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GEOLOGY OF SITE

The geology of the Feed Materials Production Center (FNPC)
site has been influenced strongly by the glaciers which extended
into the area. According to geologists, the Miami niver Valley
was once occupied by a much larger stream than the present day
Miami River. This larger streum eroded the bedrock to a depth of
more than 200 feet below the present surface of the ground. As
the glaciers retreated, the deeply eroded valley was filled with
a glacial train consisting of sand, gravel; and clay. Since the
glacial periods, the Miami River has cut into the glaclial deposits
and formed the Miami Valley.

Test borings through the earth formations underlying the FMPC
site reveal that the sand, gravel, and clay are deposited in a
very irregular manner, sometimes appeuring =s small lenses of a
single material and at other places as mixtures of two or more of
the constituents., Figure 1 depicts a somewhat idealized vertical °
section along a north-south line through the plant,

OCCURRLNCE UF GRUUMD WATER

The physical characteristics of the sand and gruvel deposits
in the Miami Vclley in the Ross area have given rise to ground
water resources which are of tremendous potential econcmic vclue,
At the oresent time, only limited use is being made of the ground
water in the vicinity of the FMPC but increased industrial use will
undoubtedly be experienced in the next decade.

Test borings for foundation design, well drilling, and waste
pit excavations within the ccnfines of the FMPC have demonstrated
the existence of muny ground water systems. Some of these ground
vaters are gquite locclized and result mairnly from infiltruted pre-
cipitation being tr«pped by an underlying impervious layer of cl.y-
There are two major water bearing formations (aquifers) in the FMLPC
site; cne is a sand and gravel layer approxiz:tely 50 feet in thick-
ress, the top of which is about 80 to 90 feet below the ground sur-
face; the second, uand most important, is & sand und gravel formation
rore than 70 feet in thickness which is found atout 140 feet elow
the ground surface. (See Figure 1i;) ' '

NOTE: Ground water is defined as all water celiow the ground supfaié:
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These two formations are separated by a layer of impervious
blue clay of consideruble areal extent. The blue c¢clay formaution
is sufficiently impervious in the lmmediate plant area to cause
the water contained in the deep formation to be under a consid-
eruble hydrostatic head (artesian system). The water contained
in the shallow aquifer apparently represents the normal water
table (water at atmospheric pressure) for the area and as such
is dependent on locul rainfall for replenishment. The formations
near the ground surface are composed of sand and gravel mixed with
varying amounts of clay. For the most part, these surface materials
(10 to 20 feet in thickness) contain emough clay to prevent the
rapid infiltration of precipitation. The shallow aguifer, there-
fore, probably would not support a sustained high rate of pumping
or withdrawal of water.

The deep aquifer (artesian in the FMPC site) undoubtedly is
supplied with water from a much larger recharge area than is the
shallow aquifer. It may also contain water which has been ac-
cumulating for a long period of time. The precipitation pattern
and the surfuce formation characteristics in the plant site, there-
fore, will not affect the water producing ability of the deep
aquifer to any great extent.

GROUND WATER MOVEMENT

In general, ground water moves from a source to a point of
discharge. JSince water contained in sand and gruavel deposits
must move through the interstices between the particles, the rate
of flow is dependent on the number and size of the openings (voids)
between the particles comprising the formation and on the driving
force (head or slope of the piezometric surface), In most in-
stances, the velocity of underground flow is relatively low,

Ground water under normal atmospheric pressure usually will
have sufficient head to induce flcw, wnd the direction of flow
often coincides with the surface slope for the area,

Ground water under a head grezter than atmospheric (artesian
systex) follows the outlines of the bottom of the confining (im-
pervious) formation and the dirdction of flow need not follow the
naturasl slope of the ground surface. Many artesian waters do not
find a« point of discharge, hence wauter in these agquifers is often
the result of accumulations extending over thousunds of years.

When wells are drilled into & water bearing formation and
Water is withdrawn by pumping, the direction of flow in the vi-
cinity of the wells (this may be many miles in extent) is more
or less radizl and is governed to a large extent oy the elevutiocon
of the free water surface in the well or wells being pumped. Thus,
while the undisturbed or normal flow pattern is-'in a given direction,
this pattern can be changed drastically by the introduction of wells.
even miles away.



- o ———— e

~ _accidental spills from vehicles, surface wash from scrap heaps,
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SOURCES OF GRCUND WATER PCLLUTION

The possibilities for contaminating the ground water with
the various chemicals used in the FMPC are many and varied. They
include the waste disposal system, surface wash from storage pads,
"leaks in pipelines and storage tanks, fallout, and flooding of
facilities during periods of heavy precipitation. Process liquids
and water soluble solids which are discharged on the ground surface
can be carried down into the shallow aquifer by infiltrating pre-
cipitation or other surface water. The clay contained in the upper
10 to 20 feet of earth in the plant area tends to make this material
rather impervious and the downward movement of water and soluble
contaminants will be relatively slow. Nevertheless, this is one
avenue by which appreciable amounts of chemical contaminants can
enter the ground water over extended periods of plant operution if
such contaminants are allowed to accumulate on the surface of the
ground in the plant area. The underground agricultural drainage
system (tile system), which is located a few feet below the surface,
and the gravel filled trenches of the newly constructed water supply
system also can transport and spread local contaminants over much of
the plant site.

When chemical substances come into contact with certain earth
materials there is a tendency for the contaminants to be retained
through the process of ion exchange. It 1s not known if the sub-
surface formations in the FMPC will effectively remove the types
of pollutants that might be carried by infiltrating water. Even
if such removal is effective initially, prolonged application of
contaminants eventually will overcome the ion exchange capacity of

the sub-surface formation and the pollutants then will move - through» -

the earth materials relatively unaffecteds — -~~~ - ~— -~

‘The waste disposal pits form the most serious potential ground
water pollution problem. These pits, excavuated to a depth of ap-
proximately 25 feet, extend below the somewhat impervious surface
layers, and in some of these pit excavations lenses or deposits of
pure sand and gravel were encountered. The bottom and sides of
these pits were sealed 1n1tially with a layer of clay but there is
no assurance that the seal is still completely continuous and water
tight. The inside walls of Pit #3 show evidence of considerabple
"slipping"” or "spalling™ and it is likely that some of the clay
liner on the sidewalls has been destroyed., If this is the case,
pronounced seepage may occur when the water level in the pit rises
above these "slip" zones.

The so-called mMry'waste pits likewise are a potential socurce
of ground water pollution. While the materials deposited in these
"dry™ pits are usually in solid form, water from direct reinfall,
surface runoff, eqguipment washing, and jguite likely some ground
Nater accumulates in the depression and dissclves the more soluble
chemical compounds contained in the residues. In a more indirect
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manner, therefore, thendry waste disposal pits can become a source
of ground water pollution in the sSame way as indicated for Pit

No, 3.
POLLUTANTS OF PRIMARY CONCERN

While there are many materials employed in the FMPC operation, =

the ones of principal concern from a ground water pollution stand-
point are: the uranium and thorium products and their accompanying
radioactivity; chlorides; nitrates; and fluorides. Of these, the
chlorides, nitrates, and fluorides are the most likely contaminants.
Chlorides and nitrates are present in the wastes in high concentra-
tions (in the 1,000's of parts per million by weight). The chlor-
ides and nitrates are extremely soluble and the fluorides relatively
soluble, The uranium products are only slightly soluble and as

such are probably of secondary significance in a consideration of
ground water pollution in the area.

The thorium residues stored in drums on a concrete storage pad
pose the most serious threat in terms of radiocactive materials. As
long as the drums are intact and no spillage occurs, the thorium -
presents no particular hazard. It was observed, however, that
many of the storage containers have deteriorated to a point where
the contents are spillling out onto and over the edges of the pad.
Redrumming operations are required from time to time., Rain-water
and surface runoff from the pad can carry exposed thorium residues
into the surface drainage system from whence it may gain entrance
into the sub-surface waters,

The K-65 Area and the concrete trench leading to it form
another important source of potential radioactive contamination
for the ground water. LeaKage from the concrete storage tanks may
ultimately find its way into ground water either directly through
the drain tile or by backing up into the trench. In both instances
this material is exposed to direct rainfall, sub-surface seepage,
and at times to surface runoff.

PROBASLE RESULTS OF POLLUTION OF THE GRCOUND #ATER

1, If pollution of the ground water by chemicals from the plant
should occur the cost and difficulty of treating the water
to make it suitaeble for use will be greatly increased even
though the degree of pollution is small.

2 If the concentration of contaminants should become excessive
it is possible that the water from the production wells could
not be treated to render it suitable for plant use.,

3o Welils other than those owned by the Government can be rendered
unfit for use, thereby creating serious legal and public re-
lations problems,
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4, The ground water in the entire area can be rendered unusable
for a very long period of time because the contaminants can
only be removed by eliminating the source and then removing
all of the polluted water from the aquifers. This would be
a gigantic task if pollution accumulated for a long period
of time before it was discovered.

“ SPECIAL FIELD STUDIES TO EVALUATE GROUND WATER POLLUTION POTENTIAL

During the summer and autumn of 1960, a special study was
carried out for the purpose of evaluating the ground water pol-
lution potential in the FMPC site, The investigation included:

a series of pumping tests on the production wells; chemical analy-
ses of water samples withdrawn from the production wells, from
Test Wells Nos. 1 and 5, and from the well at the old Administra-
tion Building (See Figure 2); a visual inspection of the entire
plant site with particular attention being given to the leak from
waste Disposal Pit #3 into Faddy's Run Creek; a field survey of
Paddy's Run Creek and analyses of samples collected therefrom;

the collection and analyses of approximately 100 soil samples

from the plant area; and a detailed study of the analysis of water
samples collected over a two year period from excavations and storm
sewers in the plant. No consideration was given to the methods of
waste treatment and disposal or to the effects of FMPC wastes on
the Miami River water yuality because these items warrant detailed
studies which are beyond the scope of the present investigation.

The pumping tests were carried out over a period of three
weeks at pumping rates of 1.5, 2.75 and 3.85 million gallons
daily for weeks one, two and three respectively. An additional
test was made on Well #2 in which the well was pumped at a rate
of 420 gallons per minute for several hours, followed by a rate
of 1100 gallons per minute for an additionul period of time. The
main objective in performing these pumping tests was to determine
the probable productivity of the deep aquifer and the area of in-
fluence of the pumping wells.

The pumping tests indicate that the three productiorn wells
are capable of delivering only a small fraction of the water
available in the deep aquifer. ;The main limitation on the three
production wells is the fact that only the bottom 20 feet of the
casing of each well is perforated whereas the wells extend through
the aquifer which is at least 70 feet in thickness. The amount
of water that can be withdrawn therefore 1s controlled by the
perforated area of the casing rather than by the hydraulic char-
acteristics of the aquifer.

Drawdown measurements taken in the thrée production wells
at the maximum possible pumping rate show that the area of in-
fluence is guite limited. (Tables I and II).
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SPECIAL PUMPING TESTS COF MAIN PRODUCTION WELLS

DISTANCE FRQM TOP OF CASING TO WATER SURFACE
DATE TIME PUMPING RATES GFM 014
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£ #2 #3 #  #2 _#3 1 Test 5 Test Adm. Bldg,

6-27-60 0830 -=- 890 -= B60¢5 1l14.5 60.5 63,7 == 69.6

1300 -- 1035 -= 8l.2 125.0 6l.5 64,1 -~ 69.8

2100 -~ 1030 ~= 60,3 124.0 60.3 64,0 -- 69¢5
6-28-80 0830 -~ 1035 -~ 60,8 124.2 681.3 83,8 -=- 69.8

1300 -~ 1035 -- 60.9 124.0 61,0 63.8 -~ 69.7

2100 -- 1040 -~ 68l.2 124.0 81.2 64.1 33,3 68.9
8.29-60 0830 -~ 1035 -- 60,9 123.3 61l.1 63.8 33.2 69.5

2100 -- 1040 --  61l.1 123.7 61l.1 64.3 33,3 68.9
8-30-60 0830 -- 1035 -~ 60,9 123.3 61l.1 63.8 33,2 69.7

2100 - 1035 - 6008 12208 61-1 6400 3303 6905
7- 1-60 0831 -- 1021 --  60.8 122.3 61l.1 63.9 33.3 69.6

2100 -- 1040 -- 60,9 122.8 60.8 63.9 33.3 69.5
7- 2-60 0830 -- 1040 -~ 6l.2 123.3 6l.3 64.2 33.3 69.6

2100 -- 1035 -- 61.3 123.0 60.8 63.8 33.3 69.4
- 3-60 0900 -- 1040 -- 60,8 123.5 61l.2 63.9 33.1° 69.7

2100 -- 1040 -~ 60,8 123.6 6l.3 64.0 33.3 69.7
'~ 4-60 0900 -- 1040 -~ 61l.6 124.6 61.5 63.9 33.2 69.5

2100 -- 1040 -~  6l.6 123.9 6l1.7 64.0 33,3 69,7
'- 5-60 0900 -- 1040 --  61l.3 124.5 6l.4 63.9 33.3 .. 69.9
/- 6-60 0900 808 10086 -~ 96,6 121.3 61.8 63.9 33,3 69,9
7- 7-60 0900 808 1006 -~ 96.6 121.0 62.8 64.3 33.4 70.5
'- 8-60 0900 800 1058 -- 96,0 119.8 61.9 64.3 33.3 69.7
'« 9=60 0900 == -==- -- 59,1 59.6 59.7 64.3 33.5 . 69.6
7-10-60 0900 850 1056 -- 94,8 114.6 61.7 64,0 33.3 69.3
"-11-60 1300 850 1068 700 96.3 117.0 105.0 64.0 33.3 69.5
'-12-60 0900 850 1068 700 96.5 117.7 106.4 64.2 33.3 69.5
n-13-60 0900 850 1068 700 -~ 96.4 117.9 106.8 64.1 33.3 69.4
n-14-60 0900 850 1068 700 96.7; 118,3 107.0 64.3 33.5 697
7-15-60 0900 850 1068 700 97.3 118.3 107.5 64.4 33.4 69.8
7-16-60 0900 850 1068 700 97.4 118.3 107.2 64.4 33.4 69,7
7-17-60 0900 B850 1068 750 97.5 118.3 107.4 64.5 33.4 69.9
7-18-60 0900 850 1068 750 97.4 118.3 107.6 64.4 33.3 70.0

1240 850 1068 750 97.4 118.3 107.5

1241 =--- 1068 750 68.9 118.3 107.5

1242 --- 1068 750 62.9 118.3 107.5

1245 --- 1068 750 60,4 118.3 107.5

1250 --- 1068 750 59.9 118.3 107.5

1300 --- 1068 -=-  --- 118.3 107.5

1308 -=- 1068 --=  =~-- 118.3 60.3

1325 -== 1068 -== === 118.3 ---~

1327 == --- ——— =a- 71,9 =--- - 8

1328 —e= === —— == 64,9 ===

1341 === === ——— —=- 5903 ===

1350 ———  ==- -——- ——- 5804 o=-



TABLE II1
SPECIAL PUMPING TEST ON WELL NO. 2

T TIME - PUMPING RATE _ DISTANCE FROM TOP CASING
gpm TO WATER SURFACE
#2 #2 Recording #1 Well
Well
0750 0 sgta2m S59%2n 595"
Start 0807 440 795" , 82'9" 80!
0810 440 79t'5n 62'9" 60"
0820 440 86! 6479" 60°
0830 420 874" 512" 80"
0840 420 g7's5" 65'2" 60"
0850 420 g7'5n 65'2% 60°*
0900 420 YARA 65°* 60'1"
0910 420 g7tan 85" 602"
0940 420 864" 65" 60'2"
1015 420 86'4" 64°'11" 60'2"
1115 420 8s' 64'11" 60'2"
1140 580 g2t 65'3" -
1144 636 105t7" 66° 81"
1154 1100 120° 67°'9" 61!
1204 1100 121° 69t11" 61"
1214 1100 1213° 709" 61%23"
1224 - 1100 121%' LARE-LE 614"
1234 1100 - 121%4"™ .. 713w -81'4"
1244 1100 121%4" S 71°3n 614"
1254 1100 121°%4" 71°3" 614"
1330 1100 121'3" 71%3n 61'4"
1400 1100 121°'3" 71t3" 61t4"n
1400 ore
1410 - 595" 61°8" 608"
1420 -- 59ta2n 60rg" 600"
1430 - Recovered 60° 59°'5n
1445 - Recovered Recovered Recovered
REMARKS

The disgance from #2 production well to #2 recording well
is 243°. T

Base elevations of #1 and #2 wells are: 1-578.66
: 2-579.16
#3-579.36

Date of Test 8/22/60



The static water level in the production wells and in the
well at the 01d Administration Building are approximately the
same thereby indicating that the deep and shallow aquifers are
interconnected, Chemical analyses of water samples from both
deep and shallow wells indicate that the deep and shallow ground
water are of the same general composition, a further indication
of direct interchange between the two systems (Table III). It
is quite possible that the layer of blue clay separating the two
water bearing formations is in places discontinuous thereby per-
mitting water to flow from one aquifer to the other. Since the
two aquifers are undoubtedly interconnected, any accumulation of
pollutants in the shallow ground water can in turn contuminate
the plant water supply.

In the PMPC plant site, the water in the shallow formation
appears to be flowing in a south-easterly direction toward the
Miami River. The static water levels in Test Wells Nos. 2, 3, 4,
and S5 located on the west side of the waste disposal area are
higher than the water level in Test Well No. 1 on the east side
of the waste disposal area. This difference in elevation indicates
that the shallow ground water in the vicinity of the waste disposal
pits is moving from Paddy's Run toward the main production wells
(Table IV and Figure 3).

The data listed in Table III and Table V prove conclusively
that there is some leakage from Pit #3 into Test Well #5. While
the amount of leakage is undoubtedly small, it is nevertheless
moving in the general direction of the production wells,

It can be argued that even though pollution is entering the
shallow aquifer, the velocity of flow will be so low, because of
the limited area-of -influence of the main wells, that it will take
many years for it to reach the production wells. While this con-
cept is undoubtedly true, the fact remains that if pollution does
reach the main wells many years of pumping will be required to
eliminate the accumulated contaminants even if the source of pol-
lution can be blocked.,

The inspection of the production area revealed many potential
sources of surface contamination, with the chemicals used in pro-
cessing reactor fuel elements. The points of major concern are:
the overflow of liquids from process areas, tanks, and sumps onto
gravel courtyards or into the storm drainage system; wash water and
storm water from concrete storage pads; spillage of solids from
vehicles and from storage pads; and exposed surplus and scrap
materials stored in certain areas. While it is not known what

loss of chemicals occurs from these sources, samples of water taken .

from various excavations on the FMPC site show a high concentration
of chlorides, nitrates, fluorides and uranium, (Table VI}. As in-
dicated in an earlier section of this report, the agricultural
drain tile and the water system trenches can transport contaminants
from one part of the plant over much of the plant area thereby in-

10
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TABLE 1V

STATIC WATER LEVELS IN TEST WELLS
DRILLED INTO THE SHALLOW AQUIFER

TEST WELL ~ ELEVATION FEBET
ABCVE SEA LEVEL

Ne. 1 520429

Ne. 2 521.00

Fo. 3 521.31

Ne. 4 521.42

No. 5 521, 20

0l1d Adm. Bldg. 518.94

12



ELEVATION IN FEET ABOVE SEA LEVEL

585

515

565

5855

5k

535
525

515

- 488

#2 #3 F U #5
SBALLOW TEST WELLS NFAR WASTE DISPOSAL AREA

FIGURE 3: VERTICAL SECTION THROUGH TEST WELLS
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TABLE VI

ANALYSIS OF MISCELLANEQUS WATER SAMPLES
COLLECTED ON FMPC SITE

488

NO3 c1= r 1]
DATE SAMPLE LOCATION pPpm ppm ppm ppm
9/22/60 Storm Sewer Line from Tech. Lab., 1328 1217 38 8.9
.9/ 3/60 Rlevated Tower Trench 66 25 0.5 8.0
9/28/60 Fire Line Trench - 28 0.5 5.5
10/28/60 Fire Line Trench - 490 3.0 1.3
10/30/60 Ditch N. of Pit #3 1.0 22 1.2 1.1
8/24/60 Puddle North Side of Plant #8 443 8125 56 41.5
6/26/60 MH-123 from Plant #8 7 100 23 2.0
6/29/60 Surface Water from Plant #8 20 188 ) 8.5
7/17/60 Overflow from Slop Tank Plant #8 490 66,400 2,500 14
7/20/60 Water into MH-23 1230 330 280 9.5
7/15/60 New Elevated Tower Excavation 19 81 15 1.3
7/18/60 Retaining Wall East of Tank Farm - 88 10,000 275
6/29/60 Ground W. of Pit #5 5 27 4.8 12
7/23/60 MH East of Plant 4 18 10 (70
7/18/60 Hole at A and 2nd Sts. 2.2 - 5.4 18.5
8/ 3/60 Catch Basin-Storm Sewer Outfall 18 62 8.6 9.9
7/21/60 Test Hole-N Tech. Lab. 1 17 2.3 6.5
1/26/60 Waste Line from Pilot Plant - 340 - 84.5
2/ 5/60 TWater from Storage Pad 16 8 4.5 4.9
2/ 5/60 Water from Storage Pad 16 16.5 3.5 6.9
2/18/60 Drainage Ditch by #5 Test Well 51 1600 9.8 0.32
2/18/60 Plant ;EBLine Break at #l1 Test wWell 498 19,000 170 56.5
4/11/60 To Storm Sewer from Tank Farm Sump 293 9250 85 0.65
4/13/60 To Storm Sewer from Tank Farm Sump 24 1500 800 1.55
5/ 6/60 Hole Tech. Lab Court Yard 27 22 8 3.5
6/ 8/60 Excavation for Pit # 14 30 12.4 120
1/22/60 To CB-93 from Garden Hose 11 150 2.8 4.75
1/28/60 Water to Storm Sewer from Plant #8 11 110 8.3 3.95
1/28/60 To Storm Sewer from Plant #6 . 2 5000 - _30.3
1/29/60 Thick Fluid at MH-117 i, 18 33 240 86,750
1/31/60 Leakage from Tank No, F3E7 5977 82 49 144
2/ 7/60 Water at MH-166 8245 63 7.3 12.4
2/26/59 Overflow from K-65 Trench 1107 - - 29.1
4/ 8/59 Ground Water in Ditch at K-65 1273 - 7.4 16.7
6/11/59 Excavation W. of Plant #1 0.59 - 1.2 2.14
8/22/59 Creek Behind Pilot Plant 1107 - - 22.3
11/ 4/59 Surface Water to MH Plant #8 60 37 9.8 - o8
11/ 4/59 From Pit at R R Track 102 40 5.6 837
11/19/59 To Storm Sewer at General Sump 184 21,000 2220 32
12/11/59 Barrel Loading Pad-B Street 22 6 1.5 25.2
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creasing the possibility of a ground water pollution hazard.

In September 1960, a limited survey was made of the reach
of Paddy's Ran Creek from the New Haven bridge below the plant
to the head of the stream. At the time of the inspection, the
section of Paddy's Run Creek from the waste disposal area to a
- point below the Willey Road bridge was completely dry. There was =
a limited flow in the creek above the waste disposal area and also
below the Willey Road bridge. Samples of water were collected at
several points and analyzed for chlorides, fluorides, nitrates,
radium, uranium and radiocactivity. The results of the analyses
indicated little change in chemical constituents of the water of
Paddy's Run Creek between the upper and lower reaches sampled

(Table VII).

There was a small amount of waste seeping through the stream
bank just west of Pit #3. While the chloride and nitrate content
of this waste was high (See Sample #5, Table VII) the gquantity
was so small that it did not affect appreciably the quality of
Paddy's Run water. Since the September study, the leak into
Paddy's Run has stopped almost completely. It is not known if
solids accumulating in Pit #3 have blocked the seepage or if the
wastes leaking from the pit are finding another outlet.

Since there was visual evidence of chemical contamination
of the ground surface at various points in the plant site, a
detailed soill sampling study was made, The entire production and
K-85 areas were divided into blocks approximately 200 feet square.
The east-west and north-south coordinate lines of the plant area
formed boundaries of the blocks and the corners of the blocks
were used as soil sampling points. By selecting the sampling
points on a uniform basis for the entire plant without regard to
the location of individual process areas it is believed that the
results obtained are unbiased. The main disadvantage to this
method of selecting sampling points was the fact that some of
them were inaccessible or else the point fell on a paved area.
In the event that a sampling point fell so close to an individual
process operation that abnormal results might have been obtalned,
the sample was not taken.

The sampling method consisted of driving a special soil
sempler into the ground approximately 12® and withdrawing a core.
A section was cut lengthwise from each core and pulverized before
being sent to the laboratory for analysis. The data obtained
from the soll study (Table VIII) show a wide variation in total
uranium content from area to area in the plant. The high con-
centrations of total uranium are somewhat locslized in certain
process areas and along roadways. In general, the samples taken
from the production area are higher in total uranium than those
from the K-65 area (Figure 4).

16
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TABLE VII
ANALYSES OF WATER AND ALGAR
SAMPLES COLLECTED FR0OM PADDY'S RUN CREEK
CI>Y  F- ROz~ ALFHA "BETA
uug/ml d/m/ml 4/m/ml

*P.R. Bridge N of State 15 0.14 nd 0.113 0.021 0.20 0.09
Route 126
P.R. Bridge on State 15 038 nd 0005 0023 018 002
Route 126
Tributary to P.R. (} mi. 10 14 8 « 093 .012 « 07 04
S of Sample 2) '
100 ft. N of Spur Line 11.5 12 0.4 « 064 .021 .02 nd
Bridge
Waste leakage from pro- 1415 - .07 1948 - 090 12 e16
Ject (just below Spur
Line Bridge)
P.R. at point just above 13 .14 0.4 .024 .012 .01 <06
Waste Pits
Point Jjust above leak 15 « 28 0.6 012 014 14 nd
from Waste Pit to P.R.
Point below leak frem 13 +20 1.4 036 20 .19 008
Waste Pit ’ 1
Upstream from ford S 23 1.0 0.4 «088 2.4 3.73 7.69
of Willey Bridge
Tributary between Willey 75 nd** 0.6 .022 «006 nd .02
Road and New Haven Bridge
Bffluent from Virginia 27.5 «06 0.4 . 078 .018 nd «03
Carolina Chemical Plant ;
New Haven Bridge 265 nd* 1.3 nd «040 .11 .14
Sample of Algae at New 1.0 mg Uranium/sample
Haven Bridge
S of New Haven Bridge 9 .06 0.3 _nd .13 .19 .12
Bridge N of By Pass 50 230 «70 0.3 «003 .019 .02 « 06
Sample of Algae at Bridge 0.38 mg Uranium/sample
N of By Pass 50
Date of Sampling: September 13, 1960
* P.R. (Paddy‘’s Run) 17

** nd (non-detectable)



SANPLE LOCATION COORDINATES

FLUORIDE AND URANIUM CONTENT OF
SOIL SAMPLES FRQM FMPC SITE
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FLUORIDE SOLUBLE TOTAL
ppm ¥ URANIUM URANIUM

ppm U  ppm U

S3100 - ES400 50 0.33 22

5200 33 45 89

5000 40 40 59

4830 33 «63 21

S3090 - E4600 28 « 30 42

4400 30 30 11

4200 125 e 32 -19

4000 130 2.0 31

3800 78 -V 34

3600 58 « 90 44

3400 60 .08 11

5230 108 2.4 26

S2900 -~ E4800 113 «16 39

4600 83 «10 27

4200 80 «21 15

3750 45 «28 40

S2890 - 3300 240 12.8 345

S2700 - E5400 (Surface Sample) 173 1.5 90

5200 103 e 36 241

S2700 - E4800 125 «31 90

4320 198 .44 1086

4000 165 «12 20

3700 125 «60 31

S2500 - E5400 123 « 06 21

5200 75 .09 53

52420 - 4930 65 <11 49

4800 148 0 96 30

4600 48 44 119

3340 113 022 19

S2300 - E5450 25 «15 39

52330 - ES280 190 3.6 450

4960 85 &4 o4

2280 - 4810 123 6.0 18

4600 55 «32 210

3400 178 1.5 44

5200 28 3.6 690

4970 138 «40 70

4800 28 .18 290

4600 38 e 32 130

S1900 - E5400 108 5.2 g0

5200 165 2e9d 150

1960 - 5000 - - 163 2,0 190

1960 - 4800 48 +16 208
S1950 - E4600 98 2.4 379
1850 - 3420 78 «16 -

S1700 - E5400 85 016 22

5200 150 2.0 13

1750 -_ 4150 108 «60 =44

3330 - 2.8 147

18
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TABLE VIII (Cont'd)
SIXPLE LUCATIUON CUOORDINATES FLUCRIDE SOLUBLE TOTAL
ppm ¥  URANIUM URANIUM
ppm U ppm U
51500 - B5400 185 2.2 31
5200 , 155 . 52 60
4800 70 2.0 89
4600 95 .44 34
4400 175 1.6 43
4150 158 « 36 40
3500 85 2.0 80
3330 85 .11 22
81300 - B5400 155 1.3 27
5000 145 «80 22
4800 143 +68 34
S1300 - E4600 - 206 0.36 23
4150 63 «08 16
3520 133 .32 83
3400 58 4.8 I8
S1100 - E5400 70 1.0 19
5200 138 l.4 39
4930 228 3.2 - .
4800 35 032 3l
4600 95 .16 22
4400 (Wet) 33 1.1 80
4150 258 .14 29
3520 115 .21 149
3400 183 036 19
S 900 - E4800 55 .18 44
4600 113 +56 139
4400. - 140 6.8 149
920 - 4000 4080 85 .68 29
3800 23 .09 290
3400 3520 65 1.2 129
S 800 - E3300 83 0.16 12
51000 - E2900 78 .09 80
S1200 - E3300 160 .28 50
S1400 - E2900 103 .03 - 70
S1200 - E2400 . 45 <44 47
S1400 - E2100 (50' from Test Well #1) 270 .11 9
S1600 - B3300 188 .20 24
51800 - E2900 63 .92 11
51600 - E2500 140 eld 7
51800 - E2100 75 «06 7
S1600 - E1700 225 .12 -1
52000 - E3300 190 .20 9
52200 - E2900 250 el3 37
52000 -~ E2500 35 .20 14
$2200 - E2100. —~ - 163 .32 12
S2000 - E1700 98 014 16
52400 - E3300 165 048 35
S2400 - E2500 73 .28 10
S2400 - E1700 140 + 36 21
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The fluorides likewise show variation from point to point
but there does not appear to be a significant difference between

the Production and K-65 areas.

The soluble uranium contained in the soil samples is simply
the residual that was not removed by infiltrating precipitation
and surface runoff and as such 1s indicative only of the fact
that process materials can be dissolved and carried into the
ground water. The high fluoride, nitrate, chloride and uranium
levels found in the seepage water in ditches and excavations
also support this conclusion.

CONCLUSI ONS:

l. The pumping tests of the main production wells did not
cause a significant drawdown in the test wells or in
the well at the 0ld Administration Building. This in-
dicates that at the maximum pumping rates possible, the
area of influence of the production wells is quite
limited.

2. The deep aquifer can supply considerably more water than
can be withdrawn from the present wells.

3. The static water levels in the deep wells and in the
shallow wells are approximately the same thereby in-
dicating that the deep and shallow aquifers are inter-
connected.

4. Analyses of samples from the deep and shallow wells show
that the chemical content i1s essentially the same; a
further indication of a direct interchange of water
between the two aquifers. Contamination . reaching the
shallow ground water therefore can be carried into the
deep aquifer.

5. The water in the shallow aquifer is moving from Paddy's
Run Creek toward the production wells. This conclusion
is supported by the higher water levels in Test Wells
Nos. 2, 3, 4, and 5 as compared with Test Jell No. 1.

6. While the main production wells do not influence the
normal direction of ground water flow appreciably, ex-
cept in the immediate vicinity of the wells, the con-
struction of additional wells or increased withdrawal
from existing wells can cause a significant change in
the direction of ground water movement.

7. There is definitely some leakage from Pit #3 into #5
Test Well because the chloride and nitrate content of
samples from this well is much higher thun from other
wells in the plant.

21
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A small amount of seepage fram Pit #3 is entering Paddy's
Run Creek.
Analysis of water samples collected from trenches and

excavations throughout the plant site show that pro-
duction chemicals are finding their way into the sub-
“surface waters of the plant. ST e

The soill sample analyses gave evidence of rather wide-
spread surface contamination in the Production Area
and along some of the major roadways.

Rather high concentrations of chemicals accumulate at
times in the lower portion of the K-65 trench and in
the sump at the concrete storage silos in the K-65
area.

Surface runoff from the storage pads carries appreci-.
able concentrations of process materials onto the
ground surface and into the storm drainage system.

The quality of water in Paddy's Run Creek is not afr-
fected appreciably by the FMPC operations except
possibly during periods of heavy rainfall,

The wet and dry pits in the K-65 Area form the greatest
potential hazard from a ground water pollution stand-
point: and also with respect to potentizl pollution of
Paddy's Run Creek.

RECOMMENDATIONS: e R

It is specifically recommended that the following steps be
initiated immediately, to lessen the ground water pollution po-

tential in the FMPC plant area:

1.

Test fdell #1 should be extended to the bottom of the
shallow aquifer, but not through the blue clay layer
separating the two aquifers, and equipped with a suit-
able screen and pump to permit water to be withdrawn
at a rate of at least 100 gallons per minute.

Pumping tests on this well will give direct evidence

of leakage or non-leakage from the waste disposal pits.
If leakage is occurring, the contaminants from the pits
will be moved into Test Well #1 after a short period of
heavy pumping. In this manner, leaks can be detected
before appreciable quantities of ground water have been
polluted.

If a leak is found, then it will be absolutely necessary

to seal the leak or to contain the leakage within the

)
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waste disposal area by intercepting the contaminants be-
low the bottom of the pits before they can reach the
shallow ground water.

After Test Well #1 is operative, the well should be pumped
continuously at the maximum rate possible for a period of
three days. Drawdown measurements must be taken at 10-
minute intervals until no further drop in water level is
observed; thereafter, the water level should be checked
every eight hours for the duration of the pumping test.
Water samples are to be collected at 2-hour intervals and
analyzed immediately for chlorides, and as soon as pos-
sible for nitrates, fluorides and uranium. Drawdown mea-
surements are to be made in Test Well #5 and in the old
Administration Building Well at 2-hour intervals during
the pumping test on Test Well #l1.

Subseguent tests should be made on Test Well #1 in June and
October of each year. These pumping tests will be carried
out under the direct supervision of the Health and Safety
Division and the Engineering Division,

The waste disposal pits should be protected from surface
runoff by the construction of clay dikes around the peri-
meter of the pits. The dikes should be high enough to

keep surface water from the surrounding area out of the

pits. In the event that the dry waste pit is covered,

the cover should be made of clay which is thick enough

and compacted sufficiently well to be impervious. The

clay cover and dikes should be inspected thoroughly every
month so that any necessary repairs or revisions can be

made without delay.s R R

A drain line should be installed to carry any accumulated
liquids from the dry pits into Pit #3. This drain line
must be kept above the high water level in Pit #3 so that
backflow does not occur.

All areas where chemicals are used and stored, or where
there is a possibility of process chemicals being spilled,
should be paved and curbed to prevent surface water from
flowing over the areas and also to contain materials which
are spllled accidentally. These paved and curbed areas
should be provided with drains which discharge into re-
covery sumps which in turn discharge into Pit #3. Under no
circumstances should process chemicals be discharged into
the storm sewerage system, accidentally or otherwise,

When agricultural drain tiles are encountered in excava-
tions, they should be reported to the Health and Safety
Division or to the Engineering Division so that appropri-
ate sealing procedures can be initiated.

23
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10.

11.

12,

Samples should be collected from all subsurface waters

encountered in excavations to determine the levels of
contamfmants present.

A soil sempling program as carried out in this invest-
igation should be performed annually to determine if a
build-up of surface contamination is occurring. It is
recommended that such sampling be done in late August or
early September,

Special attention should be given to the K-85 trench

to make sure that wastes do not accumulate therein.,

When wastes are found in this trench they must be pumped
to Pit #3 or back into the K-685 storage tanks.

The storm drainage system should be investigated thoroughly
to ascertain if it presents a possible pollution po-
tential for Paddy's Run Creek during periods of storm

flow. If it is found that Paddy's Run Creek might be
polluted through storm water discharged from the plant,
corrective measures should be carried out. Recommendation
No. 4 if carried out will reduce the chance of Paddy's

Run being contaminated through surface runoff from the
plant .

Continuous monitoring of Paddy's Run Creek in the vicinity
of the K-65 Area is necessary so thut leakage from the
waste disposal pits can be detected.

A comprehensive study of the sources, types, and quantities
of wastes produced in the FMPC area is-needed so that max-
imum recovery of materials can be achieved and so that the
various waste streams can be properly blended before going
to the waste treatment system. A study also should be made
of the waste treatment procedures to determine if more
appropriate methods can be developed. The basic reason

for this recommendation is to prolong the useful 1life of

the present waste pits, particularly Pit #3 because the
ground water pollution potential will increase as the number
of waste disposal pits incrfeases. It is imperative therefore
that the existing pits be used as long as they are capable
of providing the storage time and treatment necessary for
meeting effluent standards,

The actual amount of water discharged from Pit #3 to the
Miami River each day should be correlated directly with
river flow so that the amount of wastes retulned always
will be at an absolute minimum. In this way, reserve
storage will be avallable when waste discharge must be
curtailed because of low river flows.
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