivalents resulting from natural radioactivity. 
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G.l EMISSION RATES FOR CONSTRUCTION 

ACTIVITIES DURING ALTEZYATIVES 2 AND 3 

The fcllowing material outlines the emission-factors proposed by a Public 
salt3 Engineer in the Utah Department of Health's Bureau of Air Quality (per- 

sor.al communication to Dames b Moore from lrontie R. Keller, March 15, 1982). 
These emission factors have been used in Section 5.2 and in Appendix F to esti- 

. mate the amount of particulate matter that would be raised into the air at the 
several sites of construction activity. Addi:ional emission factors not 

. covered in the March 16, 1982 memo were taken from AP-42 (EPA, 1977 and 
supplements). AP-42 factors were also used if they were more consezvative. 

Bulldozers: 

Emission factor = 16 lbs per dozer-hour 

Front-end loader operations: 

Emission factor = 0.06 lbs per ton of material loadeci- 

Scrapers : 

Emission factor = 16 lbs per scraper-hour 

Grader : 

Emission factor = 32 lbs per grader-hour 

Haul-road emissions: 
L:-Y 

Assumes 18-wheel, 40-ton trucks travelling at 20 mph; 15 percent silt 

Emission factor = 8.91 lbs per vehicle-mile on dirt or gravel 
surf aces 

Exhaust (combustive) emissions from railroad engines: 

Assume 135 gallons of fuel/engine-hour and 24 engine-hours/day 

Emission factors = CO = 130 lb/103 gal 
HC = 94 ib/103 gal 

NO, = 370 lb/103 gal 
SO, = 57 1 ~ 1 0 3  gal 
TSP = 25 lb/103 gal 

Exhaust (combustive) emissions from haul trucks: 

Emission factors = CO = 28.7 g/mi 
HC = 4.6 g/mi 

NO, = 20.9 g/mi 
SO, = 2.8 g/mi 
TSP = 1.3 g/mi 

G- 3 



- .  

Railroad ca r  dump: 

Emission fac tor  = 0.02  l b s  per ton or' m a t e r i a l  dumped 

Conveyor dump i n t o  su rge  b i n s  : 

Emission f ac to r  = 0 . 0 2  lbs per ton of m a t e r i a l  dumped 

Conveyor b e l t s :  

Emission fac tor  = 0 .02  l b s  per ton of m a t e r i a l  moved 

G- 4 



G . 2  POPULATION LVD W I N D  DIST,RXaUTIONS NEAR THE VITRO g.4 2 
T h e  d i s t r i b u t i o n  of p o p u l a t i o n  n e a r  t h e  V i t ro  s i t e  w a s  u s e d  i n  t h e  aunos-  

phe r i c  d i s g e r s i o n  c a l c u l a t i o n s  w i t h  MILDOS (see Appendix  F, S e c t i c n  F.4.4) t o  
estimate S o p u l a t i o n  c a d i o l w i c a l  doses d u r i n g  t h e  a l t e r n a t i v e  remec ' ia l  a c t i o n s .  
The  p o p u l a t i o n  d i s t r i b u t i o n  o u t  t o  1 0  km f rom t h e  c e n t e r  of t h e  s i t e ,  and i n  1 6  
d i r ec t iocs ,  is shown i n  T a b l e  G-1. 

0 
T h e  d i s t r i b u t i o n  of w i n d s  n e a r  t h e  Vitro s i t e  was a l s o  used i n  t h e  atmos-  

phe r i c  d i s ? e r s i o n  c a l c u l a t i o n s  w i t h  MILDOS. T h e  assumed wind  d i s c r i b u t i o n s  
( f r e q u e n c y  of o c c u r r e n c e  of wind-speed  i n t e r v a l s  v e r s u s  d i r e c t i o n )  for  6 classes 
of a t m o s p h e r i c  s t a b i l i t y  a r e  shown i n  T a b l e  G 2 .  

I 
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H.l INTRODUCTION 6442 
This appendix presents an evaluation of the potential seismic effects on 

the reclaimed tailinas embankment at the Vitro site (Alternative 2) as 
described in the D E E ,  and at the South Clive site (Alternative 3) as 
described in this =IS. This appendix includes an assessment of the seismic 
hazard and earthquake design parameters, the potential for liquefaction 
affecting the stability of the piles, and t!!e potential for flow slides 
subsequent to liquefaction (SHLB, 1983). 

For stabilization in place and as a result of this assessment and in 
consultation with Sergent, Hauskins, 6 Beckwith (SHSB) , the concept presented 
in Section 3.2.3 and in Appendix A for the Vitro site is a refined version of 
the concept in the DEIS and, as such, contains measures (e.g., desaturato and 
compact tailings) to mitigate seismically induced liquefaction (see A.3.2.2 
and 5.19.6). 

Regarding relocation to the South Clive site, the sections of this 
appendix are based on available literature and data and do not include on-site 
evaluations or photogeologic studies. Preliminary calculations of a Maximum 
Credible Earthquake (MCE) for the site and the possible effects at the site 
from that event,are included: however, additional studies are necessary to 
finalize site design parameters. 

H-1 
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9.2 Z!JGINZERiNG SEISMOLX'! - VITRO SiTE 

H . 2 . 1  Reaional seismotectonic settinc 0 
The Vitro sit? is located along the Wasatc:? Front which delineates the 

boundaries between the Great Basin to the west and the Colorado Plateau in 
sautheastern Utah and the Middle Rocky Mountains in northeastern Utah. The 
Wasatch Front has Seen described by Smith (1978) as a transition between major 
subplates of the western Cordillera. This transition possesses a thin crust, 
substantial seismicity, and high heat flow. These features appear to extend 
eastward from the wasatch Front for about 50 kilometers (km) under the 
Colorado Plateau. East-west extensional activity within the Great Basin is 
believed to have ccmenced during Oligocene time (25  to 36 million years B.P.) 
(Hintte, 1971). This activity has resulted in major Great Basin block 
faulting and pOSSi5lY 3 to 5 km of normal displacement along the Wasatsh Fault 
System (Hintze, 1971). 

The Wasatch F:ont is part of a distinct north-trending-zone of elevated 
seismic activity which extends from northern Arizona to northwestern Montana. 
This 100-km wide by 1,300-km long zone has Seen identified as the 
Intermountain Seismic Belt (IS81 by Smith and Sbar (1974). The IS3 
encompasses a regicn which has experienced more than 15 recorded earthquakes 
with magnitudes greater than 5.5, including the 7.1 magnitude event in 1959 at 
Hebqen Lake, Montana. The IS3 can be classified as the most seismically 
active region of the Western Cordillera, excluding earthquake source areas of 
California and Nevada. 

H.2.2 Local seismotectonic settinq 

H.2.2.1 Historical seismicity 
.! -i' 

The earthquake record in Utah has been the subject of intense research 
since the early 1960's. Historical documentation has been completed from the 
period of 1850 until about 1962, followed by seismographic recording by the 
University of Utah (Arabasz et al., 1979; Richins et al., 1981). Since 1974, 
telemetered seismic arrays have been operated by the University. 

As presented in Table H-1, 15 moderate earthquakes have Seen recorded in 
the Utah region between 1850 and 1978. Two of tnese significant earthquakes 
may be directly related to the Wasatch Fault, the events of 1910 and 1914. As 
indicated by the distribution of 1962 to 1978 epicenters depicted in 
Figure H-1, concentrations of North Central Utah seismic events occur in the 
vicinity of the Hansel Valley Fault north of the Great Salt Lake and near the 
East Cache Fault north of Salt Lake City. 

The most damacing earthquakes of the north central region of Utah 
occurred in Hansel Valley on March 12, 1934, and in Cache Valley on August 30, 
1962. 
fault displacement and disruption of the land surface due to liquefaction and 
ground movement (Smith, 1978; Marsell, 1964). The 5.7 ML Cache Valley ever.: 
caused about one million dollars of property damage in Locan and surroundin? 

The 6.6 ML Hansel Valley earthquake produced about 50 cm of vertical 

communities (Cook, 1971). 0 
H- 3 



T a b l e  H-1. L a r g e s t  e a r t h q u a k e s  i n  t h e  Utah r e g i o n  1850 ::?:ougn 1978* 

I n t e n s i t y  Magnitude 
M L o c a t i o n  

0 L 
Loca l  d a t e  L a t  ( O N )  Long (OW) I 

1884 Nov 10 
1887 Dec 5 
1900 Aug 1 
1901  Nov 1 3  
1902 NOV 1 7  

1909 O c t  5 
1910 May 22 
1914 May 1 3  
1921 Sep 29 
1921 O c t  1 

1 9 3 4  Mar 1 2  

1959 J u l  2 1  

1962 Aug 30 

1966 Aug 1 6  

1975 Mar 28 

4 2 . 0  111.3 
37.1 112.5 

8 40.0  112.1 
38.8 112.1 
37.4 113.5 

41.8 112.7 
40.8 111.9 
41.2 112.0 
38.7 112.2 
38.7 112.2 

41.7 112.8 

37.0 112 5 

42.0 111.7 

37.5 114.2 

42.1 112.5 

V I 1 1  
VI1 
V I  I 
I X  
V I 1 1  

V I 1 1  
V I  I 
V I 1  
V I 1 1  
V I 1 1  

I X  

V I  

VI1 

V I  

V I 1 1  

Bear Lake V a l l e y  
%anab 
Eureka 
Richf i e l d  
P i n e  v a l l e y  

Hansel  V a l l e y  
S a l t  Lake C i t y  
Ogden 
Elsinore 
E l s i n o r e  

Hansel  v a l l e y  
(Kosmo) 
Utah-Ar i z o n a  
border  (Kanab) 
Cache V a l l e y  
( L q a n )  
Nevada-Utah 
border  
Idaho-Utah 
b o r d e r  (Poca- 
t e l l o  V a l l e y )  

t Table  i n c l u d e s  e a r t h q u a k e s  of maximum Modif ied Mercalli i n t e n s i t y  (Io) of V I 1  
or g r e a t e r ,  or o f  R i c h t e r  magni tude 5.5 or g r e a t e r .  
a r e  estimated from Io. 
A f t e r s h o c k s  a r e  exc luded .  

Magnitudes i n  p a r e n t h e s e s  
Sample a r e a :  36'45'N - 42°30'N, 108'45'W - 114O15'W. 

Source :  Arabasz e t  a l . ,  ( 1 9 7 9 ) .  
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FIGURE H-1 
UTAH EARTHQUAKES, JULY 1962 - JUN,E 1978 

tEF: A R A B A S Z  (1979) 

ti- 5 



H . 2 . 2 . 2  Act ive  f a u l t i n g  

k d e f i n i t i v e  assessment  of ea r thquake  r i s k  canno t  be f u l l y  ascer:ained 
from the r e l a t i v e l y  short  and incomplqte  132-year r e c o r d  of ea r  thquako 
e v e n t s .  Geologic  ev idence  o f  past  f a u l t  r u p t u r e s  a l o n g  t h e  Wasatch F a u l t  anc  
other p o t e n t i a l  sou rce  f a u l t s  h a s  been the s u b j e c t  o f  c u r r e n t  r e s e a r c h  i n  
order to estimate maximum e a r t h q u a k e  magnitude and r e c u r r e n c e s .  

1 0  

Based on ea r thquake  h i s t o r y  and g e o l o g i c  e v i d e n c e ,  t h e  S a l t  Lake C i t y  
r e g i o n  c o n t a i n s  numerous young f a u l t s ,  i nc lud ing  the Hanse l  V a l l e y ,  E a s t  
Cache,  Wasatch, and unnamed f a u l t s  a long the w e s t  f l a n k  o f  t h e  Oqu i r rh  
Mountains  s o u t h  of t h e  Grea t  S a l t  L a k e  (F igu re  8-21.  Due t o  the close 
‘proximi ty  of t h e  Wasatch F a u l t  to  the Vitro s i t e  and i ts  s u s p e c t e d  activity, 
t h e  ea r rhquake  r i s k  imposed by t h e  Wasatch F a u l t  is g r e a t e r  t han  t h e  r i s k  from 
e a r t h q u a k e s  gene ra t ed  by r u p t u r e  of  t h e  o t h e r  f a u l t  s y s t e m s  mentioned above.  
I n  terms o f  c u r r e n t  c r i t e r i a ,  an a c t i v e  f a u l t  is d e f i n e d  a s  a s t r u c t u r e  wh ich  
h a s  expe r i enced  d i sp lacemen t  i n  t h e  l a s t  10 to  l.2 thousand y e a r s .  The 
n o r t h e r n  p o r t i o n  of t h e  Wasatch F a u l t  has  been i d e n t i f i e d  a s  f a l l i n g  w i t h i n  
the a c t i v e  f a u l t  ca t egory .  

i 

The Wasatch F a u l t  zone t r e n d s  nor th-south  through c e n t r a l  Utah from 
Gunnison, Utah,  to  Malad C i t y ,  Idaho.  Swan e t  al., (1980)  s u g g e s t  t h a t  the 
f a u l t  sys tem may have a s  many as t e n ,  30- t o  40-km segmen t s  which a r e  capable 
o f  s e p a r a t e  r u p t u r e .  The f a u l t  expresses Late Q u a t e r n a r y  movement a lmos t  
t h roughou t  its e n t i r e  l e n g t h  (Swan e t  ,al.,  1980) .  These  geomorphic  
e x p r e s s i o n s  are i n  t h e  form o f  scarps, sagponds,  s p r i n g s ,  s l i c k e n s i d e d  and 
s h e a r e d  s u r  f a c e s ,  and d i s p l a c e d  beds (Van Born, 1971)  . These  f e a t u r e s  have  
been e x t e n s i v e l y  documented by C l u f f  e t  al . ,  (19701, C l u f f  and Slemmons (1971)  
and Marsell (1964) .  

The p a t t e r n s  and h i s t o r y  o f  d i sp l acemen t  a long  the Wasatch F a u l t  zone 
appear  t o  be h i g h l y  v a r i a b l e .  However, t h e  predominant  movement o f  the f a u l t  
sys tem is normal and s t e e p l y  d i p p i n g  to  t h e  v e s t  w i t h  v a l l e y s  such  a s  the Utah 
V a l l e y  nea r  Provo l agg ing  behind  the upward movement of the Wasatch Mountain 
block ( H i n t z e ,  1971) .  A to ta l  v e r t i c a l  d i sp l acemen t  o f  3 ,000  t o  4,000 meters 
may be p r e s e n t  i n  the Utah V a l l e y  r eg ion  (Hin tze ,  1971) .  

.J 
There  have been no s u r f a c e  f a u l t i n g  e v e n t s  a l o n g  the Wasatch F a u l t  d u r i n g  

the p a s t  138 y e a r s  (Swan e t  a l . ,  1980) .  Geologic  e v i d e n c e ,  however,  
’ i d e n t i f i e s  m u l t i p l e  d i sp l acemen t  e p i s o d e s  i n  the n o r t h e r n  p o r t i o n  o f  t h e  f a u l t  

system. From a s t u d y  of  remnant f a c e t s  of  the Wasatch Mountain f r o n t  nea r  
P rovo ,  Hamblin (1976) estimates e i g h t  periods o f  f a u l t  movement s e p a r a t e d  by 
p e r i o d s  of q u i e s e n c e ,  and three a c t i v e  per iods’  i n  t h e  S a l t  Lake C i t y  a r e a .  
The most comprehensive e v a l u a t i o n  of  d i sp lacement  h i s t o r y  was performed by 
Swan e t  a l . ,  (1980) .  A t  K a y s v i l l e ,  30 km n o r t h  of  S a l t  L a k e  C i t y ,  a t  l e a s t  
t h r e e  s u r f a c e  f a u l t i n g  e v e n t s  w i t h  d i sp l acemen t s  of 1.7 to  3.7 meters have  
o c c u r r e d  s i n c e  t h e  Middle Holocene. A t  Hobble Creek, 46 km s o u t h  of S a l t  L a k e  
C i t y ,  s i x  t o  seven e v e n t s  w i th  d i sp lacemen t s  of  0.8 to 2.8 meters have 
o c c u r r e d  i n  t h e  p a s t  12,000 y e a r s .  

As d e p i c t e d  on F igu re  H-3, t h e  segment o f  the Wasatch F a u l t  zone closest  
to  t h e  V i t r o  s i t e  is the  East Bench F a u l t ,  which  is a b o u t  5 k m  e a s t  of t h e  

H- 6 
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site. No detailed displacement history is available for this faslt segment: 
however, its geomorphic expression definitely indicates Quare:na::/ movement 
(Cluff e: al. , 1970). 

H . 2 . 2 . 3  Seismic gaps 

Based upon recent microseismic data, Smith (1971) has ?oss i z ly  detected two 
major seismic gaps along the Wasatch Fault zone. One extends f r c m  Brigham City 
south 70 kin to Salt Lake City and the other extends from Salt L a i i  City south 
70 kin to Provo. These zones of low earthquake activity are sepa:a:ed by an area 
of persistent low-to-moderate intensity earthquake events (Xrabasz et al., 
1980). Several hypotheses have been proposed in an attempt :o ex?lain the 
seismic gaps, one of which indicates that these areas could be t5e sites of 
future large earthquakes due to a long-term accumulation of tectznic stress 
(Srni:h, 1974). 

H.2.3  Faximum Credible Earthquake and recurrence interval 

The major objective of the investigations cited herein, a n a  the subject of 
ongoing research, has been to establish the Maximum Credible Earthquake (MCE) 
and the recurrence interval of sajor earthquakes along :he Wasat:;? Front. These 
studies have not presently established conclusive values for these parameters. 
Sufficient analysis has been completed, however, to establish reasonable seisiaic 
design criteria for the reclamation of the Vitro site. Based on various 
analyses of geologic data and earthquake history, several investi~atois have 
proposed values for recurrence interval and earthquake magnitude. These are 
summarized on Table H-2. 

It is necessary to obtain specific geologic data concerning the 
displacenent history of that particular segment to evaluate the return period of 
a moderate to large earthquake resulting from rupture along a Wasatch Fault 
segment such as the East Bench Fault. As discussed by Swan et al., (19801, 
there may be as many as ten fault segments which rupture separately at different 
retQrn Feriods. As an example of the difference between the generalized return 
periods ?resented in Table H-2 and the return period of a fault segment, Swan, 
et al., (19801, estimate the average return periods of surface fault events of 
the Raysville and Hobble Creek segments as 500 to 1,000 and 1,500 to 2 , 6 0 0  
years, respectively. A s  evident from this example, the recurrence estimat'es for 
the entire Wasatch Fault zone may substantially underestimate the return period 
of moderate to large earthquakes along any one fault segment. 

H- 9 0.0072'7 
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Table H - 2 .  Summary of earthquake magnitude b recurrence interval 
estisates for the Utah region 

Source Magnitude/recurrence 

I. US Geological Survey (1976) 

2. Arabast et al., ( 1 9 7 9 )  

3. Swan et al., (1980) 

4. Doser 6 ,Smith (1982) 

Assigned an es:imated maximum credible 
earthquake for L5e entire state of Utah 
of magnitude 7.5. 

Based on historical earthquake data - 
following return periods presented: 
22-25 years for ML 2 6.0; 111 to 115 
years for ML 2 7 . 0 ;  232 to 263  years 
for ML 5 7.5. Estimates for the 
Wasatch Front area (92,810 k m 2 ) .  

For entire Wasatch Zone, moderate to 
large earthquake (M 6 . 5 - 7 . 5 )  return 
period of 50 - 430 years estimated. 
Values derived from recurrence intervals 
evidence along the Kaysville and Hobble 
Creek segments of the Wasatch Zone. 
Evidence of recurrence along other 
segments not available. 

387 - 667 year return period estimated 
from analysis of geologic moment rates 
for 6.5 2 ML 2 7.5 along entire Wasatch 
fault. 

-~ ~ ~~ 

Source: SHLB, 1983 



6442 s 

9 . 2 . 4  Seissic toninq studies 

Varicus investigators have conduczed seismic zoning studies ts ynich 
contours cf effective peak accelerations (ETA) were estimated for ::?e a rea  of 
the Vitro site. These studies are based on statistical analysis cf :he seismic 
history and a general appraisal of r q i o n a l  faulting and teczmics. The 
following is a list of these estimates: 

0 

E?A References Rezarits 

0.69 Algermissen et al., (1982) 

0.219 Algermissen b Perkins (1976) 

90 percent ?robability of 
not being exceeded in 250 
years . 
9 0  percent probability . 
of not being exceeded in 
50 years. 

0.2g Applied Technclogy Council (1978) 90 percent probability of 
not being exceeded in SO 
years. 

0.089 Liu and DeCapua (1975) 100 year return. 

J 
, I  

.d’ 

Because of the inadequate nature of the brief historical earthquake record, 
these regionalized studies only provide a rough indication of seisait hazard. 
The analysis and conclusions presented herein concerning the seisaic risk and 
expected ground motions have been oriented specifically toward the Vitzo site 
and should be considered as the criteria for design rather than t ;?o 
above-men tioned regionalized studies . 
3.2.5 Desiqn parameters 

It is understood that an Environmental Protection Agency 2 0 0 - y e a r ,  
no-active-naintenance criterion will be applied to the reclamation design of the 
Vitro site. Based upon current knowledge of the recurrence interval of damaginc 
earthquakes which would result from fault rupture along the Wasatc5 Front, it is 
concluded that there is a reasonable possibility that an .CiL 7.0 or greater 
earthquake cn the East Bench Fault will cause substantial ground shaking at the _. 

Vitro site wi:hin the next 200 years. As will be discussed in the report 
sections which follow, this ground motion could cause local liquefaczion ana 
ground movements of the unconsolidated deposits of Jordan Valley. 

. 

Due to its proximity to the Vitro site, rupture of the East Bench Fault 
segment of the Wasatch Fault system probably would cause the most intense ground 
shaking. The displacement history of :his fault segment is not f u 1 i y  known; 
therefore, it is reasonable to apply a return period of the entire Xasatch 
source area t 3  the near-site segment. This return period has been es:imated to 
be between 55 to 667 years for earthquakes in the range of ML 6.5 z 3  7.5. As 
with the Kaysville and Hobble Creek Fault segments, the true retur:. period of a 

H - 1 1  



fault rupture event along the East Bench Segment may be several times longer 
than that of the entire Wasacch Fault zone. The risk of a darnacing earthquake 
generated by rupture along the East Bench segment should be reassessed when more 
local geologic data become available. 

The design earthquakes discussed above probably would be in the range of 
ML 6.0 to 7.5. 
rock in the range Of about 0.3 to 0.559 (Buckman et al., 1980). Amplification 
or damping effects in the unconsolidated deposits of Jordan Valley are possible; 
but any accelerations in this range would produce similar on-site damage. 

This near-field event would produce maximum accelerations in 

H-12 
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H.3 GEOTECYNICAL P R O F I X  - VITRO SITE 

Subsurface conditiscs at ::?e Vitro site are characterized by their 
variability. Based on toring logs and test data presented in Dames c Moore 

'(19821 , Chen 6 Associa=Es, Inc. (1980a, 1980b), Sergent, Hauskins h Beckwith 
(19811, Martin et al., (19801, and Colorado State University (19821, a typical 
geotechnical profile for a north-south section through the middle of the 
southern section of the existing tailings deposit was developed. This section 
is shown in Figure H-4. It is necessarily simplified, because of the 
variability of conditions, but it does include trends important 'to a 
consideration of liquefaction potential. 

As shown in Figuri 3-4, the top of the existing tailings pile, at this 
location, is at elevaticn 4248. Considering the complete site, variations from 
4232 to 4 2 5 2  are encounzered. The interface between natural soils and tailings 
is at elevation 4 2 3 1 ,  with variations from 4225 to 4 2 3 5  throughout the site. 

The ground-water tr9le at the time of the above listed investigations was 
at elevation 4231, or coincident with the surface of the natural soils in the 
model employed herein, with variations from 4226 to 4235. Tailings above the 
water table appear to be saturated in many places, probably because of perched 
wa t er- table cond it ions. 

The initial natural soil stratum encountered is composed of predominantly 
clayey soils, classifyin5 at CL-ML to CL in t h e  Unified Soil Classification 
System, grading to ML and CH in places. This layer is relatively thin, with a 
model thickness of 5 feet as shown in Figure H - 4 .  

;aj 
"'soils to an average depth of 11 feet. This layer is not apparent in a few 

Sandy soils, classifying predominately as SP-SM to SP, underlay the clayey 

borings and has a thickness of approximately 20 feet in other borings. 

The sandy soils a t e  underlain by a second layer of ciayey soils, tending to 
be more sandy in some locations. Only six of the eight Dames 6 Moore (1982) 
borings penetrated to t5ese depths, obviating an estimate of their thickness. 

Typical properties of the different soil strata encountered are listed in 
Table H-3. Grain-size distributions for tailings and natural or foundation 
soils are plotted in Ficcre H-5. Gradations of the more sandy tailings are 
comparable to the in-si::: sandy soils. Similarly, gradations of the more clayey 
tailings , ar slimes, are comparable to the in-situ clayey soils. 

Standard penetratlcn testing (SPT) blow counts (N-values), recorded 
primarily in the upper sandy soil stratum, are plotted in Figure H-6, as a 
function of depth from the ground surface. The values are very scattered, but 
tend to increase with desth, though the correlation for this trend is weak. 
Dames h M o o r e  values are typically higher than Chen h Associates, Inc. values. 
T3e latter values were Predominantly recorded in the northeast section of the 
site, while the former include values from all areas of the site. Blow counts 
range frcin 5 to 25  with a mean value of 15. 

H-13 
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Table H-3. Soil parameters 

S o i l  
Total unit 

weight 

PC f 

Pr iction 
angle 

Undrained 
cohesive 
s tr eng th 

PS f 

Cover 6 compacted 
ta i 1 ing s 

Existing tailings 
b fill 

12 5 

115 

35 

30 

200 

0 

Clayey soils 115 0 600 

Sandy soils 120 35 0 

Source: SHhB, 1983 
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The tailings, foundation sandy soils, and, to a lesser extent, the 
foundation clayey soils are susceptible to liquefaction during earthquake 
shakinq. Particularly, the sandy soils and tailings below the water table, or 
those in a satu:ated state, have a grain-size distribution that would preclude 
quick dissipation,of excess pore water pressures expected during a seismic 
event. Since the soils are lenticular, sands having a coarse gradation that 
otherwise would not be susceptible to liquefaction may be confined by more 
silty Or clayey lenses. This could result in their being liquefied, or their 
losing a significant portion of their strength. 

The more clayey soils, based on criteria reported by Seed ana I a r r s s  
' 

(19811, may also have lenses susceptible to liquefaction or significant 
strength loss. They suggest liquefaction can occur in clayey soils if the 
liquid limit is less than 35, the in-situ water content is less than 0.9 times 
the liquid limit, and the soil fraction finer than 0.005 mm is less than 
15 percent. Based on the data presented in Table H-3, the first of these 
criteria is marginally met, but the last two are met, indicating at least a 
susceptibility of lenses of clayey soils to liquefaction. This assessment is 
made more critical if the potential effects of clay sensitivity are 
considered. 
sensitivities as high as 11, making them susceptible to a greater strength 
loss during earthquake shaking than less sensitive clays. 

Parry (1974) has i,ndicated clays along the Wasatch Front may have 
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H . 4 .  ANALYSIS OF LIQUEFACTION POTENTIAL 5 ZXBX<KMENT STXBILI #%$T& SITE 

H . 4 . 1  Seed 6 Idriss  empirical method 

Liquefaction of the upper sand layer of Figure H-4 was assessed using the 
Seed and I d r i s s  ( 1 9 8 1 )  empirical method. In this updated approach, the shear 
s t r e s s  on horizontal planes induced by earthquake shaking is estimated i n  the 
same manner as i n  their e a r l i e r  procedure (Seed and I d r i s s ,  1 9 7 1 ) .  The 
resistance to liquefaction during a seismic event, expressed i n  terms o f ' a  
c y c l i c  s t r e s s  r a t i o ,  can be determined from laboratory t e s t i n g  or estimated 
from SPT blow count d a t a ,  the mean grain-size, and e f f e c t i v e  overburden 
pressure. Since appropriate t e s t  data were not a v a i l a b l e ,  the l a t t e r  approach 
was taken. 

0 

- 

Three geotechnical p r o f i l e s  were considered, representing the range i n  
e x i s t i n g  and proposed conditions a t  the s i t e .  For these analyses, the ground 
surface i s  assumed l e v e l ,  which i s  appropriate i n  the center of the separate ' 
p i l e s ,  b u t  not near their edges. The f i r e :  p r o f i l e  has a ground surface 
elevation of 4 2 3 5 ,  the second 4250 and the third 4270. The f i r s t  i s  
representative of the lower e x i s t i n g  p i l e s ,  the second the higher e x i s t i n g  
p i l e s ,  and the third the proposed graded and covered p i l e .  

where amax is the maximum acceleration i n  9 - u n i t s ,  uo and u s o  = are 
the t o t a l  and e f f e c t i v e  overburden s t r e s s e s ,  and rd i s  a reduction factor 
dependent on depth. Considering the center of the upper sand layer,  and 

.~ 9 assuming rd = 0 . 9  i n  a l l  cases,  an expression for induced s t r e s s  as a 
k4 function of amax/q was developed for each case. . I  

The shear resistance was estimated for uncorrected blow count values of 
5 ,  1 5 ,  and 2 5 ,  representing the lower bound, mean, and upper b o u n d ,  
r e s p e c t i v e l y ,  of data presented i n  Figure H-6 for the upper sand layer.  
Uncorrected blow counts, rather than corrected values, were used because of 
the s c a t t e r  i n  data and because the range i n  e f f e c t i v e  overburden pressures (1  

1 .2.  The larger term is associated w i t h  shallower depths. 
( 1 9 8 1 )  suggest t h a t  for depths of 10 f e e t  or l e s s ,  the recorded N-value should - 

be further modified by a factor of  0 . 7 5  which o f f s e t s  the 1.2 correction 
f a c t o r .  

- ksf c o s o  c 3 ksf)  r e s u l t s  i n  correction terms varying from only 0 . 8  t o  
Seed and I d r i s s  

Seed and Idriss  ( 1 9 8 1 )  present two s e t s  of curves p l o t t i n g  N-value versus 

. ._ -- 
c y c l i c  s t r e s s  r a t i o  (for  U * o  = 2 ksf) for d i f f e r e n t  earthquake magnitudes, 
M .  
for low p l a s t i c i t y  s i l t s  and sands w i t h  D S 0  l e s s  than 0.15 mm. AS indicated 
i n  Figure H-5 the D50 s i z e  v a r i e s  from 0 . 1 6  to 0.36 for the sandy foundation 
s o i l s  and the sandy t a i l i n g s .  Thus, the s e t  of curves for sands is  applicable 
to the major portion of t a i l i n g s  and in-situ s o i l s .  Using these curves, 
c y c l i c  s t r e s s  ratios  were estimated. F i n a l l y ,  these r a t i o s  were equated to 
the induced s t r e s s  r a t i o  and a value of maximum acceleration l i k e l y  to cause 

The f i r s t  s e t  is for sands w i t h  DS0 larger t h a n  0 . 2 5  mm, and the second 

l iquefaction calcxlated.  0 
H - 1 0  
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Results of the analyses are presented i n  Figure E - 7 ,  whiz: plots the 
calcglated acceleration vorsils blow count for two cases and t v o  values of 
earthquake magnitude. For M = 6 and a ground surface elevaticn of 4235 ,  for 
example, the maximum acceleration l i k e l y  to induce liquefactlofi  V Z I  ies  from 
0.079 for N = 5 to 0.39g for N = 25.  For M = 6 and a qround surface e l e v a t i o n  
o f  4 2 7 0 ,  the proposed grading plan, the acceleration value va:ies from 0.1s  
for N = 5 to 0.559 for N = 2 5 .  T h i s  i l l u s t r a t e s  the e f f e c t  t h a t  increasing 
confining pressure has i n  decreasing the s u s c e p t i b i l i t y  to liquefaction. 
Since ground surface accelerations of  0.lg to 0.59 are probable during any 
200-year period, liquefaction of a t  l e a s t  some zones of fdunZation s o i l s  ana 
tai l ings  i s  probable. 

H . 4 . 2  Yegian 6 Whitman empirical approach 

Yegian and whitman ( 1 9 7 8 )  analyzed h i s t o r i c a l  data on liquefaction and 
developed a predictive methodology t h a t  includes the e f f e c t  of both earthquake 
magnitude and hypocentral distance. Required input to the me-,hodology i s  blow 
count data. Recorded blow count values are corrected u s i n g  t!!e r e l a t i o n s h i p  
I?' - 50N/(0'~+10)', where d V  is the e f f e c t i v e  overburden pressure i n  u n i t s  
o f  psi. For the upper sand layer under consideration, the correction term i s  
1 . 6  t o  3 ,  resulting i n  corrected blow counts, N', varying from 1 5  to 4 0 ,  w i t h  
a mean value of approximately 3 0 .  

The value of N'  i s  used to estimate a parameter S, related to the 
potential for liquefaction. In the simplified approach, a boundary l i n e  
representing a 50 percent probability of l iquefaction occurring is computed 
from M = 2 Ln ( ( R + 1 6 )  O ' & ~ / H ) ,  where R is the hypocentral distance i n  
miles and H i s  the depth to the point of consideration i n , f e e t .  Relationships 
between M and R for ea& of the three p r o f i l e s  were computed using 
sc = 1 . 7 .  
sand layer.  

Tfie point of consideration was taken as  the center of the upper 

Results of the analyses are presented i n  Figure H-8. For a section w i t h  
ground surface elevation of 4235, a seismic event w i t h  magnitude 6 . 1  or larger  
occurring 10 miles from the Vitro s i t e  w o u l d  have a 50 percent or larger 
probability of producing liquefaction a t  the s i t e .  I f  the ground surface were 
a t  elevation 4270, a magnitude 6 . 8  or larger event a t  the same distance would 
result in the same likelihood of liquefaction. This comparison confirms the 
Seed and I d r i s s  (1981) analysis f e s u l t s  concerning e f f e c t  of confinement. 
Also, since seismic events of M * 6 or larger occurring w i t h i n  10 miles are 
pyobable during any 200-year period, the analysis confirms t'e conclusion t h a t  
liquefaction during the design l i f e  is probable. 

E'or comparison, two empirical relationships between M and R are included 

bus, i t  
i n  Figure H - 8 .  
furthest distance from point of energy release to a liquefied s i t e .  
defines an upper bound envelope for R; s i t e s  more distant  than R from the 
point of  energy release for the same M are unlikely to l iquefy,  b u t  s i t e s  l e s s  
d i s t a n t  than R could l iquefy.  The relationship is based on a limited number 
of major seismic events, and considers s o i l  conditions generally similar t o  
those a t  the Vitro s i t e .  The relationship of Kuribayshi and Tatsuoka ( 1 9 7 7 )  
i s  similar, except that i t  i s  a mean relationship for Japanese data, and R is  
defined as the epicentral distance. The close  cornpar ison of calculated 
relationships for the Vitro s i t e  to the empirical relationships lends 
confidence to the predictions indicated for the Vitro s i t e .  

The f i r s t  from Youd and Perkins (1978;, defines R as the 

\ 

. e  H- 20 
* a  . 
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3 . 4 . 3  Embankment stabilitv 

A preliminary and somewhat simplistic assessment vas made of embankment 0 stability by performing ordinary-method-of-slices stability analysis of 
Ftential failure surfaces A and B of Figure H-9. Streng:hs utilized are 
qiven in Table H-3 for static,loading conditions. For earthquake loading 
conditions, various zones of the profile were considered liquefied, or having 
a complete or significant strength loss. In the analyses, a horizontal 
seismic coefficient was not employed, since this would tend to overstate the 
effect of seismic shaking in the type of analysis performed. 

Results of the analyses are listed in Table H-4. aecause the slope angle- 
is relatively small, static safety factors are greater tSan 3. If it is 
assumed the upper sand layer suffers a complete strengci loss during a seismic 
event, the safety factor is reduced to a value of approximately 2. If, in 
addition, the existing tailings suffer a complete strength loss, the safety 
factor is reduced to near 1. If only the natural soils suffer a complete 
strength loss, the safety factor is reduced to 1.6 for surface A and 1.0 for 
surface B, illustrating the stability rendered by the clay layer for the 
shallower failure surface. If the natural soils and existing tailings all 
suffer complete strength.loss, the safety factors are reduced to well below 
1.0. 

While these results are approximate and do not address deformation of the 
slopes or the mechanism of failure, they do indicate the potential effect of a 
major seismic event with a relatively long duration of shaking on embankment 
stability. The worst case listed in Table H-4 is likely only for a very major 
event. Other cases can generally be associated with events that are probable o.: for a 200-year design life. Though complete failure is unlikely, significant 
deformations that would impair the functioning of the cover, and require 
reconst:uction and repair are probable. A further assessinent of movements 
could be made using techniques developed by Makdisi and Seed (1978; 1979), 
Sarma (1979) and Franklin and Chang (1977), based on more complete soil 
strength parameters . 

. .  . -/ 

H . 4 . 4  Potential for flow slides 

A potential consequence of seismically induced slope failures of tailings 
piles is a flow slide. Historically, earthquake-induced liquefaction of 
saturated tailings piles has resulted in a part of the mass of tailings 
flowing distances of from several hundred feet to tens of miles. 

The existing tailings piles at the Vitro site are 15 to 20 feet high and 
.. 

contain saturated zones. The proposed single pile will be approximately 35 
feet high with 5 to 1 (horizontal to vertical) slopes. The additional 15 to 
20 feet will be compacted and covered with a moisture barrier of approximately 
10 feet in thickness. Thus, only zones of the lower 15 to 20 feet, and the 
foundation soils, will be saturated. The ground slope in the area of the 
proposed pile varies from essentially flat to 1.5 degrees. 

H-23 
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Table  H-4. S t a b i l i t y  a n a l y s i s  r e s u l t s  

Cond i t ion  
S a f e t y  f a c t o r  

Surface A Sur face  B 

S t a t i c  3.2 3.7 

Dynamic - 
No s t r e n g t h  i n  
i n - s i t u  sands  

1.9 1.9 

Dynamic - 
No s t r e n g t h  i n  
i n - s i t u  sands  h 
e x i s t i n g  t a i l i n g s  

Dynamic - 
No s t r e n g t h  i n  
i n - s i t u  sands  
h c l a y e y  soils 

Dynamic - 
No s t r e n g t h  i n  
i n - s i t u  sands ,  
ex  is t i n g  t a i l i n g s  
h c l a y e y  soils 

1.1 

1.6 

1.2 
c 

1.0 

0.7  0.4 

Source: SBSB, 1983 
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The c o n d i t i o n s  d e s c r i b e d  g e n e r a l l y  p r e c l u d e  the o c c u r r e n c e  o f  f low s l i d e s  
s u b s e q u e n t  to  l i q u e f a c t i o n  f a i l u r e .  Cases of f l o w  s l i des  summarized by Lucia e t  
a l . ,  (1391) and Jeyapalan  e t  a l . ,  (1983) i n d i c a t e  l i q u e f i e d  mine t a i l i n g s  w i l l  
come to  r e s t  a t  slopes of 1 to 4 d e g r e e s  a f t e r  f lowing o v e r  s l o p e s  o f  3 to  4 
d e g r e e s .  I n  o r d e r  to f low,  t h e  t a i l i n g s  m u s t  s u f f e r  a n e a r  t o t a l  s t r e n g t h  loss, 
becoming e s s e n t i a l l y  a v i s c o u s  f l u i d .  The most c a t a s t r o p h i c  f a i l u r e s  r e p o r t e d  
o c c u r r e d  a t  s i t e s  with t a i l i n g s  p i l e s  c o n s t r u c t e d  on ground s l o p e s  o f  '6 d e g r e e s  
or g r e a t e r .  

C o n s i d e r i n g  t h e  predominant ly  p a r t i a l l y  s a t u r a t e d  c o n d i t i o n s  of t h e  
proposed t a i l i n g s  a t  t h e  Vitro s i t e ,  and the  n e a r l y  l e v e l  ground s u r f a c e ,  i t  is 
improbable t h a t  a major flow sl ide would occur  i f  a l i q u e f a c t i o n  f a i l u r e  were to 
o c c u r .  The most probable  e f f e c t  would be slope f a i l u r e s  and embankment c r a c k i n g  
r e q u i r i n g  c lean-up  and r e c o n s t r u c t i o n .  

P o t e n t i a l  remedia l  measures that  would m i t i g a t e  t h e  possible e f f e c t s  of 
ground s h a k i n g  i n c l u d e  v e r t i c a l  g r a v e l  d r a i n s  near  t h e  toe of t h e  embankment, 
d e n s i f i c a t i o n  of e x i s t i n g  t a i l i n g s  by v i b r o f l o t a t i o n  or o t h e r  means, and 
i n s t a l l a t i o n  o f  a h o r i z o n t a l  d r a i n  a t  or below t h e  bottom o f  t h e  upper  l a y e r  o f  
c l a y e y  soils .  

.OG0444. H-26 , 
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H.5 ENGINEERING SEISMOLOGY - SOUTH CLIVE SITE 

H.5.1 Re=:onal s e i s m o t e c t o n i c  s e t t i n q  

The Sou:! C l i v e  s i t e  is l o c a t e d  n e a r  the e a s t e r n  margin o f  <le s e i s s i c a l l y  
a c t i v e  n c r 3 e z n  p o r t i o n  of the Bas in  and Range p r o v i n c e  (BAR) of s o u t i l u e s t e r n  
North America (F ig .  H-10). The BAR is a n  e x t e n s i o n a l  sys tem o f  h o r s t  a o u n t a i n  
ranges  and graben v a l l e y s .  Systems of h igh-angle ,normal  f a u l t s  s e p a r a t e  t h e  
hors:s and qrabens ;  f a u l t - d i s p l a c e m e n t s  i n  excess of 5000 feet a re  common across 
t h e s e  zones (Cook  e t  a l . ,  1964; S t e w a r t ,  1971) .  Zoback and Zoback (1980) 
i n d i c a t e  L!a: t h e  d i r e c t i o n  of  c r u s t a l  e x t e n s i o n  is a b o u t  M5W-S75E i n  tile s i t e  
a r e a ,  a s  d e t e r a i n e d  from stress s t u d i e s ,  w h i l e  e a r t h q u a k e  f o c a l  mechanisms show 
an  ex tens ion21 d i r e c t i o n  of a b o u t  NBOE-S80W (Smith and S b a r ,  1974; Arabasr  e t  
a l . ,  1980) .  S t e w a r t  (1971)  estimates the n o r t h e r n  p o r t i o n  o f  t h e  BAR ( h e  G r e a t  
B a s i n )  has  ur.dergone about  190 km o f  e x t e n s i o n  s i n c e  mid-Miocene time ( a b o u t  15 
m i l l i o n  y e a r s  b e f o r e  p r e s e n t ) .  

Geodet ic  neasurements  i n  The Great Basin i n d i c a t e  ongoing  t e c t o n i c  u p l i f t  
o f  t h e  reqion from 1 to  2 mm/year between c e n t r a l  Nevada and t h e  Wasatc;? F r o n t  
( R e i l i n g e r ,  1 3 7 7 ) .  A d d i t i o n a l  u p l i f t  of 1.5 + 0.5 &yr i n  w e s t e r n  Utah o c c u r s  
from i s o s t a t i c  c r u s t a l  a d j u s t m e n t s  from u n l o a z i n g ;  the r e s u l t  of.  t h e  d e s i c c a t i o n  
of a n c i e n t  h k e  S o n n e v i l l e  a b o u t  10,000-13,000 y e a r s  ago  ( R e i l i n g e r ,  1 9 7 7 ) .  

The SOUL: C l i v e  s i t e  is on t h e  eastern edge  of the Great S a l t  L a k e  Desert . 
i n  western Utah, a b o u t  105 km w e s t  of t h e  Wasatch F r o n t .  BAR f a u l t i n g  t o  t h e  
e a s t  of t!!e s i t e  h a s  c r e a t e d  s e v e r a l  h o r s t  mountain r a n g e s  between t .e  s i t e  and  
t h e  Wasatch -3Tont, i n c l u d i n g  the s e i s m i c a l l y  a c t i v e  S t a n s b u r y  Mountains,  and the 
Cedar Fountains .  The s i t e  is on t h e  f a r  reaches o f  t h e  a l l u v i a l  apron e x t e n d i n g  

0 - t  from the western f l a n k  o f  the Cedar M u n t a i n s .  Cook e t  a l . ,  (1964) have 
\ 'I 

'*-.' completed a r e q i o n a l  g r a v i t y  s u r v e y  of t h e  n o r t h e r n  p o r t i o n  o f  the Groat  S a l t  
Lake Desert, and report BAR h o r s t  and graben  topography below t h e  s u r f a c e  of the 
n e a r l y  f l a t  d e s e r t .  E x t e n s i v e  high-angle  normal f a u l t i n g  bounds the b u r i e d  
s t r u c t u r e s  and has  g r a v i t y - d e t e r m i n e d  d i s p l a c e m e n t s  o f  s e v e r a l  thousand f e e t  
(Cook  e t  a l . ,  1 9 6 4 ) .  The s i t e  is i n  a t r a n s i t i o n  zone between b u r i e d  t o  exposed 

BAR topoqraphy. \ 

H. 5.2 Local s e i s m o t e c t o n i c  s e t t i n q  

H.5.2.1 H i s t o r i c a l  s e i s m i c i t y  

Reqional  s e i s m i c i t y  maps have been compiled f o r  Utah based on a v a i l a b l e  
h i s t o r i c a i  daza from 1850 through 1980. A s e l e c t e d  number of t h e s e  maps are ' .  
p r e s e n t e d  a s  F i g u r e s  H-11 through 8-17. These d a t a  a r e  from r e g i o n a l  seismic 
n e t s  and d e t e s t  a l l  e a r t h q u a k e s  o f  about  magni tude 2.5 and l a r g e r  s i n c e  1962 
lArabasz e t  a l . ,  1979; R i c h i n s  e t ' a l . ,  1981) .  D e t e c t e d  e v e n t s  with smiler t h a n  
2.5 magnizuaes a r e  inc luded  in the d a t a .  The e p i c e n t e r  maps show earz!!quakes o f  
a b o u t  magnitude 2.5 ana l a r g e r  have n o t  o c c u r r e d  i n  t h e  s i t e  a r e a  s i n c e  1962. 
Maps for 1 9 6 1  and e a r l i e r  y e a r s  d e p i c t  d a t a  from t h e  worldwide seismograph 
network and e x l i e r  maps from " f e l t '  reports;  t h u s ,  t h e s e  maps do n o t  have a 
d e f i n a b l e  lover  d e t e c t a b i l i t y  l i m i t  for e a r t h q u a k e  s i z e  i n  t h e  s i t e  a r e z .  All 
e a r t h q u a k e s  azzve about  magnitude 5.5 have p r o b a b l y  been r e p o r t e d  s i n c e  1850.  

.. . . . . . - . 
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The on ly  ~ i S C O r i C a 1  ea r thquake  i n  Utah w i t h  s u r f a c e  r u p t u r i n g  o c c u r r e d  i n  
Hanse l  Va l l ey  :n 1934 (Bucknam e t  a l . ,  1980) .  The s i t e  is abou t  100 k m  nor rk  of 
t h e  South C l i v o  a r e a .  The s u r f a c e  r u p u r e  occur red  o n  a f a u l t  w h i c h  had 
p r e v i o u s  Holocene d i sp lacemen t .  The m a j o r i t y  of h i s :o r i ca l  s e i s m i c i t y  @ccurC On 

t h e  wasatch Prone, b u t  the a r e a s  of lower s e i s i c i c i t y  away fron: t h e  h'asa:c5 .Front 
do e x p e r i e n c e  smal l  to  moderate  e v e n t s  w i t !  o c c a s i o n a l  l a r g e  e v e n t s ,  a s  is 3 e  
c a s e  w i t h  the 2 a n s e l  Va l l ey  a r e a .  

A computer s ea rch  of a l l  recorded even t s  w i t h i n  a 50-krn r a d i u s  of C l i v e ,  
Utah,  from 0c:sber 1974 through S e p t e r b e r  1983 is shown i n  T a b l e  8-5 and F i q - r r  
8-18. R ich ins  ( p e r s o n a l  communicat ion,  1984) i n d i c a t e s  many of these e v e n t s ,  
p o s s i b l y  most of them, a r e  t h e  r e s u l t  of b l a s t s  from mining o p e r a t i o n s  i n  t h e  
v i c i n i t y  of t h e  s i t e .  

H.5.2.2 A c t i v e  f a u l t i n g  

Bucknam and others (1980) have inc luded  the s i t e  i n  a r e g i o n  i n  Utah 
b e l i e v e d  to c o n t a i n  Holocene f a u l t i n g .  The boundar ies  o f  t h e i r  source r e g i o n s  
encompass i d e n t i f i e d  l o c a t i o n s  of Holocene f a u l t i n g  ( F i g u r e  H-19). 

Various  a u t h o r s  have p r e s e n t e d  r e g i o n a l  f a u l t  maps which i n c l u d e  the  South  
C l i v e  s i t e .  w i l l i a m s  (1953) maps an unnamed f a u l t  a b o u t  25 miles i n  l e n g t h  
which b o r d e r s  +-he wes tern  f l a n k  of  the Cedar Mountains. T h i s  f a u l t  p a s s e s  
w i t h i n  abou t  5 miles of  the C l i v e  s i te .  No.age of  f a u l t i n g  is given .  Bucknam 
(1977)  and Anderson and Miller (1979; 1980) do  n o t  i n c l u d e  t h i s . f a u l t  i n  
s u s p e c t e d  Qua te rna ry  f a u l t  maps. Slemmons ( p e r s o n a l  communicat ion,  1984)  h a s  
reported s e v e r a l  Holocene scarps of up to 6 miles in  l e n g t h  a long  t h e  west f r o n t  
o f  t h e  Cedar Hounta ins ,  which are lower in e l e v a t i o n  than  the l a t e  P l e i s t o c e n e  
s h o r e l i n e s  o f  Lake  Bonnev i l l e  ( F i g u r e  H-20). B o t h  Slemmons and Buckman i n d i c a t e  
t h e i r  r e p o r t e d  f a u l t i n g  is based on i n t e r p r e t a t i o n  of  small-scale (1-:60,000) 
c o n v e n t i o n a l  black-and-white a e r i a l  photography and smaller scarps may be 
ove r looked  ana other geomorphic f e a t u r e s ,  such  a s  f i r e - b u r n s  and s h o r e l i n e s ,  may 
be mis taken  f o r  f a u l t  scarps. 

Dodge and Grose (1980) have i n d i c a t e d  d e t e c t i o n  of young f a u l t  s c a r p s  i n  
l a k e  muds or l a k e  g r a v e l s  is d i f f i c u l t  because  they have c o n s i d e r a b l y  lower 
slope a n g l e s  t9an e q u a l  h e i g h t  scarps i n  a l l u v i a l  g r a v e l s .  Their work i n  the 
B l a c k  R o c k  Desert i n  no r thwes te rn  Nevada i n d i c a t e s  tha t  f o r  1-m-hiqh scarp ,  
whlch is less than  1,100 y e a r s  o l d ,  the p r e s e n t  scarp slope a n g l e  in  a l l u v i a :  
g r a v e l s  would be abou t  15 d e g r e e s ,  in l a k e  g r a v e l s ,  a b o u t  10 d e g r e e s ,  and ir .  
l ake  muds, abou t  8 degrees .  Thus scarps near  the S l t e  i n  l a k e  muds and g r a v e l s  
would be s u b t l e  geomorphic f e a t u r e s  and cou ld  be e a s i l y  ove r looked  i n  r e g i o n a l  
s t u d i e s .  The i r  e v a l u a t i o n  does  n o t  i n c l u d e  s c a r p s  of between 1 , 1 0 0  and 10,000 
y e a r s  i n  a g e ,  b u t  they  do  s u p p o r t  the concep t  t h a t  e a r l y  Holocene s c a r p s  may now 
be  v e r y  s u b t l e  geomorphic f e a t u r e s  i n  and nea r  the s i t e  a r e a  which a r e  bes: 
d e l i n e a t e d  by l o r s u n  a n g l e  t e c h n i q u e s  ( C l u f t  and S l e m n s ,  1971;  Slemmons, 
1 9 7 7 ) .  

A d d i t i o n a l  s t u d i e s  to c l a r i f y  t h e  d e l i n e a t i o n  of  f a u l t  a c t i v i t y  i n  t h e  s i t e  
r e g i o n  were conducted.  These inc luded  f i e l d  r e c o n a i s s a n c e ,  low-sun a n g l e  ( E A )  
a e r i a l  r e c o n n a i s s a n c e ,  and pho togeo log ic  i n t e r p r e t a t i o n  of e x i s t i n g  1: 24,000 
scale color, i n f r a r e d  a e r i a l  photography.  The r e s u l t s  o f  t h e s e  s t u d i e s  i n d i c a t e  
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REF: B U C K M A N  ET AL.  ( 1 9 8 0 )  

FIGURE H-19 
LATE QUATERNARY, HOLOCENE FAULT SCARPS 

AND SOURC€ REGIONS I,II, 111, IV  
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active  f a u l t i n g  i n  the s i t e  region occurs i n  f i v e  zones, the soutneast ana 
northeast front of the Cedar b u n t a i n s ,  the west fron: of tne Stansbury 
Mountains, the east front of the Newfoundland Mountains, and a zone of fau1:ing 
i n  Puddle Valley (Figure E-21). 

E. 5 . 3  Seismic zonina_ 

Algermissen e t  a l . ,  (1982) have completed seismic zonins maps fa r  the 
United States based on energy release d u r i n q  h i s t o r i c a l  'eartncuakes. Their 
zoning places the s i t e  i n  an area which, for a 250-year exposufe, w i t h  a 90 
percent probability of nonexceedence, w i l l  not have acce1era:ions i n  rock i n  
excess of about 0 . 2  to 0 . 4  9.  

E.5.4 Earthquake recurrence intervals 

Recurrence intervals vary i n  different  areas of the &I and range from 500 
to 3000 years for a c t i v e  portions such as the Wasatch Front but may be over 
1 0 , 0 0 0  years for the area of the s i t e  (Wallace, 1 9 8 2 ) .  E'urther q u a n t i f i c a t i o n  
of the recurrence interval requires extensive f a u l t  investigatigns along those 
zones considered capable of generating design earthquakes for the s i t e .  

H.5.5 Seismic design P ar ame t er s 

Earthquake sources considered i n  the development of the preliminary s i t e  
design parameters for the South C l i v e  s i t e  are l i s t e d  i n  TaDle H-6 for the zones 
of actrve fault ing i n  the s i t e  region. Various interpretations of segmentation 
of the a c t i v e  zones and interaction between the zones is possible. For 
conservatism, the northern portion of the f a u l t  system on the northeastern front 

segments of a c t i v e  faulting along the southeastern front are considered 
together. In addition, the entire north-south trending portion of the zone 
along the e a s t  front of the Cedar muntains is considered as a s i n g l e  f a u l t .  
For a l l  MCE magnitude calculations,  i t  is assumed that the t o t a l  f a u l t  zone 
lengths w i l l  rupture. The various combined segments and fault  zones considered 
as possible source f a u l t s  for design parameters a t  the s i t e  are depicted on 
Figure H-21. Table R-6 l ists  the MCEs and an estimated on-site maximum 
acceleration for each of these geometrics. Earthquakes originating along the 
Wasatch Front and i n  the Eansel Valley area are too remote to a f f e c t  the seismic 
design parameters a t  the s i t e .  

0 of the Cedar Mountains is considered; the Puddle Valley faulting and two \ 

Variations i n  maximum acceleration a t  a s i t e  from an HCE can be attributed 
to earthquake s i z e ,  distance to the s i t e ,  wave-path attenuation c h a r a c t e r i s t i c s ,  
source mechanism of the event, direction and speed of f a u l t  rupture, and l o c a l  
s o i l  conditions a t  the s i t e .  The expected variation for acceleration values i s  
l i s t e d  i n  Table H-6. The maximum acceleration expected a t  the s i t e  is 0 . 3 1  + 
0 . 0 6  g from an MCE of M s  = 7 . 1 .  The source for this  event could be e i t h e r  G e  
e a s t  front of  the Cedar Mountains or the northern segment of t h i s  zone combined 
w i t h  the fault ing i n  southeastern Puddle Valley (Figure H - 2 1 ) .  As these a c t i v e  
zones are far removed from the s i t e ,  no hazard from surface rupture e x i s t s  a t  
the s i t e .  
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Table E-5. Design- criteria for  poZeDtial  seismic sources affecting 
che C l i v e ,  U t a h ,  site 

L S t  f m d  Ccd** 
maximum 

acce 1 e t  a t  i o n  
Age of C r e d i b l e  I n  rock 

l a s t  Maximum E a r t h q u a k e  D i s t a n c e  ( f r a c t i o n  of 

Maximum* 

S o u r c e  f a u l t  movement l e n g t h  (magn i tude )  t o  r i t e  u n i t  g r a v i t y )  

Weat f l a n k  of 
Cedar Mountains 

Williams (1953)  Hot g i v e n  35 m i  ( 5 7  k m )  7.3 5 mi ( 8  kml 0.4 g 
S l e m o n s ,  ( p e r s o n a l  
c o m u n l c a t l o n ) ,  
1984 Bolocene 

Bolocane 
4 mi (6.4 k m )  6.2 3 m i  ( 5  k m )  0 . 5  g 

0. 

0.. 
17 mi (27.5 k m )  7.0 3 m i  ( 5  k m )  

0.6 g 

West f l a n k  of 
S t a n s b u r q  Mountains 

Bucknam (1977)  Bo l o c e n e  1 4  mi ( 2 3  km) 6.9 24 mi ( 3 9  kml 0.2 g 

1984 Bo l o e e n e  2 3  mi ( 3 7  km) 7.1 24 mi ( 3 9  kml 0.2 g 

slemmons, ( p e r s o n a l  
coprmunclationl,  

\. 

/ 
No r t hues t 
Puddle  Va l l ey  

Bucknam (1977)  Bolocene 5 m i  ( 8  km) 6.3 1 7  mi (17 .5  k m )  0.2 g 

E a s t  f l a n k  of , 
Newfoundland Mountain8 

Cook 6 o t h e r s  B o l o t e n e  ( 7 )  1 4  m i  123 km) 6.9 2 4  mi ( 3 9  km) 0.2 g 
I19641 

L 1 . l f l )  Log L i n  m 
C a l c u l a t e d  from Slecaraon8 (19771,  Type A f a u l t 8  u s i n g  t o t a l  f a U l t 8 '  l e n g t h ,  M - 1.845 + 

C a l c u l a t e d  from Schnabel  and  Seed,  1973 
I n d i v i d u a l  Holocene S c a r p 8  
Zone of Holocene S c a r p s  

0.0 

*e** 
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l a c u s  tr i n e  
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H.6 GEOTECHNICAL PROFILE - SOUTH CLIVE SITE 

on bor ing  l o g s  and tes t  d a t a  p r e s e n t e d  i n  D a m e s  and Moore (1982) ,  
c o n d i t i o n s  a t  t h e  South C l i v e  s i t e  c o n s i s t  e n t i r e l y  of a l l w i a l  and 
sed iments  o f  v a r y i n g  t h i c k n e s s ,  b u t  c o n t i n u o u s  benea th  t!e s i t e .  . 

T a b l e  8-7 lists s e l e c t e d  SO11  p a r a m e t e r s  tested for by Dames and -re. 

Table  H-7. S e l e c t e d  soil  p a r a m t e r s  

M o i s t u r e  Dry Soil Depth to 
Bar ing  Depth con t e n t  d e n s i t y  type  grsund water 
number ( f t )  ( %  1 ( l b s / c u  f t )  (USCS ) ( f e e t )  

sc-1 
sc-1 
sc- 2 
sc- 2 
sc-3 
sc-4 
sc-4 

sc- 5 
SC-6 
SC-6 
sc- 7 
sc-8 
SC- 8 
sc- 9 
sc- 9 
sc-10 
sc-10 
sc-11 
sc-12 
sc-12 
SC-13 

4.0 
21.0 

4 .O 
18.0 
1 9  .o 

4.0 
8 .O 

9.0 
3.0 
8 .O 
6.0 
9.0 
14 .O 

3 .O 
8.0 
6 .O 

11.0 
4.0 
6.0 

11.0 
3.0 

31.7 
19.4 
33.7 
34.8 
23.2 
35.9 
33.8 

4.5 
33.7 
4.1 

33.8 
38.2 
10.5 
21.0 
40.4 
34.2 
43.7 
25.1 
34.9 

4.3 
21.8 

88 
93 
79 
85 

102 
87 
78 

113 
88 
99 
85 
80 
98 
89 
79 
87 
78 
93 
82 

1 0  3 
97 

ML 
SM-SC 
ML-CL 
CL-SM 
ML-CL 
CL-ML 
CL-ML h 
SP-SM 
SP-SM 
CL-ML 
SP-SM 
CL-ML 
SM-SP 
SM- SP 
CL-ML 
CL-ML 
C L 4  
SP-SM 
CL4lL 
CL-ML 
SP-SM 
CL-UL 

27.8 

20.6 

29.3 
34.0 

26.1 
24.7 

21.6 
29.9 

31.2 

32.4 

28.4 
27.4 

25.9 

The i n i t i a l  s o i l  s t r a t u m  e n c o u n t e r e d  a t  t h e  s i t e  is composed of  
predominate ly  c l a y e y  Soils, c l a s s i f y i n g  a s  CL t o  ML i n  the Unif ied  Soil 
C l a s s i f i c a t i o n  System. T h i s  l a y e r  v a r i e s  i n  t h i c k n e s s  from 3 t o  12 feet.  

m a t e r i a l  t o  have a c o n s i s t e n c y  r a n g i n g  from medium s t i f f  t o  very  s t i f f  e x c e p t  
i n  b o r i n g  SC-7 vhich is S o f t  from 0.0 to  10.0 feet. 

S t a n d a r d  p e n e t r a t i o n  t e s t i n g  (SPT) blow c o u n t s  (N-values) i n d i c a t e  this - .... 

Sar.?y soils,  c l a s s i f y i n g  predominate ly  a s  SP-SM to  SC, under lay  t!!e 
c l a y e y  surface s o i l s ,  wi th  v a r y i n g  t h i c k n e s s  r a n g i n g  from 8 to  25 f e e c .  SPT 
N-values i n d i c a t e  a d e n s i t y  r a n g i n g  from medium dense  t o  dense .  

Underlying both of  t h e s e  s t r a t a  is a n o t h e r  c l a y e y  
c l a s s i f y i n g  2redominate ly  a s  a CL t o  ML. Four b o r i n g s  
which h a s  a t h i c k n e s s  ranging  from 15 to 20 f e e t .  SPT 

s o i l  s t r a t u m  
p e n e t r a t e d  t h i s  s t r a  tum 
N-values indica:e a 
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c o n s i s t e n c y  ranging  from medium s t i f f  to  hard  wi th  t h e  e x c e p t i o n  of b o r i n g  
SC-13, 28 to  4 3  f e e t ,  which is s o f t  g r a d i n g  t o  medium d e n s e  a t  approximate ly  
3 2  f e e t .  

Bor ing  SC-1 i n d i c a t e s  t h a t  below t h i s  l a s t  c l a y e y  s t r a t u m  l i e s  a sandy 
s o i l  t h a t  is i n  e x c e s s  o f  180 f e e t  t h i c k  and h a s  a d e n s i t y  ranging  from medium 
dense to hard.  

Ground water  was encountered  i n  a l l  b r i n g s  and r a n g e d  from e l e v a t i o n  
4246 .7  to  4 2 4 8 . 6  f e e t .  
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H.7 LIQUEFACTION WTENTXAL - SOUTH nIVE SITE 

A complete a n a l y t i c a l  assessment  of t he  l i q u e f a c t i o n  p o t e n t i a l  a t  t!e 
South C l i v e  s i t e  has  no t  been completed. Tvo f a c t o r s  would i n d i c a t e  the 
p o t e n t i a l  for s e i s m i c a l l y  induced l i q u e f a c t i o n  of  the i n - s i t u  so i l  is very  
remote. Typ ica l ly ,  the f i r s t  l a y e r  of s i l t y  sands  encountered  l i e s  above t!!e 
s t a t i c  ground-water t ab le .  If t h e  water t a b l e  is encountered  w i t h i n  this 
s t r a t a ,  it is on ly  wi th in  t h e  bottom 2 to 5 f e e t .  The water table  is loca ted  
a t  a depth of 20 to  30 f e e t  below the  ground su r face .  Second, SPT blow count  
va lues  f o r  sands ly ing  below t h e  water t a b l e  t y p i c a l l y  exceed 20,  thouqh 
bor ings  SC-4 and SC-7 i n d i c a t e  v a l u e s  less than 10 .  Cons ider ing  the  de?th' t o  
the  water t a b l e ,  the r e l a t i v e l y  l a r g e  overburden p r e s s u r e ,  and the apparent  
medium t o  high d e n s i t i e s  of t he  sandy l a y e r s  encountered ,  s i g n i f i c a n t  
l i q u e f a c t i o n  due to an K E  event  is improbable. 

. 

P r i o r  t o  f u l l y  concluding t h a t ' t h e  South C l i v e  s i t e  is n o t  s u b j e c t  to  
l i q u e f a c t i o n  damage, t h e  p o s s i b i l i t y  of  a long-term rise i n  t h e  ground-vater 
t a b l e  s h o u l d  be assessed .  Due to  r e c e n t  changes in the Great S a l t  L a k e  l e v e l  
and g e o l o g i c a l l y  recorded high-water s t a n d s  of a n c i e n t  Lake Bonnevi l le ,  this 
p o s s i b i l i t y  of s i g n i f i c a n t  changes over t he  s i t e ' s  des ign  l i f e  appears  
possible . 
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I. 1 INTRODUCTION 

? h i s  r e p o r t  a n a l y z e s  t h e  r e g i o n a l  economic impact of t w o  remedia l  a c t i o n  
o p t i o n s  f o r  s t a b i l i z i n g  t h e  uranium m i l l  t a i l i n g s  l o c a t e d  on t h e  Vitro s i t e .  
The a l t e r n a t i v e s  i n c l u d e  s t a b i l i z a t i o n  of a l l  m a t e r i a l  a t  t h e  S i t e  or removal 
of t h e  material  t o  a new d i s p o s a l  s i t e .  Th t  Vitro s i t e  is a 128-acre i n a c t i v e  
uranium p r o c e s s i n g  s i t e  i n  South S a l t  L a k e ,  Utah. The Vitro Corpora t ion  of 
America o p e r a t e d  a uranium o r e  p rocess ing  m i l l  and r e l a t e d  s t o r a g e  and 
t r a n s p o r t a t i o n  f a c i l i t i e s  on an e i g h t - a c r e  p o r t i o n  of t h e  s i t e  between May 
1951  and Janua ry  1964. The s i t e  is c u r r e n t l y  owned by t h e  C e n t r a l  Va l l ey  
Water Reclamation F a c i l i t y  Board (CVWRF). Figure  1-1 is a map of t h e  r e g i o n .  
?he p r o p e r t y  is bounded on t h e  south  by 3300 South S t r e e t :  o n  t he  west by 900 
West Street  (an? s i x  v i c i n i t y  p r o p e r t i e s ) ;  on t h e  n o r t h  by CVwRF's 
waste-water t r e a t m e n t  p l a n t  and M i l l  creek: and on t h e  e a s t  by Western Dry Mix 
ana p rope r ty  owned by T. R. Woodrow and R. J .  Herr ing.  The waste-water 
t r ea tmen t  p l a n t  o c c u p i e s  approximately 40 acres d i r e c t l y  n o r t h  of the s i t e .  

CvwRp's approved Master Plan  i d e n t i f i e s  intended land uses  on t h e  V i t r o  
s i t e  a s  fo l lows:  

Mechanical  t r ea tmen t  p l an t :  1 0 0  a c r e s .  

S ludge  lagoons:  23-32 ac res .  

Temporary i n d u s t r i a l  park: 20-25 acres. 

County resource recovery  f a c i l i t y :  1 6  a c r e s .  

C i t y  c u l i n a r y  waterwell s i te :  1 ac re .  

CVWRF has  s t a t e d  t h a t  it w i l l  d eve lop  a temporary i n d u s t r i a l  park 
(22.5 a c r e s )  on the V i t r o  s i t e ' s  3300 South Street  f r o n t a g e  p r o p e r t y , i f  
t a i l i n g s  removal is the  adopted remedia l  a c t i o n .  Based on t h i s  a s s e r t i o n ,  
t h i s  report estimates t h e  g r o s s  economic b e n e f i t s  t h a t  might r e s u l t  from t h e  
development of  an  i n d u s t r i a l  park on t h e  s i te .  CVWILF has  n o t  s t a t e d  the t i m e  
per iod du r ing  which i t  e x p e c t s  t h e  temporary i n d u s t r i a l  park t o  o p e r a t e .  
However, t h e  f o l l o w i n g  d i s c u s s i o n  of long-term expansion requi rements  a t  
CVwRF's waste-water t r ea tmen t  f a c i l i t y  appea r s  on pages 1-2 o f  F i n a l  Report, 
2 0 1  F a c i l i t i e s  P l a n ,  C e n t r a l  Val ley Water Reclamation F a c i l i t v  Board, February  
1982, Coon, King and Rnowlton: and Brown and C a l d w e l l ;  .F i r s t - s t aqe  
c o n s t r u c t i o n  o f  t h e  C e n t r a l  Val ley  WRF w i l l  expand t h e  e x i s t i n g  c a p a c i t y  of 
t h e  District 1 p l a n t ,  which has  an ave rage  annual  d a i l y  f low of 17 m i l l i o n  
g a l l o n s  per  day (mqd) , t o  its p r o j e c t e d  y e a r  2005 flow of 50 mad." T h i s  
sugges t s  t h a t  the temporary i n d u s t r i a l  park could  o p e r a t e  u n t i l  c o n s t r u c t i o n  
for t h e  posz-2005 expansion began. Based on t h e  fol lowing assumptions a 1 3  
year l i f e  is e s t i m a t e d  for CVwRF's temporary i n d u s t r i a l  park .  

-. i 

Removal of  t h e  t a i l i n g s  t o  S o u t h  C l i v e  is assumed to  be t h e  adopted  
r emed ia l  a c t i o n .  

1-1 
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A three-year clean-up period ending December 1986. 

Occupancy of the tenyrary industrial park beginning January 1988. 

A five-year construction period for the expansion of CVwRF's 
waste-water treatment facility to 100 mgd. 

Operational start-up of the 100 mgd facility beginning January 2006. 

The economic impacts will be delineated in terms of the regional economy. 

The balance of this report will address the following areas: (1) zoning: 
(2) master plan: (3) land use: ( 4 )  assessed valuation: (5) demographics: (6) 
employment: (7) local land values: (8) public revenues: and (9) conclusions. 
The relationship among these parameters and their uses in deriving an estimate 
of regional economic benefits are summarized below. 

Zoning 

The zoning designations of the Vitro site will be identified in 
order to determine if CVwRF's proposed land uses are consistent with 
the site's current toning. 

Master plan 

The City of South Salt Lake's Master Plan will be analyzed in terms 
of the City's prospective commercial and industrial development, 
The analysis will focus on the salient determinants of South Salt 
Lake's future growth as set-forth in the City's Master Plan. 

Land use 

0; . 
. ,I - . 

Data on land use conversion and projections of future land use will 
be evaluated in order to identify likely geographic areas for 
commercial and industrial development. 

Assessed valuation 

Data on assessed valuation for South Salt Lake will be analyzed in 
order to identify trends in the annual rate of change in assessed 
valuation. In addition, the analysis will focus on commercial and 
industrial construction permits as indicators of commercial and 
industrial growth. 

Demographic data 

Data on population, employment, dwelling units, cars, and commercial 
floor space w i l l  be analyzed in order to characterize the demography 
of the 3.6 square mile area surrounding the Vitro site. Historic 
information, as well as projections, will be considered. 

1-3 0 0 077.8.. 



* Local land values 

The current market value of the 3300 South Street frontage properzy 
will be estimated based on: (1) appraisal reports; (2) the hiqhes: 
and best use of the land; (3) the asking Frice for comparable 
adjacent property: and ( 4 )  a recent transaction involving the 
property . 
Employment 

The direct and indirect employment impacts of the proposed 
industtial park will be estimated. 
employees will constitute the bulk of the region's estimated 
economic benefits. 

The after-tax wages of these 

Public revenues 

The estimates of public revenues will be based on an estimate of the 
industrial park's assessed valuation and the number of direct and 
indirect jobs created by its development. 

1-4 
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1.2 ZONING 

This section considers the zoning of the Vitro site in terms of its 
effects on the development of the property. These effects will be delineated 
in terms of limitations on the types of Fssible development, as well as uses 
permitted under the code. Figure 1-2 is a copy of the City of South Salt 
Lake's Zoning District Map. 

1.2.1 Business ( A )  district 

The portion of the site which abuts 3300 South Street is zoned Business 
( A )  District to a depth of approximately 750 feet. The purpose of a Business- 
( A )  Disttict is to "...promote high quality, well-designed business, office, 
and retail establishments." (City of South Salt Lake, Title Fifteen, Zonin2 
and Land Use, Chapter 20, page 20-1.) In a Business ( A )  District, those uses 
consistent with any of the City's residential toning designations (R-1, R-LA, 
R-1B and R-M) or the professional office designation (P-0)  are permitted. The 
following is a sumnary of other permitted uses. (For a complete listing of 
permitted land uses, see City of South Salt Lake, Title Fifteen, Zoning and 
Land Use.) 

Off ice buildings. 
Food stores. 
Retail. 
Restaurants. 
Gasoline service station. 
Hotels and motels. 
Vehicle sales. 
Conunercial amusement places. 

. 

r 

In addition, there is a minimum lot size of 6,000 square feet and a maximum 
building height of 40 feet, 

1.2.2 Licht industrial district 

The balance of the site is.zoned Light Industrial District. With the 
exception of two parcels in the southwest corner of the City, which are zoned 
Agricultural A - 1  and Professional Office (see Figure 1-21 , and the 3300 South 
Street frontage portion of the Vitro site, all of South Salt Lake west of 1-15 
is zoned Light Industrial. 

The purpose of a Light Industrial District is to "... provide areas in 
appropriate locations where warehousing and industrial processes not producing 
objectionable effects may be established, maintained, and protected." (City _. 

of South Salt Lake, Title Fifteen, Zonina and Land Use, Chapter 24, page 
24-1.) With the exception of residential uses (toning designations R-1,  R - U ,  
R-lB, R-S and R-M) and mixed use (zoning designation Mixed), any use permitted 
in the City's zoning ordinances is permitted in a Light Industrial District. 
It should be noted that any heavy industrial use is prohibited within the City 
of South Salt Lake. The following is a brief summary of permitted uses. (For 
a complete listins of permitted uses, see City of South Salt Lake, Title 
Fifteen,' Zoninq ana Land Use.) 

1-5 O O Q 7 8 0  
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Automobile sales. 
B o i l e r  works. 
Breweries. 
I n c i n e r a t o r .  
Manuf actur ing . . O f f  ice. 
S e r v i c e  s t a t i o n .  
Warehouse and s to rage .  

. 

T h e r e  is a se tback  requirement  of 40 t o  50 f e e t  i n  t h e  f r o n t .  T h e r e  a l s o  is a 
20-foot setback requirement  f o r  a d j a c e n t  l o t s  used f o r  park ing .  

1.2.3 Development p o t e n t i a l  

T i t l e  F i f t e e n ,  Zoninq and Land Use ( C i t y  of sou th  S a l t  L a k e )  
c h a r a c t e r i z e s  t h e  uses permi t ted  i n  a Business  (AI Distr ic t  as  ' l i m i t e d  
b u s i n e s s  and neighborhood shopping' ( C i t y  of South Salt La!:?, Title F i f t e e n ,  
Zoning and Land Use, Chapter 1 0 ,  page 10-11. As prev ious ly  no ted ,  pe rmi t t ed  
l and  uses i n  this Distr ic t  inc lude  o f f i c e  b u i l d i n g s ,  r e s t a u r a n t s ,  h o t e l s ,  and 
& v a r i e t y  of  r e t a i l  ope ra t ions .  I t  should be noted t h a t  t h e  3300 South 
f r o n t a g e  p a r c e l  is t h e  only  Bus iness  A zoned land west of 1-15 i n  t h e  C i t y  of 
South s a l t  L a k e .  
developed f o r  a v a r i e t y  of bus iness ,  o f f i c e ,  and r e t a i l  uses. However, t h e  
p e r m i t t e d  uses do n o t  i nc lude  i n d u s t r i a l  parks .  
permitted i n  a L igh t  I n d u s t r i a l  D i s t r i c t ,  i t  is i n c o n s i s t e n t  wi th  t h e  
p r o p e r t y ' s  c u r r e n t  Bus iness  A zoning. 

The re fo re ,  based on its c u r r e n t  zoning, t h i s  p a r c e l  could be 

While t h i s  u s e  would be 

The ba lance  of t h e  V i t r o  s i t e ,  which is zoned L igh t  I n d u s t r i a l ,  can be 
~ developed f o r  a lmost  any non- re s iden t i a l  o r  non-heavy i n d u s t r i a l  use  p o s s i b l e .  

As p r e v i o u s l y  noted,  t h e  development of an i n d u s t r i a l  park is 
i n c o n s i s t e n t  w i t h  t h e  3300 South f r o n t a g e  p ropec ty ' s  c u r r e n t  zoning.  
a d d i t i o n ,  it would appear t h a t ,  based on e x i s t i n g  land  uses on a d j a c e n t  
p r o p e r t i e s  and t h e  presence  of t h e  w a s t e w a t e r  t rea tment  f a c i l i t y ,  development 
c o n s i s t e n t  w i t h  a Business  A zoning (e.g., o f f i c e  b u i l d i n g s ,  r e s t a u r a n t s ,  
m o t e l s )  is u n l i k e l y .  The re fo re ,  a rezoning  of t h e  p rope r ty  t o  L i g h t  
I n d u s t r i a l  t o  accommodate CVWRP's proposed i n d u s t r i a l  park seems l i k e l y .  

I n  
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1.3 MASTER P U N  

T h i s  s e c r i o n  'is a review of t h e  C i t y  of South S a l t  L a k e ' s  Master P l a n .  
The p u r p o s e  of t h i s  review is t o  a n a l y z e  t h e  C i t y ' s  g o a l s  and e x p e c t a t i o n s  
wi th  r e g a r d  t o  economic growth and i n d u s t r i a l  and commercial deve lopment .  

The C i t y  of South  S a l t  Lake conduc ted  its mas:or p l a n n i n g  p r o c e s s  i n  
t i r e e  p h a s e s .  
phases  a re  se t  f o r t h  below. 

The r e s u l t i n g  documents and t h e  re la : ionship  among t h e  v a r i o u s  

Phase  1: C i t y  of South  S a l t  L a k e  Policy Plar, (no  d a t e )  

The p u r p o s e  of Phase  I was " t o  d e v e l o p  an adequate  and r e l i a b l e  d a t a  base 
from which Froblem a r e a s  cou ld  be  d e f i n e d  and q u a n t i f i e d  for  u s e  i n  
s u b s e q u e n t  phases  i n  deve lop ing  t h e  comprehensive p l an . "  

Phase  2: South  S a l t  Lake C i t y  Master P lan  Phase 11, J u n e  1980 

The p u r p o s e  o f  Phase I1 was " to  a n a l y z e  t h e  inven to ry  of d a t a  t h a t  w a s  
g a t h e r e d  d u r i n g  Phase I ,  and i d e n t i f y  i n  q u a n t i f i a b l e  terms e x i s t i n g  
t r e n d s ,  problem a r e a s ,  2nd s t r e n g t h s  o f  t h e  c i c y  .... t o  recommend g o a l s  
and o b j e c t i v e s  for t h e  v a r i o u s  a l t e r n a t i v e  f u t u r e s  t h a t  e x i s t  i n  t h e  
a r e a s  of economic development, h o u s i n g ,  zaninq and l a n d  management, code 
e n f o r c e m e n t ,  t r a n s p o r t a t i o n  f a c i l i t i e s ,  c i v i c  p r i d e ,  and r e c r e a t i o n a l  
deve lopment . "  

Phase  3: C i t v  o f  South S a l t  L a k e  Comprehensive Master  P l a n ,  J u n e  1981  e:, . .  
. : -. / .i P h a s e  I11 reports on the policies, s t r a t e g i e s  and p r o c e d u r e s  t h a t  were - 

e s t a b l i s h e d  i n  order t o  a c h i e v e  the g o a l s  and o b j e c t i v e s  d e r i v e d  i n  Phase  
11. 

The b a l a n c e  of  t h i s  s e c t i o n  w i l l  be  devo ted  t o  an a n a l y s i s  o f  those 
e l e m e n t s  of t h e  master p lanning  p r o c e s s  which a f f e c z  economic development  i n  
g e n e r a l  and  development  a l t e r n a t i v e s  for t h e  Vi t ro  s i t e  i n  p a r t i c u l a r .  

I 

1.3 .1  Policv p l a n  

I n  the  report ,  it is sugges t ed  t h a t  a market s tudy  be completed i n  o r d e r  
to  d e t e r m i n e  the C i t y ' s  ' p o t e n t i a l  for a t t r a c t i n g  or n o t  a t t r a c t i n g  c e r t a i n  
t y p e s  o f  b u s i n e s s e s . "  I n  t ha t  r e g a r d ,  t he  Report  notes t h a t  t h e  l i f t i n g  of 
t h e  Utah Depar tment  of Health 's  ban on development  near  t h e  V i t r o  s i t e  h a s  
r e su l t ed  i n  development  of a 25-acre i n d u s t r i a l  park on t h e  old KCPX r a d i o  
s t a t i o n  p r o p e z t y  by HOMCO Development Co. The p rope r ty  is a c r o s s  900 West 
S t r e e t  from t he  V i t r o  s i te.  Hovever, t h e  p r o p e r t y  was r e c e n t l y  sold t o  t h e  
Utah S t a t e  R e t i r e m e n t  Fund (USRFI and is a g a i n  being o f f e r e d  f o r  sale.  A 
s p o k e s p e r s o n  for t h e  USRF s t a t e d  t h a t  its p rox imi ty  to  t h e  V i t r o  s i t e  had n o t  ' 
a f f e c t e d  its v a l u e  (Blackburn ,  1983).  

The r e p o r t  s t a t e s  "...there s t i l l  remains  l a r g e  undeveloped a r e a s  €or 
commercial and i n d u s t r i a l  development p a r t i c u l a r l y  i n  the. r e c e n t l y  annexed 
a r e a  s o u t h  of M i l l  C r e e k  and West o f  1-15." Although t h e  i n f o r m a t i o n  is 
somewhat o u t - o f - d a t e ,  Tab le  IX, P r i v a t e l y  Owned Vacant Land, A p r i l  1979 is 
rep roduced  below f rom the P o l i c y  P lan .  
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Zoning Area 
( square  f ee t )  ( a c r e s )  

R e s i d e n t i a l  A 199 , 260 
R e s i d e n t i a l  B 6 6  , 9 9 1  
Business A 1 2 2 , 6 7 0  
B u s i n e s s  B 220 , 240 
Comer c i a 1 2 1 , 5 1 2  
I n d u s t r i a l  1 2  , 244 , 338 
A g r i c u l t u r a l  1 , 0 2 9 , 0 0 0  
T o t a l  1 3 , 9 0 4 , 0 1 1  

4 . 6  
1 . 5  
2 . 8  
5 . 1  
0 . 5  

2 8 1 . 1  
2 3 . 6  

3 1 9 . 2  
- 

These  f i g u r e s  appear to  include t h e  p o r t i o n  of  t h e  V i t r o  s i t e ,  which is 
c u r r e n t l y  zoned Business A, i n  the i n d u s t r i a l  category.  

The report c h a r a c t e r i z e s  South S a l t  Lake a s  becoming an i n c r e a s i n g l y  
s i g n i f i c a n t  c e n t e r  of 'heavy commerce 
r e c r e a t i o n a l  v e h i c l e s  and l a r g e  appl iances .  This  is i n  a d d i t i o n  to  i t s  
t :adi t ional  manufacturing and wholesaling roles. However, i t  warns of 
'impacts on t h e  C i t y  cost p a t t e r n ,  demanding p a r t i c i p a t o r y  expendi tures  f o r  
the c l e a n i n g  up of heavy commerce a r e a s ,  more r i g o r o u s  and e f f e c t i v e  b u f f e r i n g  
between p o t e n t i a l l y  c o n f l i c t i n g  uses, and increased  a t t e n t i o n  to t r a f f i c  
c o n t r o l  and flow.' 

which' inc ludes  sales of automobiles ,  

I 

@ 1 . 3 . 2  Master plan: phase I1 
'. 

T h i s  r e p o r t  focuses  on the  s e c t i o n  t i t l e d  Forecas t  of Economic Condi t ions  
' i n  South S a l t  Lake City. 
wholesal ing growth p o t e n t i a l  in  South S a l t  L a k e ,  demand f o r  o f f i c e  space  i n  
South S a l t  L a k e  and t h e  C i t y ' s  f u t u r e  r e t a i l i n g  r o l e .  

T h i s  s e c t i o n  inc ludes  d i s c u s s i o n s  of i n d u s t r i a l  and 

The f i r s t  a r e a  t o  be addressed is a s tudy  of t h e ' a b s o r p t i o n  p o t e n t i a l  of 
vacant land zoned f o r  i n d u s t r i a l  use i n  South S a l t  Lake .  It should be noted 
t h a t  based on d i s c u s s i o n s  between t h e  a u t h o r s  o f  t he  report and the  p r i n c i p a l s  
of t h e  engineer ing  f i rm of Coon,  King and Knowlton, 70 a c r e s  a s s o c i a t e d  with 
the o l d  V i t r o  opera t ion  were excluded from the study.  I t  i s  assumed t h a t  t h i s  
is s e p a r a t e  from t h e  frontaqe proper ty  along 3300 South,  s i n c e  CVWW d i d  n o t  
purchase the proper ty  u n t i l  1981.  

The r e p o r t  p r e s e n t s  annual e s t i m a t e s  of t h e  absorp t ion  of vacant  land 
zoned f o r  i n d u s t r i a l  use, i n d u s t r i a l  c o n s t r u c t i o n  a c t i v i t y  and 
building-to-land coverage r a t i o s  f o r  1980-1990. With t h e  except ion of 
es t imated building-to-land coverage ra t ios ,  d a t a  are shown i n d i v i d u a l l y  f o r  
t r a f f i c  zones 3 2 8 ,  329 ,  and 351 and as an aggrega te  f o r  t h e  r e s t  of South S a l t  
Lake. The es t imated  building-to-land coverage r a t i o s  a r e  shown i n d i v i d u a l l y  
f o r  t r a f f i c  zones 328 and 329 and a s  an aggregate  f o r  t h e  r e s t  of South S a l t  
Lake. T r a f f i c  zones 328 ,  329, and 351  a r e  p a r t  of census t r a c t  116 .  T r a f f i c  
zone 328 is n o r t h  of CVWRF's waste-water t reatment  f a c i l i t y ,  t r a f f i c  zone 329  
inc ludes  t h e  V i t r o  s i t e ,  an2 t r a f f i c  zone 3 5 1  is e a s t  of 1-15 and n o r t h  o f  
3300 South S t r e e t .  Figure 1-3 is  a map of t h e  a r e a  and i n d i c a t e s  t h e  
l o c a t i o n s  of t h e  above t r a f f i c  zones. 
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CENSUS TRACT BOUNOARIES 

FIGURE 1-3 
SALT LAKE COUNTY, CENSUS TRACT/TRAFFiC ZONE MAP 
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CENSUS TRACT OF 
INTEREST TO VITRO SITE 

TRAFFIC ZONE BOUNDARIES 

e-, CENSUS TRACT BOUNDARIES 

FlGURE 1-3 

SALT LAKE COUNTY, CENSl'S TRACT/TRAFFlC ZONE MAP 
(INSERT) 
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i: is estimated that given a healthy regional economy, apFrzximately 8 4 . 0  

percenz 3 2  che a v a i l a b l e  i n d u s t r i a l  acreage.wil1  be absorbed b y  1990. This 
scenario assumes that the following "major economic stimuli' o c c : ~  : 

- Deployment of the Mx m i s s i l e  system i n  western Utah. 

Continued development of statewide water and power prcjects.  
Increased extraction of c o a l  reserves i n  Utah's OverLir:st B e l t .  

This s e t  of assumptions leads t o  the 'high estimate" for t!!e absorption 
of indus::ial l a n d  i n  the C i t y .  Table 1-1 s e t s  forth projected da:a on the 
absor?tion of industrial  land, for selected t r a f f i c  zones, and Lie rest  of 
South S a f z  Lake for the period 1980-1990. Table 1-1 a l s o  inclwies a "low 
estimate. for  tEe absorption of industrial  land. 
national and/or regional recession w i t h  " c y c l i c a l  upturns and 2 c w . t u n s , "  
during ::?e study period. Under this scenario, 5 8 . 0  percent of Lie available  
l a n d  w i l l  be absorbed by 1990. 

These data assme a moderate 

.di * -.. i regard to future development, the report s t a t e s  "the b u l k  of new 
constzuczion (about 70 percent) i s  expected t o  be i n  built - to-suit ,  rather 
t h a n  intesrated speculative  developments. This construction will a l s o  be 
compara:ively disparate and fragmented, rather than being intecral ly  designed 
indus::iai parks ....' The HOMCO Development Co. project  on 3300 South and the 
Market?lxe Square project  west of 900 West are mentioned as  possible 
excoptims. However, neither project  i s  currently being developed. In 
addition, HOMCO's property on 3300 South vas recently sold t o  the Utah State  
Retirement Fund, which placed i t  on the market early this year. The report 
estimates that future development w i l l  r e s u l t  i n  the following ty?es of land 
uses. 

Wholesaling, d i s t r i b u t i o n  and storage functions: 70.9 sercent. 

R e t a i l i n g ,  o f f i c e  and s e r v i c e  purposes: 1 4 . 0  percent. 
Industrial  use: 16.0 percent. 

The report j u s t i f i e s  the above land use scenario, i n  part ,  on t'le basis of the 
image of :;?e C i t y ' s  west s i d e .  I t  is  characterized as having "t:ansportation 
and othez advantages' which render the area prime. However, the report 
concludes that firms which require prestigious locations would not choose a 
s i t e  i n  '-;?e area. I n  addition, the report s t a t e s  that 'the b u i l d i n g  of the 
regional sewage treatment plant  w i l l  negatively impact the quality  of 
development t h a t  w i l l  occur i n  the lands adjacent t o  i t . "  

The report provides low and high estimates of commercial cmst:uction, as 
shown i n  Table 1-2. These data are based on the projected abso-tion of 
industriai acreage i n  Table 1-2 and projected building-to-land coverage 
ratios,  vhich are shown i n  Table 1-3. The increasing average ratios for 
t r a f f i c  zcnes 328 and 329 r e f l e c t  "the decreasing a v a i l a b i l i t y  o f  larger 
contiguous t r a c t s  of land which are a t t r a c t i v e  to l a n d  extensive f a c i l i t i e s  
w i t h  a need for large amounts of exterior  storage area."  (Land exzensive 
faci1i : ies  are f a c i l i t i e s  w i t h  low building-to-land coverage r a t i o s . )  The 
assumption is t h a t  large parcels  w i l l  be absorbed early  i n  the period and that 
the remaining l a n d  w i l l  be "more s u i t a b l e  for building extensive cperations 
with hisher coverage r a t i o s . "  (Building extensive operations are f a c i l i t i e s  
w i t h  h i s 5  building-to-land coverage r a t i o s . )  
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The repor: includes an estimate of South S a l t  Lake's share of 'fMi42 
space growth i n  S a l t  Lake County between 1 9 8 0  and 1 9 8 5 .  The estimate i s  based 
on the followin5 assumptions: 

0 1. S a l t  Lase County population growth of 8 4 , 0 6 4 .  

2 .  85 o f f i c e  employees per 1,000 of  population. 

3 .  210 square f e e t  of o f f i c e  space per employee. 

4 .  South S a l t  Lake's annual share o f  the growth i n  o f f i c e  space w i l l  be 
between seven and 1 3 . 5  percent. 

Based on the above, i t  is estimated t h a t  South S a l t  Lake's share of t o t a l  
growth w i l l  be between 115,600 square f e e t  and 1 7 3 , 0 0 0  square f e e t .  

The report a l s o  addresses the future of r e t a i l i n g  a c t i v i t y  i n  South S a l t  
Lake C i t y .  I t  divides the C i t y ' s  r e t a i l  structure into three areas. 

convenience goods. 
Shopping goods. 
Genera?. purchases. 

Convenience goods are the most frequently purchased types of goods. The 
amount of purchasing power found i n  the l o c a l  area i s  the key t o  success i n  
t h i s  type of r e t a i l i n g .  The report concludes that '... it is extremely 
doubtful whether, additional f a c i l i t i e s  are warranted either  now or i n  the near 
future..  T h i s  i s  attributed t o  the decl ining c i t y  population and the f a c t  a,! that the area's  incame is lower than the regional average. However, the 

__  : development of some r e t a i l  space along 900 West t o  serve the l o c a l  work force 
was mentioned as a p o s s i b i l i t y .  

With regard :o r e t a i l  shopping, S o u t h  S a l t  Lake is characterized as being 
' a t  a distinct disadvantage i n  any attempt t o  increase its share of the market 
for these g c o d s . '  This i s  due to the 'transient nature of  S t a t e  Street  
t r a f f i c '  and. the lack of exist ing or planned shopping centers supplying chis 
l e v e l  of goods. aowever,.the C i t y  appears t o  be i n  a r e l a t i v e l y  good position 
w i t h  regard t o  general purchases or 'heavy commerce r e t a i l i n g . '  R e t a i l  
businesses which :equire large,  p l a i n  buildings and large outside storage 
areas, b u t  do not need presitious l o c a t i o n s ,  w i l l  contribute t o  growth i n  the 
west and southwes: portions of the C i t y .  

The section of the report that d e a l s  w i t h  l a n d  use trends contains the 
following observacions regarding the p o t e n t i a l  for commercial and industrial 
development i n  Scuth S a l t  Lake C i t y .  

Eighty-two percent of the remaining developable industrial  land w i l l  
be absorbed by 1990.  As previously noted, the section on economic 
conditions projects that 58.0 percent (low estimate) t o  8 4 . 0  percent 
( h i g h  estimate) of the a v a i l a b l e  industrial acreage w i l l  be absorbed 
by 199G. 

The Ci:y is i n  a disadvantageous position w i t h  regard to commercial 
d e v e l o p e n t  due to the a r e a ' s  low average income; minimal purchasing 
power, and lack of population growth. 

0 
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It is doubtful that any significant growth in shopper's goods will 
occur due to the area's proximity to Salt Lake City's central 
business district and Murray City. 

South Salt Lake does not attract businesses looking for a 
prestigious location due to the area's image and its environmental 

0. 
character. . ,  

Very little growth in office space is forecast due to the lack of 
large suitably located parcels, the mix of industrial uses in the 

/ area and the proximity to Salt Lake City and Murray City. 

1.3.3 Comprehensive master plan 

The Land Use Master Plan, which is part of the Cocprehensive Master Plan, 
is intended to 'provide an overall guide to aid in the City's land management 
functions." 

The Land Use Master Plan focuses on the need for single-family, attached, 
owner-occupied housing in the City (e.g., townhomes). However, it does 
-indicate that 'the City will continue its long history of encouraging quality 
industrial, warehousing, and distribution development west of the O.S.L. 
Railroad.' O.S.L. refers to Union Pacific's Oregon Short Line, which is 
located west of 1-15 at about 140 West. - 
1.3.4 Master policy declaration for annexation for South Salt Lake C i t y ,  

f 
Utah, Januarv 1980 

Pursuant to the Utah Boundary Commission Act  of 1979 (HB 611, the City of 
South Salt Lake has prepared a declaration of policy regarding future 
annexations to the City. The conditions under which an area may qualify for 
annexation are summarized below. (See City of South Salt Lake, Statement of 
Annexation Criteria, Standards, for a complete discussion.) 

The area must be contiguous to the boundaries of South Salt Lake 
2 City . 

The area must be identified in the policy declaration statement. 

With certain exceptions, the area can not be within the boundaries 
of another incorporated municipality. 

The net fiscal effect on municipal services entities displaced by 
the annexation shall be approximately zero. 

The annexation shall not be for the purpose of acquiring municipal 
revenues without providing municipal services. 

One of the areas identified for possible annexation, Area lA, extends 
south from 3300 South Street to 3900 South Street and west from 700 East 
Street to the Jordan River. This area includes traffic zones 359, 360, 361 
and 362 in census ~ ~~ tract 116 and traffic zones 264, 265 and 266 in census tract 

~ 0 
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117. The area contains approximately 1,537 acres with an assessed valuation 
of $29.7 million (1977). 

Salient denographic and land use data are summarized below. 

population acres 
dwelling units 
employment 
residential acres 
commercial acres 
indus:r ial acres 
agric;ltural acres 
vacant acres 

6 , 059 
2 , 454 
7 , 174 

335 
169 
218 
228 
214 

Source: Wasatch Front Regional Council, Surveillance of Land Use and 
Socio-Economic Characteristics 1970, 1979, 1980 and 1995, 
Surveillance Report, Volume 2, Number 7, Xsril 1 9 € 2 .  

I. 3.5 Conclusions 

In general, the Master Plan characterizes the City of South Salt Lake as 
being unlikely to experience 'significant growth in commercial development , 
shopper's goods, or office space, This is attributed to a declining 
population and low average income (and, consequently, low purchasing power). 
The City also is characterized as being at a competitive disadvantage compared- 
to Salt Lake City and Murray City. The Master Plan identifies a target type 
of firm for business growth in South Salt Lake City - a business which 
requires a large plain building with extensive outside storage, but does not 
require a presrigious location. 

activities. 

0) ThisJis consistent with the area's 
. _ _  development as a location for warehousing, distribution, and wholesaling 

The Master Plan includes estimates of the annual absorption rate of 
vacant land zoned for industrial uses in traffic zone 329. Annual absorption 
ranges from 5.3 acres to 24.3 acres, depending on the year and the underlying 
economic assumptions. For the period 1980-1990, the average annual absorption 
rates for the high and low estimates are 13.5 acres and 9.6 acres, 
respectively. In addition, it is projected that approximately 70.0 percent of 
the vacant industrial land absorbed in the City between 1980 and I990 will be 
in traffic zone 329. Therefore, the City has identified traffic zone 329 and, 
therefore, the 3300 South Street frontage property as a prime area for 
industrial growth during this decade. 
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1 . 4  LAND USE 

6442 

Land use i?. the v i c i n i t y  o f  t h e  V i t r o  s i t e  w i l l  be c h a r a c t e r i z e d  by 0 r e f e r e n c e  t o  d a t a  develcped by the Wasatch F r o n t  R e g i o n a l  C o u n c i l  ( W R C ) .  
Those d a t a  a r e  F u b l i s h e c  in S u r v e i l l a n c e  o f  Land Use and Socio-Economic 
C h a r a c t e r i s t i c s ,  1 9 7 0 ,  1979,  1980 and 1 9 9 5 ,  S u r v e i l l a n c e  Report V o l .  2 No. 7 ,  
A p r i l  1982.  Daca a r e  a v a i l a b l e  by t r a f f i c  zone,  as w e l l  a s  c e n s u s  t r a c t ,  f o r  
t h e  f o l l o w i n g  t._rges of land use:  

A g r i c z l z u r a l .  
Comme:cial. 
I n d u s x i a l .  
I n s t i x t i o n a l .  
P a r k s  and rec:eation.  
Res i d e n : i a l .  
T r a n s p o r t a t i o n .  
U t i l i t i e s .  
Vacant . 

P o r t i o n s  of two census t r a c t s  h a v e  been s e l e c t e d  i n  o r d e r  t o  e v a l u a t e  
c h a n g e s  i n  land use i n  the v i c i n i t y  of the V i t r o  s i t e .  These i n c l u d e  t r a f f i c  
zone 328,  w h i c h  is  p a r t  of  c e n s u s  t r a c t  115, and t r a f f i c  zones 329, 3 5 1 ,  360, 
361 and 362,  which a r e  p a r t  o f  c e n s u s  t r a c t  116. The a r e a  encompassed by 
t h e s e  t r a f f i c  zones i s  approximately 3 . 6  s q u a r e  m i l e s .  ( S e e  F i g u r e  1 - 3 . )  

T r a f f i c  zone 328 is  north of t h e  waste-water t r e a t m e n t  f a c i l i t y ;  t r a f f i c  
zone 329 i n c l u d e s  the V i t r o  s i t e ,  a s  well a s  C e n t r a l  V a l l e y ' s  f a c i l i t y ,  
t r a f f i c  zone 351 i s  e a s t  of 1-15 and n o r t h  o f  3300 South S t r e e t :  and t r a f f i c  0. zones 360, 361 and 362 are south of the V i t r o  s i t e  and a b u t  3300 South. 

'-- T r a f f i c  zones 360-362 a l s o  a r e  i n  the u n i n c o r p o r a t e d  p o r t i o n  of S a l t  L a k e  
County.  T a b l e  1-4 s e t s  forth d a t a  on l a n d  u s e  f o r  the t r a f f i c  zones noted 
a b o v e .  T a b l e  1 - 5  s u m a r i z e s  t h e s e  d a t a  i n  a p e r c e n t a g e  d i s t r i b u t i o n .  

1 . 4 . 1  H i s t o r i c  and c u r r e n t  land use 

g A g r i c u l t u r a l , '  V a c a n t , '  and .Other'  l a n d  u s e s  accounted f o r  almost 80.0 
p e r c e n t  o f  a r e a  land use i n  1970. T h i s  i n c l u d e d  a p p r o x i m a t e l y  460 a c r e s  of 

t r a n s p o r t a t i o n  right-of-vays i n  zone 329. In a d d i t i o n ,  i t  i n c l u d e s  o v e r  200 
a c r e s  of a g r i c u l t x a l '  land i n  t r a f f i c  z o n e  362. 

. v a c a n t  l a n d  i n  t r a f f i c  zones 3 2 8  and 3 2 9 ,  a s  well a s  237 a c r e s  o f  

C u r r e n t  land u s e ,  which is based on 1 9 8 0  d a t a ,  is about 7 0 . 0  p e r c e n t  
" A g r i c u l t u r a l , '  V a c a n t , '  and 'Other'.  V a c a n t  land i n  t r a f f i c  zones 3 2 8  and 
329 s t a n d s  a t  455 a c r e s .  T h i s  c o r r e s p o n d s  t o  a p p r o x i m a t e l y  4 0 . 0  p e r c e n t  o f  
t h e  land i n  t h e s e  two t r a f f i c  zones.  T h e r e  a l s o  a r e  about 180 a c r e s  of 
t r a n s p o r t a t i o n  r i g h t - o f - v a y s  i n  zone 329 and s l i g h t l y  l e s s  than 200 
a g r i c u l t u r a l  a c r e s  i n  zone 362. 
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T a b l e  1-4. S a l t  Lake County l a n d  u s e  c o n v e r s i o n  d a z r  
s e l e c t e d  t r a f f i c  zones 

( a c r e s )  

Census t r a c t / t r a f f i c  zone Land u s e  . 1970 1979 1980 1995 

116/329 A g i i c u l t u r a l  101.4 92.8 89.5 52.8 
Comerc i a l  5.0 7.9 7.9 15.0 
I n d u s t r i a l  87.9 101.5 101.5 265.0 
R e s i d e n t i a l  
Vacant 311.7 388.7 355.9 132.5 
Other  290.6 215.4 218.7 343.3 

813.6 813.6 780.8 813.6 T o t a l  

17.0 7.3 7.3 5.0 

- 
A g r i c u l t u r a l  
Comerc i a l  
I n d u s t r i a l  
R e s i d e n t i a l  
Vacant  
Other  

81.2 
38.9 
23.9 
23.5 
45.3 
45.0 - 

7.6 
13.2 

114.2 
23.1 
47.7 
53.5 

l l 6 / 3 6 1  7.6 
11.2 

115.8 
23.1 
46.6 
53.5 

-- 
20.0 

130.0 
50.0 

0.0 
57.8 

257.8 - 257 . 8 259.3 T o t a l  257.8 .. .- 

I 
116/362 A g r i c u l t u r a l  

C o m e r  c i a l  
I n d u s t r i a l  
Res i d e n  t i a l  
Vacant  
Other  

214 . 7 
2.7 
0.0 

20 ..2 
76.7 
18.0 - 

80.1 
25.0 
67.0 
52.4 
12.0 
95.8 

196.8 
1.3 
6.8 

12.2 
69.7 
62.9 

229 . 4 
1.3 
6.8 

12.4 
52.3 
30.1 

T o t a l  - 332.3 332.3 349.7 332.3 

A g r i c u l t u r a l  24.3 5.6 4.7 8.0 
Commercial 32.8 55.0 56.0 60.3 

R e s i d e n t i a l  48.8 38.0 37.0 24.7 
Vacant 61.7 27.5 24.5 lG.0 

78.4 100.2 100.2 102.2 Other  

I n d u s t r i a l  14.2 33.9 35.5 55.0 

- 

116/35 1 

260.2 260.2 257.9 260.2 T o t a l  - 
116/360 A g r i c u l t u r a l  59.7 13.1 13.1 0.0 

I n d u s t r i a l  12.6 77.9 78.0 95.0 
Commercial 37.4 35.6.  36.6 60.0 

R e s i d e n t i a l  46.5 33.1 32.3 30.0 
Vacant  44.7 32.3 34.2 
Other  50.3 59.2 5 9 ~ 2  - 

251.2 253.4 251.2 T o t a l  251.2 
F .  1-22 

I -  .. . . 1 
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TABLE 1-4 Continued 

Census trac t/t ra f f ic zone Land use 1970 1979 1980 1995 
0 

116/328 

Total 

0.0 0.0 0.0 0.0 Agricultural 
Conxnerc ial 10.5 8.3 8.5 15.0 
Industrial 55.6 119.7 126.7 156.8 

0.0 0.0 0.3 0.0 Res iden tial 
148.1 94.2 99.4 45.8 Vacant 

Other 148.1 140.1 140.1 144.7 

Total - 362.3 362.3 375.0 362.3 

Agricultural 481.3 348.5 311.7 14C.9 
Commercial 127.3 119.3 123.5 195.3 
Industr ial 194.2 455.6 462.7 768.8 
Residential 156.0 113.9 112.2 162.1 

688.2 641.6 631.4 206.9 Vacant 
Other 630.4 598.5 634.6 803.4 

Total . 2,277.4 2,277.4 2,276.1 2,277.4 

Note: Data are updated using building permits. Forecast data for 1995 are 
based on 1970 to 1976 land use data and are no longer accurate for 
traffic zones which have experienced rapid growth since 1976. 

Aqricultural: Agricultural production. 
0 .I 

.- 
i 

Commercial: Retail trade or services. 

Industrial: Manufacturing, processing, or wholesale trade. 

Residential: Residential uses. 

Other: 

Transportation: 
railroads, pipelines, or streets and highways. 

Land within the boundaries or right-of-way of 

Institutional: Public buildings, educational institutions, 
prisons, military bases, and other special public uses. 

Utilities: 
I 

Gas, electric, vater, or sewer utility purposes. 

Parks and Recreation: 
courses (cemeteries are attached to this category). 

Parks and recreational uses such as golf 

Soorce: Wasatch Front Regional Council, Surveillance of Land Use and 
Socio-Econcmic Characteristics 1970, 1979, 1980 6 1995, Surveillance 
Report, Volume 2, April 1982. 0 
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T a b l e  1-5. S a l t  Lake County l a n d  u s e  d a t a  -- a 2 e r c e n t a g e  d i s t r i b u t i o n  
s e l e c t e d  t r a f f i c  zones 

1970,  1979,  1980 h 1995 

~ 

Land use 1970 1979 1980 1995 

T r a f f i c  Zones 
328, 329,  351, 3601 
361, h 362 A g r i c u l t u r a l  21.19 15.3% 13.7% 6.2% 

Commerc i a  1 5.6 5.2 5 . 4  8.6 

Vacant  30.2 28.2 27.7 9 . 1  
Other 27.7 26.3 27.9 35.3 

I n d u s t r i a l  8.5 20.0 20.3 33.8 
R e s i d e n t i a l  6.8 5.0 4.9 7 .1  

T o t a l  100.0 100.0 100 .0  100.0 

Note: Deta i l  may n o t  add to t o t a l  d u e  t o  rounding.  

1980 d a t a  are c a l c u l a t e d  based on 2,276.1 a c r e s ;  a l l  o t h e r  y e a r ' s  d a t a  
are based on 2,277.4 acres. 
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1 . 4 . 2  P ro jec t ed  land uses: 1995 

6 4 4 2  - 

The p r o j e c t i o n s  of a r e a  land  u s e  shown on Tab le  1-5 were developed by t h e  
WFRC. These d a t a  s u g g e s t  t h a t  about  one-half of t h e  a rea ' s  t o t a l  ac reage  w i l l  
s t i l l  be vacant  or devoted  to 'Agr i cu l tu ra l "  and 'Other' u ses  i n  1995. 
However, 'Agr i cu l tu ra l '  l a n d  u s e  is p ro jec t ed  t o  d e c r e a s e  t o  approximately 6.2 
percent  o f  t o t a l  l and  use, as compared t o  15.3 p e r c e n t  i n  1979. I n  a d d i t i o n ,  
more than one-third of area l and  use is p r o j e c t e d  t o  be ' I n d u s t r i a l '  by 1995. 
I n d u s t r i a l  l and  u s e  i n  the area stood a t  20.0 p e r c e n t  i n  1979. 

1.4.3 Land use: changes 

The n e t  e f f e c t  of l a n d  use  convers ion  between 1970 and 1979 i n  t h e  
v i c i n i t y  of t h e  Vitro s i t e  w a s  a s h i f t  from " A g r i c u l t u r a l "  t o  ' I n d u s t r i a l .  
land use. T h e r e  a lso was a minor shift from " R e s i d e n t i a l , '  .Other,' and 
'Vacantn land u s e s  t o  ' I n d u s t r i a l '  l and  use. With r ega rd  t o  i n d i v i d u a l  
t r a f f i c  zones,  t h e  fo l lowing  o b s e r v a t i o n s  can be made: 

T r a f f i c  zone 329 

Vacant l and  and l a n d  devoted to o t h e r  u s e s  remained c o n s t a n t  a t  
approximately 600 a c r e s .  Commercial and i n d u s t r i a l  land uses 
inc reased  approximate ly  18.0 p e r c e n t ,  wh i l e  a g r i c u l t u r a l  and 
r e s i d e n t i a l  l a n d  uses decreased by about  15.0 percent .  .-- i 

L.. 

T r a f f i c  zone 3 6 1  

R e s i d e n t i a l ,  v a c a n t ,  and o t h e r  l and  u s e s  i nc reased  by less than  10.0 
pe t cen t .  However, i n d u s t r i a l  l and  u s e  i nc reased  by 91.9 acres or 
385.0 percen t .  A g r i c u l t u r a l  and commercial l and  u s e  decreased by 
approximate ly  90.0 p e r c e n t  and 70.0 p e r c e n t ,  r e s p e c t i v e l y .  

T r a f f i c  zone 362 

Land u s e  changes i n  t h i s  t r a f f i c  zone were r e l a t i v e l y  minor. They 
inc luded  the development of 6 . 8  a c r e s  of i n d u s t r i a l  l and ,  a small 
i n c r e a s e  i n  a g r i c u l t u r a l  land use and r e l a t i v e l y  small d e c r e a s e s  i n  
commercial and r e s i d e n t i a l  acreage ,  a s  w e l l  a s  vacant  land.  
I n d u s t r i a l  l and  use  i n  1970 was zero.  

T r a f f i c  Zone 351 

A g r i c u l t u r a l  l and  u s e  was down from 24.3 a c r e s  t o  5 . 6  a c r e s ,  w h i l e  
combined commercial and i n d u s t r i a l  l and  use  increased  from 47.0 
a c r e s  t o  88.9 acres. I n  a d d i t i o n ,  r e s i d e n t i a l  and vacant  land u s e  
decreased .  

T r a f f i c  zone 360 

R e s i d e n t i a l  and a g r i c u l t u r a l  land u s e  decreased  60.0 a c r e s ,  w h i l e  
i n d u s t r i a l  l and  u s e  increased  6 5 . 3  a c r e s .  Other  land uses remained 
r e l a t i v e l y  cons  t a n  t (unchanged) -. 
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T r a f f i c  zone 328  

A g r i c u l t u r a l  l a n d  use remained z e r o .  1ndus::ial l a n d  u s e  i n c r e a s e d  
64.1 a c r e s  and vacant  l a n d  d e c r e a s e d  53.9 a c e s .  A l l  o t h e r  l a n d  
uses remained,  f o r  the most p a r t  unchanged. 

Land u s e  changes  p r o j e c t e d  to  o c c u r  through 1995 vi11 r e s z i t  i n  
r e d u c t i o n s  i n  a g r i c u l t u r a l  l and  u s e  and v a c a n t  land of 207.6 a c r e s  and 434.7 
a c r e s ,  r e s p e c t i v e l y .  The m a j o r i t y  o f  t h e s e  changes are p r o j e c t e d  to he 313.2 
acres o f  i n d u s t r i a l  development. I n  a d d i t i o n ,  an i n c r e a s e  i n  other l a n d  uses 
of 204.9 a c r e s  is p r o j e c t e d :  t h i s  i n c l u d e s  a n  85.0-ac:e i n c r e a s e  i n  p a r k  and  
r e c t e a t i o n a l  l a n d  use i n  t r a f f i c  zones 329 and 362, a 53.5-acre i n c r e a s e  i n  
u t i l i t y  land  u s e  i n  zone 329 and a 29.4-acre i n c r e a s e  i n  
t r a n s p o r t a t i o n - r e l a t e d  land  use a lso i n  t r a f f i c  zone 329. 

During t h e  p e r i o d  1970-1979, i n d u s t r i a l  l a n d  use  i n  the s i x - t r a f f i c - z o n e  
a n a l y s i s  a r e a  i n c r e a s e d  a t  an  a v e r a g e  r a t e  o f  29.0 a c r e s  per y e a r .  Data  
deve loped  by the WFRC p r o j e c t e d  313.2 a c r e s  o f  a d d i t i o n a l  i n d u s t r i a l  
development  by t h e  y e a r  1995. T h i s  c o r r e s p o n d s  to  an i n c r e a s e  of 19.6 a c r e s  
p e r  y e a r  i n  i n d u s t r i a l  l a n d  use. Commercial l a n d  use  i n  t h e  s i x  t r a f f i c  z o n e s  
d e c r e a s e d  by e i g h t  acres between 1970 and 1979. However, d a t a  deve loped  by 
t h e  WFRC project a modest growth i n  commercial l a n d  use of four and o n e - h a l f  
to  f i v e  acres per y e a r  through 1995, 

1 . 4 . 4  C o n c l u s i o n s  

The l a n d  use d a t a  p r o j e c t e d  f o r  t r a f f i c  zone 329, which i n c l u d e s  t h e  3300 
South  f r o n t a g e  p r o p e r t y ,  i n d i c a t e  an a n n u a l  r a t e  o f  growth i n  i n d u s t r i a l  l a n d  
use  of 10.9 acres f o r  the pesiod 1980-1995, The p r o j e c t e d  a n n u a l  ra te  of 

20.4 acres. T h e r e f o r e ,  over  h a l f  of  t h e  growth i n  i n d u s t r i a l  l a n d  u s e  i n  t h e  
3.6 s q u a r e  m i l e  a n a l y s i s  a r e a  is p r o j e c t e d  t o  occur  i n  t r a f f i c  zone 323. 

0 growth i n  i n d u s t r i a l  l a n d  use for the s i x - t r a f f i c - z o n e  a n a l y s i s  a r e a  is a b o u t  
L.. 

As p r e v i o u s l y  n o t e d ,  t h e  C i t y ' s  Master Plan  p r o j e c t s  t h a t  between 10.5 
( l o w  estimate) and  14.9 (h igh  estimate) acres of  v a c a n t  i n d u s t r i a l  land w i l l  
be absorbed i n  t r a f f i c  zone 329 between 1980 and 1990. T h i s  c o r r e s p o n d s  t o  
a p p r o x i m a t e l y  70.0 p e r c e n t  of  the C i t y ' s  t o t a l  a b s o r p t i o n  o f  v a c a n t  i n d u s t r i a l  
l a n d .  The p r o j e c t i o n s  of land  use c o n v e r s i o n s  developed by t h e  Wasatch F r o n t  
R e g i o n a l  C o u n c i l  are  c o n s i s t e n t  w i t h  the C i t y ' s  l o w  estimate o f  a n n u a l  
a b s o r p t i o n .  However, t h e  time period f o r  t h e  C i t y ' s  p r o j e c t i o n s  is 1980-1990 
and t h e  t i m e  p e r i o d  f o r  t h e  p r o j e c t i o n s  developed by t h e  Wasatch F r o n t  
Regional C o u n c i l  is 1980-1995. I n  a d d i t i o n ,  t h e  d a t a  deve loped  by t h e  w a s a t c h  
F r o n t  R e g i o n a l  C o u n c i l  a r e  e s t i m a t e s  o f  l a n d  use c o n v e r s i o n ,  w h i l e  the C i t y ' s  
Master P l a n  p r o j e c t s  t h e  a b s o r p t i o n  of e x i s t i n g  v a c a n t  i n d u s t r i a l  l a n d .  
T h e r e f o r e ,  comparisons o f  t h e  s h a r e  of t o t a l  growth p o j e c t e d  f o r  t r a f f i c  zone 
329 are n o t  made. F i n a l l y ,  t h e  p r o j e c t i o n s  o f  l a n d  use c o n v e r s i o n  set  f o r t h  
above are c o n s i s t e n t  with i n d u s t r i a l  growth i n  t h e  v i c i n i t y  o f ,  i f  n o t  o n ,  t h e  
V i t r o  s i t e ' s  3300 South f r o n t a g e  p r o p g r t y .  

000793 
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1.5 ASSZSSED VALUATION 

I -.@ 
.-.. 

This  s e c t i o n  sets f o r t h  an a n a l y s i s  of d a t a  provided  by tne C i t y  of South  
Salt Lake and t h e  S a l t  L a k e  County Assessor's O f f i c e  on changes i n  t h e  
assessed  v a l u a t i o n  of South S a l t  Lake. A s  of  Janua ry  1, 1983,  commercial and 
i n d u s t r i a l  p r o p e r t y  was assessed a t  20.0 pe rcen t  o f  i ts 1978 f a i r  market 
value.  
market va lue .  A s t a t e w i d e  r e a p p r a i s a l  program, which is p a r t i a l l y  r e s p o n s i b l e  
for the  55.0 p e r c e n t  i n c r e a s e  i n  t h e  C i t y ' s  1978 a s s e s s e d  v a l u a t i o n  was 
repealed i n  1981. I t  was rep laced  wi th  a .Factor Law.' T h i s  approach 
involves  a d j u s t i n g  the 1978 f a i r  market va lue  based on a sales r a t i o .  The 
sales  r a t i o  is t h e  r a t i o  of t h e  sales  p r i c e  t o  the a s s e s s e d  v a l u e ,  where- the  
s a l e s  p r i c e  is a d j u s t e d  t o  1978 d o l l a r s  using t h e  composite c o n s t r u c t i o n  cost 
index. The s a l e s  r a t i o  s t u d i e s  a r e  prepared by t h e  S t a t e  Tax Commission us ing  
da ta  on r e c e n t  local  real  e s t a t e  t r a n s a c t i o n s  and assessed va lues .  The e f f e c t  
of the  January  1983 change i n  assessments  was an i n c r e a s e  i n  commercial and 
i n d u s x i a l  a s ses smen t s  and, t h e r e f o r e ,  an i n c r e a s e  i n  p r o p s r t y  valdas i n  
gene:al. 

R e s i d e n t i a l  p r o p e r t y  was assessed  a t  15.0 p e r c e n t  o f  i ts 1978 f a i r  

Table  1-6 summarizes d a t a  on changes i n  a s s e s s e d  v a l u a t i o n  i n  South S a l t  
Lake. Table  1-7 summarizes b u i l d i n g  permi t  a c t i v i t y  f o r  s e l e c t e d  y e a r s  
between 1970 and 1982. Table 1-8 sets f o r t h  de ta i led  da ta  on bu i ld ing  permits 
i s s u e f ,  by type of c o n s t r u c t i o n ,  and t h e  cor responding  v a l u a t i o n s  which the 
Ci ty  u s e s  t o  de te rmine  its permi t  f ees .  The v a l u a t i o n s  Shown i n  Table  1-8 
g e n e r a l l y  cor respond to  the c o n t r a c t o r ' s  bu i ld ing  cost and exc lude  l and ,  
i n t e r i o r  improvements, o u t s i d e  improvements, and equipment.  The C i t y ' s  
commezcial category i n c l u d e s  a l l  non-res ident ia l  s t r u c t u r a l  c o n s t r u c t i o n  
a c t i v i t y .  The o t h e r  c a t e g o r y  inc ludes ,  among other t h i n g s ,  s i g n s  and 
underground tanks.  The C i t y  h a s  es t imated  t h a t  a project 's f a i r  market v a l u e  
i s  ecua l  t o  130 p e r c e n t  of  its bu i ld ing  permi t  v a l u a t i o n  p l u s  land value.  

1.5.1 Assessed v a l u a t i o n  chanqes: 1940-1982 

Assessed v a l u a t i o n  i n  South S a l t  L a k e  i nc reased  a t  an  average  annual  r a t e  
o f  7.6 p e r c e n t  between 1940 and 1977. I n  1978, assessed v a l u a t i o n  inc reased  
55.0 2ercent .  T h i s  was due ,  i n  p a r t ,  to a s t a t e w i d e  r e a p p r a i s a l  program, 
which has s i n c e  been abandoned. Subsequent t o  1978, t h e  a s s e s s e d  v a l u a t i o n  of 
S o u t h  S a l t  L a k e  moved i n  an e r r a t i c  fashion.  
1979 and 29.0 p e r c e n t  i n  1980. However, i n  1981 t h e  C i t y ' s  a s ses sed  v e l u a t i o n  
decreased 1.1 percen t .  

I t  i n c r e a s e d  by, 13.9 pe rcen t  i n  

_-  

The 1980 change i n  a s s e s s e d  v a l u a t i o n  was l a r g e l y  due  t o  an annexat icn  
completed by South S a l t  L a k e  du r ing  1980. The annexa t ion  involved l a n d  from 
Mill Creek to  3300 South S t r e e t  and the  Jordan River  to 700 Eas: Street.  The 
a rea  nad a p o p u l a t i o n  of approximately 3,500 a t  t h e  t i m e  o f  its annexat i sc .  

I 
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Table 1-6. C i t y  of South S a l t  Lake assessed valuation 
selected years 

1940-1982 

Year 
Assessed 
va 1 ua ti on 

(thousands of Dollars) 

Average a n n u a l  
r a t e  of qrowth 

(percent 1 

1940 

194 5 

1955 

1960 

1965 

S 2 , 2 6 5  

2 ,592  

7 ,189  

10 ,778  

15 ,952  

-- 
2.7 

1 0 . 7  

8.4 

8 . 2  

20 842  5 .5  1970 

1975 

1976 

1977 

1978 

1979 

1980 

28 ,287  

31 ,680  

34 ,070  

52 ,797  

60 155 

77 ,582  

6 . 3  

12.0 

7 . 5  

55 .0  

1 3 . 9  

29 .0  

1981 76 ,754  (1.1) 

79 ,345  3.4 1982 

Note: Parentheses indicate a decline. 

Source: City of S o u t h  S a l t  Lake. 
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T & l e  1-7. City of South salt Lake building permit a c t i v i t y  

comer c i a V  industr i a l  
s e l e c t e d  y e a r s  

1970- 19 82 
/ 

Year / 

Number of permits Total value 

1970 

1972 

1974 

1976 

197 8 

1981 

19 82 

46 

70 

49 

56 

56 

63 

82 a 

$2 , 123,560 
4,095,331 

6 , 291 , 426 
6,286,800 

4,927,511 

3,016,271 

3 , 848 , 270a 
1 

aExc ludes  CVWILF expansion and r e s i d e n t i a l  and other permits. 0: 
‘ L S o u r c e :  Ci ty  of South S a l t  Lake, Po l i cy  Plan and T a b l e  8 .  

. -- 
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6442 
The decrease in assessed valuation recorded during 1981 was due, in part, 

to the sale of 26.18 acres along the north side of 3300 South Stzeet by 
Richards-Moench (Richards Realty 6 Investments and Moench Realt? and 
Investaent Co.) to CWRF. The sale removed 26.18 acres from the City's tax 
base. However, records provided by the County Assessor's office show that the 
property had an assessed value of $70,030 in 1980 and $58,265 in 1981. This 
decrease may be due to the aforementioned =Factor Law: In recent years, 
residential property values in South Salt Lake have been declining due to two 
factors. Pirst, the stock of housing in the city is relatively homogeneous. 
In general, it includes smaller homes of an older design, which occupy 
relatively small lots. 
resulted in the construction of newer, more spacious homes. This has 
apparently placCd the South Salt Lake housing market at a competitive 
disadvantage. Concurrent with the recent decline in residential property 
values, growth in commercial/industrial development has both offset the 
residential decline and resulted in an overall increase in the City's assessed 
valuation. However, commercial/industrial construction activity was 
relatively slow during 1981 and 1982. Therefore, the net effect was a 
decrease of 1.1 percent in the City's 1981 assessed valuation and a 3.4 
percent growth in the City's assessed valuation during 1982. The City of 
South Salt Lake expects permit-related valuations to reach $7.0 million during 
1983. 

9 

Second, development in Murray and West Valley City has 

1.5.2 Permit valuation changes: 1970-1982 
, 

Details with regard to building permits issued for commercial, 
residential and other construction are set forth in Table 1-8. Also included 
are data on the valuations associated with these permits. 
noted, these valuations correspond to the contractor's building cost and are 

As previously 0.. 
'..-. used by the City to calculate permit fees. 

During 1981, the year in which total valuation decreased 1.1 percent, the 
City of South Salt Lake issued 176 building permits with a total valuation of 
93.6 million. New commercial and commercial remodeling accounted for 52.1 
percent and 32.2 percent, respectively, of total valuation. These two 
categories also accounted for 35.8 percent of the building permits issued. 
This is consistent with commercial construction and remodeling having a higher 
per unit valuation than residential and other construction and remodeling 
activities. 

Permit activity during 1982 was highlighted by the $90.0 million plus 
expansion of CVWRF's waste-water treatment facility. As'suming that the CVWRP 
expansion had a valuation of $90.0 million, the city issued 181 other building 
permits with a total valuation of approximately $ 5 . 5  million during 1982. 
This correspnds to an 'increase in permit-related valuation of about 54.0 
percent. 

Based on the data set forth in Table 1-7, commercial/industrial permit 
activity declined in South Salt Lake from 1974 to 1981. From a high of $6.3 
million in 1974, permit-related valuations for commercial/indust:ial 
construction and remodeling fell to $3.0 million in 1981. Commercial/ 
industriai permit valuations rose to $3.8 million in 1982. 
noted, :he City has estimated that total 1983 permit-related valuations will 
reach $7.0 million. To the extent the 1983 figure reflects comme:cial/ 
industrial construction activity, it may indicate a recovery in the local 
market. 

As previously 

0 
1-31 
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I. 5 . 3  Conclusions 

The Ci'ty of South Salt Lake's Building Official estimates that the market 
value of a project is equal to 130.0 percent of the permit valuation 
(contractor's cost) plus the land value (Stone, 1983). The proposed 
industrial park would have a permit valuation, in 1983 dollars, of 
approximately $8.4 million (22.5 acres; a coverage ratio of 0.35; a total Cost 
of $32.00 per square foot; and a ratio of total cost to contractor's cost of 
1.3). Based on the data set forth in Tables 1-7 and 1-8, the proposed 
industrial park (a s i n g l e  project) would have a higher permit valuation than 
the commercial/industrial construction activity in any year since 1970. 

(- 

I 
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1.6 DLWGRAPHIC DATA 

The demography of the area around the Vitro site w i l l  be analyzed by 
reference to the data and projections published i.? the WFRC's Surveillance 
Report Vol. 2, No. 7. These data are set forth i n  Table 1-9. As previously 
noted, this report also is the source of the data on land use set forth in 
Tables  1-4 and 1-5. The analysis will include the six-traffic-zone, 
3.6-square-mile area, described in Section 1.5, Land Use. 

Population data are based on an estimate of population per dwelling unit 
for each traffic zone and the number of dwelling units in each traffic zone. 
Data for 1980 were taken from the 1980 census. The number of dwelling units 
includes single family homes, apartments, mobile homes, and dormitories. Data 
on dwelling units are updated annually by l o c a l  2ianning agencies using 
building permits. Data for 1980 are based on preliminary census data and data 
from previous WFRC Surveillance Reports. 

Employment is non-agricultural employment and includes wage and salary 
workers, self-employed workers, and government employees. Data are assembled 
by the Utah Department of Employment Security and exclude construction 
employment. Auto registration includes pick-up trucks and is estimated based 
on a dwelling unit factor developed from 1970 census data and subsequent 
surveys. Commercial floor area is the area (in hundreds of square feet) in 
buildings used for retail trade or service industries. These data were 
originally developed using various survey techniques and, therefore, should be 
considered estimates. They are updated using building permits. 

1.6.1 Historic and current data 

\ .  
x - 1  The population of the six-traffic-zone analysis area was 1,926 in 1970 

and 1,277 in 1980. The total number of dwelling units in the area was 541 in 
1970 and 441 in 1980. In addition, the number of cars registered in the area 
declined from 921 in 1970 to 745 in 1980. Employment in the area increased 
from 3,529 jobs in 1970 to 9,427 jobs in 1980. Data on the number of square 
feet of commercial floor area are incomplete. However, commercial floor area 
in traffic zones 329, 351 and 360-362 increased f:om 201,300 square feet in 
1970 to 285,700 square feet in 1980. , 

1.6.2 Projected: 1995 

Population in the six-traffic-zone analysis azea is projected to reach 
2,440 by 1995. In addition, the number of dwelling units is projected to 
reach 1,014 in 1995. Total employment in 1995 is projected to be 12,667. It 
is estimated that the number of cars in the area w i l l  reach 1,666 by 1995. As 
previously noted, data on the number of square feet of commercial floor area 
is incomplete. However, commercial floor space, excluding traffic zone 328, 
1s projected at 901,000 square feet by 1995. 

.. . - ._ 
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1 . 5 . 3  Chanaes 

Popu la t ion  i n  t h e  a n a l y s i s  a r ea  decreased  by 6 4 9 ,  or 33.7 p e r c e n t ,  
bezween 1970 and 1980. The number of dwel l ing  u n i t s  i n  t h e  a r e a  decreased  
18.5 p e r c e n t  d u r i n g  t h e  same time pe r iod .  However, employment i n  t h e  a r e a  
increased  s u b s t a n t i a l l y  dur ing  t h e  l a s t  decade. Between 1970 and 1980 
ernployment i n c r e a s e d  by more than 167.0 pe rcen t .  Th i s  cor responds  to an 
average annual  ra te  o f  growth i n  excess  of  10.0 pe rcen t .  During t h e  same t i m e  
pe:icd, the a r e a ' s  commercial floor space  inc reased  approximately 42.0 p e r c e n t .  

These d a t a  i l l u s t r a t e  a s h i f t  i n  t h e  demography of t h e  a r e a  and a r e  
c x s i s t e n t  w i t h  d a t a  on l o c a l  land use convers ion .  Both types of in fo rma t ion  
i n d i c a t e  increa%ed i n d u s t r i a l  development and a movement away from r e s i d e n t i a l  
land u s e .  

F o r e c a s t s  of  key demographic v a r i a b l e s  publ i shed  by t h e  WFRC p r o j e c t  
cons ide rab le  growth i n  t h e  s ix - t r a f f i c - zone  a n a l y s i s  area between 1980 and 
1995.  Popu la t ion  is p r o j e c t e d  to  i n c r e a s e  by more than  90.0 pe rcen t .  The 
number of dwel l ing  u n i t s  is expected t o  reach  1 , 0 1 4 ,  an i n c r e a s e  of almost 
130.0 pe rcen t .  I n  a d d i t i o n ,  commercial f l o o r  space i n  t h e  a r e a ,  exc luding  
t:affic zone 328, is p r o j e c t e d  t o  i n c r e a s e  more than  200.0 pe rcen t .  Growth i n  
employment a l s o  is p r o j e c t e d  to  i n c r e a s e ,  b u t  a t  a less dramatic r a t e .  The 
growth which h a s  been p ro jec t ed  f o r  t h e  1980-1995 pe r iod  w i l l  r e v e r s e  a r e c e n t  
t:end i n  t h e  area. As prev ious ly  noted ,  t h e  growth i n  employment and 
commercial floor space which occurred du r ing  t h e  1970s was accompanied by a 
decrease  i n  p o p u l a t i o n ,  dwell ing u n i t s  and r e g j s t e r e d  motor veh ic l e s .  By 
contrast ,  growth has  been p ro jec t ed  f o r  a 1 l . k e y  demographic v a r i a b l e s  between 
1980 and 1995.  The p r o j e c t i o n s  of l and  use  changes f o r  t h e  a rea  i n d i c a t e  
Cons iderable  growth i n  i n d u s t r i a l  l and  u s e  and a r e l a t i v e l y  minor i n c r e a s e  i n  

-- r e s i d e n t i a l  l and  u s e .  I n  l i g h t  o f  the s u b s t a n t i a l  growth i n  popu la t ion  
fo recas t ed  f o r  t he  area,  higher  d e n s i t y  r e s i d e n t i a l  l and  uses a r e  a n t i c i p a t e d .  

1-37  



1 . 7  LOCAL LAND VALUES 8442 
In t h i s  s e c t i o n  the market value of a porton of the V i t r o  s i t e  is 

escimated. The a n a l y s i s  w i l l  focus on the approximately 2 6 . 8  a c r e s  t h a t  CVwRf 
prchased from Richards-Moencn i n  1981. This  p a r c e l  includes t r a c r  'B" south, 
1 2 . 5  acres  and 650 f e e t  o f  frontage on 3300 South, and t r a c t  'C. south,  1 4 . 3  
ac:es and 1 2 8 0  f e e t  o f  frontage on 3300 South. Per the CVWRF a o a r d ' s  approved 
Master Plan and Rodney Dahl, CVwRT's General Manager, t h i s  acreage corresponds 
to  :he s i t e  o f  the proposed County Resource Recovery F a c i l i t y  (16 acres)  and a 
portion of the s i t e  o f  the proposed Temporary I n d u s t r i a l  Park (20-25 a c r e s ) .  
T5e balance of the acreage for the proposed I n d u s t r i a l  Park i s  located t o  the 
west between 700 West, the entrance t o  CVWRF's F a c i l i t y ,  and the six v i c i n i t y  
p r o p e r t i e s  on 900 West. 

The purpose of  the a n a l y s i s  i n  t h i s  s e c t i o n  i s  t o  determine the market 
value o f  the portion o f  the V i t r o  s i t e  proposed for  development a s  a temporary 
i n c c s t r i a l  park. For the reasons s e t  forth i n  the body o f  the EIS,  the 
municipal s o l i d  waste-to-energy f a c i l i t y  i s  not evaluated i n  t h i s  report.  

. Based on the assumption t h a t  the development o f  a temporary i n d u s t r i a l  park,  
requires the removal o f  the mill t a i l i n g s ,  the v a l u e  of the land i f  removal is  
the remedial a c t i o n  s e l e c t e d  can be approximated by this use.  

One o f  the methods for  e s t a b l i s h i n g  the market v a l u e  of a property i s  by 
aFFraisal.  CVWFS's predecessor,  S a l t  Lake C i t y  Suburban Sanitary  D i s t r i c t  No. 
1 ,  commissioned such an a p p r a i s a l  by Edward P .  Westra, MAI-SRA-CPM. The 
appraisal  was performed i n  connection with CVWRF's predecessor o r g a n i z a t i o n ' s  
negotiations t o  a c q u i r e  the two-tract 26.8-acre p a r c e l  described above. The 
result ing Appraisal  Report dated March 1 9 ,  1 9 7 3 ,  d e f i n e s  market value a s  
fol lows:  ' . . . t h e  h i g h e s t  p r i c e ,  expressed i n  terms of  money, t h a t  the 

- ' prc?erty w i l l  bring a f t e r  reasonable exposure i n  the open market, w i t h  both 
the buyer and t h e  s e l l e r  being f u l l y  informed a s  t o  the highest  and b e s t  use - 
of ::?e property,  and n e i t h e r  party a c t i n g  under compulsion or duress.' The 
Appraisal Report c o v e r s  f i v e  t r a c t s  including t r a c t  "A" ( 8 . 8  acres),  t r a c t  "8' 
SOU::?, ( 1 2 . 5  a c r e s ) ,  t r a c t  "B" north ( 1 6 . 0  a c r e s ) ,  t r a c t  "C' south ( 1 4 . 3  
ac:es) and t r a c t  "C" north (25 .5  a c r e s ) .  This  a n a l y s i s  w i l l  concentrate on 
traczs  "8" and "C" south f o r  the reasons p r e v i o u s l y  noted. 

The fol lowing is a s u m a r y  of the observations and conclusions of the 
Appraisal  Report w i t h  regard t o  the two southern t r a c t s .  

T r a c t  "8" South 

Evidence o f  high water t a b l e  i n  area.  

- Parcel  has been f i l l e d  above the water l e v e l  and appears t o  be s t a b l e .  

- 6 5 0  f e e t  of frontage and 600 f e e t  of depth. 

- A r a i l r o a d  spur comes into the property from the north. 

* Imnediate potential for i n d u s i r i a l  development. 

- The market value of the t r a c t  i s  8 2 5 , 0 0 0  per a c r e .  

1-39 000821 



T r a c t  "C" Souch 

Land is b u i l t  up w i t h  t a i l i n g s  from t h e  former V i t r o  Chemical  o p e r a t i o n .  

I n  i t s  ? r e s e n t  c o n d i t i o n ,  it i s  u n s u i t a b l e  f o r  development  r e q u i r i n g  
the  p r e s e n c e  of persons  o v e r  a s u s t a i n e d  p e r i o d  o f  time. 

No immediate development p o t e n t i a l  due t o  t h e  p r e s e n c e  of l a r g e  
amounts of r a d i o a c t i v e  t a i l i n g s .  

I f ,  t h e  t r a c t  d i d  n o t  have any f i l l  ( t a i l i n g s )  on i t ,  i ts  v a l u e  would 
be s i m i l a r  t o  or s l i g h t l y  lower t h a n  t r a c t  "B" South .  

V a l u e  of f r o n t a g e  a l o n g  3300 South d r o p s  moving w e s t  from t h e  
i n t e r c h a n g e  of 1-15. 

T h e r e f o r e ,  w i t h o u t  t a i l i n g s  t h e  average  v a l u e  o f  t h i s  l a n d  would be 
$22 , 500. 

The market v a l u e  of t he  t r ac t  is $13,500 an acre.  

The market v a l u e  of t h e  t r a c t  assumes t h a t  t h e  l a n d  w i t h  r a d i o a c t i v e  
f i l l  material on it can  be u t i l i z e d  s u b j e c t  t o  r e a s o n a b l e  
l i m i t a t i o n s .  

Based o n  t h e  i n f o r m a t i o n  set f o r t h  above,  t h e  market v a l u e  of the  
p r o p e r t y  proposed for development as a n  i n d u s t r i a l  p a r k  and a m u n i c i p a l  soli6 
waste- to-energy f a c i l i t y  was a p p r a i s e d  a t  $22,500 t o  $25 ,000  p e r  acre i n  
1973. I t  s h o u l d  be noted  t h a t  t h i s  estimate of  t h e  marke t  v a l u e  o f  t h e  
f r o n t a g e  p r o p e r t y  along 3300 South  appears i n  t h e  contemporaneous b u s i n e s s  
document produced  i n  t h e  normal c o u r s e  of b u s i n e s s  and n o t  i n  a document 
p r e p a r e d  i n  c o n n e c t i o n  w i t h  t h e  c u r r e n t  proceedings .  I n  a d d i t i o n ,  t h e  
estimate assumes  t h a t  t h e  l a n d  h a s  ' immediate p o t e n t i a l  for i n d u s t r i a l  
deve lopment  i n  accordance w i t h  t h e  e x i s t i n g  zoning" ( i . e . ,  no t a i l i n g s ) .  A t  
t h e  t i m e  of t h e  report (1973) ,  the p r o p e r t y  was zoned M-2 which  p e r m i t s  heavy 
i n d u s t r i a l  development.  

The Chairman of t h e  Board of  CVWRF s t a t ed  t h a t  v a c a n t  i n d u s t r i a l  l a n d  i n  
t h e  S o u t h  S a l t  L a k e  a r e a  h i s t o r i c a l l y  i n c r e a s e s  i n  v a l u e  a t  t h e  r a t e  o f  12 .0  
p e r c e n t  per y e a r  ( P e t e r s e n ,  1 9 8 2 ) .  
$25,000 per acre, t h i s  i n d i c a t e s  a 1983 market v a l u e  o f  a p p r o x i m a t e l y  $69,900 
t o  $77,600 per a c r e .  

Based on a 1973 market v a l u e  o f  $22 ,500  t o  

Another  method f o r  e s t i m a t i n g  t h e  c u r r e n t  market v a l u e  of CVWRF's 3300 
South  Street f r o n t a g e  p r o p e r t y  is t o  r e l y  on a r e c e n t  (1982)  a p p r a i s a l  
report. A r e c e n t  a p p r a i s a l  report was prepared  by t h e  Land Department  of t h e  
S a l t  Lake County Assessor's o f f i c e .  I t  was prepared  p u r s u a n t  t o  a r e q u e s t  by 
the A d m i n i s t r a t o r  of t h e  A p p r a i s a l  Department f o r  .a more d e t a i l e d  a p p r a i s a l  
report o n  t he  l a n d  owned by S a l t  L a k e  S a n i t a r y  Suburban Dis t r ic t  and C e n t r a l  
V a l l e y  Water Reclamation F a c i l i t y ,  and r e f e r r e d  to  a s  t h e  V i t r o  Chemical 
p r o p e r t y . .  ." 

0 The report notes t h a t  t h e  f r o n t a g e  p r o p e r t y  a l o n g  3300 S o u t h  c u r r e n t l y  is 
zoned B u s i n e s s  ( A )  to  a depth  of a p p r o x i m a t e l y  800 f e e t .  The  b a l a n c e  o f  t he  
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p a r c e l ,  including the frontage along 900 West, i s  zoned l i g h t  i z d u s t z i a l .  The 
report observes t h a t  d i s t r i b u t i o n  type i n d u s t r i a l  parks and hi55 technology 
oriented operations are the predominant land use and e x i s t i n g  p r k S  have prime 
tenants and l o w  vacancy r a t e s .  Based on the preceding,  i t  was letermined t h a t  0 the highest  and b e s t  use o f  the property was as an i n d u s t r i a l  p z k .  A 21-acre 
L-shaped p a r c e l  i n  the v i c i n i t y  of the i n t e r s e c t i o n  o f  3300 SouLi and 900 West 
was chosen a s  the b e s t  l o c a t i o n  for the i n d u s t r i a l  park. 

I n  order t o  determine the market value o f  the property,  a cumber of newly 
developed i n d u s t r i a l  parks s i m i l a r  i n  l o c a t i o n  and d e s i r a b i l i t y  vere 
considered. 
The s e l e c t e d  developments and t h e i r  correswnding land v a l u e s  a:e s e t  forth 
below: 

Decker Lake I n d u s t r i a l  Park: $ 3 5 , 0 0 0  to $73,000 per acre.  

Yates I n d u s t r i a l  Park: $40,000 t o  $ 8 7 , 1 2 0  per acre  (high end o f  
range based on a v a l u e  of  $2.00 per square f o o t ) .  

Pioneer I n d u s t r i a l  Park: $40 ,000  t o  $80,0-00 per a c r e .  

Centennial  Park: $ 4 3 , 5 6 0  t o  $130 ,680  per a c r e  (based on a value of 
91.00 t o  $3 .00  per square f o o t ) .  

Based on the information s e t  forth above, the r e c e n t  appraisal  report 
concludes t h a t  the 21-acre L-shaped parcel  ( t h e  prime area f o r  development o f  
the V i t r o  s i t e )  has a value of  540 ,000  t o  $70 ,000  per a c r e .  The author of the 
report indicated t h a t  this was the market v a l u e ,  not the assessed v a l u e ,  o f  

y _. appreciate  a t  an annual r a t e  o f  12.0 percent. When a p p l i e d  t o  t3e range of  
values noted above, this r e s u l t s  i n  a current market v a l u e  o f  6 4 2 , 4 0 0  t o  
$74,200 per a c r e .  

'. the property. As previously  noted, vacant i n d u s t r i a l  property i s  assumed t o  

A n  a d d i t i o n a l  method for  estimating the market v a l u e  o f  the property on 
3 3 0 0  South i s  based on an a n a l y s i s  of its value per square f o o t .  The value 
per square f o o t  is a function o f  land use. A f t e r  c o n s u l t i n g  wit3 a l o c a l  r e a l  
e s t a t e  developer,  the fol lowing range of values  was derived depending upon 
land use, p a r c e l  s i z e  and e x t e r n a l i t i e s  ( e . g . ,  a d j a c e n t  land uses,  the 
presence of the waste-water treatment f a c i l i t y )  (Simons, 1 9 8 3 ) .  

A recent transaction involving a two-acre s i t e  a d j a c e n t  t o  1'-15 t o  be 
developed a s  a l o c a t i o n  for a commercial o f f i c e  b u i l d i n g  i n d i c a t e s  a value of 
$5.00 per square foot (6217,800 per acre)  for this land use. Based on the 
s i z e  d i f f e r e n t i a l  between t h i s  s i t e  and the 3300 South frontage ?ortion o f  the 
V i t r o  s i t e ,  a discount  of 25.0 percent was suggested. This  corresponds t o  a . 

value of $3 .75  per square f o o t  ( 3 1 6 3 , 3 5 0  per a c r e )  f o r  property used a s  a s i t e  
for an o f f i c e  b u i l d i n g .  The p r e v a i l i n g  land use i n  the v i c i n i t y  of  the V i t r o  
s i t e  i s  warehousing and d i s t r i b u t i o n .  I f  the Vitro,  s i t e ' s  3300 South frontage F 

property i s  developed as a l o c a t i o n  for warehousing a c t i v i t i e s  i r  is  estimated 
t o  be wor:h 5 1 . 2 5  per' square foot ( $ 5 4 , 4 5 0  per a c r e )  (Simons, l 9 E 3 ) .  

The presence of  CVwRF's waste-water treatment f a c i l i t y  was thought t o  
el iminate  the p r o p e r t y ' s  use a s  a location for an o f f i c e  b u i l d i n g .  In 
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addition, if the proposed municipal solid waste-to-energy faciliyr is 
constructed? it was suggested that the value of the property might fall to 
$1.00 per square foot (543,560 per acre). 
after the construction of the solid waste-to-energy facility, any structure on 
the subject property would be located between a waste-water treatment facility 
and a solid waste-to-energy facility. 

This is based on the fact that 

The final approach to be considered for estimating the market value of 
the 3300 South frontage portion of the Vitro property involves the asking 
price for comparable adjacent property currently being offered for sale. The 
22.71-acre parcel at the ndrthwest corner of 3300 South and 90.0 West is 
currently being offered for sale by the Utah State Retirement Fund. .The 
asking price is $1,978,.495 or $87,120 an acre. The property was purchased 
from HOMCO Development Company in the fourth quarter of 1982 and offered for 
sale early in 1983. A spokesperson for the Utah State Retirement Fund stated 
that an appraisal report on the property did not mention the Vitro site or the 
mill tailings (Blackburn , 1983) . 

In addition to the information set forth above, the following 
considerations must be evaluated in determining the market value of the Vitro 
site's frontage property. 

Proximity to the 3300 South interchange with 1-15. 

Frontage on 3300 South. 

- Availability of a rail spur. 

Construction of the proposed West Va 

The availability of utilities. 

Central location. 

ley highway (Goodwin, 
0 L: .. 

83). 

Another fact is worth noting. In 1981, CVWRF purchased the 3300 South 
frontage property for $62,500 an acre. Based on the testimony of CVWRF's 
General Manager at the March 23, 1983 public hearing in this matter, CVWRF 
purchased the Vitro site (including the 3300 South frontage property) 'with 
the promise from the federal government that it would be immediately cleaned 
up and that all of this land would be available for Central Valley purposes." 
This indicates that CVWFP paid $62,500 per acre for the 3300 South frontage 
property in 1981 with the understanding that it would be cleaned up 
immediately and made available for use as a location for a temporary 
industrial park and a municipal solid waste-to-energy facility. On the basis 
of this transaction and the opinion of CVWRF's Chairman of the Board regarding 
the market appreciation of vacant industrial land in South Salt Lake the 1983 
market value of the 3300 South frontage property is approximately $78,400 per 
acre. 

Based on the data and information set forth above, the 1983 market value 
of the 3300 South frontage property was estimated to be 878,400 per acre. 
This assumes the property is available for immediate development as an 
industrial park. As the presence of the mill tailings precludes immediate 
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development, this corresponds to the market value of the property in today's 
dollars if removal is the adopted remedial action, 

This figure is less than the asking price for the property to the west of 
the Vitro site being offered for sale by the Utah State Retirement Fund. 
However; that property is not adjacent to Central Valley's waste-water 
treatment facility. In addition, this price is more than that of any of the 
other estimates detailed in this report. However, it is based on a recent 
(1981) transaction in which the buyer (CVWRF) was aware of the presence of 
mill tailings but purchased the property contingent on a promise by the 
Federal government to clean up the property and make it available t o  CVWRF 
development consistent with its adopted Master Plan, As previously noted, 
CVWRF's adopted'Master Plan calls for the construction of a temporary 
industrial park and a municipal solid waste-to-energy facility on the 3300 

the 

for 

South frontage property (see Section I, Introduction). This being the case, 
it is difficult to imagine a better estimate of the market value of the land 
than the price that CVWRF paid under the assumption that it would be available 
for development, 

, 

I 
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1.8 EMPLOYMENT 

T h i s  seczion v i 1 1  a n a l y z e  t h e  e f f e c t s  of d e v e l o p i n g  CVwRF's 3300 South 
f r o n t a g e  pro-,erty i n  terms o f  d i r e c t  and i n d i r e c t  employment. The a n a l y s i s  

i n d u s t r i a l  Fark.  
i n d u s t r i a l  p : k  is 13 y e a r s  (see S e c t i o n  1.1, I n t r o d u c t i o n ) .  

w i l l  f o c u s  cr. t h e  r e g i o n a l  employment impacts  o f  d e v e l o p i h g  a temporary 
As p r e v i o u s l y  n o t e d ,  t h e  e s t i m a t e d  l i f e  o f  t h e  temporary 

1.8.1 Direcz emclovment 

The e s t i m a t e  of d i r e c t  employment g e n e r a t e d  by t h e  deve lopment  of a n  
i n d u s t r i a l  Fark along 3300 South w i l l  b e  based on t w o  a s s u m p t i o n s .  '=he f i r s t  
is t h e  bui ld ing- to- land  coverage  ra t ios  which appear  i n  S a l t  L a k e  Countv 
Master  P l a n ,  l h a s e  11, J u n e  1980. The second is t h e  es t imate  of t h e  number o f  
s q u a r e  f e e t  per ernployee r e q u i r e d  f o r  warehousing and d i s t r i b u t i o n  a c t i v i t i e s  
which a l s o  a p p e a r s  i n  Phase 11 of t h e  C i t y ' s  Master P lan .  Assuming t h a t  t h e  
p r o p o s e d  i n d u s t r i a l  park is 22.5 acres, t h i s  c o r r e s p o n d s  to  980,100 s q u a r e  
f e e t  (22.5 ac:es x 43,560 s q u a r e  feet  per a c r e ) .  The estimates i n  t h e  C i t y ' s  
Mas ter  P l a n  of bui lding-to- land c o v e r a g e  r a t i o s  f o r  t r a f f i c  zones  328 and 329 
i n  1986 a re  0 .45  f o r  " h e a l t h y  economic c o n d i t i o n s '  and 0.25 f o r  ' s l u g g i s h  
economic c o n d i t i o n s . "  By a p p l y i n g  t h e  a v e r a g e  o f  the c o v e r a g e  r a t i o s  (0.35) 
to the s q u a r e  f e e t  o f  l a n d  t o  b e  developed  a s  an i n d u s t r i a l  park  (980,100)  , 
343,035 squa:e f e e t  of b u i l d i n g  a r e a  w i l l  be c o n s t r u c t e d .  

The Cit-:Is Master P l a n  r e p o r t s  tha t  1 , 2 6 5  s q u a r e  f e e t  a re  r e q u i t e d  per 
employee f o r  warehousing and d i s t r i b u t i o n  a c t i v i t i e s .  Based on a f i g u r e  o f  
343,035 square f e e t  of b u i l d i n g  a r e a ,  this c o r r e s p o n d s  t o  a p p r o x i m a t e l y  271 
employees.  T h e r e f o r e ,  t h e  development  o f  a 22.5 a c r e  i n d u s t r i a l  park c a t e r i n g  e-. t o  warehousing and d i s t r i b u t i o n  a c t i v i t i e s  w i l l  p r o v i d e  d i r e c t  employment f o r  

- ( '  ..~ 2 7 1  p e r s o n s .  

1.8.2 I n d i r e c t  employment 

. The e s t l r n a t e  of i n d i r e c t  employment (used h e r e i n )  a t t r i b u t a b l e  t o  t h e  
proposed i n d u s t r i a l  park w i l l  b e  based on a s t a t i s t i c  used i n  Economic Impacts  
o f  A l t e r n a t i v e  Remedial Act ions  f o r  t h e  V i t ro  T a i l i n g s ,  N i l e  Eatmon, Utah 
S t a t e  D i v i s i o n  of Community Development,  March 21, 1983. The report  s t a t e s  
t h a t  d i r e c t  emplqment  i n  t h e  area w i l l  g e n e r a t e  an  a d d i t i o n a l  1 .6  jobs per 
d i r e c t  employee i n  t h e  l o c a l  economy. T h i s  s t a t i s t i c  is a t t r i b u t e d  t o  t h e  
S t a t e  ,Planning C o o r d i n a t o r ' s  O f f i c e ,  S t a t e  of Utah, 1983. Applying t h e  f a c t o r  
o f  1 . 6  t o  d i r e c t  enployment of 271 r e s u l t s  i n  a f i g u r e  for i n d i r e c t  employment 
of a p p r o x i m a t e l y  4 3 4  jobs. That  is, development o f  t h e  proposed  i n d u s t r i a l  
p a r k  w i l l  r e s u l t  i n  t h e  i n d i r e c t  employment of 434 p e r s o n s  w i t h i n  t h e  :egion. 
Direct and i n d i r e c t  employment impacts w i l l  t o t a l  7 0 5  j o b s .  

1-45 000816 



0 
1.9 PUBLIC REVENUES 

This section will delineate the pubriic fiscal consequences of the 
prowsed industrial park in terms of property taxes, sales taxes, income 
taxes, business licenses, water sales, and sewer service charses. It should 
be rioted that' the estimates set forth in this section are estinates of revenue 
and, therefore, do not reflect incremental capital or operatir;g costs 
occasioned by the development of the proposed industrial park. 
in t5is  section is in 1983 dollars. 

The analysis 

1.9.1 Property taxes 

The estimate of property taxes attributable to the proposed industrial 
park is based on the following assumptions. 

The industrial park will be 22.5 acres. This is based on a range of 
20-to-25 acres provided by. the General Manager of Lke C'VwW. 

The building-to-land coverage ratio will be 0.35. TSis is based on 
data in the City's Master Plan Phase 11 as described in Section IX, 
Employment. 

Construction costs will be $32.00 a square foot. This is based on 
an estimated construction cost of $32.00 per square foot, which 
appears in Economic Impacts of Alternative Remedial Actions for the 
Vitro Tailings, Nile Eatmon, Utah State Department of Community 
Development, March 21, 1983. 

The mill levy in tax district 14B is 81.21. This was the 1982 mill 
levy for tax district 14B. 
tax district 14B are set forth below, in mills. 

The components of the 1982 mill levy for 

Salt Lake County General Fund 
South Salt Lake City 
Granite School District 
County Library Fund 
Salt Lake County Water Conservancy District 
Salt Lake County Mosquito District 
Salt Lake City Water and Sewer District 
Central Utah Water Conservancy District 
Hansen Planetat ium 
Hoqle Zoo 

Total 

17.42 
6.25 
45.25 
3.35 
2.00 
0.18 
4.16 
2.00 
0.20 
0.40 
81.21 
- 

The roll-back figure, which is used to convert currenc market value to 
1978 market values, is 0.69. This figure was used by the Salt Lake 
County Assessor's Office to convert 1982 market values to 1978 market 
values. This is done because assessments in Utah are currently based 
on 1978 market values. 
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- The commercial/industrial assessment will be 20.0 percent of t h e  1978 
fair maruet value. The current (as of January 1, 1983) 
commercial/industrial assessment is 20.0 percent of the 1978 fair 
market value. 

Table 1-10 details the calculation of the esiimated property taxes 
attributable to the proposed industrial park. 

Table 1-10, Vitro tailings site proposed industrial park 
estimated property tax revenues 

1983 dollars 

(1) Land 

22.5 acres @ $78,400 per acre 

I 

$ 1,764,000 . 

(2) Improvement 

22.5 acres assuming a building-to-land 
coverage ratio of 0.35 and a construction 
cost of $32.00 per square foot . $10,977,120 

(3) Total Market Value 

$12,741,120 (1) + (2) 

(4) Assessed Valuation 

Assumes a roll-back figure of 0.69 and 
an assessment of 20.0 percent of the 1978 
fair market value $ 1,758,275 

(5) Mill Levy 81.21 

(6) Estimated Property Tax Revenues 

(4) x (5~10'~) $ 142,790 

\ 
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1.9.2 Other public revenues 

Sales tax revenues are assumed to be zero. This is because an industrial 
park, which caters to warehousing and distribution activities, would not 
generate sales subject to sales taxes. 

State and federal income tax revenues, as well as corporate income tax 
revenues, were estimated based on assumptions set forth in Economic Impacts of 
Alternative Remedial Actions for the Vitro Tailings, Nile Eatmon, Utah State 
Division of Community Development, March 21, 1983. 
forth below. 

These assumptions are set 

The average annual salary of each direct and indirect employee is 
$14,313. 

State individual income tax revenue is three percent of total 
salary. This figure is 'sourced to Statistical Abstract State o f  
Utah, Bureau of Economic and Business Research, 1983. - 
Federal individual income tax revenue is 11.0 percent of total 
salary. The source is the same as above. 

Corporate earnings are Six percent of total gross salaries. 
source is the same as above. 

The 

Corporate income tax revenues are 48.0 percent of earnings. 

.... 
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Table 1-11 below, sets forth details with regard to the calculation of 
estimated income tax revenues arising from the development of the proposed 
industrial park. 

Table 1-11. Vitro tailings site proposed industrial park 
estimated income tax revenue 

1983 dollars 

-~ 

Individual Income Tax Revenues 

Empioyment: a. Direct 
b. Indirect 
c. Total 

Average Annual Income 

Total Wages 

(1.c.) x (2) 

State Individual Income Tax Revenue 

(3) x 0.03 

Federal Individual Income Tax Revenue 

(3) x 0.11 , 

Corporate Income Tax Revenues 

(6) Corporate Earnings 

(3) x 0.06 

(7) Corporate Income Tax 

(6) x 0.48 

(8) Total Income Tax Revenues 

( 4 )  + ( 5 )  + (7) 

271 ’ 
434 
705 

14 , 313 $ 

$10,090,665 

$ 302,720 

$ 1,109,973 

$ 605,440 

$ 290,611 

, .i 
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Revenues from bus iness  l i c e n s e s  a r e  es t imated  assuming an  average  l i c e n s e  
fee of $275 and 29 bus inesses  o p e r a t i n g  i n  t he  proposed i n d u s t r i a l  park.  
T h e s e  e s t i m a t e s  were conta ined  i n  a October 8 ,  1982,  l e t t e r  from Richard D. 
Chong of Richard D. Chong and Assoc ia t e s  to  Jonnalyne Walker, Community 
S e r v i c e s  Coordina tor ,  C i t y  of South  S a l t  Lake .  On t h e  bas i s  of t h i s  
in format ion ,  revenues from bus iness  l i c e n s e s  are  estimated a t  $7,975 per yea r .  

. 

The estimates of revenues from water  sales and sewer s e r v i c e  cha rges  also 
are based on d a t a  se t  f o r t h  i n  Richard D. Chong's October 8,  1 9 8 2 ,  l e t t e r  to 
Jonnalyne Walker. Water sales  revenues a r e  es t imated  assuming an  average  
annual  water b i l l  of $240 and 29 bus inesses .  Sewer s e r v i c e  revenues are  
estimated assuming an average annual  b i l l  of $150 and 29 bus inesses .  This 
corresponds  t o  water sales revenues of $6,960 per  year  and sewer s e r v i c e  
revenues of $4,350 per  year .  

I 

J 
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1.10 CONCLUSIONS 

I n  t h i s  s e c t i o n  c o n c l u s i o n s  r e g a r d i n g  t h e  deve lopment  p o t e n t i a l  of 
CVWRF's 3300 South  f r o n t a g e  p r o p e r t y ,  a s  well a s  a n  e s t i m a t e  of t h e  gross 
economic b e n e f i t s  t h a t  might r e s u l t  from t h e  proposed  p r o j e c t  a re  p r e s e n t e d .  
The develogment  p o t e n t i a l  w i l l  be d e l i n e a t e d  i n  terms of z o n i n g ,  Master  P l a n ,  
l a n d  u s e  and demographic c o n s i d e r a t i o n s .  The c o n c l u s i o n s  a l so  w i l l  a d d r e s s  
h i s t o r i c  d a t a  on c o n s t r u c t i o n  permit a c t i v i t y .  The  p o t e n t i a l  economic 
b e n e f i t s  t o  t h e  r e g i o n  w i l l  be developed  based on e s t i m a t e d  p r o p e r t y  v a l u e s ,  
direct and i n d i r e c t  employment i m p a c t s ,  and p r o j e c t e d  p u b l i c  f i s c a l  revenues .  

1 .10.1 Development p o t e n t i a l  

1.10.1.1 Zoning 

The 3300 South  f r o n t a g e  p o r t i o n  of t h e  V i t r o  s i t e  is c u r r e n t l y  zoned 
B u s i n e s s  ( A ) .  T h i s  zoning d e s i g n a t i o n  is i n c o n s i s t e n t  w i t h  an i n d u s t r i a l  
p a r k ,  as w e l l  a s  a munic ipa l  solid waste-to-energy f a c i l i t y .  However, most of 
t h e  p e r m i t t e d  uses (e.g., o f f i c e s ,  r e s t a u r a n t s ,  r e t a i l )  a p p e a r  t o  be  
i n c o n s i s t e n t  w i t h  a d j a c e n t  l a n d  uses (e .g .  , W ' s  waste-water t r e a t m e n t  
f a c i l i t y ,  au tomobi le  j u n k  y a r d ) .  T h e r e f o r e ,  i t  is a n t i c i p a t e d  t h a t  t h e  
p r o p e r t y  could be rezoned t o  accommodate CvwRp's p r o p o s e d  i n d u s t r i a l  park.  

1.10.1.2 Master P l a n  

The C i t y ' s  Master P lan  emphas izes  South S a l t  L a k e ' s  d e f i c i e n c i e s  i n  te rms  
of  a t t r a c t i n g  commercial, r e t a i l ,  and o f f i c e  development .  T h i s  is a t t r i b u t e d  
t o  t h e  C i t y ' s  d e c l i n i n g  p o p u l a t i o n  and its modest p u r c h a s i n g  power. 
Master P l a n  a l s o  n o t e s  t h a t  t h e  area 's  mixed l a n d  use  is i n c o n s i s t e n t  w i t h  

Lake a s  a l o c a t i o n  f o r  f i r m s  s e e k i n g  l a r g e ,  p l a i n  b u i l d i n g s  i n  a non-pres t ige  
area. I t  a l s o  c h a r a c t e r i z e s  t h e  C i t y  a s  be ing  i n  a good p o s i t i o n  with r e g a r d  
t o  'heavy commerce" (e.g., a u t o m o b i l e s ,  l a r g e  a p p l i a n c e s )  and warehouse and 
d i s t r i b u t i o n  a c t i v i t i e s .  F i n a l l y ,  t h e  Master P l a n  n o t e s  t h a t  a d d i t i o n a l  
o p e r a t i n g  costs w i l l  be i n c u r r e d  by t h e  C i t y  a s  t h e  r e s u l t  of any commercial  
and i n d u s t r i a l  growth. 

The 0. 
; : o t h e r ,  more h i g h l y  va lued ,  l a n d  uses. The Master P l a n  i d e n t i f i e s  South S a l t  
i- : 

1.10.1.3 Land u s e  

C u r r e n t  and projected l a n d  u s e  d a t a  i d e n t i f y  t r a f f i c  zone 329,  which 
i n c l u d e s  C e n t r a l  V a l l e y ' s  3300 South  f r o n t a g e  p r o p e r t y ,  a s  a l i k e l y  a r e a  f o r  
i n d u s t r i a l  development.  P r o j e c t i o n s  of l a n d  u s e  c o n v e r s i o n  developed  by t h e  
Wasatch F r o n t  Regional  Counci l  e s t i m a t e  t h a t  i n d u s t r i a l  l a n d  u s e  i n  t r a f f i c  
zone 329 will i n c r e a s e  10.9 a c r e s  per y e a r  between 1980 and 1995. T h i s  
c o r r e s p o n d s  to  more than h a l f  of t h e  a n n u a l  a v e r a g e  i n c r e a s e  i n  i n d u s t i i a l  
l a n d  u s e  p r o j e c t e d  f o r  the s i x - t r a f f i c - z o n e  a n a l y s i s  a r e a  d u r i n g  t h i s  p e r i o d .  

The C i t y ' s  Master P lan  c o n t a i n s  estimates o f  t h e  a n n u a l  a b s o r p t i o n  of  
v a c a n t  i n d u s t r i a l  land.  These d a t a  p r o j e c t  an a n n u a l  a v e r a g e  a b s o r p t i o n  of 
between 1 0 . 6  ( l o w  e s t i m a t e )  and 1 4 . 9  ( h i g h  e s t i m a t e )  acres p e r  y e a r  becween 
1980 and 1990 for  t r a f f i c  zone 329. T h i s  c o r r e s p o n d s  t o  a p p r o x i m a t e l y  70.0 
p e r c e n t  of t h e  a n n u a l  average  a b s o r p t i o n  p r o j e c t e d  f o r  t h e  e n t i r e  C i t y  c u r i n g  
t h i s  t i m e  p e r i o d .  0 

1 - 5 3  (bo0822 



1.10.1.4 Construction permit a c z i v i t y  

Construction of the proposed industrial park w i l l  r e s u l t  i n  construction 
permits w i t h  a combined valuation of approximately $8.4 mill ion (1983 

. d o l l a r s ) .  For selected years between 1970 and 1982, the t o t a l  valuation of 
commercial construction permits issued ranged between $2.1 million and $ 6 . 3  
million per year, excluding the CJWRF expansion. This means that the 
temporary industrial park proposed by CVWRF would have a permit valuation 
sreater than the t o t a l  commercial and industrial  construction a c t i v i t y  during 
any year for which data were provided since 1970. 

I. 10.1.5 Demographics 

Recent growth (1970-1980) i n  the six-traffic-zone a n a l y s i s  area has 
favored employment ( 1 6 7 . 1  percent) and commercial floor space (41.9 p e r c e n t ) .  
However, for the period 1980-1995, growth is  projected for population (91.1 
percent) and the number of dwelling units (129.9 percent),  as  well as 
employment ( 3 4 . 4  percent) and commercial floor space (215.4 percent, excluding 
t r a f f i c  zone 328). 

Projections for the period 1980-1995 indicate a decl ine i n  the average 
annual rate of growth i n  employment from 10.3 percent (the h i s t o r i c  average 
for the period 1970-1980) to 2.0 percent. I n  addition, approximately 70.0 
percent of the projected growth i n  commercial floor space i s  expected t o  take 
place in the unincorporated portion of the six-traffic-zone analysis  area. 

1.10.2 Economic benefits 

1.10.2.1 Property value 

The estimated 1983 market value of CVWRF's 3300 South frontage property 
is  $78,400 per acre. 
be i m e d i a t e l y  developed as a temporary industrial park. 
developed based on the following considerations. 

T h i s  is based on the assumption that  the property could 
T h i s  estimate was 

A 1973 Appraisal Report prepared by Edward P .  Westra for S a l t  Lake 
C i t y  Suburban Sanitation District 'No. 1. This report concluded that 
the 3300 South frontage property had a 1973 market value of $22,500 
t o  $25,000 per acre, based on the assumption t h a t  the property was 
a v a i l a b l e  for imediate  industrial  development. T h i s  corresponds t o  
a 1983 market value of $69,900 to 977,600 per acre based on an 
annual market appreciation rate for vacant industrial  property i n  
the area of 12.0 percent. 
supplied by the Chairman of the Board of CVWRF. 

T h i s  market appreciation rate  was 

I n  1983 an Appraisal Report was prepared by the S a l t  Lake County 
Assessor's Land Department. T h i s  report concluded that,  based on 
development as an industrial park, the property i n  the v i c i n i t y  of 
3300 South and 900 West had a 1982 market value of $40,000 to 
$70,000 per acre. Based on the assumption that vacant industrial  
property appreciates a t  12.0 percent per year, t h i s  corresponds t o  a 
1983 market value of S42,400 to $74,200 per acre. 
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Based on discussions with a local real estate developer, the 3300 
South frontage property has a 1983 market value of 53-75 per square 
foot (5163,350 per acre) if developed as a location for an office 
building and $1.25 per square foot ($54,450 per acre) if developed 
for warehousing and distribution activities. The presence of 
CVWRF's waste-water treatment facility, as well as other adjacent 
properties (e.g., junkyard), was thought to preclude the development 
of office space on the land. 

A 22.71-acre parcel at the northwest corner of 3300 South and 900 
West is being offered for sale by the Utah State Retirement Fund for  
$1,978,495 or $87,120 per acre. This property is comparable to the 
3300 South frontage property. However, it is not adjacent to 
CVWRF ' s was te-wa ter treatmen t facility . 
In 1981, CVWRF purchased most of the 3300 South frontage property 
from Richards-Moench for $62,500 per acre. Based on statements made 
by "WRF's General Manager, this property was purchased with the 
understanding that it would be immediately cleaned up by the Federal 
government, which would allow (3vwRF to use the property. Per 
CVWRF's approved Master Plan, the intended use of the property is, 

I in part, the development of a temporary industrial park. Adjusted 
-. Y for the local market appreciation rate for vacant industrial 
7 1 .  -. property provided by the Chairman of the Board of CVWRF, this 
,.-. e+"..- . corresponds to a 1983 market value of $78,400 per acre. This is the 

price (ad)usted to 1983 dollars) which CVWRF paid for the 3300 South 
frontage property under the assumption that it would be cleaned up 
by the Federal government and available for development as a 
temporary industrial park (ire., the 1983 market value). 

I- 

0. 
. *  
/ 

-.-* -. 1.10.2.2 Employment impacts 
- .  - .-"_ 

The estimate of direct employment attributable to the development of the ..-. . ,. . 
proposed temporary industrial park is based on the following assumptions. 

A 22.5-acre (980,100 square feet) industrial park. 

A building-to-land coverage ratio of 0.35. 

1,265 square feet of building per employee for warehousing and 
distribution activities. 

This results in an estimate for direct employment of 271 jobs. 

The estimate of indirect employment assumes that each direct job created . 

by the proposed industrial park will result in 1.6 indirect jobs in the local 
economy. This corresponds to an indirect employment impact of approximately 
434 jobs. It should be noted that the local economy refers to a geographic 
area considerably larqer than South Salt Lake. This is because the 
communities in which the indirect employment impacts will be felt depend on 
the geographic distribution of the residences of the 271 direct employees. 
the extent that the geographic distribution includes all of Salt L a k e  County, 

To 

0 
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t h e  economic b e n e f i t s  i n  t e r n s  of en3loyment and,  t h e r e f o r e ,  p r i v a t e  s e c t o r  
income w i l l  be wide ly  d i spe r sed .  

1.10.2.3 P u b l i c  f i s c a l  revenues 

Based on t h e  fo l lowinq  assumptions,  p rope r ty  t a x  revenues  a r e  e s t i m a t e d  
a t  $142,800 a yea r .  

Land v a l u e  of $78,400 per a c r e -  

. A 22.5 acre i n d u s t z i a l  park w i t h  a bu i ld ing- to- land  coverage r a t i o  
of 0 -35. 

Cons t ruc t ion  c o s t s  of $32 . O O  per square  f o o t  (1983 1 .  

A ro l l -back  f i g u r e  of 0.69 (1983 market v a l u e  t o  1978 market v a l u e ) .  

A m i l l  l e v y  of 81.21. 

Based on t h e  fo l lowing  assumption, sa les  tax reven'ues w i l l  be zero .  

An i n d u s t r i a l  park c a t e r i n g  t o  warehousing and d i s t r i b u t i o n  
a c t i v i t i e s  w i l l  n o t  have any taxable s a l e s .  

Based on t h e  fo l lowing  assumptions,  income t ax  revenues  w i l l  be 
$1,703,000 per  year .  

Average annual  wages of $14,313 f o r  d i r e c t  and i n d i r e c t  jobs .  
'- 

S t a t e  income tax  is 3.0 pe rcen t  of t o t a l  wages. 

F e d e r a l  income tax is 11.0 pe rcen t  of t o t a l  wages. 

Corpora t e  e a r n i n g s  are 6 pe rcen t  of t o t a l  wages. 

Corpora t e  income tax is 48.0 percent .  

Based on t h e  fo l lowing  assumptions,  annual  revenues  from b u s i n e s s  
l i c e n s e s ,  water f e e s  and sewer charges  w i l l  b e  $8,000, $7 ,000  and $ 4 , 4 0 0 ,  
r e s p e c t i v e l y .  

. 29 b u s i n e s s e s  i n  t h e  i n d u s t r i a l  park.  

Average water b i l l  of $246/year. 

Average b u s i n e s s  l i c e n s e  fee of $275/year.  

' Average sewer charge of $150/year. 

'Based on t h e  fo l lowing  assumptions,  a f t e r - t a x  wages w i l l  be $8,678,000 
per year .  

Average annual  waaes of $14,313 f o r  d i rect  and i n d i r e c t  j obs .  
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271 direct jobs. 
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434 indirecz jobs. 

State and Feteral income taxes are 3.0 percent and 11.0 percent of 
total wages, respectively. 

0 
After-tax corporate profits of the companies providing the 705 jobs will 

be $290,600 per year based on the following assumption. 

Annual corporate earnings are six percent of total wages. 

The corporate tax rate is 48.0 percent. 

Based on the follcwing assumptions, rental income from the industrial 
park will be $176,400 per year. 

A 22.5 acre industrial park. 

A market value of $78,400 per acre. 

An annual rental rate per acre equal to 10.0 percent of the market . .  
value per acre. - ., 

- _  
Table 1-12 summarizes the estimated annual economic benefits. Total .-. c. 

public revenues are estimated to be $1,865,000 per year, total after-tax 
private sector benefits are estimated to be $8,993,000 and annual rental 

. -.-. 

payments to CVWRF are estimated to be $176,000. 
..... 

Table 1-12 clearly illustrates that the majority of the economic benefits 
are a function of after-tax private sector income. The geographic 
distribution of this benefit is dependent upon the geographic distribution of 
the direct employees. Therefore, it was not distributed between the City of 
South Salt Lake and the rest of Salt Lake County. In addition, the estimate 
of economic benefits associated with the proposed industrial park is not 
dependent upon estimated land values. This is because only two components of 
estimated economic benefits are directly related to property values. 
property taxes estimated at 8143,000 per year and rental payments to CVWRF 
estimated at $176,000 per year. 

-* 

They are 

Finally, construczion expenditures for the proposed industrial park. are 
estimated at approximately $11.0 million (see Table 1-10, Line 2). It is 
estimated that each dollar invested in the proposed industrial park will 
result in $1..40 of additional economic activity due to the multiplier effect. 
(See Economic Impacts of Alternative Remedial Actions for the Vitro Tailings, 
Utah State Division of Community Development, Nile Eatmon, March 21, 1983.) 
This corresponds to an estimated $15.4 million in additional economic activity 
due to the construction of CVwRF's temporary industrial park. The geographic 
distribution of this activity will depend on the geographic disrribution of 
the conszruction employee's residences, as well as the geographic distribution 
of construction material purchases. 

Finally, construction of an industrial park on an alternate portion of 
@the Vitro site or on a comparable vicinity property could mitigate the 

ptential loss of all of the economic benefits estimated above. 
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Table 1-12. Vitro t a i l i n g s  s i t e  proposed industrial park 
summary of annual benefits 

1983 dollars 
(000) 

Benefit 

South S a l t  
S a l t  Lake 
Lake County T o t a l  

Public Revenues 

Property Taxes 
Sales Taxes 
Income Taxes 
Business Licenses 
Water Fees 
Sewer Service Charges 

11 
0 
1) 
8 
7 
4 - 

13 2 1 4 3  
0 
1) 1,703 
0 8 
0 7 

4 0 

-- 

- - 
$132 $ 1 , 8 6 5  - S 30 - Subtotal 

After-Tax Wages 1) 1) S 8 ,678 

After-Tax Corporate P r o f i t s  

Rental Income 

Total 

$315 

176 

0 3 15 

0 176 

$132 $11,034 - $521 - 

1) Depends on geographic distribution of d i r e c t  employees. 
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Richarc E. Johns,  J r . ,  M.D. 
Divis ion  of Znvironmental Heal th  

Ken Fdkema 
Bureau of A i r  Q u a l i t y ,  Bren t  C. Bradford 
Bureau of P u b l i c  Water S u p p l i e s ,  Gayle J. Smith 
Bureau of Radiat ion C o n t r o l ,  D a r r e l l  Warren 
Bureau of S a n i t a t i o n ,  Mervin R. Reid 

Bureau cf Sol id  and-Hazardous Waste'Management 

Bureau GF Uranium Mill T a i l i n g s  Management 

Bureau of Water P o l l u t i o n  Con t ro l  

Dale D. Parker 

Larr:.' F. Anderson 

Calvin K. Sudweeks 

Department of Natura l  Resources  
Temple Reynolds 
Div is ion  of S ta t e  Lands and F o r e s t r y  

Donald G. P r ince  
Water Research Laboratory 

C h r i s  Daffy 

Department of P u b l i c  S a f e t y  
Larry E. Lunnen 

Department of Transpor t a t ion  
LeGrand Jones  
Robert A. Chaney 
W i l l i a m  Hurley 

Geologica l  and Mineral  Survey 
Genevieve Atvood 

Science Advisory Council 
James Brophy 
B a r t e l l  Jensen 
Randy Moon 
Gareth Welch 

S t a t e  Clear inq  House 
B r e c k  Cook 

Arizona Radiat ion 3egula tory  Agency 
Richard' B l a n t m  

Colorado Departme?: of Health 
A . 3 .  Hazle 
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Commonwealth of 2ennsylvania 
Bureau.of Radiation Protection, Thomas M. Gerusky 

Idaho Department of Health and Welfare 
Robert Funderourg 

Navajo Environmental Protection Administration 
Louise Linkin 

New Mexico Department of Health and Environment 
Thomas E. Buhl 

North Dakota Departnent of Health 
Dana K. Mount 

Oregon Department of Energy 
Lynn Prank 

Texas Department of Aealth 
Edgar D. Bailey ' 

Wyoming Department of Environmental Quality 
Lyle Randen 

Local Agencies 

Central Valley Water Reclamation Facility- Board 

Salt 

Salt 

Rodney Dah1 ( 2 )  

Lake City-County Health Department 
Harry L. Gibbons, M.D.,  M.P.B. 
Jeff V. Throckmorton 

Lake County Administrative Services 
Gregg Goodwin 

Tooele County Building and Zoning 
Joe Urbanik 

Tooele County Human Services 
Gary Dalton 

Uranium Mill Tailings Task Force 
Robert Immitt 
Richard Wells 

Wasatch Front Range Council 
Ed Blaney 
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Oraaniza t i o n s  

b n v i r o n m i n t a l  Action,  Inc. 

Environmental Defense Fund 

* Friends o f  the Ear'th 

League of  Women Voters 

National  Audubon S o c i e t y  

National  W i l d l i f e  Federation 

Natural  Resources Defense Council ,  Inc. 

New Mexico Mining Association 

S i e r r a  Club 

Southwest Research and Information Center 
Paul Robinson 

Two R i v e r s  C i t i z e n s  Association 

L i b r a r i e s  

\:;eedom o f  I n f o r m t i o n  Reading Room 
U . S .  DeparLnent of Energy 
Washington, D.C. 

S a l t  Lake County Library 
2 0 9  East 4 0 0  S o u t h ,  S a l t  Lake C i t y ,  UT 

S a l t  Lake County Library 
2 4 8 0  South S t a t e ,  S a l t  Lake C i t y ,  UT 

Tooele P u b l i c  Library 
Tooele,  UT 

Br igham Young University  
Harold B, Lee Library 

U n i v e r s i t y  of U t a h  Library O f f i c e  
S a l t  Lake C i t y ,  UT 

Utah S t a t e  U n i v e r s i t y  Library O f f i c e  
Logan, UT 

Weber S t a t e  Colleqe Library O f f i c e  
Ogden, UT 0 

r' 
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Albuquerque Operations Office 
U.S. Department of Ener5y 
Albuquerque, NM 

Chicago Operations Office 
U,S.  Department of Energy 
Argonne, IL 

Idaho Operations Office 
U.S. Department of Energy 
Idaho Falls, ID 

Nevada Operations Office 
U.S. Department of Energy 
Las Vegas, NM 

Oak Ridge Operations Off ice 
U.S. Department of Energy 
Oak Ridge, TN 

Richland Operations Off ice 
U . S .  Department of Energy 
Richland, WA 

Savannah River Operations Office 
U.S. Department of Energy 
Aiken, SC 

Energy Resource Center 
U.S. Department of Energy 
Oakland , CA . ,  -,- 

Regional Energy/Environment Center 
Denver Public Library 
Denver, CO 

Individuals 

Vivian Abele 
Sherry Adderly 
Carl S. Anderson 
Eldon R. Anderson 
Jerron Atkin 
Jim Baker 
Howard Berkes 
Devan Berrett 
Nancy Bloyer 
Jack Bratcher 
Alvin Britton 
J. Keith Brown 
George Bourne 

, 
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Margare t  Caspe: 
Brenda Chamberlain 
Dennis C h r i s t e n s e n  

O G o l d a  C h r i s t e n s e n  
~ a u r  i e  Chr i s t e n s e n  
Mary C h r i s t e n s e n  
Joyce C h r i s t i a c s e n  
Robert W. Church 
J. H. Coffman 
T. Truman Cope 
Monroe C o t t e n  
K a r l  C. Dean 
P .  M. DeDycker 
John  C. Dempsey 
John F. Doherty 
D r .  German Dominguez 
David K. Doughe:ty 
D. L. Durler 
Michael  R. hnbley  
Vira  C l a i r e  Eme:ick 
F r a n c e s  F a r l e y  
Joe Ferrill 
Dane F i n e r f r o c k  
Ed Firmaqe 
Anthony F i s c h i o  
H. P a u l  Fr iesema 
A 1  Gedicks  
Kevin G r i f f  i n  
':mira Hamdy 
,4abel E. Hancock 
Floyd Garn Hatch 
Milo Higley  
U d e l l  H i l l  
B l a i n e  N. Howarl 
J an ice  Huffman 
Ed J a c k s o n  
Ann E. J o c h e n s  
Tosh Kano 
W. F. Kirk 

0 

' Walter  K i s i e l e s k i  
Margare t  P. Lee 
B. L i t z l o w e r  
C u s t e r  L. Lynn 
Ron Mace 
Dr. S idney  Mark  
2. M. McElf i sh ,  
E l s i e  A. Lynn 
C l a u d i a  Miller 
Con Montgomery 
Dcscin J .  Moody 
E a n e t t  Moore 

Jr. 

i .' , 

i 
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George Morrison 
Pamela Nerry-Libby 
Thelda Nix 
Robert F. Overmeyer 
Sandy Peck 
S t a n l e y  P e r k e s  
M. John P i l n e y  
Oren Probert 
A .  R i c h a r d s  
R x h  R i c h a r d s  
J a c k  Ri t te r  
C h a r l i e  Roberts 
B e r n i c e  R u s s e l l  
Henry W. Rus t  
Doug S a y e r s  
Carl A. Seibert  
Vee J. Sharp 
John Spear 
A l l a n  R. S t a k e r  
Zelpha Sweat 
Bever ly  T o m e  

Norman Van Wagoner 
< , Volney Wallace 

L e s l i e  Wattier 
S t a n l e y  R. Weyland 
J u n e  Wickham 
J i m  Woolf 
Harvey Wright  
Ruth H. Y a t e s  
Fred E. Yost 

. Susie  Vader 
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