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1.0 INTRODUCTION

1.1 Description of the Rocky Flats Plant

1.1.1 Location and Operator

The U.S. Department of Energy's Rocky Flats Plant is located
in north-central Colorado, northwest of the City of Denver
(Figure 1). The Plant is located in Sections 1 through 4
and 9 through 15 of T. 2 S., R. 70 W. The facility's EPA
identification number is C07890010526. The mailing address
is:

U.S. Department of Energy

Rocky Flats Plant

P.0O. Box 928
Golden, Colorado 80402

The facility contact is:

Alkert E. Whiteman, Area Manager
Phone: (303) 966-2025

The facility covers approximately 6,550 acres of federally
owned land in northern Jefferson County, Colorado, which is
centered at 105° 11' 30" west longitude, 39° 53t 30" north

latitude. The facility is approximately 16 miles northwest
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of Denver and nine to 12 miles from the neighboring
communities of Boulder, Broomfield, Golden and Arvada. It
is bounded on the north by State Highway 128, on the west by
a parcel of land east of State Highway 93, on the south by a
parcel of land north of State Highway 72 and on the east by
Jefferson County Highway 17. Access to the plant is from an
east access road exiting from Jefferson County Highway 17

and a west access road exiting from State Highway 93.

The facility is situated at an elevation of approximately
6,000 feet. It is on the eastern edge of a geological bench
known locally as Rocky Flats. The bench is approximately

five miles wide and flanks the eastern edge of the fcothills

of the Rocky Mountains.

1.1.2 Mission

The Rocky Flats Plant is a government-owned and contractor-
operated facility. It is part of a nationwide nuclear
weapons research, development and production complex
administered by the Albuquerque Operations Office of the

U.S. Department of Energy (DOE). The prime operating
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contractor for the Rocky Flats Plant is Aerospace Operations

of Rockwell International.

The facility produces metal components for nuclear weapons;
therefore, its product is directly related to national
defense. The facility fabricates components from plutonium,
uranium, beryllium and stainless steel. Other production
activities include chemical recovery and purification of
recyclable transuranic radionuclides, metal fabrication and
assembly and related quality control functions. Other
activities include research and development in metallurgy,
machining, non-destructive testing, coatings, remote
engineering, chemistry and physics. Parts made at the plant

are shipped elsewhere for final assembly (U.S. Department of

Energy, 1987a).

1.1.3 Brief History

Construction of the Rocky Flats Plant was approved by the
U.S. Government in 1951 as an addition to the nation's
nuclear weapons production complex. Operations began in
1952 under direction of the Atomic Energy Commission. The

original facility covered an area of approximately

2,520 acres (Figure 1).
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A buffer zone was added in 1974-1975 to enlarge the plant to
its present size of approximately 6,550 acres. The buffer
zone had been used for grazing cattle and horses and 1is
enclosed within a cattle fence which is posted with signs
indicating restricted access. Two office buildings, a
warehouse, firebreaks, holding ponds along three water
courses, environmental monitoring instrumentation, a
sanitary landfill area, a salvage yard, power lines,
inactive gravel pits, clay pits and two target ranges are
located in the buffer zone. Additionally, a former wind
energy test site now used as an office building and a Ground
Wave Emergency Network (GWEN) tower being installed by the

U.S. Air Force are located in the buffer zcne.

Major facility structures are located in a 400-acre
controlled area near the center of the property.
Production, research and development facilities at the plant
are located in the controlled area which contains
approximately 134 structures with a combined floor space of

approximately 2.67 million square feet.
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1.2 Description of the 207 Solar Evaporation Ponds

1.2.1 Construction History

The original solar evaporation pond consisted of a clay-
lined impoundment constructed in December 1953. Figure 2
shows the locations of the original solar pond as dashed
perimeter lines in the vicinity of existing Pond 207-C. The
bottom of this pond consisted of a rolled subgrade lined
with four inches of clay or silt. This clay-lined pond had
a maximum of two containments measuring 100 by 200 feet and
200 by 200 feet, respectively, and was operated until 1956
when its regular use was discontinued. However, one of the
two cells held liquids at least once since 1963 (Drawing
1-3398-207, Appendix 1). These ponds were entirely removed

in 1970 (Aerial Photographs, 1953 to 1986) when the existing

207-C pond was constructed.

Pond 207-A was placed in service in August 1956. The pond
was originally lined with asphalt planking, which is
believed to have been approximately half-inch thick. This
is the thickness of the asphalt planking originally used at
the 207-B ponds. Ponds 207-B North, Center and South were

placed in service in June 1960. These ponds were also
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originally lined with asphalt planking. Pond 207-C was
placed in service in December 1970. The original lining is

the existing lining.

Modifications to the ponds' linings have been made since the
original construction because of cracking and slumping of
the existing linings and leakage of pond contents.
Pond 207-A was relined in November 1963, when the asphalt
planking was replaced with asphaltic concrete. At this
time, the interior berm slopes of the pond were modified to
less steep slopes (1:3.7 as opposed to 1:2). The bottom
slope of the pond was also modified to slope to the
northeast corner of the pond. The bottom of this pond now
consists of a four-inch thick aggregate base course laid
over subgrade; over the base course is an asphalt prime coat
under 1 1/2 inches of asphalt concrete under an asphalt tack
coat under 1 1/2 inches of asphalt concrete under an asphalt

tack coat under a catalytically blown asphalt seal coat.

The 207-B ponds were relined shortly after being placed in
service. The asphalt planking was covered with asphaltic
concrete at 207-B South in November 1960, and at 207- B

North and Center in August 1961.
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During these repairs, four-inch diameter underdrains were
installed at the 207-B ponds. These underdrains were laid
so that any waste leaking through the asphaltic concrete
would be collected in these drains. These drains drain to
the east where any water is collected in a header pipe
daylighting at the northeast corner of the 207-B ponds (see
Figures 3 and 4). The location at which this pipe daylights
was provided with a sump and pump system (Sump #1) to return

the water to 207-B North in approximately 1974.

An unsuccessful attempt to fill cracks on the side walls
found at the 207~B ponds with mastic was made in April 1967.
The 207-B North pond side walls had cracks successfully
repaired with burlap and asphalt covering in November 1967.
In October 1968, the 207-B Center pond had side walls
successfully repaired with burlap and asphalt covering, and
an additional coat of asphalt was applied to 207-B North
pond. In September 1969 and October 1969, the side walls
were covered with burlap and asphalt in Ponds 207-B North
and 207-B Center, respectively. The side walls of 207-B
South were covered with burlap and asphalt in September
1970. The side walls of 207-B North and Center were covered
with Petro-mat and hydraulic sealant in October 1971. The

side walls and bottom of 207-B South and 207-B North were
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relined with Petro-mat and hydraulic sealant in October 1972

and September 1973, respectively.

In 1976, preliminary sludge removal work was conducted in
Pond 207-B South. This work was done in relation to
completely renovating the 207-B solar ponds. These ponds
had held process waste up to that time, but were now
intended for use related to the Reverse Osmosis (RO) Plant.
The 207-B ponds were to hold and evaporate treated sanitary
effluent prior to processing through the RO Plant, and also

to hold and evaporate RO Plant backwash.

In 1977, all of the 207-B ponds were cleaned of sludge which
was disposed off site. The Petro-mat linings of Ponds 207-B
South and 207-B Center were removed, bagged, cemented, and
disposed. 207-B North had a minimal amount of sludge, and
the Petro-mat lining was, therefore, not removed. All of
the 207-B ponds were relined, with Pond 207-B South
receiving a synthetic Hypalon liner of 45-mil thickness.
This pond was also provided with a leak detection system
between the Hypalon liner and the asphalt concrete liner.

Pond 207-C has not been relined.

12
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The liner of Pond 207-C consists of prepared subgrade with a
four-inch aggregate base course, an asphalt prime coat, 1
1/2 inches of asphalt concrete, an asphalt tack coat, 1 1/2
inches of asphalt concrete, an asphalt tack coat and a
surface of catalytically blown asphalt seal coat. This pond
is provided with a leak detection pipe as shown on Figures 5
and 6. The existing linings of the other four ponds
generally consists of asphaltic concrete, Petro-mat

(trademark), burlap and asphalt.

Six interceptor trenches and a "french drain" system
(Rockwell, 1983a and 1983b) have been constructed on the
hillside north of the solar ponds to prevent natural seepage
and pond leakage from entering North Walnut Creek. The six
interceptor trenches, shown on Figure 2, were constructed
north of the ponds in the 1970's. Trenches 1 and 2 were
installed in October 1971, Trench 3 in September 1972,
Trenches 4 and 5 in April 1974 and Trench 6 in July 1974
(Maas, 1986). Trench 5 drained by gravity to Trench 4.
Trench 4 pumped water to Trench 3, and Trench 3 returned the
water to Pond 207-A. Trenches 1 and 2 pumped water uphill
into Sumps 1 and 2, respectively. Sumps 1 and 2 were
intended to collect water blowing out of pipes in the area.

These pipes are further discussed below. These sumps then

13
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returned the water to Ponds 207-B North and 207-A4,

respectively.

The six trenches are no longer in operation. Operation of
these trenches ceased with the placing in service of the
current french drain system. Figure 7 shows a typical

trench and french drain cross-section (Maas, 1986).

The current french drain system, the location shown on
Figure 2, is currently in use. The drain system was
installed in the hillside north of the solar evaporation
ponds and became active in April 1981. At this time,
operation of the previous six trenches and two sumps was
discontinued. Figure 7 shows a typical cross-section of the
french drain system (Rockwell, 1983a). Rockwell, 1983a and
other solar pond design drawings are presented in
Appendix 1. The depth of the drains range from
approximately one to 27 feet below the ground surface with a

typical depth of four to 16 feet.

Ligquid collected in the system flows by gravity to the
interceptor trench pump house. The liquid from the pump
house 1is currently pumped to Pond 207-B North. The current

amount of intercepted seepage collected by the french drain

16
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system is estimated at approximately four million gallons
per year. The maximum amount of water collected in any one

week was 700,000 gallons in June, 1987 (Rockwell, 1988).

1.2.2 Past Use

The solar evaporation ponds were constructed primarily to
store and treat (by evaporation) low level radioactive
process wastes containing high nitrates and treated acidic
wastes containing aluminum hydroxide. During their use,
these ponds are known to have received additional wastes
such as sanitary sewage sludge, lithium metal, sodium
nitrate, ferric chloride, lithium chloride, sulfuric acid,
ammonium persulfates, hydrochloric acid, nitric acid,

hexavalent chromium and cyanide solutions.

Solvents and other organics have not been routinely
discharged to the ponds. It was felt that organics would
lead to algae growth which would diminish solar evaporation.
However, low concentrations of solvents may have been

present as a minor constituent in other agqueocus wastes.

As described in Section 1.2.1, the use of the 207-B solar

ponds changed in 1977. Up to that time, the three 207-B

18
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solar pond cells had held process waste. In 1977, after
preliminary work in 1976, the sludge of all the 207-B solar
ponds was removed. The liners of the 207-B Center and South
ponds were also removed and disposed off site. New liners
were laid in these ponds. The 207-B North pond, having
almost no sludge present, did not have the liner removed,
but had the existing liner repaired. These activities were
related to construction of the Reverse Osmosis (RO) facility
and the related plant water recycle activities. After the
1977 cleanout, the 207-B solar ponds have not contained
process waste. Since 1977 these ponds have held treated
sanitary effluent, treated water from the RO facility,
backwash (brine) from the RO facility, and contaminated
ground water pumped back to the solar ponds from the french
drain system. Ponds 207-B Center and South were sampled in
the summer of 1986 when they each held approximately eight
inches of ligquid and sediments. The waste most recently
stored in 207-B Center had been tertiary treated sanitary
effluent. In 192987, the 207-B Center and South ponds
received approximately one million gallons each of

intercepted seepage from the french drain system.

Pond 207-C was constructed to provide additional storage

capacity and to enable the transfer and storage of ligquids

19
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from the other ponds in order to perform repair work on

then.

1.2.3 Current Use

The following describes the current prevailing usage of the
solar ponds. During closure, water will be transferred from
pond to pond on an "as needed" basis. Pond 207-~A 1is
currently used for storage purposes only; the placement of
waste materials directly into this pond ceased in 1986. The
only ongoing activities are the evaporation of liquids being
held and the removal and solidification of pond sludge
(Rockwell, 1988). The current combined inventory of sludge

and water in Pond 207-A is approximately 28,050 gallons.

Ponds 207-B North, Center and South are used to store
intercepted seepage water collected by the french drain
system north of the ponds (Figure 2). The intercepted water
is pumped to Pond 207-B North from a pump house lcocated at
the northern end of the french drain system. The water is
periodically transferred from Pond 207-B North to Pond 207-B
Center. This water can also be placed in Pond 207-A, Pond

207-B South and Pond 207-C.

20
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Pond 207-C is currently used for emergencies and to store

and evaporate filtered liquid from Pond 207-A.

1.2.4 Size and Volume of Impoundments

Cross-sections through the solar ponds are shown on
Figure 8. The locations of the cross-sectlons are shown on
Figure 2. Historical drawings of the solar ponds are

presented in Appendix 1.

Pond 207-A is approximately 250 feet by 525 feet at the
crest. Pond 207-A and the other solar ponds are operated
with a minimum freeboard of two feet. When operating at its
maximum allowable level, the pond's liquid covers an area of
approximately 230 feet by 505 feet. This corresponds to a
surface area of approximately 116,200 sguare feet, or
2.7 acres. The maximum operating depth is approximately

7 1/2 feet (Rockwell, 1976 and Rockwell, 1977a).

Ponds 207-B North, Center and South are each approximately
180 feet by 253 feet at the crest. When operating at their
maximum allowable level, the ponds' liquids cover areas of
approximately 175 feet by 245 feet. This corresponds to

surface areas of approximately 42,900 square feet each, or

21
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0.98 acre. Ponds 207-B North and Center have maximum
operating depths of approximately 6 1/2 feet. Pond 207-B
South has a maximum operating depth of approximately

5 1/2 feet (Benson-Lord, 1927; Rockwell, 1976 and Rockwell,

1978a).

Pond 207-C is approximately 160 feet by 250 feet at the
crest. When operating at its maximum allowable level, the
pond's liquid covers an area of approximately 155 feet by
245 feet. This corresponds to a surface area of 38,000
square feet, or 0.87 acres. The pond has a depth of

approximately seven feet (Rockwell, 1976; Rockwell, 1977a

and Rockwell, 1978a).

The maximum operating volumes of Ponds 207-A, 207-B South
and 207-C are approximately 5.1, 1.5 and 1.3 million
gallons, respectively. The maximum operating volumes of
Ponds 207-B North and Center are approximately 1.7 million
gallons each. These maximum operating volumes given above
assume a two-foot freeboard. Calculations of the maximum
operating volumes of the ponds are presented in Appendix 2,

and provided by Rockwell, 1988.

23
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1.3 Maximum Waste Inventory

A closure plan must include "an estimate of the maximum
inventory of wastes in storage and in treatment at any time
during the life of the facility" [6 CCR 1007-3, Section
265.112(a)(2)]. The estimate of the maximum waste inventory
should "always be high enough to ensure that if an inspector
came onto the facility, the amount of wastes in storage as
well as the amount of liquid in the impoundments would not
exceed the estimate in the plan, assuming normal operating
conditions" (U.S. Environmental Protection Agency, 1981).
The intent of 6 CCR 1007-3, Section 265.112(a)(2), as
clarified by the U.S. Environmental Protection Agency, 1981,
and as applicable to this facility is to provide an estimate

of the maximum waste inventory from this date until closure.

1.3.1 Waste Inventory Volumes

The maximum waste inventory expected on site from this date
until closure, assuming normal operating conditions, 1is
shown on Table I. The wastes include liquids in all the
ponds, sludges in Pond 207-A, and sediments which have
accumulated in the remaining ponds. Maximum waste inventory

calculations are presented in Appendix 2.

24
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TABLE I
MAXIMUM WASTE INVENTORY ANTICIPATED
AT ANY TIME PRIOR TO CLOSURE

207-B 207-B 207-B
Waste 207-A North Center South 207-C
Liquias(®)  s5.05 1.55 1.55 1.40 1.15
(million
gallons)
Sludges appfo§. none none none none
(cubic 250 (R
yards)
Sediments none 750 750 720 745
(cubic
yards) (¢)
Notes:
(a) Maximum capacity estimates by Rockwell, 1988.
(b) Volume estimate includes potential sediments in Pond
207-A. Volume is based on dry sludge, i.e., does not

include pond liquid. Volume estimate by Rockwell,
1988.

(c) Volume estimates are based on visual estimates of a
depth of 8 inches of sediment across the bottons of the
ponds, and quantities by Rockwell, 1988.

Pond-crete is the solid material resulting from combining
Pond 207-A sludge with portland cement and calcium chloride.
The maximum amount of inside storage for curing of pond-
crete undergoing solidification is currently 240 boxes.
Each box holds approximately 15 cubic feet of pond-crete.
Prior to October 1986, the maximum amount of inside pond-
crete storage for solidification was 120 boxes. A new

building for the pond-creting facility was completed by
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October 1986 allowing this increase in solidification

storage capacity (Brady, 1986).

Solidified pond-crete is currently stored on-site. The
maximum amount of on-site storage for solidified pond-crete
is 26,906 boxes. Approximately 19,000 boxes of solidified
pond-crete are currently held on site. Further details of

this storage are discussed in Section 2.3.5.

Ponds 207-B Center and South and 207-C contain accumulations
of sediments. Additionally, Pond 207-B North is anticipated
to contain sediments. The sediments are apparently soil
particles which have been transported into the ponds by wind
and surface water runoff from the berm area (Shirk, 198s).
The composition of the sediments is presented in Appendix 6.
Based on the sampling and analyses results, the closure
schedule includes removal, treatment and disposal of
accumulated sediments using existing pond-creting methods.
The sediment volumes given in Table I are based on an
estimated eight inches of sediments observed in Ponds 207-B
Center and South when these ponds were almost empty of
liquids in the summer of 1986. Pond 207-B North was full of

liquid at the time, but is also anticipated to have eight

inches of sediment.
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1.3.2 Waste Inventory Composition

Since 1984, several indicator parameters were monitored on
weekly or quarterly bases in the solar ponds. Summaries of
the laboratory results are discussed below and presented on
Tables II and III at the end of this section. Detailed

laboratory results are presented in Appendices 3 and 4.

1.3.2.1 Analyses in 1984 and 1985

Quarterly analyses of Ponds 207-A and 207-C liguid included
PH, nitrates, cyanide, beryllium and radiochemical
parameters. Chemical and radiochemical analyses were

conducted on a sample of Pond 207-A sludge taken in May

1985.

Weekly analyses of Ponds 207-B North and Center ligquids
included pH, nitrates, gross alpha and gross beta. During
the period of weekly monitoring, samples for metals analyses
were collected twice from Ponds 207-B North and Center.
Separate summaries of each set of analyses are presented in

Appendix 3, Tables 3-I, 3-II, 3-III, and 3-IV.
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1.3.2.2 Analyses 1in 1986, 1987 and 1988

During April and May 1986, liguid and sludge in Pond 207-A
and liquid in Pond 207-B North were sampled and analyzed for
volatile organics, radionuclides, metals, phenols, RCRA
hazardous characteristics, hexavalent chromium and total
cyanide. A description of the sample codes and copies of
the laboratory data sheets are presented in Appendix 4 and

summarized in Tables 4-I and 4-II.

Acetone was found in three samples of Pond 207-A sludge,
ranging in concentration from 5 to 4,680 ug/kg. Acetone was
found in two of three laboratory blanks as well as the
samples. Tetrachloroethene (PCE) was found in two of three
samples of Pond 207-A sludge at 200 and 1,200 ug/kg; PCE in
the third sample was undetected. PCE was at 1,800 ug/kg
found in both 1laboratory blanks for the samples with
detectable concentrations. The levels of acetone and PCE in

the blanks cannot be determined from the available data.

Methylene chloride was found in a field blank at 71 ug/1 and
was found in three samples from Pond 207-B North liquid at
values ranging from 19 to 35 ug/l. Methylene chloride was

detected in all four 1laboratory blanks at unknown
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concentrations; however, the methylene chloride
concentration in the field blank indicates possible
laboratory contamination on the order of the sample

concentration levels.

Radiochemical analyses were conducted on samples of Pond
207-A liguid and sludge, and Pond 207-B North liguid in
April and May, 1986. Plutonium-239 and Americium-241 were
not identified in the Pond 207-B North ligquid. Storage ip
Pond 207-B North consists of water returned from the french

drain system north of the solar ponds.

Metals and phenols analyses were conducted on samples of
Pond 207-A liquid and sludge, and Pond 207-B North liguid in
April and May, 1986. The samples tested did not exhibit the
RCRA characteristics of ignitability, corrosivity or

reactivity. One sludge sample from Pond 207-A was EP toxic

for cadmiumn.

Hexavalent chromium and total cyanide were found in
Pond 207-A and Pond 207-B North liguids at values ranging
from below the detection limit to 0.02 mg/l and from 9.4 to

17 mg/l, respectively. Hexavalent chromium and total
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cyanide were found in a sample of Pond 207-A sludge at

0.01 mg/l and 6.5 ug/g, respectively.

Separate summaries of each set of analyses are presented in
Appendix 4, Tables 4-I and 4-I1I. The cumulative data from

the Appendix 4 tables was used in Tables II and III at the

end of this section.

Sporadic quarterly and weekly analyses of ligquids in Solar
Ponds 207-A, 207-B North and Center, and 207-C were taken
between August 1987 and June 1988. These results are

included in the summary of Table II. The data is presented

in Appendix 4.

Summary: Data from the solar pond liquid and sludge

analyses can be summarized as follows:

Pond 207-A: Although it is presently nearly empty and

cleaned of sludge, it used to contain high concentrations of
nitrate, metals, and radionuclides in the liquid which were
approximately two orders of magnitude higher than those in
Ponds 207-B North and Center. Specifically, Pond 207-A

ligquid was characterized by high levels of:

30



C07890010526 Date: July 1, 1988

Revision No: 2
Nitrates Metals Radionuclides
as Nitrogen Al, Aluminum Plutonium

Cr, Chromium Americium

Cu, Copper Uranium

Fe, Iron Tritium

K, Potassium
Na, Sodium
Ni, Nickel
Sn, Tin

Pond 207-A liquid was generally more contaminated than
Pond 207-C except for plutonium and americium. The liguid
had particularly high levels of chromium and nickel and a

slightly to very alkaline pH ranging from 8.3 to 11.0.

Pond 207-A sludge analyses showed high levels of nitrates,
metals and radionuclides similar to the pond ligquids. 1In
addition to the high analyte concentrations found in the
liquid, calcium and magnesium were also found in high
concentrations in the sludge. Radionuclides up to 14,000

pCi/g of gross alpha and 4,400 pCi/g of americium were

found.

Samples of the pond-crete, which are comprised of solidified
sludge from Pond 207-A, and the sludge from Pond 207-A, were

tested for organics February 1988. The test results,
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presented in Appendix 4, indicate scattered trace organics,
including:
Sample: Pond-crete
Acetone 10U-37 ug/kg
2-Butanone 10U-23 ug/kg
Tetrachloroethene 5U-26 ug/kg
Sample: Soil Matrix (sludge)
Fluoroanthene 161-1,683 ug/kg

di-n-Butyl Phthalate 330U-590 ug/kg
bis(2-ethylhexyl)Phthalate 330U-14,949 ug/kg

Organics are not a component of the process wastes and are
. not considered a characteristic constituent of the sludge.
It is difficult to draw any conclusions concerning organic
levels in the pond liquids due to limited data and high
detection 1limits, but the occasional identification of
organic compounds in the sludge indicates that organics may

be present at very low levels in the liquid.

Pond 207-B North and Center have generally low
concentrations of nitrates, metals and radionuclides.
Nitrate concentration in the pond liquids averaged 380 mg/l.

Metal concentrations in the pond liguids are at or below

drinking water standards.
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Gross alpha in the pond liquids averaged 104 pCi/l; however,
plutonium and americium were not detected in these two
ponds. Tritium was found in Pond 207-B North ranging fromn
1,200 (300) to 1,300 (300) pCi/l. Ponds 207-B North and

Center have a slightly to very alkaline pH ranging from 7.3
to 11.3.

Pond 207-C liquid contaminants are approximately two
orders of magnitude higher than those in Pond 207-B North
and Center for nitrate, metals and radionuclides. However,
Pond 207-C liquid is generally less contaminated than the
analyzed liquid in Pond 207-A, except for plutonium and
americium which are approximately ten times higher in Pond

207-C. The pond liguid has a slight to alkaline pH ranging

from 7.7 to 12.5.
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Revision No: 2

NOTES FOR TABLES II AND III

= Not Detected

Units as shown on data provided for sludge in
Pond 207-A

= Test result reference ranging from 1 to 10,
described below.

TEST RESULT REFERENCE NUMBER:

1

10

Summary of quarterly sampling 1984 and 1985, Appendix 3
Table 3-1I.

Summary of weekly sampling for Ponds 207-B North and
Center liquids, Appendix 3, Table 3-II.

Summary of two sets of metals analyses of Ponds 207-B
North and Center liquids, October 1984 and April 1985,
Appendix 3, Table 3-III.

Summary of radiochemical analyses, April and May 1986,
Appendix 4, Table 4-I.

Summary of metals and phenols testing, April and May,
1986, Appendix 3, Table 3-IV.

Summary of parameters monitored in Pond 207-A sludge in
May 1985, Appendix 4, Table 4-III

207-B Solar Pond North and Center quarterly metals
analysis, August 14, 1987, Lab No. E87-3918, Appendix 4

207-B Solar Pond North and Center quarterly metals

analysis, November 30, 1987, Lab No. E87-4254,
Appendix 4

207-A and 207-C Solar Pond quarterly analysis results
(ligquids), March 1987 to March 1988, Appendix 4

207-B Solar Pond weekly analysis results (liquids),
October 1987 to June 1988.
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1.4 Description of Auxiliary Equipment

The equipment regularly used in the Pond 207-A pond-creting
operation consists of a Mud Cat pumper with an agitator and
a pump on a pontoon supported raft. The pump pumps the
sludge from Pond 207-A into a 25,000-gallon steel Gardner
Denver/Stearns Roger thickener tank. A rake enclosed in the
base of the tank directs the sludge to a drain at the botton
of the tank. After the settling process, which takes about
ten to 12 hours, is completed, the liquid is decanted from
the tank back into Pond 207-A. The thickener is designed to
allow a continuous overflow passing over an adjustable weir
and flowing through a four-inch diameter pipe discharging

into Pond 207-A. The thickener is vented to the atmosphere.

The sludge is then pumped from the base of the tank by a
high pressure diaphragm slurry pump through rubber piping to
the back end of a steel "pug mill." A series of surge pins,
screw augers and paddle wheels lift and mix the sludge with
portland cement, which is fed in from an adjacent silo. The
mixed sludge and cement flows over a weir, through a chute

and into plastic lined boxes.
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To increase the capacity of the pond-crete production
operation, additional equipment was purchased in 1986. The
major pieces of additional equipment are a concrete mixer
truck and a front end loader. The concrete mixer truck (7.5
cubic yards, Boardman Model No. 805LD, 1980) receives a
transfer of four cubic yards of concentrated pond sludge
from the existing thickener. The sludge is transferred to
the mixer truck by an existing pump through a two-inch
diameter line at 25 gpm. Type I portland cement is then
pneumatically transferred to the mixer truck from a portable
cement silo with a pneumatic transfer system. The cement
and sludge is mixed by rotating the mixer. The mixture is
then discharged into a 2.5 cubic yard hopper mounted on a
concrete grout pump, which pumps the cement/sludge mixture

through the building wall and discharges it into boxes.

The front end loader is used to transfer sludge from the
bottom of Pond 207-A and dump it into a concrete pumper for
transfer to the thickener. The front end loader is also

used to move sludge from the shallow end of the pond to the

deep end.

The equipment used in the Pond 207-A pond-creting operation

will be used in other areas at the Rocky Flats Plant once
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closure of the solar ponds is completed. The pond-creting
facility is being permitted under the RCRA Part B Operating
Permit Applicaﬁion (U.S. Department of Energy, 1986a) and is
identified as Unit 48 in that document. The only auxiliary
equipment at the solar ponds requiring closure under the
RCRA Post-Closure Care Permit Application (U.S. Department
of Energy, 1986c) includes equipment at the solar ponds that
is not associated with the pond-creting operation. Solar
pond equipment not associated with the pond-creting facility
includes a portable pump to pump liguids from one pond to

another and the pontoon supported raft.

1.5 Final Closure Plan Summary

1.5.1 Closure Objectives

This closure plan has been prepared to meet the performance
standards of 6 CCR 1007-3, Section 265.111. The promulgated

standards require a facility must be closed in a manner

that:

. minimizes the need for further maintenance, and
. controls, minimizes or eliminates, to the extent

necessary to protect human health and the
environment, post-closure escape of hazardous
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waste, hazardous waste constituents, leachate,
contaminated rainfall, or waste decomposition
products to the ground or surface waters or to the
atmosphere.

1.5.2 Closure Plan

The activities necessary to complete closure and comply with
the ground-water corrective action requirements of 6 CCR
1007-3, Section 264 Subpart F are shown on the diagram in
Figure 9. Figure 2 shows the project boundary and indicates
the maximum extent of closure activities for the solar
evaporation ponds. The northern edge of the project
boundary is currently placed approximately 50 feet south of

North Walnut Creek, at approximately the downgradient edge

of the french drain system.

Solid Waste Management Units (SWMU) covered under the solar

evaporation ponds closure plan are as follows:

SWMU No. Description

101 207 Solar Evaporation Ponds

121%* Original Process Waste Line

138 Cooling Tower Blowdown-Building 779

149 Effluent Pipe

150.8 Radioactive Liquid Leaks Northeast of

Building 779
* - The solar pond closure plan addresses only the portion

of the original process waste line within the project
boundary.
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The listed SWMUs are described in Appendix 1 of the Part B

RCRA Permit, dated November, 1986.

The closure activities on Figure 9 that can be defined at
this time are shown as shaded rectangles. These closure
activities relate to waste inventory removal and will be
completed. They include:

. dewatering the impoundments,

. removing, treating and disposing of the pond
sludges and sediments, and

. removing, treating and disposing the equipment
used at the solar ponds.

"Undefined" closure activities, indicated on Figure 9 as
unshaded rectangles associated with a series of decision
diamonds, are based on the characterization of liner and
soil contamination at the solar evaporation ponds. The
evaluation of liner and soil contamination at the site will

be performed as part of the field and engineering studies

during closure.
The site characterization report from engineering studies

completed in accordance with the Compiance Agreement (U.S.

Department of Energy, 1986b) 1is presented in Appendix 6.
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The site characterization results are the basis for
determining the concentration of contaminants in the soil
and bedrock. The levels of contamination for a selected

group of indicator parameters determined the implementation

of:
. No action:
. Placement of a multi-layer cap;
. Removing and disposing of the soil off site;
. Soil treatment; and
. Alternative technologies.

Discussion of site contamination and closure alternatives,
including closure performance standards for liner and soil

removal, are presented in Section 2.6.1.2.

Closure activities for contaminated soils and bedrock will
comply with 6 CCR 1007-3, Section 265.228. Closure
alternatives for the solar evaporation ponds are presented
in Section 2.6.1.2. In general, contaminated soils and
bedrock will be:

. Regraded to promote surface runoff,

. Covered with a multi-layer cap, and

. Revegetated.
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Post-closure care and monitoring will be required as for a
landfill under 6 CCR 1007-3, Section 265 Subpart G and
265.310. This type of closure, where wastes remain in

place, meets 6 CCR 1007-3, Section 265.228.

Ground-water quality has been evaluated and corrective
action is required to meet 6 CCR 1007-3, Section 264 Subpart
F or the NPDES permit for North and South Walnut Creeks.
Ground-water corrective action will be implemented, perhaps
incorporated as part of an area-wide ground-water corrective

action, as discussed in Section 2.7.2.

Compliance with the Resource Conservation and Recovery Act
(RCRA), with respect to solar pond closure, will be achieved

by meeting 6 CCR 1007-3, Sections 265.228 and Section 264

Subpart F.

1.5.3 Closure Schedule

The schedule of activities selected for closure are
summarized on Figure 10 and described below. These

activities are based upon current conditions and projections
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of the time required for activities. The critical activity
for closure of the solar ponds 1is removal/evaporation/
treatment of the liquid currently held in the solar ponds

and the disposition of incoming water from the french drain

system.

The schedules presented are based upon resumption of pond-
creting operations by the end of July 1988. Pond-crete
solidification/destabilization problems were first
identified on May 23, 1988, when approximately 0.25 ft3 of
pond-crete was spilled onto the 904 pad (RCRA Storage Unit
#15). Pond-crete production ceased upon identification of
this problem. The RCRA Contingency Plan was implemented,
and the required written report was made on June 7, 1988, 15
days after RCRA Contingency Plan implementation. The cause

of the unsolidified pond-crete is still being investigated.

If this schedule, as presented, cannot be met, the Colorado
Department of Health and Environmental Protection Agency
will be notified of this problem, and these schedules

revised, within 30 days of identification of the problem.

Evaporation of liquids in all of the ponds was assumed to

begin in June 1987 for purposes of calculating a closure
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schedule. Placement of any liquid in the solar ponds will
cease in December 1990. As previously explained, removal,
treatment and disposal of sludge in Pond 207-A began in June
1985 and are not yet complete. Removal of this sludge is
expected to be complete in July 1988. Removal, treatment,
and disposal of sediments in Ponds 207-B North, Center and
South and Pond 207-C will begin in August 1988 and will be
completed by November 1989. Radiochemical evaluation of the
ponds' liners will begin in August 1989 and will be
completed in February 1991. If necessary, removal of pond
liners will begin in April 1990 and will be completed by
June 1991. If required, partial removal and disposal of
contaminated soil will begin in April 1990 and will be
completed by June 1991. The required cap will be placed and
revegetated between June 1991 and November 1991. Closure

will be certified in November and December 1991.

The closure schedule is dependent on receiving approval of
final design within 90 days of submission to the Colorado
Department of Health. The final schedule of activities
required for closure will be defined based on receipt of

design approval.
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1.5.4 Justification for Extension of Schedule

The regulations in 6 CCR 1007-3, Section 265.113(a) require:
"Within 90 days after receiving the final volume of
hazardous wastes, or 90 days after approval of closure
plan, if that is later, the owner or operator must
treat, remove from the site, or dispose of on-site all

hazardous wastes in accordance with the approved
closure plan.”

The intent of this regulation is to avoid causing serious
environmental damage due to accumulating inventory over long
periods of time. Additional regulations outlined in 6 CCR
1007-3, Section 265.113(b), require:
"The owner or operator must complete closure activities
in accordance with the approved closure plan

and within 180 days after receiving the final volume of

wastes or 180 days after approval of the closure plan,
if that is later."

The activities required to treat, store and remove all
wastes and to complete final closure at the solar
evaporation ponds will take longer than schedules required
by the referenced regulations. The rate determining process
that controls the progress of closure is the liquid
evaporation. However, sludge and sediment solidification
can only be completed approximately three months before
completion of liquid evaporation. Evaporation of liquids

from the ponds was increased in June 1987 above the previous
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rate by the use of forced evaporators on site. Sludge
solidification was increased by approximately 60 percent in
the fall of 1986 by the increase in storage space for curing
pond-crete. Detailed justifications are provided for the

schedule in Section 2.0.

1.5.5 Protection of Human Health and the Environment

Threats to human health and the environment from the solar
ponds will be addressed during closure by:

. continuing to limit access to the solar ponds, as
discussed in Section 8.0,

. continuing to collect and treat liquid intercepted
by the french drain system,

. minimizing windblown releases during closure
activities, as discussed in Sections 2.4.3.2,
2.5.3 and 2.6.3, and

. continuing to collect and store, in surface
drainage ponds located downgradient of the solar

ponds, surface runoff from the solar ponds area
until the requirements of an NPDES permit are met.

Additional protection is provided by the routine monitoring
activities conducted at Rocky Flats and by restricted access
to the facility. Specific details of the routine monitoring
program are summarized in the "Annual Environmental

Monitoring Report" (Rockwell, 1986b). This document is
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reviewed and updated on an annual basis. Brief discussions
of the monitoring activities that are conducted and the

security procedures at the plant are presented below.

The routine environmental monitoring program includes the
sampling and analysis of airborne effluents, ambient air,
surface and ground water, and soil. External penetrating
gamma radiation exposures are also measured using
thermoluminescent dosimeters. Samples are collected from

on-site, boundary and off-site locations.

Particulate and tritium sampling of building exhaust systems
is conducted continuously. For immediate detection of
abnormal conditions, ventilation systems that service areas
containing plutonium are equipped with Selective Alpha Air
Monitors. These monitors trigger an alarm automatically if
out-of-tolerance conditions are experienced. Particulate
samples are collected from ambient air samplers operated
continuously on site. The ambient air samples are analyzed
for Total Long-~Lived (TLL) Alpha activity or for plutonium
activity. There are currently 52 of these ambient air
samplers. Twenty-three are located within and adjacent to

the Rocky Flats exclusion area, 14 are located in nearby

communities.
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The majority of the water used at the Rocky Flats Plant
(RFP) for plant process operations and sanitary purposes is
treated and evaporated and/or reused for cooling tower
makeup or steam plant use. The discharge of water off-site
is minimized to the greatest extent possible. Water
discharges from the RFP are monitored for compliance with
appropriate CDH standards and EPA National Pollutant
Discharge Elimination System (NPDES) permit limitations.
Surface runoff from precipitation is collected in surface
water control ponds and discharged off site after
monitoring. Routine water monitoring is conducted for two
downstream reservoirs and for drinking water sources in nine
communities. Ground-water monitoring was conducted during

1987 at approximately 160 ground-water sampling locations.

Soil samples were collected during 1987 from 40 sites
located on radii from Rocky Flats at distances of 1.6 and
3.2 kilometers (one and two miles). The purpose of this
soil sampling is to determine if there are any changes in

plutonium concentrations in the soil around the plant.

When higher concentrations than usual are found in any of
the routine monitoring activities or when out-of-compliance

conditions are identified, the cause of the problem is
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investigated. If the solar ponds are found to be the cause
of an out-of-compliance condition, then this closure plan

will be revised within 30 days.

Access to the plant is limited by:

. a three-strand barbed wire cattle fence
surrounding the facility (Figure 1) posted to
identify the land as a government reservation/
restricted area,

. a fence surrounding and guards posted 24 hours per
day at two gates to the controlled area of the
facility (Figure 1),

. a six-foot high chain link fence topped by two
feet of three-strand barbed wire surrounding and
guards posted 24 hours per day at gates to the
perimeter security zone (PS3Z),

. guards patrolling the controlled area and the PSZ
24 hours per day, and

. surveillance by security cameras 24 hours per day.

The existing fences and gates are operated and maintained by

the U.S. Department of Energy.

The monitoring and security measures outlined above are
designed to protect human health and the environment by
threats posed by the RFP as a whole. More specifically,
they protect human health and the environment from threats

posed by the solar ponds.
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1.5.6 Administration of Closure Plan

The closure plan for the solar evaporation ponds will be
kept at the Rocky Flats Area Office, Building 111, U.S.
Department of Energy. The person responsible for storing
and updating this copy of the closure plan is:

Mr. A.E. Whiteman
Area Manager

His address and phone number are:
U.S. Department of Energy
Rocky Flats Plant
P.O. Box 928

Golden, Colorado 80402
Phone: (303) 966-2025

Mr. Whiteman is also responsible for updating other copies
of the closure plan held off-site by sending additions or

revisions by registered mail.

1.5.7 Closure Cost Estimates and Financial Assurance

State and Federal governments are exempt from the financial
requirements imposed by Subpart H of 6 CCR 1007-3, Section
265.140(c). Because the Rocky Flats Plant is a federally-
owned facility, no cost estimates or financial assurance

documentation are required. However, cost estimates are
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presented in Table IV for regrading and construction of a
multi-layered cover over the solar pond area. The estimates
are provided for planning, budgeting and informational

purposes. These estimates can in no way be considered

binding.

Activities omitted from the cost estimate due to unknown

scheduling and construction details include:

. Liner disposal at an off-site facility:
. Removal/disposal of 207-C embankment;
. Removal/disposal of contaminated soil, 1if

required; and

5 Decontamination of construction and auxiliary
equipment.
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TABLE IV

COST ESTIMATE FOR MULTI-LAYERED COVER*
FOR SOLAR POND CLOSURE

Item Quantity Unit Cost** Total

Liner Removal 10,000 yd3 $13/cy $130, 000

and Container-

ization

Regrading 60,000 yd> $4/cy $240,000

Clay 30,000 yd3 $28/cy $840,000

(Import, Place &
Compact)

Membrane 750,000 ft2 $0.90/ft2 $675,000

Sand Drain 18,000 yd3 $32/cy $576,000
' (Import & Place)

Compacted On-Site 55,000 yd> $7/cy $385,000

Soil (Cut, Haul
Place & Conpact)

Topsoil (On-Site 30,000 yd3 $5/cy $150,000
Haul and Place)

Revegetate 800,000 ft2 $0.17/ft3 $136,000
$3,132,000

10% Engineering S 313,000

$3,445,000

15% Contingency S 516,980

TOTAL $3,962,000

* Section 4.0 discusses regrading, cover and vegetation;
typical cover section is shown on Figure 16.

** Unit costs include a 1.3 multiplier to account for work
I conducted inside the perimeter security zone (PSZ).
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2.0 REMOVAL, TREATMENT AND DISPOSAL
OF WASTES, LINERS, SOILS AND GROUND WATER

2.1 Introduction

This section of the closure plan responds to 6 CCR 1007-3,

Section 265.112(a)(2) through (4) by providing the following

information:
. Estimates of the maximum inventory of wastes
expected during the closure period. Waste

inventory for the solar evaporation ponds is
composed of free liquids, sludges and sediments,
and portions of the liners and embankment soils.

. Discussion of the volumes, removal methods,
treatment procedures, and disposal plans for each
of the solar evaporation pond wastes.

. Time schedules for closure activities.

Briefly, the solar evaporation ponds will be closed by
concurrently evaporating the pond liquids and removing the
pond sludges and sediments. The sludges and sediments in
the ponds will be solidified to form pond-crete which will
be transported to and disposed of at an approved cff-site

disposal facility or the Nevada Test Site (NTS).

Contaminated pond liners and soil (including embankment

soil) will be partially removed in the vicinity of the
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source areas to meet the removal criteria presented in
Section 2.6.1.2. The pond liners and soil will be sampled
and analyzed in accordance with Section 2.6.1.3 to establish
if removal is required. Lining materials which are left
below the cap will be broken up into pieces less than

12 inches in size.

Ground water in the solar pond area requires treatment in
order to meet the ground-water protection standards. The
french drains and interceptor trench pump house (ITPH)
system 1is currently used for ground-water collection.
Applicable ground-water requirements and removal, treatment

and disposal of contaminated ground water are discussed in

Section 2.7.

Evaporation of the ponds' liquids was selected as the
removal/treatment mechanism for the ligquids because
evaporation is environmentally acceptable, technically
feasible, and a cost~effective treatment method. Natural
evaporation has been supplemented periodically in the past
with forced evaporation. Forced evaporation has been
available for regular, part-time use since June 1987.
Liquid evaporation is the rate-determining closure activity.

This rate determining step is impacted by the ground-water
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corrective action program since the ITPH system returns
approximately four million gallons of contaminated water to

the solar ponds annually.

The sludge and sediments in the ponds requires
solidification for disposal. Solidifying pond sludges and
sediments into pond-crete was selected because the basic
technology has been used and proven to be effective, the
plant has experience with the process, the material meets
the requirements of the Department of Transportation (DOT)
regulations for shipping, and the material meets

requirements of the Nevada Test Site for solidification of

radiocactive waste.

Pond-crete from the pond sludges and sediments was disposed
of at the Nevada Test Site (NTS) until the fall of 1986 when
this material was identified as a mixed hazardous and
radiocactive waste. Since the fall of 1986, the pond-crete
has been stored on site on two asphalt paved pads awaiting

permitting of an approved disposal facility.
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2.2 Free Liquids

2.2.1 Background

Ponds 207-A and 207-C are no longer receiving ligquids on a
regular basis. Ponds 207-A and 207-C received wastes from
the plant on an emergency basis until June 1987 when two
tanks were constructed for the storage of liquids prior to
processing. Ponds 207-B North, Center and South are

receiving water from the french drain interceptor systenm.

Liquid from the solar ponds have been pumped to Building 374
for forced evaporation on a regular, part-time basis since
June 1987. Between September 1986, and June 1987,
intermittent 1ligquids approcaching the maximum operating
level in Pond 207-B North were transferred to Building 374

for forced evaporation or transferred to Pond 207-B Center

or South.

2.2.2 Volume of Free Liquids

The approximate volume of liguids held in the ponds on

April 20, 1988, is shown on Table V.
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TABLE V

VOLUME OF LIQUIDS AND SEDIMENTS/SLUDGES IN THE
SOLAR EVAPORATION PONDS
ON APRIL 20, 1988

Sediment/Sludge Total
Liquid Volume Volume Capacity

Pond (Million Gallons) (Million Gallons) (Million Gallons)
207-A 0.05 0.05 5.10
207-B
North 1.55 0.15 1.70
Center 1.55 0.15 1.70
South 1.00 0.10 1.50
207-C 0.85 0.15 1.30
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Water intercepted by the french drain system is placed in
the 207-B ponds. Since Ponds 207-B North and Center are
currently full, intercepted water will be placed in Pond
207-B South. The average amount of water collected by the
french drain system over the course of a year is estimated
to be four million gallons based on observations made in
1987. A meter on the force main from the ITPH was installed

in June 1988, providing the capability for more accurate

flow measurements.

2.2.3 Removal of Free Liquids

The free liquids in the ponds have been removed by a
combination of natural evaporation and forced evaporation.
Natural evaporation will continue during the closure period

as one mechanism for removal of free liquids.

The forced evaporator in Building 374 has been used on a
part-time basis to evaporate solar pond liquids since June
1987. The forced evaporator is currently used for treated
process wastes at the plant. However, additional capacity
is available for forced evaporation on a part-time basis.
Therefore, the forced evaporator is used for solar pond and

intercepted water on an as available basis.
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The forced evaporator can process 40,000 gallons of liquid
per day on a long term basis. This capacity, and other
demands on the evaporator, allows average long-term
processing of interceptor trench pump house water equivalent
to approximately one day per week. Upon completion of an
evaporator upgrade project in the start of calendar year
1989, the average evaporator processing capacity will
increase to approximately 57,000 gallons per day. This
increase, and other demands on the evaporator, were

considered in scheduling closure of these solar ponds.

2.2.4 Treatment of Free Liquids

Treatment of the free liquids in the ponds by natural and

forced evaporation is discussed in Section 2.2.3.

2.2.5 Disposal of Free Liquids

Natural and forced evaporation will remove all free liquids

from the ponds; therefore, no liquids will remain for

disposal.
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2.2.6 Schedule

The schedule for liquid evaporation from the solar
evaporation ponds is shown on Table VI. The schedule is
also shown graphically on Figure 11. Calculations for the

evaporation schedules are presented in Appendix 2.

TABLE VI

SCHEDULE FOR EVAPORATION OF
LIQUIDS IN THE
SOLAR EVAPORATION PONDS

End of

Pond Evaporation
207-A June 1990
207-B

North June 1990
Center June 1990
South December 1990
207-C August 1989

The schedule for liquid evaporation is based on long-term
climatic data for the vicinity of the Rocky Flats Plant
(Cowie, 1986) and the capacity of the forced evaporator.
Based on the climatic data, an average monthly net
evaporation rate of 1.3 gallons per square foot was

calculated. Data used to calculate this evaporation rate

67



C07890010526 Date: July 1, 1988
Revision No: 2

are presented in Appendix 2. A non-toxic, non-radioactive
dye may also be added to the water in the solar ponds to
increase heat gain and thereby increase solar evaporation.
The Material Safety Data Sheet (MSDS) for this dye is on

file at the Rocky Flats Plant. Use of the forced evaporator

is described in Section 2.2.3.

The calculated natural evaporation rate was applied to the
volumes of free liquids in the ponds (Section 2.2.2) to
obtain the estimated completion dates. A decrease in
evaporation rate is anticipated as evaporation progresses
and total dissolved solids increase. The decreased natural
evaporation rate was considered by increasing the time

required for natural evaporation by one-third.

In order to minimize the time necessary for closure, liquid
from some of the ponds will be transferred to other ponds
for natural evaporation. Liquid transfer will maximize the
combined surface area and will allow other closure
activities to begin in some ponds while liquids are still
evaporating from the other ponds. A description of the

transfer of liquids is presented in Appendix 2 and briefly

discussed below.
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The evaporation schedule activities described herein are
anticipated, but utilization of the ponds will vary as

necessary. The schedule is not binding in any way.

Pond 207-A: Liquid in Pond 207-A will be naturally and
force evaporated until June 1990. In October 1988, liquid
from Pond 207-B North and Pond 207-B Center will be
transferred into Pond 207-A. In August 1989, liquids from
Pond 207-B South and the interceptor trench pump house
(ITPH) will be transferred into Pond 207-A. Inflows will
cease in February 1990. Natural and forced evaporation will

remove Pond 207-A liquids by June 1990.

Pond 207-B North: Liquid from the interceptor trench pump
house (ITPH) will be placed in Pond 207-B North for natural
and forced evaporation until October 1988. ITPH liquid will
be subsequently transferred to Pond 207-B South. One
million gallons were directed from Pond 207-B North to the
forced evaporator in calendar year 1987 (Rockwell, 1988).
ITPH flows which exceed the capacity of Pond 207-B South and
Building 374 evaporator will be transfer;ed to Pond 207-A
after October 1988. Previous excess flows were transferred
to Ponds 207-B Center and South as necessary. From August

1989 until February 1990, Pond 207-A will take ITPH flows.
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Subsequent to February 1990 the ITPH flows will go to the
forced evaporator in Building 374 directly, or via emergency
storage of liquids in the 207-B South pond until December
1991. After December 1991, excess ITPH flows will be
directed to a planned four million-gallon interceptor trench

water (ITW) surge tank, which will then be fed to the forced

evaporator in Building 374.

Pond 207-B Center: Liquid in Pond 207-B Center will be

natural and force evaporated until October 1988. The

remaining liquid will be transferred to Pond 207-A in

October 1988.

Pond 207-B South: ITPH liquid inflows will be transferred

from Pond 207-B North in October 1988, assuming four months
for ITPH piping charge. Liquid in Pond 207-B South will
natural and force evaporated until August 1989. The
remaining liquid and ITPH flows will be transferred to
Pond 207-A in August 1989. Pond 207-B South will be
maintained during closure for emergency storage of
interceptor trench water (ITW) since its liner incorporates
a hypeolon geomembrane and the pond liner is considered most

competent of the existing pond liners.
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Pond 207-C: Liquid in Pond 207-C will be naturally

evaporated until January 1989. Natural and forced

evaporation will occur from January 1989 until August 1989.

Solar pond liquids are being treated on a regular part-time
basis by forced evaporation in Building 374. Two million
gallons are scheduled for treatment in fiscal year 1988
(October, 1987 to October, 1988); four million gallons are
scheduled for fiscal year 1989. The total interceptor
trench water (ITW) will be routed to Building 374 in
February 1990 with available surge storage in Pond 207-B
South. Construction of ITW storage tanks will be completed

by December 1990, replacing Pond 207-B South for surge

storage.

Eventually, water collected in the interceptor trench pump
house may be treated in a facility constructed for area-wide
ground-water corrective action. This could be accomplished
by completing the ground-water treatment unit before the
area-wide ground-water collection system so the treatment
unit could initially treat water from the pump house.

Completion of the treatment unit is tentatively planned for

November 1991.
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Another option may be to process the intercepted water in
the on-site sewage treatment plant. Treatment in this plant
will decrease the time required for liquid evaporation.
However, without regulatory authorization for this option at
this time, the time for treatment of the ponds' liquids will

be estimated assuming only natural and forced evaporation.

2.3 Sludges and Sediments

2.3.1 Background

Pond 207-2A is currently the only pond containing sludges
which are a residual of the process waste stream at the
plant. Ponds 207-C and 207-B Center and South appear to
contain sediments. ©Pond 207-B North is also assumed to

contain sediments; however, this cannot be confirmed by

visual inspection.

Removal, treatment and disposal of sludges from Pond 207-A
began June 19, 1985. Treatment progressed for approximately
three months prior to a temporary cessation of operations
due to the inability of the pond-crete to solidify during

cold weather. During the approximate three-month working
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period, 866 boxes of pond-crete were produced. The boxes of
pond-crete contained approximately ten percent sludge, by

weight (Brady, 1986; Eng, 1987 and Gaskins, 1986).

Pond-creting operations resumed in June 1986. From June
1986 until September 30, 1986, 3,000 boxes of pond-crete
were conmnpleted. From October 1, 1986 until January 12,
1987, 1,927 boxes of pond-crete were completed. The boxes

contained approximately ten percent sludge solids, by weight

(Eng, 1987).

The production goal of the pond~-creting operation prior to
October 1986 was 112 boxes per week. The capacity of the
covered curing facility available at that time was 120
boxes. The production goal was increased to 240 boxes per
week in October 1986 when a new storage building for the

pond-crete curing facility was completed.

Pond-creting through May 1, 1988, has resulted in a total of
16,199 boxes of pond-crete stored on site at two pads
designated RCRA Unit Nos. 15 and 25. Scheduled pond-creting

rates for fiscal year 1988 are as follows:
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Month Rates per Month
January 600
February 750
March 750
April 870
May 870
June 870
July - 870
August 870
September 870
October 750
November 600
December 600

Actual processed quantities slightly exceeded scheduled
rates from September 1987, to May 1988 until the pond-crete
problem was identified on May 23, 1988. For this period,

4,746 boxes were scheduled and 5,082 were processed.

The solidified pond-crete is stored on site at two
locations. ©Pad #1 (RCRA Unit #25) is located at Parking 750
and has a total storage capacity of 14,906 boxes; as of
May 1, 1988, the remaining storage capacity was 3,108 boxes.
Pad #2 is located east of Building 886, designated the 904
pad (RCRA Unit #15), with a total capacity of 12,000 boxes
and a remaining storage capacity of 7,599 boxes. The total

remaining storage availability on May 1, 1988, was 10,707

boxes.
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Production at the pond-creting facility is or has been

impacted by:

. Cold weather causing a retarding of pond-crete
solidification and causing the liquids in the
ponds and the dewatering unit to freeze. Cold

weather decreases production to approximately 150
boxes per week (Brady, 1986 and Eng, 1987).

. The capacity to store the pond-crete boxes while
the contents are solidifying before approval for
off-site shipment is given, and

. Periodic equipment failure.

2.3.2 Volume of Sludges and Sediments

. The volume of sludges in Pond 207-A on April 20, 1988, was
approximately 250 cubic yards (Rockwell, 1988). The sludges
are scheduled to be completely removed by July 1, 1988, as
shown on Figure 10. The volume of sediments in 207-A is
included in the volume of sludges. The estimated 250 cubic
yards of sludge is based on the dry weight volume of
sludges. The actual volume of the sludge mixed with pond

liquid at the bottom of the pond is approximately 1,136

cubic yards.

Twenty-four samples of sludge/liquid were taken from the

bottom of Pond 207-A between May 1985 and June 1986 and

tested for percent solids. The percent of solids of the
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sludge/liquid mixture at the bottom of the pond ranged from
eight percent to 34 percent, averaging 22 percent. The

volume calculations are presented in Appendix 2.

The volume of sediments in Ponds 207-B North, Center and
South and Pond 207-C are estimated to be 705, 705, 720 and
745 cubic yards based on dry weight, respectively. The
sediment volumes are based on visual estimates of a depth of
eight inches of sediment in Ponds 207-B South and Center and
207-C. Pond 207-B North is also anticipated to contain
approximately eight inches of sediments. The volume

calculations are presented in Appendix 2.

The sludges in Pond 207-A were sanmpled and characterized in
1985. The results of the tests are presented 1in
Section 1.3.2 and Appendix 3. All of the pond sludges and
sediments will be removed, solidified using the pond-creting

procedures, and disposed of at an approved mixed waste

disposal facility.

2.3.3 Removal of Sludges and Sediments

The sludges from the bottom of the ponds have been and will

be removed by a Mud Cat pumper floatation handling unit
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controlled by an operator from the berm of the pond. The
unit is propelled by an electrical traverse winch system.
The unit transfers the sludge to the sludge thickener. The
sludge thickener overflow is decanted and placed back into
the pond. A solids handling, submersible pump is being used

to pump the sludge from one location in the pond to the Mud

Cat pumper.

A backup system utilizing a sludge pump to pump the sludge
from the pond to the sludge thickener was completed in the
spring of 1987. Figures 12 and 13 show the physical layout

of the pond-creting facility and the flow diagram for the

facility, respectively.

The sediments in Ponds 207-B North, Center and South and
Pond 207-C will be removed and processed in the pond-creting

facility in the same manner as the sludge in Pond 207-A.

The schedule for closure activities allows removal of sludge
and sediments to be conducted while some liquid remains in
the ponds. The presence of liquids in the ponds will keep
the sludge and sediments from drying and blowing out of the

ponds, thereby eliminating windblown releases of the sludge

and sediments.
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2.3.4 Treatment of Sludges and Sediments

The pond sludge and sediments from the sludge thickener is
transferred to the pug mill where sludge and portland cement
chloride are mixed to form pond-crete. The pond-crete flows
over a weir, through a chute and into boxes for packaging.
The portland cement handling system has pneumatic transfer
and metering capabilities. The boxes are made of triple
wall fiberboard, are lined with 0.0l1l-inch plastic and have
a capacity of approximately 15 cubic feet. Boxes of
immobilized sludge are stored in a prefabricated metal
building for curing, labeling and shipment to two asphalt

paved pads, RCRA Units #15 and #25 (Brady, 1986; Eng, 1987

and Gaskins, 1986).

The backup system allows sludge from the sludge thickener to
be transferred to a mobile concrete mixer truck.
Unsolidified sludge will then discharge into a 2.5 cubic
yvyard hopper mounted on a concrete grout pumnp, which pumps
the unsolidified sludge through the building wall and
discharges it into triple wall fiberboard boxes. A second

cement silo is available for the backup system.
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The sediments in Ponds 207-B North, Center and South and
Pond 207-C will be treated and solidified in the same manner

as the sludges from Pond 207-A.

2.3.5 Disposal of Sludges and Sediments

The pond-crete from Pond 207-A was disposed of at the Nevada
Test Site until the fall of 1986 when this waste was
identified as mixed low-level radioactive and hazardous
waste. Since the fall of 1986, the pond-crete has been
stored on-site on an asphalt paved pad. The boxes of pond-
crete have been completely wrapped with tarps made of
plastic-lined canvas. These boxes of pond-crete are
arranged in arrays of 72 boxes each. As of May 1, 1988,
11,798 boxes of pond-crete were being held on the asphalt
pavement at Pad #1 (RCRA Unit #25), which is located at
Parking 750. A total of 14,906 boxes can be held on the
pad. A second asphalt paved storage area is located east of
Building 886. Designated Pad #2 (RCRA Unit #15), it has a
total storage capacity of 12,000 boxes, with 4,401 boxes in
storage on May 1, 1988. On-site storage in this manner will
continue until all pond-crete is disposed off site.
Disposal is expected to take place at an approved off-site

facility or the Nevada Test Site.
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2.3.6 Schedule

The schedule for removal, treatment and/or disposal of
sludges from Pond 207-A is shown on Table VI. The tentative
schedule for removal, treatment and disposal of sediments

from the remaining ponds is also shown on Table VII. The

schedule is shown graphically on Figure 7.

TABLE VII

SCHEDULE FOR REMOVAL, TREATMENT AND DISPOSAL
OF SLUDGES AND SEDIMENTS IN THE
SOLAR EVAPORATION PONDS

Start of Removal, End of Removal,
Pond Treatment and Disposal Treatment and Disposal
207-A June 1985 July 1988
207-B North August 1989 November 1990
207-B Center August 1988 November 1990
207-B South August 1988 November 1990
207-C January 1989 August 1989

2.4 Liners

2.4.1 Background

In December 1953, one clay-lined evaporation pond was

constructed in the area now occupied by existing Pond 207-C.

The pond had a surface area of approximately 100 by
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100 feet. This pond was enlarged to 100 by 200 feet in 1955
with an adjacent cell to the south measuring 200 by 200
feet. The cells were removed from regular service by 1956;
however, one of the cells received liquid at least once
prior to both cells being removed in 1970 for construction
of Pond 207-C. Soil from the area of the old clay-lined
pond was possibly used in the construction of Pond 207-C
(Aerial Photographs, 1953 to 1986). The original solar pond

locations are shown on Figure 2 as dashed lines in the

vicinity of existing Pond 207-C.

Pond 207-A was placed in service in August 1956. Ponds 207~
B North, Center and South were placed in service in June
1960. Pond 207-C was placed in service in December 1970.
These ponds were all lined with asphalt planking and/or

asphaltic concrete. The history of the ponds is discussed

in Section 1.2.1.

Pond 207-A is currently lined with four inches of asphaltic

concrete. The lip of the embankments are lined with Petro-

mat.

Engineering drawings (Benson-Lord, 19??) indicate Pond 207-B

North is lined with 1 1/2 inches of asphalt surfacing
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overlying a 1 1/2-inch asphalt binder. The binder is
underlain by four inches of granular aggregate Known as base
course. The base course is underlain by two inches of sand.
The top three inches of asphalt surfacing and binder extends
past the top of the slope by 18 inches. A cross-section of

the lining is included in the drawings presented in

Appendix 1 and shown on Figure 4.

Engineering drawings (Rockwell, 1977a; Rockwell, 1978a and
Rockwell, 1978b) indicate Pond 207-B South is lined with
two, 1 1/2-inch layers of asphaltic concrete overlying four
inches of base course. The base course is underlain by two,
1/2-inch layers of asphalt planks. The planks, whose exact
composition is unknown, are underlain by two inches of sand.
The top three inches of asphaltic concrete extends three
feet past the top of the embankment on the east, south and
west sides of the pond and one foot past the top of the
embankment on the north side of the pond. Cross-sections of

the lining are included in the drawings presented in

Appendix 1.

The liner of Pond 207-C consists of a catalytically blown
asphalt seal coat and an asphalt tack coat overlying 1 1/2

inches of asphaltic concrete. The asphaltic concrete is
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underlain by another layer of asphalt tackcoat and
1 1/2 inches of asphaltic concrete. The second asphaltic
concrete layer is underlain by an asphalt prime coat and
four inches of base course. A cross-section of the lining

is included in the drawings presented in Appendix 1 and is

shown on Figure 6.

2.4.2 Volume of Liners

Based on the data available, on existing drawings and the
references given in the previous sections, volumes were
calculated for the liners. The volumes include the liner

and underlying granular soils. The volume calculations are

presented in Appendix 2.

The lining of Pond 207-A consists of approximately

1,700 cubic yards of asphaltic concrete.

The liners in Ponds 207-B North and Center each consist of
approximately 430 cubic yvards of asphaltic concrete,
72 cubic yards of asphalt planking, 1,160 cubic yards of
base course and 290 cubic yards of sand. The 18-inch wide
asphaltic concrete apron that extends past the tops of the

sidewalls has a volume of approximately 11 cubic vyards.
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The liner of Pond 207-B South consists of approximately
430 cubic yards of asphaltic concrete, 140 cubic yards of
asphalt planks, 580 cubic yards of base course and 290 cubic
yards of sand. The asphaltic concrete apron extending past

the tops of the sidewalls is approximately 18 cubic yards in

volume.

The liner of Pond 207-C consists of approximately 385 cubic

vyards of asphaltic concrete and 500 cubic yards of base

course.

The total volume of liners in the ponds is estimated to be
approximately 8,000 cubic yards. A contingency of
approximately 25 percent of the liner volume or 2,000 cubic

yards is assumed to require removal.

2.4.3 Removal of Liners

Liner removal criteria will be the same as the underlying
soil, as discussed in Section 2.6.1.2. Briefly, this will
include performing sampling and analyses on the liners and
comparing with permissible contamination levels to determine
whether the liners can remain in place beneath the cap or

will have to be removed. If removal is necessary, the
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liners will be disposed of at an approved disposal facility.
The closure schedule presented in this closure plan includes

the time required for removal and off-site disposal.

The liners and underlying soil will be evaluated for removal
concurrently at each pond location in accordance with the
schedule shown on Figure 11. Soil removal will be based on
the criteria presented in Section 2.6.1.2. A sampling plan

for evaluating the liners and underlying soils will be

submitted not later than May 1, 1989.

2.4.3.1 Construction

Prior to conducting the sampling plan to evaluate the liners
and underlying soils for removal, the surface of the liners
will be decontaminated with a high pressure spray. Fluids
which result from the spray will be pumped to Pond 207-B

South prior to December 1990 and to the ITW tank and forced

evaporation after that date.

The solar pond liner which must be removed will be reduced

in size for packaging prior to off-site disposal.
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Based on current construction technologies, one of the
methods available for liner removal includes removal by
backhoes and/or front-end loaders. The excavated material
may be hauled to an area where the material can be reduced
in size by a portable crusher. Only the amount of material
that can be crushed and packaged in one day will be moved

from the ponds to the size reduction/packaging area.

The uncrushed stockpiled material will be placed in a hopper
with a screen by a small loader. The screen will allow
small size material to be removed prior to being processed
through the crusher. Material in the hopper will be
transferred to the crusher or directly to the packaging
boxes, depending on material size, by conveyers. Material

processed by the crusher will be transferred to the boxes by

conveyer.

Filling the containers will require hand labor to provide
rearrangement of particles and to pick up any spillage. The
prepared containers will be moved, by forklift, from the

packaging area to a holding area.
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The size reduction/packaging area will be located east of
the northeast corner of Pond 207-B North. This area will be

approximately 100 feet by 200 feet in size.

The hopper, portable crusher, three conveyers and packaging
boxes will be placed on a concrete pad to provide equipment
support and to allow rapid clean up of any spilled material.
The concrete pad will be large enough to cover the area that

could potentially be exposed to spills during crushing and

packaging.

In the event of precipitation, any material stockpiled in

the packaging area will be securely covered with a plastic-

lined canvas tarp.

Other removal and size reduction technologies may be

considered based on technological and cost effectiveness.

The liner which will not be removed from the site will be
reduced in size to pieces not greater than 12 inches. The

size reduction procedures for the on-site material will be

left to the contractor.
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2.4.3.2 Health and Safety Plan

A site specific Health and Safety Plan will be prepared by
February 1990, two months before liner removal begins. The
Health and Safety Plan will be guided by the Rocky Flats
Plant Operational Safety Analysis (OSA) procedure. The plan
will be submitted to the Colorado Department of Health for
information. The procedures presented below are guidelines
that will be followed during closure activities. Additional
procedures and details will be presented in the site
specific Health and Safety Plan. Worker safety guidelines,
such as OSHA regulations, DOE orders and Rocky Flats Plant

policies will be followed. Protective clothing will be

similar in nature to:

. hardhats,

. hard-toe boots,

. Tyvek over-boots,
. Tyvek suits, and
. dust masks.

The intent of this equipment is to provide a barrier to
inhalation, ingestion and absorption of dust particles and

material fragments. Appropriate protective gloves will be

used.
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Air monitoring will be conducted in the working area.
Airborne contamination may require upgrading dust masks to
air-purifying respirators or self-contained breathing
apparatus. Sudden increases in airborne contamination due
to excavation in localized highly contaminated areas may be

addressed by a temporary cessation in work until natural

dissipation reduces contamination.

Windblown releases from the site will be minimized with dust
abatement measures. Dust suppressants will be applied to
the work area, as necessary. If necessary, the 1liner

material will also be sprayed prior to processing in the

crusher.

2.4.4 Treatment of Liners

Treatment of the liners will not be conducted prior to

disposal, if disposal is required based on analysis and

testing.

2.4.5 Disposal of Liners

The containerized liner material will be shipped to a

permitted facility for disposal. If the liner material
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qualifies as a mixed hazardous and radioactive waste, it

will be disposed at the Nevada Test Site.

2.4.6 Schedule

If necessary, removal of the pond liners will begin after
the liquids are evaporated from the ponds, the sludges and
sediments are removed and the liners are sampled and
analyzed. Sampling of the pond liners will take
approximately two months including laboratory analyses.
Liner removal in some of the ponds will begin and be
completed before the ligquids and sediments are removed from
other ponds. This sequence will improve the efficiency of
removal, reduce the time necessary for closure and avoid
unnecessary mobilizations and demobilizations. The schedule

for liner removal is shown in Table VIII and on Figure 11.

TABLE VIII

SCHEDULE FOR LINER REMOVAL AND DISPOSAL

Start of End of

Liner Removal Liner Removal
Pond and Disposal and Disposal
207-A September 1990 June 1991
207-B North September 1990 June 1991
207-B Center September 1990 June 1991
207-B South February 1990 June 1991
207-C April 1989 September 1990

93



C07890010526 Date: July 1, 1988
Revision No: 2

2.5 Embankment Soils

2.5.1 Background

The extent of removal required for all embankment soils will
be determined by soil sampling, testing and comparison with
the permissible contaminant levels and discussed in

Section 2.6.1.2. The soil sampling is discussed 1in

Section 2.6.1.3.

2.5.2 Volume of Embankment Soils

The volume of embankments soils assumed to require removal
is 2,700 cubic yards. The volume calculation presented in
Appendix 2 uses the 207-C pond embankment as a possible
embankment removal candidate since it may have been

constructed with soil from the original clay-lined pond.

2.5.3 Removal of Embankment Soils

If necessary, the embankment soils will be removed and
packaged using the same construction sequence discussed for
liners (Section 2.4.3). However, the requirements for

material size reduction are not anticipated to be necessary.
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only the amount of material that can be packaged in one day
will be excavated on any given day and moved to the
packaging area. The health and safety plan outlined in

Section 2.4.3.2 will be followed for removal of embankment

soils.

2.5.4 Treatment of Embankment Soils

The embankment soils may be treated as discussed in

Section 2.6.4.

2.5.5 Disposal of Embankment Soils

If removed, the embankment soils will be placed in approved
containers and shipped to the Nevada Test Site (NTS) or

other permitted off-site facility for disposal, depending on

the soil characteristics.

2.5.6 Schedule

If necessary, removal of the embankment soil in Pond 207-C
will begin after the liner from that pond has been removed.
Liner and embankment removal will begin in April 1990 and

end by June 1991 as shown on Figure 10.
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2.6 Underlying and Surrounding Contaminated Soil

2.6.1 Background

Soil and bedrock characterization in the vicinity of the
solar ponds have been conducted by two investigations in
1986 and 1987. The results of these investigations are
presented in Appendix 6. This section presents a brief
summary of the soil characterization information, discusses
the selective alternatives to protect human health and the
environment and presents an outline of testing to be
performed during closure. Briefly, the closure actions
selected include a multi-layered cap in the vicinity of the
source areas. Prior to placing the cap, pond liners and
underlying soil will be removed for off-site disposal if it
exceeds 20 pCi/gm of combined plutonium and americium
activity. Sampling and analyses will be conducted prior to
pond liner and soil removal to identify those areas which

require removal and off-site disposal.

On-site treatment of contaminated soils and liners will be
considered as an alternative to removal and off-site
disposal. Potential soil treatment procedures are currently

being evaluated and 1f a procedure appears technically and
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economically feasible for the soils and for the liners at

the solar ponds, it will be implemented as an alternative to

off-site removal.

2.6.1.1 Soil cCharacterization

The first investigation was conducted in 1986 and consisted
of soil and bedrock chemical and radiochemical analyses from
five so0il boring holes:

18-86

20-86

22-86

25-86
27-86

In 1987, extensive soil and bedrock sampling was conducted
in 16 borings within the solar pond project area. The
locations of these borings are shown on Plate 5-1,
Appendix 6, identified as SP01-87 through SP16-87. The
soils were analyzed for a comprehensive suite of metals,
organics, radionuclides and other inorganics as shown on

Table 4-8 in Appendix 6.

The results of the 1986 and 1987 soil characterization
studies are presented in Appendix 6. Briefly, the results

of the so0il characterization studies indicated elevated
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metal concentrations near the solar ponds. Elevated metal
concentrations exceeding three times background were
identified at soil borings in the immediate vicinity of the

solar ponds. This information is summarized in Section 4 of

Appendix 6.

2.6.1.2 Closure Alternatives

Based on the results of the soil characterization, a multi-
layered cap has been located to cover the solar pond source
areas and the immediate vicinity. The cap extends to the
southwest to cover an area of the original clay lined solar
pond. In addition, the cap has been extended down the slope
north of the solar ponds in order to provide continuous
surface runoff to the existing surface drainage ditch
system. The cap completely covers the existing and historic
pond areas and all of the test hole locations in the
vicinity of the ponds where elevated metal concentrations in

soils were identified during the 1986 and 1987 soil

characterization.

Closure performance standards have been established for
the removal of pond liners, pond embankment soils and in-

place soils beneath the ponds. This standard is based on
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the radiocactivity of plutonium and americium. Plutonium and
Americium were considered together since the U.S. EPA, in
consultation with other federal agencies, has developed
interim recommendations to be used for protection of public
health in areas where significant contamination by Pu, Am
and other transuranium elements exist. The recommendations
are intended to provide long-term radiation protection for
all exposed persons in a "critical segment of the general
population'" and specify that both the individual and
collective radiation doses should be "as-low-as-reasonably-
achievable (ALARA)." These interim recommendations present
a soil screening level of 0.2 microcuries of transuranics
per square meter in the upper 1 cm of soil. This represents
a combined inhalation and ingestion incremental cancer risk
of 1 x 10”8, at activity levels greater than this,
additional evaluation is recommended to determine the actual
dose rates to exposed persons (U.S. Environmental Protection
Agency, 1986). Assuming a soil density of 1 gm/cm3, this
activity level translates to 20 picocuries per gram (pCi/gm)
of soil. A soil sampling analysis plan will be conducted
prior to liner and soil removal to evaluate the areas that

are requiring removal.
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Soil treatment may be selected as an alternate to disposal
off-site if the results of ongoing studies prove it to be
economical and protective of human health and the
environment. Other currently unidentified technologies that
are shown to be viable alternatives prior to implementing

the closure activities for soil contamination may also be

considered.

2.6.1.3 Testing to be Performed During Closure

The lateral and vertical extent of soil contamination
requiring capping has been evaluated and is discussed in the
site characterization presented in Appendix 6. A field
sampling program will be necessary to evaluate the
requirements for liner and soil removal. The liners and
underlying soils will be evaluated for removal concurrently
at each pond location in accordance with the schedule shown
on Figure 11. Soil removal will be based on the 20 pCi/gm
criteria presented in Section 2.6.1.2. A sampling plan for

evaluating the liners and underlying soils will be submitted

not later than May 1, 1989.
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2.6.2. Volume of Contaminated Soils

The volume of contaminated soil requiring removal has not
been estimated. Based on the removal criteria of 20 pCi/gm
and the site characterization, the volume of soil to be
removed is anticipated to be small. In Appendix 6, which
expands on areas of soil contamination, only one soil sample
was found with soil contamination exceeding 20 pCi/gm of

combined plutonium and americium activity.

2.6.3 Removal of Contaminated Soils

If required, contaminated soils will be removed and disposed

at an approved off-site facility or the Nevada Test Site

(NTS) .

2.6.4 Treatment of Contaminated Soils

On~-site treatment of contaminated soils will be considered
as an alternative to removal and off-site disposal. Studies
have been conducted at Rocky Flats to develop and
demonstrate decontamination of soils contaminated with
transuranic elements (Olsen, 1980 and Rockwell, 1982a and
b). Results have shown that after soil removal and treatment

to remove transuranics, the bulk of the soil can be returned
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to its natural environment, while the remaining fraction

would be packaged for shipment off-site and disposal.

Several soil conditions exist at Rocky Flats that are

advantageous to soil decontamination processes (Olsen,

1980) :
. the soil 1s dgranular,
. the contamination exists on the surface of the
soil grains, and
. the surface-contaminated soil contains only
approximately 20 percent clay and organic matter.
. The decontamination procedures described in the studies may

not be effective for contaminated claystone bedrock.

Processes that have been studied at Rocky Flats include:

. wet screening at high pH,

. attrition scrubbing with a surfactant at high pH,
. attrition scrubbing with a surfactant at low pH,

. vibratory grinding with water,

. vibratory grinding with a high pH solution,

. vibratory grinding with a surfactant and a weak

acid solution, and

. vibratory grinding with a strong acid.
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In wet screening at high pH, up to 60 to 70 percent of the
+35 mesh material by weight (greater than 420 microns) was
decontaminated to less than 30 pCi/gm of plutonium. In
attrition scrubbing with a surfactant at high pH,
approximately 80 percent of the material by weilght was
decontaminated to below federal guidelines and was returned
to the natural environment. Typically, attrition scrubbing
with a surfactant at low pH decontaminated 84 percent of the
soil tested from 45,000 dpm/g of plutonium to less than
5 dpm/g. The decontaminated portion of the soil was
returned to its natural environment. The remaining

16 percent was packaged and disposed of off-site.

All four of the scrub solutions combined with vibratory
grinding reduced the amount of plutonium-239 from
7,000 dpm/g to 30 dpm/g or less for the +35 mesh portion of
the sample. The experiments decontaminated 85 percent of
the Rocky Flats soil tested to levels that met EPA screening
levels for unrestricted use. The decontaminated portion of
the soil was returned to its natural environment. The

remaining 16 percent was packaged and disposed of off-site.

Decontamination methods will be considered for use on

transuranic-contaminated granular soil. Determination of
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the applicability of these methods for use at the solar
ponds will be based on soil characterization and the lateral

and vertical extent of contaminated granular soil.

It is possible that the methods used to treat soil
contaminated with transuranics will also be effective in
removing other contaminants. An effective combination might
be using a low pH scrubbing solution with a surfactant. The
low pH would serve to solubilize the metals which are
adsorbed onto the scoil. The surfactant would increase the
solubility of the organic compounds. Both the metals and
organics could then be removed with the scrubbing solution.
In addition, the other radionuclides of interest, uranium

and strontium-90 (if it is present) would probably be

removed.

Potential soil treatment procedures will be evaluated
between July 1988 and June 1989. If one or more procedures

are selected, they will be implemented beginning in January

1991.
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2.6.5 Disposal of Contaminated Soils

Any underlying and surrounding contaminated soils removed
for disposal will be disposed at a permitted off-site

disposal facility or at the Nevada Test Site.

2.6.6 Schedule

Underlying and surrounding soil closure activities will be
conducted between April 1990 and June 1991. If conducted,

soil treatment procedures will be implemented by January

1991.

2.7 Ground Water

2.7.1 Background

2.7.1.1 Summary of Applicable Requirements

As discussed in Section 2.7.1.2, the available ground-water

data from recent studies at the solar evaporation ponds
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indicate that ground-water corrective action will be
required to meet 6 CCR 1007-3, Section 264, Subpart F. Due
to the complexity of potential ground-water contamination
resulting from other potential sources in the vicinity of
the solar ponds, the required ground-water corrective action

may be integrated with an area-wide program.

2.7.1.2 Ground-Water Quality

The results of ground-water analyses from wells in the
vicinity of the solar ponds performed between the fall of
1986 and the first quarter of 1988 are presented in Appendix
6 of this closure plan. Briefly, the results indicate the
ground water in the hillside north of the solar ponds has
been affected by leakage from the ponds. The plan to

mitigate ground-water impacts 1s discussed in the next

section.

2.7.2 Removal of Ground Water

The ground water in the hillside north of the solar ponds
will be collected and treated in two systems. First, ground
water north of the perimeter security zone (PSZ) will be

collected in the existing french drain system as part of the
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ground-water corrective action. Secondly, ground-water
flows directly north of the solar ponds will be collected by

an interceptor drain at the downgradient toe of the final

cover as discussed in Section 4.3.11.

The collected ground water will be pumped from the
interceptor drain system and the french drain to the solar
ponds and the forced evaporation system in Building 374 as

discussed in Section 2.2.6.

2.7.3 Volume of Ground Water

The volume of ground water that may require treatment after
collection in the existing french drain system and the
proposed interceptor drain is currently being evaluated.
Ground water collected from adjacent Solid Waste Management

Units (SWMUs) may also be treated in the process streams

used for the solar ponds.

2.7.4 Treatment of Ground Water

Based on data collected to date, it appears the evaporative
treatment process currently employed 1is an adequate

treatment method considering the characteristics of the
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ground water collected to date in the existing french drain
system north of the solar ponds. Eventually, water
collected in the interceptor trench pump house may be
treated in a facility constructed for area-wide ground-water
corrective action. Completion of the treatment unit is

tentatively planned for November 1991.

2.7.5 Disposal of Ground Water

Disposal methods for the treated ground water have not been
established; however, reintroduction to the ground water and
discharge to surface streams will be evaluated on an ongoing
basis. No changes will be made with respect to ground-water
discharge or surface water discharge without first seeking

regulatory approval.

2.7.6 Schedule

Evaluations are currently being conducted to develop
criteria for final design of the ground-water collection and
treatment system at the solar evaporation ponds. The
information being developed includes the required depths of
drains, the flow quantities which can be anticipated from

the geologic formations, the adequacy of the existing pipes
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to adequately handle the flow and seasonal variations in
flow rates which may require surge tank holding capacity.
Required modifications to the existing french drain system
are being evaluated, including whether the existing east-
west trench on the south end of the system can adequately
serve as the interceptor drain at the downgradient toe of
the final cover. The results of these evaluations will be

completed in time to be incorporated into the final design.
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3.0 DECONTAMINATICN OF EQUIPMENT

3.1 Introduction

As required by 6 CCR 1007-3, Sections 265.112(b)(4) and
265.114, auxiliary and construction equipment used at or
during closure of the solar evaporation ponds will be
decontaminated. Decontamination will involve the

procedures described in the following section.

3.2 Decontamination Procedures

All construction equipment involved with removing
and regrading contaminated soils at the solar ponds will be
scraped or brushed to remove chunks of soil or debris
whenever the equipment leaves the excavation area. The area
used for scraping or brushing will be raked and/or swept to
collect all removed material. The collected material will
initially be handled as a mixed waste. A representative
sample of this waste will be obtained and analyzed and the
material handled appropriately based on the results of this
analysis. If this waste qualifies as a mixed waste, it will

be shipped off site to an approved treatment or disposal

facility.
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Construction equipment will then move to an adjacent wash
down area consisting of a pre-clean area and a final clean
area. The pre-clean and final clean areas will be located
in a portion of Pond 207-B South. The existing hypolon
liner will be maintained in the wash down area, which will
be located downslope in the pond area to contain rinsate.
The pre-clean area will be used for the general removal of

soil from auxiliary and construction equipment.

The final clean area will consist of a concrete wash rack
overlying a portion of the hypolon liner in Pond 207-B
South. This area will measure approximately 30 feet by 50
feet in plan dimension. A gravel pad will be placed around
the area for ease of working. The equipment will be driven
or placed on the rack from the pre-clean area and the
appropriate decontamination procedure for radiocactive or
hazardous material will be conducted. The rinsate will be
collected and will be transferred to a holding tank. The
rinsate will be characterized according to the procedures
outlined in the Waste Management and Waste Analysis Plan,
Section C of the RCRA Part B Operating Permit Application
(U.S. Department of Energy, 1986d). Upon characterization,
the rinsate will be treated on site in the appropriate Rocky

Flats process waste treatment facility.
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Following final use of the wash down area, the pond liner
will be decontaminated following the procedures outlined in
Section 2.4.3. If the liner cannot be fully decontaminated,
it will be packaged in approved containers and shipped to
the Nevada Test Site. Equipment used for demolition of the
wash down area will be of proper size to be subsequently
decontaminated in Building 889. This facility is currently
equipped to decontaminate up to moderately sized
construction equipment. The facility is planned to be

enlarged by January 1989 to accommodate slightly larger

construction equipment.

At the wash down area and in Building 889, equipment will be
triple rinsed with a spray system. The decontamination
spray system to be used will heat water to approximately
350°F under 250 pounds per square inch gauge pressure. The
super-heated, high-pressure stream will be sprayed on the
contaminated surface through a series of nozzles
incorporated into the vacuum/spray cleaning head. The exact
equipment used for decontamination will vary depending on
contractor selection. The decontamination equipment used

will provide for adequate decontamination of the

construction equipment.
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3.3 Auxiliary Equipment

As discussed in Section 1.4, the only auxiliary equipment at
the solar ponds requiring decontamination under this closure

plan is a portable pump that pumps liguids from one pond to

another and a pontoon supported raft.

3.4 Construction Equipment Used During Closure

In addition to the equipment described in Section 3.3,
construction equipment anticipated to be used during closure
may include backhoes, large front-end loaders, small
loaders, hoppers, conveyers and forklifts. The 1large
quantities of regrading and earth movement required may
necessitate additional equipment, such as haul trucks and
scrappers. All equipment exposed to contaminated soils will

be decontaminated according to the procedures presented in

Section 3.2.

Equipment, such as the forced evaporators located in
Building 374 that will be used to evaporate ligquids in the

ponds and/or the interceptor trench pump house, are included
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in the RCRA Part B Operating Permit Application (U.S.

Department of Energy, 1987a) and are identified as Unit 42.
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4.0 REGRADING, COVER AND VEGETATION

4.1 Introduction

The solar evaporation ponds will be closed with wastes
remaining in place, meeting 6 CCR 1007-3, Section
265.228(c). Portions of the site will require regrading to
establish final surface contours. A final cover will be
placed and revegetated. This section discusses regrading

the site, the final cover and vegetation.

4.2 Regrading

Regrading will be required in the solar evaporation pond
area prior to placement of a final cover. The grading will
be performed to reshape the ground surface in the vicinity
of the ponds to minimize surface water infiltration and
control erosion from runoff. If the embankments of the
solar ponds do not require removal and disposal at an off-
site location, it is anticipated that they will be used as a
fill material for regrading beneath the cover. The area

requiring regrading extends to the limits of the cover shown

on Figure 14.
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The surface grading will be designed to reduce ponding and
subsequent infiltration. 1In addition, slopes will be kept
to a minimum to reduce erosion as a result of surface runoff
velocities. Based on estimated guantities to balance cut
and fill at the site, approximately 60,000 cubic yards will

require removal and replacement within the limits of the

cover.

Embankment soils will be cut and placed as £ill in the pond
areas to achieve a uniform grade. 1In addition, cuts up to
approximately ten feet deep in the soils and bedrock
adjacent to the north embankments of the ponds will reduce
final surface slopes at the slope crest. These additional
cut materials will also be required to £fill the ponds

without importing additional materials.

Regrading will result in cover subgrade contours that tie in
uniformly with existing contours near the cover boundaries.
Run-on will be controlled by constructing the 4.5-foot thick
cover on the regraded surface, effectively forming a "berm"
around the west, south and east limits of the cover. At the
north end, the ground surface will be overexcavated a depth
equivalent to the liner thickness to permit transition with

a maximum 20 percent slope.
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Final Cover

The final cover has been designed to meet performance
standards set forth in Sections 265.228 and 265.310. The

final cover will be a multi-layered section, designed and

constructed to:

Provide long-term minimization of the migration of
liquids through the closed impoundment;

Function with minimum maintenance;

Promote drainage and minimize erosion or abrasion
of the cover;

Accommodate settling and subsidence so that the
cover's integrity is maintained; and

Have a permeability less than or equal to the

permeability of any bottom liner system or natural
subsoils present.

To meet these standards, the cover will be comprised of

three components:

Erosion control in the form of minimum slope
grades and vegetation;

Drainage layer to expedite removal of surface
infiltration and maintain cover stability;

Infiltration barrier, including both a flexible

membrane liner (FML) and low permeability
compacted clay.

Due to the previous history of ground-water seepage
daylighting on the slope surface north of the ponds, and the

low permeability barrier component of the cover, an
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additional drainage layer will be added to the cover section
for that portion of the cover located north of the existing

ponds. This component will be discussed separately in

Section 4.3.10.

4.3.1 Extent of Final Cover

The extent of the final cover will include all of solar
evaporation ponds 207-A, 207-B North, Center and South, and
207C. In addition, the cover will extend down the slope
north of the ponds to the perimeter security zone (PSZ).
The total cover area is approximately 670,000 square feet.
The extent of the cover is based on the site
characterization (Appendix 6) as summarized in Section 2.6.

The extent of the final cover is shown on Figure 14.

The topography after regrading of the ground surface for the
final cover is presented on Figure 15. The final cover
elevations will be elevated equivalent to the cover

thickness based on the actual regraded surface of the solar

ponds at time of closure.
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4.3.2 Type of Materials

The design of the multi-layered cap will conform to the
performance standards in 6 CCR 1007-3, Section 265.310. The
specified performance standards will be achieved on the
solar evaporation ponds site by utilizing a multi-layered

cap. A typical cross section of the final cover is shown on

Figure 16.

Sand: The sand drain layer will be comprised of hard,
durable sands or gravels having no more than five percent
passing the U.S. standard No. 200 sieve. Final gradation of
the drain material will be based on the gradations of the
compacted soil layer material selected in final design. The
sand drain layer will be designed to act as a filter against
the compacted so0oil layer. During final design,
characteristics of the compacted soil layer, anticipated
hydraulic heads at the interface with the filter and
required hydraulic conductivities for the drain material

will be considered in selecting filter design criteria.
The sand drain layer will also serve a dual function as a
bedding layer against the underlying synthetic membrane

preventing the membrane from being damaged during the
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placement and compaction of the erosion control layers. The
sand specified for the drainage layer(s) will be imported to
the site or screened from on-site borrow areas. The sand
may be ASTM C-33 fine aggregate (concrete sand), or

equivalent, tentatively meeting the following gradation:

Sieve Size Percent Passing
No. 4 (4.75 mm) 100

No. 8 (2.36 mm) 80 - 100

No. 16 (1.18 mm) 50 - 85

No. 30 (600 um) 25 - 60

No. 50 (300 um) 10 - 30

No. 100 (150 um) 2 - 10

No. 200 (75 um) 0 -5

In addition to ASTM C-33 fine aggregate, an egquivalent
gradation is American Asscciation of State Highway and
Transportation Officials (AASHTO) Class C filter material,
provided 100 percent passes the No. 4 sieve. Since the
drain material will be placed against the synthetic liner in
portions of the multi~layer cover, the maximum aggregate

size is limited to 1/4 inch to prevent punctures.

Clay: Clay beneath the synthetic liner will have a
hydraulic conductivity of 10”7 centimeters per second when
compacted in the laboratory to 95 percent of the maximum
standard Proctor density (ASTM D-698). The clay will be

compacted between plus or minus two percent of optimum
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moisture content. The specified moisture content at
compaction will promote low permeability and decrease the

potential for cracks resulting from a brittle compacted

structure.

Suitable clay will be imported to the site or obtained from
on-site borrow sources if the location of suitable soils are
identified prior to construction. Previous studies at the
site indicate local sources of available material; however,
large quantities suitable for borrow without contamination
of higher permeability materials may require import from an
off-site location. Published data (Hunt, 1984) indicate a
hydraulic conductivity of 10~7 centimeters per second will
be achieved with soils containing 30 to 50 percent colloidal
clay fraction (percentage less than two micrometers). The
clay will have a liquid l1limit less than 50 to reduce

potential for shrinkage cracks prior to placement of the

membrane.

Compacted Soil: Published data and site investigation

reports indicate that natural clay soils available on the
site classify as A-6 and A-7 in accordance with the AASHTO
classification system (U.S. Department of Agriculture, 1984

and Woodward-Clevenger, 1974). The A-6 and A-7 solils are
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silty and sandy clays. The 24-inch compacted soil zone in

the final cover section serves the following purposes:

- Provides protection of the low permeability
sections from surface damage.

. Insulates the "functioning" sections, i.e., sand,
drain and low permeability barrier, from frost
penetration.

. Fortifies erosion protection beneath the topsoil

by affording increased water erosion velocities.
- Permits deep root penetratlon to promote vigorous

vegetation growth in an arid climate without
affecting the "functioning" sections.

The on-site soil used in the compacted zone beneath the
topsoil and above the sand drain will have more than 35
percent passing the No. 200 sieve, with a liquid limit
greater than 30 and a plasticity index greater than 10.
This soil layer will be placed in uniform eight-inch loose
lifts, compacted to at least 95 percent of the maximum

standard Proctor density near optimum moisture content (ASTM

D-698) .

Topsoil: The 12-inch topsoil layer will be constructed
using on-site soils to which 300 pounds per cubic yard of
organic fertilizer and natural pumice will be added. The
topsoil mixture will then be spread over the entire cover

area to be vegetated. Vegetation of the cover is discussed
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in Section 4.4. The topsoil will be placed in a single

uniform 12-inch loose (uncompacted) 1lift.

Synthetic Membrane: A 30-mil high density polyethylene

(HDPE) synthetic membrane will be placed above the low
permeability clay and beneath the sand drain as shown on the
cross section on Figure 16. The membrane will be
manufactured from virgin first quality resin designed and
formulated specifically for use in hazardous waste

environments. The HDPE membrane will meet the following

minimum specifications:

Property Test Method Test Value
Density (g/cc) ASTM D-792 0.935
Environmental Stress Crack ASTM D-1693 1,500
(min., hrs.) Condition C
Low Temp Brittleness ASTM D-746 -75°C
Thickness ASTM D-2103 -5% to +10%
ASTM D-751
Tensile Strength at Yield ASTM D-638 2,000
(ps1)
Elongation at Yield ASTM D-638 13%
Tear Resistance (1b) ASTM D-1004 20 for 30-mil
Die C 40 for 60-mil
Carbon Black ASTM D-1603 2% to 3%
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4.3.3 Depth of Materials

The depth of the materials were determined to provide the
specified performance for protection of human health and the
environment while maintaining an efficient design. The sand
drain layers will be six inches thick. The sand drain above
the synthetic membrane is sized based on infiltration and
drainage calculations using the HELP computer model
(Schroeder, 1983). Results of the modeling are presented in
Appendix 2. Based on the maximum drain length and finished
slopes, and using a conservatively 1low hydraulic
conductivity on order of 1 x 1073 centimeters per second,

the six-inch sand drain will more than accommodate design

flows.

The sand drain beneath the low permeability barrier will be
placed only on the steeper slope north of the solar pond
locations. The sand drain will intercept potential ground-
water seepage which historically has daylighted on the
slope. The sand drain is sized to a minimum thickness of
six inches for constructability purposes. The drain will
carry less flow than the existing interceptor french drain

system. Estimated flows at the interceptor trench pump
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house are approximately four million gallons per year as

discussed in Section 2.2.2.

The low permeability clay is a "second" component beneath
the synthetic membrane to minimize surface infiltration.
The 12-inch thick clay soil will have a maximum hydraulic
conductivity of 1 x 10”7 centimeters per second. The clay
will be placed in two, six-inch lifts, which will permit

good quality control during construction to achieve the

design performance.

The compacted on-site soil above the synthetic membrane and
sand drain will be placed 24 inches thick. Adequate frost
protection and protection from surface abrasion is provided
by the combined 12 inches of topsoil and 24 inches of
compacted on-site soil. The 12-inch topsoil depth is

typical for support of native vegetation in the semi-arid

region.

4.3.4 Volume of Materials

The material volumes for the final cover are estimated as

follows:
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Material Quantity
Sand Drain (above synthetic membrane) 14,000 yd3
Sand Drain (below clay, north slope) 4,000 yd3
Clay (:LO'7 centimeters per second;

compacted volume) 30,000 yd3
Compacted On-Site Soil (A-6 or A-7;

compacted volume) 55,000 yd3
Topsoil 30,000 yd3
30-mil HDPE 750,000 ft2

The material volumes may vary slightly depending on final

design and construction.

4.3.5 Source of Materials

The sand drain material and low permeability clay may be
imported to the site or obtained from on-sit borrow sources.
The materials specified are commonly available through local
suppliers from borrow sources in the region. Maximum haul
distances will range up to 15 miles. The topsoil and
compacted on-site soil will come from borrow sources at the
Rocky Flats Plant in the vicinity of the landfill and/or
west spray fields. The distance to these borrow sources is

approximately 0.5 and 1.5 miles, respectively.
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Materials will be brought to the site and placed in sequence
for construction of the final cover to avoid stockpiling and

double handling.

4.3.6 Final Cover Design

Slope of Cover: The minimum slope of the cover will be two

percent to promote surface runoff and reduce ponding and
surface water infiltration. The minimum slopes will occur
along the south boundary of the cover where existing slopes
are nearly level. The maximum slope for the cover is 20
percent and will occur near the north boundary where
existing slopes are steep and excavation into the hillside
is necessary to merge the cover thickness with the existing

contours. A maximum 20 percent slope will control surface

erosion for the vegetated cover.

Slope Length: Slope lengths along the cover range from 500

to 900 feet. Grading is specified to result in gradual

transition of slopes along the surface runoff paths to avoid

flow concentrations and gully erosion.
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Erosion Protection: Final cover vegetation will provide

erosion protection from surface runoff. Calculations to
determine maximum surface velocities relative to permissible
velocities for vegetated soil cover are presented in
Appendix 2. Velocities were calculated using the rational
formula for surface runoff assuming a 100-year, 60-minute
storm event, adjusted for the time of concentration for the
longest flow path on the cover. An area equal to the
longest flow length, having a unit width, was used in
conjunction with a flow concentration factor (Nelson, 1986)
of 3.0 to account for potential gully erosion from sheet
flow conditions. Flow velocities of 2.7 feet per second
were calculated using Manning's equation. Maximum
velocities will occur along the limits of the cover on the
north slope. Permissible flow velocities below which
surface erosion will not occur were obtained from referenced
sources (Nelson, 1986; NAVFAC, 1982). The average
permissible velocity for the conditions anticipated on the
cover is three feet per second. Therefore, the erosion of

the soil and vegetation cover is not anticipated as a result

of the design storm event.

In addition, the compacted on-site soil beneath the

12 inches of topsoil contains sand and gravel sized
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particles, which are generally present in the Rocky Flats
Alluvium. In addition to the higher flow velocities
permitted for compacted soil, the larger gradation will
provide self-armoring should flow velocities increase until
the on-site compacted soil layer begins to erode. As a
result, the compacted soil layer will provide additional
erosion control for the final cover in the event the
vegetative cover is eroded or lost on portions of the cover

between maintenance periods.

4.3.7 Final Cover Stability

The stability of the final cover design was evaluated for
the maximum slope of 20 percent (five horizontal to one
vertical). An infinite slope analysis was performed to
evaluate the sliding potential of the overlying drainage and
erosional layers on the synthetic membrane. The synthetic
membrane is considered the critical surface for sliding
since the frictional resistance between the membrane and
overlying sand material is approximately 60 percent of that
in the sand itself. In addition, seepage forces may be
present within the sand drain which act to further reduce
stability. Using conservative assumptions for sliding

resistance and seepage forces within the sand drain, the
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final cover has a factor of safety against sliding in excess

of 1.5. Calculations for cover stability are presented in

Appendix 2.

4.3.8 Differential Settlement

Differential settlement is not anticipated to be a concern
for closure of the solar evaporation ponds. Maximum depth
of £fill placement during regrading will be on the order of
ten feet. The fill will be relatively compact as a result
of construction activities during closure. Since the fill
consists entirely of earthen materials, and the depths of
fill are relatively shallow, significant long-term
settlement is not a concern. Therefore, evaluation of the

cover stability as a result of differential settlement was

not evaluated.

4.3.9 Infiltration Control

Infiltration through the final cover will initially be
reduced by surface grading, evapotransporation by the
vegetation cover and the reduced permeability of the
compacted soil layer. However, it is recognized that some

waters will infiltrate beneath compacted layers. Further
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infiltration of the water will be reduced by placing a 30-
mil HDPE synthetic membrane below the six-inch sand drain

layer. Infiltrating waters will therefore be diverted

through the sand drain and out the cover.

Although the intact HDPE material is for practical purposes
impermeable, field seaming of the membrane panels, other
construction defects and construction damage may occur to
the liner. As a result, there will be an effective
permeability of the liner based on the percentage area of
defects to the overall liner area. For purposes of the
computer modeling, it was conservatively assumed that for
every 100 feet of seam, there was one foot having a hairline
opening or an equivalent hole opening of 1,000ths of a
square foot. Opening in the membrane will be minimized by
QA/QC procedures. In any event, the assumed openings are

considered a "worst case" analysis.

Based on the proposed final cover and the assumed
inefficiency of the synthetic membrane, the Hydrologic
Evaluation of Landfill Performance (HELP) computer model
(Schroeder, 1983) was run and no significant gquantity of
water infiltrated through the synthetic membrane on a yearly

basis. In comparison it is estimated that 103,687 cubic
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feet (12.77 percent of precipitation) infiltrates the cover
and discharges at the base on an annual basis. Output from

the analysis is in Appendix 2.

4.3.10 Surface Drainage Control

Surface runoff from the final cover will be collected in the
existing drainage channel south of the existing road which
parallels the Perimeter Security Zone (PSZ). Surface
drainage is presently collected in a shallow retention pond
and routed through a culvert beneath the road and onto the
ground surface in the PSZ. Since total surface runoff
volumes will not be substantially increased, additional
protection of the channel beyond the toe of the cover is not

anticipated as a result of the solar evaporation pond

closure.

4.3.11 Subsurface Drainage Control

An interceptor drain is shown on the cross section of the
final cover on Figure 12 near the north, downslope toe of
the cover. The drain is connected to the sand layer beneath
the synthetic membrane. The interceptor drain will isolate

ground-water migration from beneath the cover to permit

135



Cc07890010526 Date: July 1, 1988
Revision No: 2

handling or treatment separate from the french drain system.

Separate handling may be driven by:

. Large gquantities of ground water intercepted by
the existing french drain system;

. Limited ground-water treatment capacity:; and

. Ground-water contaminant contributions possibly

isolated to the solar pond area.

The interceptor drain will extend along the entire length of
the toe of the cover and discharge into a sump where the
water can be pumped to the forced evaporators at Building

374, and eventually to the ground-water treatment process

facility when it is completed. The interceptor drain may
consist of the existing upslope french drain lateral if its

integrity can be economically maintained during regrading.

The sand layer extends downslope of the interceptor drain
location to allow abandoning the drain in place at some
future date when treatment of the water is no longer
required. The interceptor drain may fill with water and
overflow through the sand layer without generating

hydrostatic pressure beneath the cover.
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4.3.12 Construction Equipment

Regrading, fill placement, and compaction will be possible
with conventional earth moving equipment. Moisture
adjustments will be accomplished with water truck and hose
application methods. Compaction of the low permeability
clay will be accomplished with a minimum 50,000-pound smooth
drum vibratory roller. The final 1ift of the 1low
permeability clay will be rolled smooth to provide a
suitable bedding surface for the synthetic membrane.
Equipment will not be allowed to operate directly on the
synthetic membrane. Stopping or turning of equipment on
slopes steeper than five percent will not be permitted

during construction to avoid damage to the liner.

4.4 Vegetation

The surface of the cap will be stabilized to decrease
erosion by wind and water and contribute to the development
of a stable surface environment. This will be accomplished

by establishing a vegetative cover on the cap.

The area requiring vegetation will consist of the 750,000

square foot cover and ten percent additional area for the
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surrounding perimeter where construction activities extend

beyond the final cover.

Vegetation of the cover will be conducted by seeding with a
mixture of native grasses. The mixture will consist of:

Grass Quantity (pounds)

Western Wheatgrass 6.0
Thickspike Wheatgrass 3.0
Little Bluestem 2.0
Green Needlegrass 2.0
Canby or Canada Bluegrass 1.0

14.0 pounds/acre

The properties of the native grass mix are:

. A root structure which will not penetrate the
cover;

. Require no irrigation after the grass has been
established;

. Be capable of withstanding the temperature range

experienced at Rocky Flats;

. Require little fertilization after initial
seeding, and

. Be compatible with the soil properties, such as
pH, of the vegetative lavyer.

Preparation of the topsoil layer will include ripping of the
upper six inches, applying two tons per acre of weed free
native hay mulch and crimping the mulch with a crimper disc.

The fertility of the topsoil layer will be analyzed in the
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first year and appropriate fertilizers applied to the cover

in the second year, if needed. Irrigation will not be

required.

Additional periodic maintenance will be performed, including
reseeding and weed control as necessary. The solar pond
cover and vegetative growth will be inspected quarterly as
specified in the Part B Post-Closure Care Permit. During
this inspection, trees and bushes will be removed, and the

condition of the vegetation will be observed.

4.5 Quality Assurance/Quality Control Procedures

A quality assurance/quality control manual will be completed

by July 1989 as shown on the Summary of Solar Pond Closure

Activities, Figure 10.

Detailed plans and specifications for the solar pond capping
activities will be completed by July 1989. These plans and
specifications will conform to the performance criteria
given in this document, and will be incorporated into the
appendices of this closure plan. These plans and

specifications will be submitted to the Colorado Department
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of Health and Environmental Protection Agency for review

when available.

4.5.1 Quality Control

Quality control of the closure of the solar ponds will
include materials, lines and grades, and placement. The
method for controlling the quality of each of these areas

will be presented in the final construction specifications.

Control of material gquality will be by random sampling at
specified intervals. Earthen materials will be tested for
their characteristics such as gradation, atterberg limits,
moisture-density relation, specific gravity and durability.
Manufactured materials will be certified by the manufacturer
to meet the required specifications. Throughout the closure
of the solar ponds, materials utilized will be visually
observed during placement to see that the materials meet the

intended use and project specifications.

Control of lines and grades during closure will be by
surveying. Surveys will be conducted under the supervision
of a registered land surveyor. Deviation from construction

drawings will be indicated and as-built drawings showing
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constructed lines and grades will be prepared upon

completion.

Control placement will overall be by visual observation of
the methods, equipment and practices utilized for placement
of materials. Earthen materials shall also be tested for
proper placement by in-place testing of moisture, densities
and gradations, as applicable. Manufactured materials shall
be tested, as appropriate, to determine that field
installation methods have produced the required quality of
product. The synthetic membrane shall have all field seams
tested in accordance with the manufacturer's

recommendations. As a minimum, all field seams will be

visually inspected.

Quality control testing will be performed in accordance with

ASTM or other recognized test procedures.

4.5.2 Quality Assurance

To assure that the quality control plan is being implemented
during closure of the facility, a quality assurance plan
will also be set forth as part of the final construction

documents. The quality assurance plan will set forth the
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time 1intervals between gquality assurance reviews,
information to be reviewed and procedures for correction of
quality control problems if present. The quality assurance
plan will be dependent on the final quality control
specifications and the time schedule set for closure. It is
anticipated that the certifying engineer for closure will

provide quality assurance reviews.

4.6 Health and safety Plan

A site specific Health and Safety Plan, or such health and
safety procedures identified in the Rocky Flats Plant
Operational Safety Analysis (0SA) procedure, covering liner
and contaminated soil removal will be prepared two months
before liner and soil removal activities begin. The plan
will be submitted to the Colorado Department of Health for
information and will comply with all applicable
requirements. The procedures presented below are guidelines
that will be followed during closure activities. Additional
procedures and details will be presented in the site
specific Health and Safety Plan or the OSA. Worker safety
guidelines, such as OSHA regulations, DOE orders and Rocky

Flats Plant policies will be followed. Protective clothing

will be similar in nature to:
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. hardhats,

. hard-toe boots,

. Tyvek overboots,

. Tyvek suits,

. dust masks, and

. air-purifying respirators or self-contained

breathing apparatus (optional).

The intent of this equipment is to provide a barrier to
inhalation, ingestion and absorption of contaminated
materials. Appropriate protective gloves will be used based

on the contamination found at any particular site.

Air monitoring will be conducted in the work area. Portable
high-volume (40 cfm) samplers or fixed radiocactive ambient
air samplers (25 cfm) will be located around the excavation

area, including at probable downwind locations.

Air monitoring will also be conducted using hand-held
photoionization detectors. The site specific health and
safety plan or OSA will present levels, which if exceeded,
will require some action be taken, such as increasing

respiratory protection or work cessation.

A Rocky Flats Environmental Sciences representative will be

monitoring conditions during excavation activities. This
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person will have the authority and responsibility to

terminate the work if any of the following events occur.

. Wind speeds exceed 24 km/hr (15 mph).

. Any visible dust is present or there is any
indication that dust control measures are
inadequate.

. The total long-lived alpha concentrations measured

on filters from high-volume samplers exceed
0.06 pCi/m~” in order to re-evaluate dust control

procedures.
. Power failure.
" Heavy rainfall or snow.

Airborne contamination may require upgrading dust masks to
air-purifying respirators or self-contained breathing
apparatus. Sudden increases in airborne contamination due
to excavation in localized highly contaminated areas may be
addressed by a temporary cessation of work until natural

dissipation reduces contamination.

4.7 Maintenance

Maintenance of the final cover is required to meet the
performance standards of 6 CCR 1007-3, Section 265.111.

Continuing maintenance of the final cover 1is not
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anticipated. Periodic maintenance of the final cover will

be conducted as required. Periodic maintenance may include:

. regrading to maintain slope and grade
. fertilization

. mowing

. irrigation

. reseeding

. control of rodents.

The amount of periodic maintenance will depend largely on
the extent to which the cap is protected against erosion
damage by vegetation. Routine repair of the cap may be
needed to prevent ponding and drainage problems due to

‘ minor subsidence of the solar ponds.

Periodic visual inspection of the final cover will be
conducted on a quarterly basis until final cleosure and then

biannually thereafter during the post-closure care period.
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5.0 GROUND-WATER MONITORING

Ground-water contamination at the Rocky Flats Plant has been
the subject of ongoing investigations being performed
pursuant to the Resource Conservation and Recovery Act
(RCRA), the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), and the U.S. DOE
Comprehensive Environmental Response Program (CERP). In
addition to the solar evaporation pond facilities, other
solid waste management units (SWMUs) in the vicinity of and
upgradient of the ponds have likely impacted ground-water

quality.

An assessment of the ground-water contamination resulting
from solar pond leakage was conducted as part of the
hydrogeological site characterization presented in Appendix
6. Ground-water monitoring wells installed for the
assessment will be utilized to meet the closure ground-water
monitoring requirements of 6 CCR 1007-3, Section 265.90 et

seq. The wells are: (SP=Alluvial Well; BR=Bedrock Well)

13-86SP 23-86BR 31-86BR
14-86BR 24-865P 32-86BR
15-86SP 25-86BR 21-87SP
16-86BR 26-865SP 22-87BR
17-86SP 27-86BR 37-87SP
18-86SP 28-86SP 38-87SP
20-86SP 29-86SP 39-87BR
22-86SP 30-86BR 56-87SP
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Ground-water protection standards are presented 1in

Appendix 6.
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6.0 CLOSURE CERTIFICATION

6.1 Certification Requirements

Closure certification requirements are outlined in 6 CCR
1007-3, Section 265.115 and 40 CFR 265.115:

"Within 60 days of completion of closure of each
hazardous waste surface impoundment, waste pile, land
treatment, and landfill unit, and within 60 days of
completion of final closure, the owner or operator must
submit to the Department of Health/Regional
Administrator by registered mail, a certification that
the hazardous waste management unit or facility, as
applicable, has been closed in accordance with the
specifications in the approved closure plan. The
certification must be signed by the owner or operator

and by an independent registered professional
engineer."

Certification by an independent registered professional
engineer does not guarantee the adequacy of the closure
procedures and does not necessarily involve detailed testing
and analyses. It implies that, based on periodic facility
inspections, closure has been completed in accordance with
the specifications in the approved closure plan (U.S.

Environmental Protection Agency, 1981).
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6.2 Activities Requiring Inspections by a Registered
Professional Engineer

The following closure activities will require inspections by

a registered professional engineer:

. Completion of liquid evaporation,

. Removal, treatment and disposal of pond sludges
and sediments,

. Removal and disposal of pond liners, if required,

. Decontamination of equipment used at the ponds,

. Removal, treatment and disposal of contaminated

soil, if required, and

. Construction activities related to cap, ground-
water collection, Interceptor Trench Pump House
(ITPH) system.

A summary of these activities and the dates when they

occurred will be presented in the closure certification

report.

The engineer will obtain and review the results of chemical
testing which provide a record of the progress and
effectiveness of the implemented closure plan.
Documentation supporting closure certification will be
included in the certification report. This documentation
will include hazardous waste manifests, surveying records
verifying final slopes and contours, and records of

equipment decontamination. Any deviations from the closure
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plan and their resolutions will be documented by the

engineer performing the closure certification.

6.3 Anticipated Schedule of Inspections by a Registered
Professional Engineer

An independent registered professional engineer will
periodically review the closure operations listed in
Section 6.2 in order that a final certification of closure
can be developed which states that the closure has been
carried out according to the plan. The engineer will
observe construction activities and be present during

performance and completion of key closure activities.

The independent registered professional engineer and the
owner will, at the end of closure, inspect the site and
certify that the closure plan was carried out as described.
Prior to final certification, deficiencies noted by the
engineer will be corrected. When deficiencies have been
corrected, the engineer will issue a written report to the
regulatory agencies certifying that the facility has been
closed according to this closure document. The
certification of closure, signed by the owner and the

independent registered professional engineer, will be mailed
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to the CDH within 60 days after completing closure of the

ponds.
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7.0 LEACHATE AND GAS COLLECTION AND TREATMENT

The applicable standards (U.S. Environmental Protection
Agency, 1981) require systems to collect, remove and treat
leachate and to collect gas if these systems are required
during the operation of the impoundment. Leachate and gas
collection and treatment systems are not and have not been
present at the solar evaporation ponds. Nitrates and the
attendant compounds from the process wastes will not produce
methane gas because organic compounds and biodegradation are
not present. Additionally, leachate and gas are not

expected to be generated since all the waste inventory will

be removed for closure.

Therefore, leachate and gas collection and treatment systems

are not required at this facility.
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8.0 SITE SECURITY

The existing security measures at the Rocky Flats plant

include:

- a three-strand barbed wire cattle fence
surrounding the facility (Figure 1) posted to

identify the land as a government reservation/
restricted area,

. a fence surrounding and armed guards posted 24
hours per day at two gates to the controlled area
of the facility (Figure 1),

. a 6-foot high chain link fence topped by 2 feet of
three-strand barbed wire surrounding and guards
posted 24 hours per day at gates to the perimeter
security zone (PSZ),

. guards patrolling the controlled area and the PSZ
24 hours per day, and

. surveillance by security cameras 24 hours per day.

The existing security measures are sufficient to meet the

requirements of 6 CCR 1007-3, Section 265.14.

The existing fences and gates are operated and maintained by
the U.S. Department of Energy. Maintenance requirements
will be performed by the U.S. Department of Energy,

regardless of the activities at the solar evaporation ponds.
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FIGURE D-8
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NOTE: The solar pond systems depicted in Drawings 25787-CO1l
and 25976~D01 were not constructed. Therefore, these

drawings have been deleted from Appendix 1.



APPENDIX 2

VOLUME, SCHEDULE AND COVER DESIGN CALCULATIONS



Chen & Associates

Consumng

Geotechnica) Engineers
"NO. -z - 87

JOB TITLE ce

-QQ\\;\M > DATE_1/29 [BF BY_l¢ &___ .
CTW SURFACE IDFIENI T —————CHECKEDROR sy | or___|
. 1=30-g7 e
MAXI My URFACE AREA(Fecm

DlMENbION& OoF TOPORCREsT TO

. ROTTOM MAKIMUM pepry
HQWID sugeace® IoRorcResT) DiMeNnsions & Ly, oX ..
Pond CFT) FT. Acess (F1.) ety T
& c d —_—
20t A 230 x =03 \A2s0 3 o 195 x 4po 5
203- 3 L
NORTH 245 x |95 45540 1,o 205 x |35 , GSM,
CENTR 245 «x 3 4S540 (o 205 x |35 6> T
SO 245 x 35 15,40 2o X (35S 5.5
WL us X 135

tocoo  p.az 210 xiz0

—o

T —s
U
>
s

A le
& — o
- b-d
z
Lib~a\ L
\)duvm.g ¥ é(,ob*rC)e*d + Z[E(“—:")’K e] d “;-;Jvﬂ'.)
=
/‘\ oy WMNM
POND (F73) :’M:L,Ltp_g__"e_Au_oms\)
207 -A 163,000 - S5.F .
Z0%-
NORZTH 22@/ Foo V7.
cENTEZL 226 Foo (., - -
ZOUTH 112 Joo N
ToOF-C 15(29}'-4\/\) 2.

*oAssuMes, o FEET OF Figep



chen and associates, inc.

CA-13

CONSULTING ENGINEERS
08 No.2 -3 -85 joB TimiE ‘ZOOL\I CAATS

DATE 8/2| ;/ 86 gy KA)

.!ECT ENAPoRAT O ‘ZP(TES

CoU \nfoematioo
Stode C\\M&\—O\Oﬁ\j

Center

CHECKEDBMF shEeT__|
2-12-877

OF Nf

49\ -\{0\

Jim Cowte Colorodo Climate Cenker 4a1-8%545.

CW CredL

“‘O?Q&% oweragLN

- Closest M Yo YZoc\q Elals
Pan €ua{>wo}-‘l o J
orthly Guelag 1ASA - F 7
ncha.Q e bmalded 6 (OS> eNo cores
J(lr\ o,
—elo- \.00
Mar | F0 Ann. \odee wrap
" @ Qv ; -
. P A.24 dacreacon Grom
Chou (e to BF
ij 6.l < )
Jume B.0b =€ Denver(Chowy
o . =4z 437
Juday A4 sz N @ -\«
g - - 40 "o
P 3.85 f
O .23\
c 4,20
Nl 2.0\
e \.CA
Tokad  ae. 24" 633 Totl = 5506" fan evwap
¥ 0.54= 41197 "ol uap

A\’J QLL

v\wupw \Lt b

0. 74 %.n Yox \Zc:

“lads 1o conwend Yrom pan

x\ C’\.\CL Q\IUMPC( ¢ \~!(: o~



Chen & Associates

Consuiting Geotechnical Engineers

OB NO. JOB TITLE pate 2/ 11 j 8* sy A
JECT E\nﬁ{) Vo Xon CHECKED BSF SHEET__ 2 or_ W\
2-12-8y

Pord 207-0 Nevin receid 40 I measwad doun tha
183
‘J\o&\ OQ— t%\,\&c\ Q”UW ‘(ﬁ,,uz, ITPH CI'UYY\ \\Qf\ 2 Fr \'\ ‘HIUL mo*ﬂ]fﬁw

&L Fel g7 (1> day)
S\DP@ ob ?m’\d 203 -aNwTh = 52" .24" o 2.2d .
Vertical hoghd o 4"on slope = A - 182

Vol oF \kcbbu(;\ Aoce e d = @_?,Z__i>(.245* Fs7)
Y-

- bsoo OL° = 46,(000%0;0

Roke :b whlowr = 9&_@_39%&2_ = 3 F4o /%&.Q/da?
‘ \> aa - 2.0 30& a (4p
Assume o rolbe of 2.09pm 5 P\A' S Ale 207-B P
S‘L}Q}(\)\)'(ZQ/“\ NS (1/@/6?) o june \,X\Q‘B:‘f é nyf

\2 L\Cujb> Yo ceccumuiate 30_9% \ﬂfm o \\zc‘“‘aﬂ
135V 3% /.
= 482, %o%aﬁ-

(Vr oc fo Vz3er- 2/9/8% Pem:d wehad a lobol
TOCW "«Of ot tﬁ“«?'v ) - ‘.)\;:“a N wj A TN ™, uO/ ac \o{' JC

SACW ¥ )f AN o@-@)



Chen & Associates

Consuiting Geotechnical Engineers

‘ NO. JOB TITLE DATE 3/%/6? sy L A)

BT < . oA CHECKEDBIF SHEET 3 or_ 11

2-12-87
Fosanphony -
’D(SY\O\B 20F-A ard. -C:

- \M QTJY Q,XW\,M%,F/‘(\L/a {\\..,Ll/\.i)(ﬁ% W\\Z\"I\ (AN Vg ‘i_Cb‘n\_\LA aro. wodu
o Jume 1981
- Vol % Suszuds W PORdY M Jume 1987 i the sama
od v fae pendd Now
~ Pond M@Mmb"a\mwm

Teb 9 198% u\?m’\ﬁd oy

-A 2,038 300 Cﬂq«\m Yewrtt
-C 4‘\\‘600
. Pond 207~ B North, Cenler 4 Towth

- B - N ’\4{ &ﬂl@( Cu,w\,uﬁ\\,\ I\QL@/\M J,\M,uJ %«\m«\b&
TTPH, dow wolker C\OQD Ot Novih \—fslr ‘hen o Center

Is

P ‘-VK.L..Lx o0 )\rk

o

- Y\O«\L ‘ Cu,‘\fk_lﬁi‘% L ;i Noeir i \, p .
5 T |

- Lunvaent s QD e er j( Sooth e 4 and .10 v\/u&&tm %ds

- Aemumpr Pord Zo7- B Center ipnkes 0.5 auibion acdu\ ok

LCK\>LUL\ vore  Letween nows ond June \ 18T (.iQo,pﬂ Z)

\

Nol . qo \.qvu-\&:» ol P{;\“\d A Yuns 19673 <

Pond Volume  (widlion QU_C&EQ_

-2 et \

- T e L4 ro.2=1.3
. - South OAD+0D2=0.30



Chen & Associates

Consuiting Geotechnical Engineers

NO. JOB TITLE oate 2/ L/ 8F sy K A)
hecr__ Cuan Dot creckep X9 _sneer__ 4 NARE
\ , 2 7087 e
P - cr&HM “ine A,Q,uﬁl.%z% sediman)s  will Ble wab I
Mv{ % Le - . [P, _uv_..nwnm<j< N

Qanch 1989, 50 ol pocd L g uu& il
&}VAAM»\ m@wmd oY xcuteal m\ovai:xd by ~thathne

—{:M;&& WTLp. A OCCUN @ A ma¥ ot @;,OOO“@'&Q/

(Blada 187) . dhoftl oy wae fore wmp for stlan
Pu\o\ﬁwua o Due to dwen Mna oaes OA:S"J@VCW

{3 40000 wi/ s W
e ok o oo 1 Lake orop 6 Podk Flals

® -~/
Trom  AETIR \\ﬂ@b" W‘P » 2F =\S /\/f (Mﬁ
\L\LLL\‘J b\c\m 5 QT(/)B \\\e,v /\J’Gk,ss = LS /\/r
22"\ \\[ _;}_\) _ o.\?;a‘,’p‘. _ n\‘-?f;bjL)é#"}@%aﬁ
VO \Zwes J T ™MD Cwo- O ,
=103 gl /T



Chen & Associates

Consulting Geotechnical Engineers

NO. JOB TITLE pare_2/u[BF gy WA
cr E\Jc\,(‘D- Lo CHECKEDBAE SHEET D or -

2-\2-87

Vol ok \x,,ftmd A o Jdupe lar? = z.onullion Saﬂ
Send odl hguwids o borced swrwparalt o
Suwboce aea e Y M@H 14 (2206 505 HASK4LO)) 613*4@] =%, z00H*

MMCQ?)%LE;:‘)@&%H ) \33) (40000 xszw\z) 4, m#+

| - « ,_ = za}o@%
Tine S na,\ww&srgumeo\m?—_ COO,pvQ

‘ Cad ot WTp - wd - Jan 1468
POND 20%F - C

Vol, ob Laund o4 o dove 1967 = E;corc,-@o%aﬂ‘
v 0 v
! _ e ! ‘ Ll
ﬁ\)"\’* ol JALAL / 4 - ‘&’\.Q»L i 'v“vL-
\J‘ -
r

i

. ™ y
e noknad ernp il owa ddled Jan 1988

~

\)O\ 1“,\ ;;bL Zan :’CQ’ (\;L’"UIJ.;/J “\)'r’lQ K;r@(ﬂ (a/@:} - Wd ‘/%

@'5MOXL = C—g’%a)(”%,xﬁ 7’\/ 205/9003(,&
.23

2obpe oy ,J—c*r{
( qg% SIS RO i /\96 AT O"LuuC) CLZ
i N . \ - Q
. Nag = oeed g | ke = C:cw’ )[7,640091 /1 2> + ’1’55@0% 20\%)4"

T M TR0 s T > ”"12&90 . 5 mo.
. ~ ' 20,00 -

(/,m}\ A . /,\j'C\,{‘) = \QQ/C-\“ n\‘ﬁ r\ \%86



Chen & Associates

Consuiting Geotechnical Engineers

NO. JOB TITLE oate S 1F/BF gy WAL
JECT 53?‘\(‘ nlﬁ/\ CHECKEDYE2  SHEET b or_t1
!

2°30%]

PoMs 203-% Nepvd | Cente (ool

S C'\V(\)“ M f J ‘2/‘) .4‘ ok \ f (A% C“ : ‘F\L’IQ\Z ‘}’\‘./L

u,&: K (7S &+ 205 ¥ 3‘3 %oo@(
Tirns ﬁ;e« s B oo sed - .
L 300,000 gak 27 wo.

(\‘% ﬁ@\ C%szoo\}(z>

\nereaae oy hie /2 = 494 mo

PJ. \,\ O C\\ ‘3 N "LQ 66 \}d : {,\\ﬁ).. r o i\{)_,:' I :L,{:'J.)\Q.QJZAJ 6UTLPCU)
() ) | eal pond)
135

Vol aemaroins 10 2a povd in pu 8 o 1968
- \\mv,O‘OO- ZSDIOODV?Q,Q = \IAA‘)OOOQQLQ

H(}Wwv WATLY Yy oz amubec e oAb “Cpondd @ BKOgaJﬂL/mm
—— e - \ _
> 30,200 93(&'/“"!' ot 121000 qax/mo.

~

%  Fle wo. ca pond tar 13l e/ ol o) = 41, e

h = D“Jr‘ EY-S & n4
Ro2a oo d LAY s ek A L0ce < ) 432 omgad
by D — RS 168 | -
\)O\ A{);_\ ; e . : } - :\Ju{ : ‘ : /;\;\, ‘ m? \—qu %‘r‘c‘
207 - A brgn o d \J&(\ \W‘j@ = awd - Dept 1487 C’LOivub)

\ vav‘ 7 N

N Sz - . O
= ’LO(\,LQ’\ ( ut e 3;:‘:"*{)0 o > _ \)66%‘/\}3%&)’

S, -
- - o
V.22




Chen & Associates

Consuiting Geotechnical Engineers

‘JE’:‘.{: T &{\)QC&JV)JOB o cﬁz&%b:;:ri; BYj'\LA-iF H
1,19-%1 B
Ak JB &Atukd ok caw e (\JJMMJ and \chﬁd
M\“w&k& \Gm\ Trnd 207 - B Novth  from mud - Jan l,CTS,&,;
Wil Mow aea
- 0 Jin 1988- Maach 1a8e: L " 
Euoporaie: (\, §‘(°Q 155 z00H* )\ sno)/ 133 = 5 8

Tode 1 fomTTeH ¢ (1.5 mo) (\%\, Fe) 196 booaaﬁ

Net © nccease  196500- 51,80 = \44/?0080&.

' — Mach 1988 - Man \‘Wﬂ{ 12 mo*t:)" B
2 I Y 0,000948 | [ 523
= \2.("'&0)[ CLB %:ND/LBS} ST //“93 ‘/( ° Oooﬁ_ )(42}’“‘-‘3

—

CZmo> C 33(500_\. A% *BOOQG‘”(‘> = q54}&308a,@

- \XQ’ Cr‘i;;y‘f:_;’lle
- 934 coogad 1443095+ = — 387 000 gal.

DO sux b he |, 882 000 1ok ok 207 A caw take

e

ood don 1386 bole 1,332,000 - 78%000 = 1,143 ) 0ooge

0 -OT T N0 0

SO ea e une BB 00— 142 D09 T 340 000 8@0

/
~ . {
. Yoy 207 - D (enter



Chen & Associates

Consuiting Geotechnical Engineers

NO. JOB TITLE pate_t/12/0% o LA
hect Cran xon CHECKED SHEET B OF 1
X

1061 e
o\l /\QW\Q‘ﬁqm o oA - Jan 1188 6&6( {”l‘anS\Cf;{ |
BN e B Cand R
207 - A 143 0w+ 340000 ~ 1,863,000
20F-BNw ™ 1,422,000 -1, |43 o060 = 8% oooan
207 -0 Cenler 932,660~ F40 000~ 192 000
Vo n@,tuu\a.& W o \/er‘(jYﬁ modn oj\r 203 - BM{C

= C\-@WO\ (, Vo2 %MO} C?}S‘}GO“;“ Lb) B SII-?CO %a-Q eaL

\)O\‘ szamn\—'& @ b%\nﬁ“ -, QSS
. 20t -BNw T 189,000 517320 - ?510003@0

207 - ’?;(,e‘.«.;i_,e( mq, wO- 51700 7 140 ;ma“l
\va/@, \46,5¢0 - \\ N (gfmuh st A Pond zo7-BNor th

nr:m TTPH (for Vs Mo penod

Vi 20T L 3% soo- 19450 = 934 ceoged
q‘.:(l?.\f‘f\ ‘@.Lﬁ;&.f\(\,\ i e Ma/\ xq‘\:,:) AL ':‘,\@,C@ ‘;& /Lb "
8! ~ 2 :
o \,as,w decamulloring oot TTPH s L wnd 207 - BN th
oty o 7 | e ol NS
wd mQCUJu‘*cL»( e e o rauiles e O \3\ da 27 A e et
~J

U\mu. ) G\J\}x’( Bles  hy ocecac o C'ﬂ’;éCi v p
LD

3

N d,u, o gakd Qroa,«,x ACowocakfude Yo {p D ak / wite
¢ 1 \ ; ~
Vol 4 A L Ne Totun g g ooy 2UAS, TTE)D

| :

. Poad 207 -H S son e Plan . 1469 Al Besnnire ok MM 1461
/1
(oo = (o) [ ;»«mo/@ 300
2 -2 Canvte From 2 /e

\}D\\ C*.\) s o S RN ;__-,Q, e\ ¢\5‘”D "?”‘ AN
59 = [lamoonex\/ 220 g o5 = B0 500 g




Chen & Associates

Consulting Geotechnical Engineers

NO. JOB TITLE DATE 2/ 17/8% py_ LMD
‘CT bj&\) ok CHECKED'}ib sHEET__ ] or_ U
4 031 .
Hmw J(M Jr L 140,000 cué 20t B (onter. B
|, 140 000 -482600- 8,300 S 70,000 wu raedd bo 9o W """ )

-

PW\Q:\ T’Oq’ - C Ca/\/\., .A&V‘i\D C‘Qﬂf!‘”’d QQ,CTF/‘/\: r“q/'}' eg-b%rnn‘/j
Nov. V1€ - & .o

[ &nio) t \5%o\> (26,,—1190@{’7'5

| 23 ‘»227,‘@008&/0

0, transfer 222,000 ga0 Wom  207-B lentker o
‘ 0% -C @ e Q)—Lamﬂ j Y’\(M 6[66 Mu/\ Q,QC{N{A ,
570,000 - 272 00O MAZ = 248 000 ok o le Mo&} weth,

Pord 707- 8 Loudh sl 200000 4ul o b

3\1/',?_\/1{‘,:4 ‘,VU./}» - j-) «:”"" - T ii I? /4 “QLP Jf'—-
Y { o/ ‘/ - _ .
:L" LL?QS*‘%*Z*D*':SSkLXQk\BS = 2200
Tima D v T P00 SUD s
‘ -
- BOO DO i
ST SR Qz) w33 = 1.5 M0
AN S X Y
A~ T
‘ L ‘
50 om0 87 —wud Maa, 1989

Nkt ca 4t raiuwiadly umo. troen mid-
‘ Viaaco 388 Lt end Teo 1489 [ Whwo)
= \ Whao) (03 Foeo | 2T U (X% /135 2 300,000 %aﬁ



Chen & Associates

Consulting Geotechnical Engineers

NO. , JOB TITLE DATE 2 /13 /8% sy LA
=
cT "W"Y\J Q«’)JCM CHECKsogcb_SHEET \O or_1!
2~ L 8T o

® , LTOMA%W\ the 2486, oo @Cvl JQ LW.O({/U»CL e
1w03-D Cenkr to  20%-B Seuth v md. Hanch 1988

Tive Yo MPG(O”LQ 346,&)0%@,(\& O Z0F- B Lenker
346&3 QM

*{:5‘- {1 mo.

1 3 A \ 22 GO T4
Cys o : -



Chen & Associates

Consulting Geotechnical Engineers

‘iﬂ NO. JOB TITLE DATE Z/ }?/63" BY
scr__zianp g XN CHECKEDNL® _ SHEET or 1l
\ ¢a>%1
1. -
6mrﬂf¥2\/
oND 27 A :
NATL f rorcen ewwe @ /87 — mid /88
TALE |,43 600 GAL. FRoM 207 -B N OZTH ¢ w1 /B8
TAYE  F40000 GAL.FROM 201-B CENTER * mwid /88
NATL EVAP ! wd /88 — wd 4/84

POND 207F- D NegTH

TRLES TPH L1UID Llet - 3/8B
NKT'L evae b/8F —  3/8B
NAT'L { EORCED 2P - 2/e8 -  3/89

SeND |, W3 000 GAL.TO 25t-Ar mid /88

‘ POND 207 % @uelk

ThES \TPH LoUID oI - /88
NATL cuhp olBt - 3/87
SEND F40000 GAL. TOZoF-A* micl \/88
NAT' L4 FoRCED 2 UAP. 2/Ra - 5/
SEND 222,000 GAL To 20%- C 2 /38

SEND 348000 GALTo? B LOATH  sud 2/88

PONT 207 - Dy

NKT L 2vhP oleF - wucl 88
TAMES HBapehl Teon 1R-B tenTEZ L md 2/88
NATL E‘“}’?: P/Ug\‘ E/@% - ]M,\d ?}/8ﬁ

R 205 L

NATL 2w ; 587~ ~od /88

NAT'L ¥ Pores evaP: wid /88 - /08

TALZ Z22000gAL . Fsr 20T -BLENTER 2/88
‘ bz the 3/88- 1\ /p6



Chen & Associates

Consulting Geotechnical Engineers

8 NO. =002 &7 JOB TITLE ”OC'\‘—\% L AT DATE \'/59/6? sy LA
‘JECL@L»&M- NOL . OF e sNT SR pent Thel

CHECKEDBJF_sHEET___| OF |
IN PONDD 207 -T1% NOTTH  CENTER { Sc0TH AND 1-30-87 T
o1-C. :

A . Depthct __\}O\W

Tnd e eale®) e SR o) (e

207 - B N - ) * i P

Novth 2 1o X \40 Z0S % 35 & 4000 30%

Cett 20 X140 205 % 1335 8 14,00 Fo=

Southy 2\5  x\40 210 %135 S \45m 720
“0F-¢C ZAS x (13 2170 X\Zo & »

‘340D bas

AN -
\lo\wru_'; "7, Ca+c}k€»z<:\ + ZL%, (%é‘/:see ¥ \zCa.+c,)‘ :



Chen & Associates

Consuiting Geotechnical Engineers

NO._ (L -C0Z - BF JOB TITLE_RPr Yy FUATS DATE \/24/87“ ay A
‘ECT AR Ponm DS DepMoVRC JTTZEP«Tv““-EN" oF cHECKED B sheeT | OF 3
SLUDGES 4 SEDvENTS. -23-37

TOND zo7-?
fom <na , 166 - e

olume of sludge 0 Pond 203~ A = 153,28% &2 /

v Assurma Wa_%@, ‘\mvP\b.ce, 7, solids % 6&@% N
tond 20%-A = 22%. (See odtachment l)

‘ D(\\ ‘;\&&‘%9, A ?‘mo\, = | ©.22 ¥ \53 287 byss 35,9252*3 -

= 1,230 c~1
. Feosmn Pers:cﬂaﬂ am\mumccﬁnm VO/ V. Blahg, o\ /20\2,3/67:
# ofF boxe of
Time Rerod Auero\ge 7> 2olids (loy weient) peod crede
Ccomu\»\ ouX ot
t/es -9Bs 'S the Hedeener) 866
\O/\/8s- 4 /30/¢0 \S 3000
\o/\/Be- \/1z/8F \s \927

detl\«f o N S;—LS O; w{;\'rr@\e LN a_bw
oF 1200 oy (= 800 los 'k sludge and woler 4 400 Voo aPcemerﬁ

Gbgemem—{: - 3\5 . Kcemant« = AN (L2 A= O{':‘l b/g't3j

Neomenk = 400 Wb £y 3
\‘q:;“o/f{} =
ch i (ma«d
. & % ol \A.&A%LLS rhen 0S¥ 200 = (20 lbs

\ { 120lbs y
sluwdse. 0 gocn ow . A oF\udge \n o T L amies S 1070
s - H

Wt or ooder = Boo- 120 = ¢ho lbs

Q
RL



Chen & Associates

Consulting Geotechnicai Engineers

8 NO. JOB TITLE DATE BY,
IECT CHECKEDAE sHET__ 2. ofF 3
i~2%-827 e
_ Bo \vs . W ' S
VW - @Z.A' “bs/_c,ts = \ \ o s

Nosge = \SH- 2 B3 -0 PP - 282

Time Penod 8 of boxes gﬁ&\}ﬁ?\%%ﬁ’

L/es-a/65 86 \ 332

\oN/BS - af20/80 200 00O

\O/\ /86— 1 fif@F 1 2% 3,854
. 2oe o remavad o Fudioe

SA8 boves/month  1n cold weather
240 \soxes/weel N woAMm  wlatihon
Nesame  ea . role % acpphca‘xo\c Cor & mos. of J\f/\o.\fea./\.
Nevount o dudge  \ebb o rerove = 33 3231 732-6,000- 564
=22 12%F 5&3
#\\33 cade o removod (= woav\kd cole of cemaod)

= {,MOWD}L = 546 oL.'J'Yv"j/

FEO \=oxes /mo,

qT

= TR0 Lexes v 7 S _ 1,360 E{%/MO
MmO, Wbor
. 3@6'0 remova) of remamnq 2.2, 12387 o mid-Jan. 987

:\Z}}Ctg ~

e o Comp\e\e T Shet 7o -

mo=.



Chen & Associates

Consulting Geotechnical Engineers

NO. JOB TITLE DATE BY
ECT CHECKED SHEET CS

OF 5
End muddle o Hoaen \I88
PorID 20% -C -
%&dm wadd e O:’ Mouchh 988 .
Aok oF :e.dm\an\'/ wader = \‘fl-/ 420 & I
And- & dry sedinent=  0.22% | F4co= 3828 <F
Time Yo complel= 3@28ck - 5.5 mo,
\\S’GOCQ/W\—O -
End \)QSM\N(YS Jdune 1988
PONDS 207~ B et CENTER  { souTd
oL OF %V& oF T(MeETO PEGN WD
YOND £ HMENTS (c? \ \ﬂa\&‘rs(c oM
, Reginning
oNRTH  (4e00 4,180 23y SA0Re 30w
B-cav \qom A 18O 2.3¥3>  Z30%e gk
B- sooTH \q,200 4,290 2752y &N Bﬂfﬂ::\:'t



‘NO. (-Co7-87F

Chen & Associates

Consuiting Geotechnical Engineers

ATTACHMENT |

sop Tme BOCEN FLATS | Sl AR RATS pate 2/ /8T gy e

CT_DLUWDGE (W FPoroD 20F-A

Wovded \cuj Trank  Dlodor cren the Snene .

Date 5OLMP\'Q
Wi Tedan

& \F6s
F/z1 [BS
b /24 /85
H/\e/es
Fr4/65
T /31 /85
/e /es
&/1»/65
B /zof

S [20/65
A/1/8S
/18 /65
ﬂ) T+ /8s
o /[*/s
\o /n/85
\O/&o/BS
W/ e /es
lo//\é/Z:sS
W/2
\L/A(fas
t /2656/65
&

o/ \ /B
6/30/6(0

To%ai SM%&FM go\lc}b Cw_\g of sohid / oﬂ«
m&;@@i&:&& ab 5\»«.@5%0», \ ICSt,uC\ at vottom O‘\' |

CHECKED SHEET l OF

(

"

134,376
\26,000
120, 000
Z90, oLO
ZAF 000
244 OO0
239,20
7F1, 000
20, OO0
\29, 100
2827, 500
24\, 2z
243,013
338,586




CA-i

chen and associates, inc.

CONSULTING ENGINEERS

108 NoL2=O\F B o TiTLE \Zcu.qi CLATS pATE F/2S /B0 gy
JECT_SOLAR. PONDS - LINNG %\gﬁTEM CHECKEDl/SHEET | 0F5

GENERAL  DESCR\PTION

2% -A 9o As@(\o&{ 7

e

207- & North W3 Detro-mok 4 d/\auQ,v; secdant on sidewalld!
A7 Dedro -mat & oy dr st e coaland | oneside walls
A Bunlep 4 asphalk | on ol sdewnlly
\1e® %@k alk o
\aet %w&@g4 arpholk | on side wollA in crada/g are

™~

a6 Rggj‘\_(p&, conecele
w0 Mookt planking

X7 -B Cenker S "‘;’ﬁﬁ'u'*'m)t 4\ \\%@\M&C 00 g\‘@’ﬁ‘\.‘j\f’/ - s\deufdﬂi
‘ @t ponlap ¥ aphad | ol sdewalls -

a8 Dulop § axphak, on side wodls, Ao crackuig o
et Aepinodle corcree
\4Go Ra;no)vt x\:"tabwtg

2038~ Seudh M embrearne R |
1932 Pekro-moce 4 b ~egldant, Bimd sidew
110 2udlap 1 approk | I adenod's
1460 A«ﬁ)\\ov\)( aomcw,\e
e \
\460 kp\rwv\ i\b\fmk‘a "9

20 -C \17o %m,d' Lonesete
‘ Ncoies: O Viaseroln oo brom e w\): ™ el ot
L2) e %m\u,x do pot el hod ave o the
fl,\;)‘ ook AV RERIEN Tt S S P L h e A ey e L 3

b oSdaeon ’v"J The gyl (REEE Ve



CA~1

chen and associates, inc.

CONSULTING ENGINEERS

JOB TITLE oate._ 1/25/80 sy KA

CHECKERD S sHEeT_ 2= oF_ D

‘BJECT

LINING SECT IONS(FRoM  ENGINEERING DRADINGS)

207 -8B Novth
V" e\r;giuu:h Q,u,\{mau. } cxlend 18" past top o slep
VR @g\aﬁk frindon

Au Q/w £ CT“V{/LAQ _
Toro\ Thidnaad oF lins

Z“ ﬂ“d = \3‘/2'
\/ i [y ‘\" ‘ﬁ‘j ~ L \ i
1 OAL%,V\M ; ﬂLx :};\

4" o couant
Nocye Mo A %o( gtzbj(\bm ama Até,gwcu\\s,

P o h e Gees 3 past *dp oas\o
o1 -B Toud ou 'QAP\I\Q\ ConNCy g o~ E.aaf.,o—udh‘\ \ isxdei
V' ’M\W\w GLonle :&X\d V! Pck;% *opc} sb?e. on
C?‘("H’\Uxoe
A" base cousas Torad thudenans ¢y b
V), it Cw?\? st ’;i\‘j\'o"(_“\['c:’ \O
0 peradd Slordi
[ o ,
2" sare!
o3 -C (Agﬁ b\w Q_,gpj/\] Q L "‘*Q(}L\ CO(JL;¥
3 tock |
o foce cent Totod Shucinas of ln
V' Mphaﬁ Concre e )
heorodt fodle cont =
\/L o phadk concrele
dechodlt S L0
AY Poag Couaae
207 -8B Cendtr Since repauts and relniaa wee SrNod qenproddes,
N saek A ’;‘“’?*“\\ oYy %;Jvm 287 wlenkr

\\QA o LM DR e O 0 AR O = - F‘ ‘\\DT’ﬂ'\

5 A A" CW\QJUC / E/H/E;(C)



CA-1

chen and associates, inc.

CONSULTING ENGINEERS
JOB NO JOB TITLE DATE "7/75/% sy YA

—

BJECT CHECKEDLSHEET 3 oF =

207 -B Novtind Cenler
Swrlace area £ liaan
= 2z0v\s0o+ 2|3 CZZO*255>(3':TJ+[;(_\BO lSD)J >:}
v2[ 20 aot 1o {3.5% + (2(253- zzo)]z]
= 33000+ 700 + ¢, 000
- Akﬂeo %Sy
Noluma ot |
/\s\s\xg&x (?;)(abqooayﬂ 725 £e° - Aiwc-_u e
Fepnadd placling = \z\(u@ﬂnbbﬁ+3 \as4 % - 32 Cu\[<
. Boae counne () (ap100 ™) = 3, 2@?‘?{3' s yd.
nd - (B (Abaco &)= 31703 540-va 3
Total = WSAr\/c\z

For the pod OVt el gt v, Qaﬁ the oot the

ts

“\b\..ac' \1,,\,\ ‘gf) o .
S%\au— QAL & 2 E 3(15& 220X 5}\‘,\ + ZEéC\BO}\SO)Q
= FO9.9+Y4495
= 12c0 sab {1

Volume oF

R%\wé( (‘7_ L\Ou‘xj(\ 3@3%{:\* = 1l \{C



CA-

chen and associates, inc.

CONSULTING ENGINEERS

JOB NO JOB TITLE oare__ 2Bl gy ¢ Al
‘BJECT creckeE smeer_4 OF:_g
207-8 Soudh

Suiare Area 4 linon R
= (2200C=0) 4 2 % (oot \SO) C \yjr‘OL* L (s 5—220)125]
vz T CZS5+ zzo{ Vl\olﬂ{‘i (\Bo~ \SO)}L‘)B o
- 33000 + 5900 4 3€00 —
= Af_ﬂ,?o‘o f;czbt N '—
Volure Uy
Megnolt (046,720 53 81 - Hprs 63 - 432 N
Mesphad planke (15)(a63005q B) = 3,692 0%+ 144,y
e Bass e () a300 24, 1) = 15,207 7= Sy
Sond %)(4@/;»;0 (42): 3703 (- 268,:{d.3
Totak - 1441 yd?

Tor Hha DL (’;f«) e et thed edenda PaA* e J@P of th
slope by 3 Fon 0abd sousih and west sides and \on north sic

o ,
S% G cneccs | [i(zsarazoy(3) el (18oniso)

y [ 2leszi220( 1) | = 30AS ta%0r 23
= | qoo (L

\')O\u,‘\"wl O’{\
Meoprodk - (31400 42) = 435 CL3 = phayol?

‘ l‘)‘



CA-1

chen and associates, inc.

CONSULTING ENGINEERS
JOB NO JOB TITLE DATE 7/25/6® py_ LA\
.JECT creckedlCsmeer_ D or S

207-C

5@;,%&& Area_ 3 © LineAn
= (zzo)Cizo)+ z[ L (zso +z20)( [B.o?+[2 i6o- 'wﬁﬁ)
r2[LCwo +120) | Bio* i (zs0-220)] ° >
= 26,400 + 10,100 + 4 80O
= 41,300 Fk°

Noluwme lQ
fephald = () (41,200 f6*) = 10,400 £ = 385 yd®
Bose s (35 ) (41,200 HD) = 13,800 & * = scoyd’
Total = qoo\id*”

207 -~
Dw d@»ﬁ» Qi “b LiazA
- (220 (a5 ) k2[5 (zzoreso)(Jos T (525 -aa5) 1 ) ]
fz Ly Q%zaw(ﬂs)[_ﬁa—; Hal1so-2z))? J

= (0B o0 ¥ Bbs + (@ Te

= Tegp MHF
W
/\?\\aﬁ\u\’ = /% ] Ly, 80 ""f' AS, 40\)3()( [0\)
\‘ ‘ T



Chen & Associates

Consuiting Geotechnical Engineers
d NO._ o -Coz —BF  jop T RO EUATS

i
JECT_SO( AR BONIDS | EXCAUAT AN A Remouhl &
LINERS

DATE \/2—'7—,/8?' ay_KAY

CHECKED B & sEeT___|
\/24/81

OFJ

Liners oF peda will e ecaumled in bull , packaged wn
S <& bores for dipoat @ an approved ouk-of dede dﬁgw
M‘é

Tosks:

S R
- PVOC% for Paﬁ\la/\”j
RIS

Em-\flm

cuiz hoe Vor aide s\
- enad \onQS; Q{;’S
. C(M,\/\-Q/\ Ceq,rj

{

Az une 257

m«b exconmTttn s}ak?;hrxsw

oot o ox
- ’SESQXM 72" OC M;«;mmjnum Lm.u— \u\../\

- Linand ondudea ol a\sxowdl seckioan
Woc,e':’:;\f\g

Cwu\h mockon al vo -3/4 " o ‘fac\.fcuac
/ dmpPro Buo\«,mwz. reda S w oac ety
fop end

\\aa\a = cnak
WAL 250 tova /hr
- CVMA\/\.QJ Mvt:q,uu MC_,\\/_,Q \)QLQ 2vocdn
AL y t)Ju(/LQL“
- Fronk ol

o 2 o~ QLR CUNR

A ana bm\raac‘f el G’M&'P(.D\'
Fodo
—éN\L N e o RLLUISNG UL ’D/\ w/c, ot uahed ,x@ma.ﬂ
o Zrockpr e
- Dloce um Euue\ wWw TN

decck ocdon 4 nan
3@% a (‘H’\ \,\R\keu ~msv owoit iy hand Yoo
- 36 = er T L,J.é..

A H\\L
23 ‘»uJ\ ’\:S)
. -x::\,\nm { \/r
- Assuwmae NO AL dUUs

ara oer shicl,
ety 0 QM\L Vu\unri

Load oA
\'D «\'Dd(,&)&\e



Chen & Associates

Consulting Geotechnical Engineers
NO. JOB TITLE
ECT

DATE #ﬁﬁﬁ sv__CAL

CHECKEDRIF SHEET__Z

oF_¥
1-24-87
PoND 207-R  NMORTH }cenTeR o
T Lnen voluwwe = \465 cy = 53055 £t3 1:
Owtrtxcaxoie 2 " - _290¢y = 3 817 &2 o
1.7.5'5C.‘ @O RF7 T
Bu&j’tﬁd volume (_* ZS%) AT N cy 7 % 090 C’C3 WTWW

Cemore w?,c,7 [min o *~ 23k Yobal Yima Ccrea
Ure Fo % %bl(;lmc(—t o 23 hrs. %rwmwvi

50«,3 4 5\/\!?*’5 @ B hrs/sh‘ P¥
’\Qroc,essm-\c)

250 Yona/hr v N0 oy far _—
Toval bvae To process

- %%‘—‘Sﬁj‘; tehhrs,
M 807 ofCciency o 21: hes :
sag 3 it @ Bhrs/sh:(:}L
,DOLL\(/\(\S

Volume = 7b 040 {2

3 n
P se bowes/trude % S5 4 | bude [

—

- e7F0 (L3 da

o090 K7 ln,
T STk &h =hikis

¥ @ z @hifs

| E’—ﬂ— = AA‘AW{\
() |



NO.
ECT

Chen & Associates

Consuiting Geotechnical Engineers

JOB TITLE

DATE \,/2?’,/@7’ sy__ AN

CHECKEDASE SHEET_ . oF__+

Tolad Time (w/ 2 ":N?B/dcuﬁ

2 daud .

C ok on L S
P(O%ﬁiaﬁg‘ﬁ«w w ans daA?fQ o
44, dowéA

Tokald dayy 4% . day)

Toradl weekes (s dwda/w\@ q weeks, (each)
X See oo 7 for ok .

POUD 207F- B SouwtH

Torol dman voluwe = (A5C\C7 = 29,313 %3 |
Overexcannke 2"

- _z6B oy~ 3,
\FAFey = AFIA He®
Buled volume (+257) = 2124 o - SeA6l Bt

Cemoval @ Zc\//wum

2104 =
2 ¢y [nan

. &5 hrs.

Uae _’7'070 &W\uer\uj o 2 hrs.
S 0up Pnbts @ Bhws fohlbF

250w [he o MO Sdyne

~L 0 ; N = 2\ 84 C“’ - o
Tu{'w Jﬁﬂu "'1) V\L};fbb FO—C—/—},(R_(_‘ (2\6 }\rﬁ = \5\-\\(‘5

\)\Aat 507J .QC(:N.\E'A’ V"} =

Vo ~

e nhrs.
Swﬂ 2 hitls @ @ hes /shft



NO.
cT

Chen & Associates

Consulting Geotechnical Engineers

JOB TITLE DATE \/ q,/ BF sy LA

CHECKEDbJC SHEET A

1-24-87

Pou)wg
Volwme = 5841 &3
= 3
Tde S 222 & ST L prude

b e
= g3 %/5WM
SngQM %3 = L8 \xg{r
B70 (LY et eT TR
o @ TEEE- L atday
Tolal e (w/z swbhs fday)
C tcantFion 2 dauy
> vl D\ w C V4
e vl “4)
Tl M3 _HAawd
Toral daugd 20 -:ka%
Tokl wedws (= A,MCA /vdl—\) T ustadd

*i&ea.?’%«r\d&

oF _F



Chen & Associates

Consulting Geotechnical Engineers

NO. JOB TITLE pate__t/ 27/87F sy KA\
cT cHECKED &S F sHEET S oF T
1-29-87

PoNiD ZoF-C

Toked Juwaor volume = qoo oy = 24300kt
Overexemde 2 - 255 oy = G655 B>

WSS ey = 3),183 o
Ruled vdume (725%) = 1444 cy = 38437 7
Lewonvad @ 2cy [mun

2cy [ a0
Uae 7O 75 %\Q\%QU’ o ~ 1+ hvy
. DA 2 aulre g V\f‘)/@‘r\;&‘\'

’\Droc,ec;e\«j \Fo o /nr
Tokak Hau bo process = AdBhA o o hes

\%c\//hr

60% L] % 10 Yehrs e = 1Y b
AL o ,_%D l @6\{\(,/50\;@4 |

?&dumj
Uolwme = 2eg7a (L3
Pad 870 (k3/=bt

S
267 47 2 4o gufke
270 &/ skt
o @ 7 sk

Sy = 22 % dcu_gl




Chen & Associates

Consulting Geotechnical Engineers

B NO. JOB TITLE DATE \/ Z?v/ B7 sy lCA)
JECT CHECKED &3€_SHEET (2D ofF__+
1-24-87

Total e (w] 2 sliefday )

Exaawadion \ dma i
?a_de\v\j 22'o dCLAdA M

Tokl dex 23z dw?{s
Toral  wyealt Cada%/w\a) vs weehy

. Total Qumer volume - \Fo0 ¢y
Owerexecanvoke 2" = 050 <
z,330 c,/
Bulded volume (*zs%) = 3188 cf = 86,063 H°
Yemovol @ au.//vvum
S\EB O ks
Z ey [rany

e Fo % %Qam/»} = 26 hwa
S_— AT VAN

ﬂ’ocrf:ﬁa"\j \ 7o ;7¢ /&\r

A | ‘ . - 3\@6 C/ﬁ ~ hr.
. —TQW %ﬂ\a, o \3/\(2659_5 \_‘?OC\,/Y\V = \4

Uae 0% efticiency = 22 ar
S o 3 Wik @ 6\/\/«/3/3\«4@4,



Chen & Associates

Consulting Geotechnical Engineers

NO. JOB TITLE DATE _L / 2FH6F sy KA
‘ECT checkeD & sueeT__ F oF_ 7
1-24-87 -
Tade 870 6 3/Shbd RS
oo s S
o @2 %%"“ + 42 dou B
Tobkeld Yime (w/ 2 bt /dW{)B wf )
® ocesang (coneumnand o (Ve dut)
Pou A4 Ao
) 5
ToYal dcwg% =2z dw@é
Tohal woeeks (s dayl/ W) e
Noke @ Cot and 2chredudle e4tn\ax_w\f> @ M ok Aﬁuxwm
ehmdilad and ncregeed ool s b\/ 5% .
U\l;rtw’, a the PS5 dscrzicny @ADM\"\J‘LL‘ by 207
2 K@.@uum @ e dant o ProgeTs 1O N
e Freen he Graecld oo _:c*:ul
T & Total pene (udes) okl Kow (o)
. A 3 425
B Nov th ]\AA %5?5
[CRREAe i ‘\ \
5 Cwﬂ Vl ONE

5 1



chen and associates, inc.

CONSULTING ENGINEERS

s08 N0 = O17-Bb 108 1i7e ZOC\L\,I FLATS DATEMBY KA
.BJECT VOLUME  OF 703- C EMMARANEMAENT o CHECKEDBSF sHeeT_ | oF_ 3.
i -29-%1

2aed o Podeal 1A%
H&g\d ]D vedroniemand - v2 %5‘/2’

Pecndder G o3¢ = 2(z0)+ e(ie0): B0 H
Ab%bbw\&_ X)\% Kb W\SUCLf\\L\MN\} = 5 l h and

&Aﬁ% P A v nemaent v 2! \.le«

TY\JKX\D( MCLQA&«OIQM o fuck 22" ()
(,Ft ckhin ,\qe@ T
(2)

fessuma  ckevioc k ko sideslens ae oL 31
—  “Top sgeredt = 0f (Rockwell 3T

Tor 3 s 2L EEDOLA) NS = 1405t 7
Volor Ao ) 22k v (hoe (140



Chen & Associates

Consuiting Geotechnical Engineers

B NO. JOB TITLE oate_B/15/ 86 sy YA
JECT CHECKEDRSE SHEET__ & of 3
i-2497

Time Yo romore amgh poclage embuniemont oF Pond 207-C
Endianemond wll Le  evcavoded, podoged n 15 ot boxes
and sent fo an approved  uk -of - stode disposal Qaa\t\a.
Exauwston

t‘b Vockinee 2 %er Bront encl \O&Am
wnme 22 % bwurj b‘j gxcanvzih o

Tacdany |
-Plce in boxesw/ RBobeod  lowdun cnd hand C-tifg, o

QR ENE o \‘.\—He LBV choa JQ/ a. Y\cmC\ TOaNMNDEr,
- 36 boxce>/%ﬁ,u/\¢/ CkAiA/N Hrucle per o\f\tgfi

oD 2073 -0 er'MIren T

’%Muz.ﬁ IC‘\‘\A){\\-& = (Z?'Ooﬂj)C‘*253 T 23FS C\/ :CU,_&%

Yemowml ~ 2 ey [rea )

25352y ¥ 28 e
2 cxf/wuﬂ

Jae  F0% &CQ'uenu/ ~ 40 hrs
S0 D bl @ 8 hes /o

FP.XC\LM\Q\
NVolume = 41,1235 Ct3

: . \;:'\«f:; \‘ — >
o S oo X \:> u.»é Sl ’%ﬁﬁf = gF0 S

s B ~N
. _ales o = 02 shihs W'szkda,%

Bao [ES 2 \\AT'}'



Chen & Associates

Consulting Geotechnical Engineers

‘ NO. JOB TITLE DATEMBY LAY
J

ECT CHECKED BF_ sHEET OF _2
-249-87

Tobral e .
€ veonete 2 /2 dougps _
T o) 52V Ao »
Tokall dou.?{l SS . day ]
Total useeld REEIN37) o

Noke:  (lost and adodude edhmadou @ Tocky Flals

/\.Q,\Jém the  ochaaken e,szz\‘ increaidcl h)k/ct& Hmub\tsf}/
OALD

‘ww\uw L %L@, T decrean mad.ucHJtLtz 207

o Ty e tee Slan> on oo et o
. ﬁ,r\m\— Srom - \_e,é&ram« y&frq’lm Pm S

Tored how b 1F whs = 4TS



Chen & Associates

Consulting Geotechnical Engineers

~ o S - -
‘NO. (o233 -28 JOB TME e Do 02 /o vl DATE _= ,// 3/474’3\{ 373

- A
BT = R&1I1TY  oF cis5° cHeckep S sueer_ [/ oF 9

Mo mtua, S’vo‘pz,m,é.w, .

100:1 (MINIMUM) SR N

g e

: —

30" compactEo T
SolL .
(Rocky Fiats Al V/um) i

Beo ML HDPE,,M__N ,

7
IX° cLay BeoDING LAVER i

REGRADING FiLL

CONTAMINATED SOIL

GROUND SURFACE

Rercuauee :  Lleaity =7  aefosvs, DefAermens
or Ciwil’ EntrrveerinG  MAVLAL Lor
</lre Towegry by M Dwemy

anel AL, Euc/w;,mww’/ Mare X /1975

AssumpPons § o Tl /5 avLLEL  TD SLOA
o LEPTN oF flow /S &7
Coeory oF Devinlbe  LAYE)
« FILTeA SAND  ARTURAL  Sol ANl
rmiied  lotw  PeRrwa I LiTY
LT oD Tl U
o FLoc i~ SRR LAY

1e wor cop fraed

‘ - B’ sawo *30° .
g cury Beoomts =R
e’ 2Ly PCLOINL T 4’0&/73

Voo, (Sorc) =125 pe



cT

‘NO.LL'OB 3-8 8 0B TMELRE Soran. Funbs DATE‘S;ZL%&LBY rl

Chen & Associates

Consulting Geotechnical Engineers

Parometer A

cHeckepAS sweer__ 2 oF 9

- - 42 oo .. -

' ' i
Surfoce of R
seepage S S —
H f -
Se
y = total unit weight of soil ' sgepageypm,,e, Yo siope e
Y unit weight of water ry* T —);! cosZB e

Effective
~ Stress

. )
r, * pore pressure rgtio. * —
v yH

u ® pore pressure ot depth H

c’scohesion intercept
$'s friction angle }

Steps: T Ty -
(D Determine r, from measured ‘ Seepage emerging from slope B
pore pressures or formuigs P ; ging
at right - : ry" iR !
Y 1+ton8tané
etermine an rom L —_——
@ o ine A and Bt ,
© 7 charts below o X !
tand’ [off = ST - ‘_—"_ T,
@ ‘Colc‘u'lote FeA tan B + 87“ R N
10 fuz0 o ——
) | Tl
Q8 /’___‘ 02 l 8
aT] [ o3 @7 |
o6t e Toal 2 |
- [/ / T U. b "
05 ' /?6—.5——' K . /’
as/ ot 53 1
o2l W/ A~ | |
a7 1 O
S L7 .
0 | 2 3 4 5 6 0] i 2 3 4 5 ()
Siope Ratio b* cot 8 Siope Ratio b = cot 3 -

Fig.}0O STABILITY CHARTS FOR INFINITE SLOPES.
(/?5/:: M. Duncins et o f )



Chen & Associates

Consulting Geotechnical Engineers

Foupl DATES // 3// LY sy G7ol

QB NO._©-022-2% o8 TME_S/F SowsdR /
‘CT creckep Ao sneer__ 2 or 9

Srer 3, Fro, oy SPMD _on) e BRAVE I

F= Facrof or Zprire = A , + 5 _¢C

Assuime SeePrmh- PARALLEL. T SLoPE ! e

o X _}2‘1 e zﬁ o O

T J I

N :( " \/6R.MY Pee ) cos (' Ve ) 0. 06 ‘7 o

42 IS pef S
fa.® o. | cot B = / z ,__L =S

P/o/?/?%‘f-e/l— /L) D 9

‘o 325 '({a,w o(— ("{;&1(/7304/ Resroeen/ SWZ/A/D%)

¥ £¢= O Lo +or Séwxa/

g = 30° ‘SP TRABLE 3.3]  RE. HunT
(RS Sme. CoeomprTed Foli ORAMALL)

/
C = C OIS 10 (/_,_AA.I“@O ‘Z&—O Vo 22 S oo

y ( L Ambe - \..)'HT\'NQD}
oo F = A fmgé 4 O e T2 "E— W’W%’ 4“5* c,énm
— =S

F =09 /aéo%%m ) = S5 — [l ,

Cr/is)

1

\

KX REFERENCE - howzi //yéa/aﬁ/v/uc/ Fecrne cmed

'F/dex..
‘ “CxRercentel Fricpon  Cuseunion) o
SciPPVuL  Berroeen Geomien bRAVES
I S, /)"]a/\/v‘m/

Gesrerrics amel SorLs "/
Koe/e/v&C c;vvxz/é T /&, W//# -44//-0211//9?70/1//17[,

=M, W,
G Rpncl o G me p REWES | Deyven, ((SA),

= /9/-/%6,



ok ¥ oe 9

GEOTECHNICAL
ENGINEERING
INVESTIGATION
MANUAL

ROY E. HUNT

Consulting Engineer

McGraw-Hill Book Company

New York St Louis San Francisco Auckland
Bogota Hamburg [ohannesburg London Madrid
Mexico Montreal New Delhi Panama Paris
Sdo Paulo Singapore Sydney Tokyo Toronto



tuepoyyneu) sajedipuj [ * ) juswouyuod jesaje| f1ajdwod y)m Sujpeo| [e3})IeA 1oj aie sanjen uoissaidw
suu pus sadojoaus YiBuaus eAjaye Joj aie sopispaldeleyd YBULNS [8ojdA] A)jsusp wnWyXEW ,I010014 PAYIPOW,, 10 81 YOIYM YED)
pusy jo sanfea 1dooxe *Aysusp winwxew ,J0j001d PIEpUR)S,, JO UOJPUD J0] aae sajuedoud (1y ,(1461) 4 NG [EnUEIN DVIAVN Woig,

'8jeull}sa uv Ioj ajqe|ieAe ejep
00 "Blep ¥gs) woly pauieiqo

sAe[a Ais

001-62 mn&— J0g oo cee e . PN - e 12-St 001-99 —ucm m%m—u u_:mw._o HO
Kouserd ysdiy

0G1-0G Sss3[ 10 g1 -0t SE'0 61 (114 oStz 6E 97C 61-9¢ S01-S4 jo sAe(a oqueBtour  [D
s)[Is onse|d

001-08 SsS3jJogL , 00 X § Lvo 114 (1747 oost 8¢ 02 vZ-0v S6-0L ‘siyis Aofeqo aqueBiou N
Aonseld moj ‘she[d

001-08 Ss9]i0¢ e e e e T 12-e¢  001-08  -}is pue syis ojueBin 10
Aponserd winipaw o}

00Z-08 53] 10 g1 (-0t ¥50 114 0Lz 008¢ sz €t ci-ve 0Z1-96  Mmof Jo sAepo oueBiouy 11D
Ked pue )is

) -0l X 8 290 s 09% 0SElL Zz 01 4 a4 021-001  orueSiout jo samxIN 101N

sijis Aakepd

002-000 SS3| 10 Gf ¢-01 290 43 061 00%t L1 60 sL-vZ 021-66 pue sj[is ojueBiou] TN
xjur Aepo-pues papesd

00£-001  02-9 0L X § 09°0 1e 0ez 0881 2T 11 1161 6Z1-S01  Apood 'spues Aade|y  0g
sauy
onserd AjyBis yum

o -0l X 2 090 €e 00¢ 0801 | 90 11-61 0E1-011 xju Lepo Jjis-pueg DG-WS

Xiuw jjis-pues papesd

00€-001  Ob-01 ¢-01 X § 90 Ve ozy 0501 91 80 1-91 szi-ott Apood 'spues &g NS
X
[9ARa8-pues ‘spues

00€-00Z  OV-0O1 -0l < ¥.0 LE 0 0 L 80 (4 8l ¥4 0Z1-001 ues[o papesd-Al100d  Jg
spues A}jaaeif ‘spues

00£-00Z  0%-02 -0I< 840 8t 0 0 21 90 6-91 ogL-ort ueap papeid-[om = MS
Kepo-pues
-[aaead papesd Kjaood

00£-00L  0b-02 -01< 090< Ie< o e 9L L0 6-vi ogl-stt ‘sppaeiB fafe)y) 09
s
pues-jaaeid papess

00¥-00L  09-02 0-01< H0<  BE< e o 'L S0 8-zl  GEl-021 Apood 'sppaeiB AIg N9
xiw
pues-[aaesd 'sjpaesd

00%-062  09-0¢ 01 bLo<  LE< 0 0 60 b0 1-vl 62I-sit ueao papei8 Ajood 49
saanixiu
pues-[aaeld ‘sjaaesd

005-00¢  08-0b -0l X § 6L0< 8E< 0 0 90 €0 8-t sel-szi ueapo papesd-{sm - MO

u}, upm/)y duw) soosfop ‘¢ ysd d fysd (jod % Jod ‘yBjam odX) 108 [oquis
N -:._:_\uea_r son[ea ygo  ‘ANjiqeeumized edojoaus  {pojeanies) {paydedwios gg)js  ez)J8 ‘eampsjom  pun Kap dnoan
opueaiqns Jo e8uey Jjo ...o_om-os sS0a)8 uofsoyo) se)uopsayod §clV  KIIV wnmpde wnmpxem
Jo oBuwy [eoidiy eapeg JooBuwy  jo oSuey
14Bray [euyBjs0
Jo Juadieg
sopspIeieIeyd yikuens [eapdL ] uossardwod jo
anjea [eojdL],

«STI0S QILIVANOD 40 SIALLYAIOUd 1V,
I 31aV.L

VIAY T
v orlaras AY1? 9

VILYT
T vwmmr? 2



Chen & Associates

Consulting Geotechnical Engineers

DATE.S;ZL;ZK_E’_BY &erd
o9

JQB NO. &= 32 -2 JoB TMELRE~ St AR ;DU/VAS
cT checkeofS sneer___ (o

SADOLE o CLAY
Vo = O A =y

B-5.3 o

/ o T
P as TWRLE. 3.31 , RE MT
ASsUunte At PAVCTRLD 7

T % SHONONRD rocTpR
oens 7Yy ; See. woFE AT R
BoTmom ‘o TREWE X3/ B

C'z 205 psf Tomwe 2.3/ .
S£%  SILORD  NocToR. .
( SRTURITED ~aw 0 TIoNS .
N7~ conTwe 7 P&ssn@bﬁ,
SmRONN. COARRM SV D pn/ ) o

. SR e Erf~je e Y = £¢ : 060 B
L0

OIS 10N ( NOPL. 7D CL/v‘z’ ) = /’F/c,//E/chf
ReELC XpvFAc DPOm =T R + 723LE_ /
Come S/ n o’lay/osf s adllesin = /)v/asf)

= A + B ¢’
Crm Y A
/== (/} oo tanlzs’) + 2 (2w pst)
(1/5) (/25 pf)( 2.5 ")

F:=/.399 + 242 = 2 32



FRGE 7 of 1.

NAVFAC DM-7.2
MAY 1982

APPROVED FOR PUBLIC RELEASE

FOUNDATIONS

° AND
EARTH STRUCTURES

DESIGN MANUAL 7.2

' DEPARTMENT OF THE NAVY
NAVAL FACILITIES ENGINEERING COMMAND

200 STOVALL STREET
ALEXANDRIA, VA. 22332




TABLE 1

FheE §.F 9

Ultimate Friction Factors and Adhesion for Dissimilar. Matérials

Friction Friction
Interface Materials factor, angle,3
tan & degrees
Mass concrete on the following foundation materials:
Clean sound roCKeceeeevoocensoceccsscsacscssccsccassse 0.70 35
Clean gravel, gravel-sand mixtures, coarse sand... 0.55 to 0.60 29 to 31
Clean fine to medium sand, silty medium to coarse
sand, silty or clayey gravel.c..soseessssceceecssss | 0.45 to 0.55 24 to 29
Clean fine sand, silty or clayey fine to medium
SANA e evesoacsacscsscascsasscseccsascassssassscess [0.35 to 0.45 19 to 24
Fine sandy silt, nonplastic Silt.ceeecscecsssssses |0.30 to 0.35 17 to 19
Very stiff and hard residual or preconsolidated
ClaYeseoooeesacescsacasccsscssssssassssncsssasee | 0.40 to 0.50 22 to 26
Medium stiff and stiff clay and silty clayeeeceese 0.30 to 0.35 17 to 19
(Masonry on foundation materials has same friction
factors.)
Steel sheet piles against the following soils:
Clean gravel, gravel-sand mixtures, well-~graded
rock £ill with SpallSeececscccscccccscsocvassane 0.40 22
Clean sand, silty sand-gravel mixture, single size
hard rock f£illeeeceeoevessesasvsccacsososserennce 0.30 17
Silty sand, gravel or sand mixed with silt or clay 0.25 14
Fine sandy silt, nonplastic Silt..cecccsccosccccnce 0.20 11
Formed concrete or concrete sheet piling against the
following soils:
Clean gravel, gravel-sand mixture, well-graded
rock £ill wWith SpallSeseascscccccsssascsccssassss |0.40 to 0.50 22 to 26
Clean sand, silty sand-gravel mixture, single size
hard rock filleeeeeeecessooscencsscassscsasssase {0.30 to 0.40 17 to 22
Silty sand, gravel or sand mixed with silt or clay 0.30 17
Fine sandy silt, nonplastic Silt.ececececcccccccesse 0.25 14
Various structural materials:
Masonry on masonry, igneous and metamorphic rocks:
Dressed soft rock on dressed soft rockeeeeeceesss 0.70 35
Dressed hard rock on dressed soft rockeeeeeoeeeces 0.65 33
Dressed hard rock on dressed hard rockeeeeceessse 0.55 29
Masonry on wood (Cross grain)e.eecececccecccoscoscs 0.50 26
Steel on steel at sheet pile interlockS.seccececcecs 0.30 17
Interface Materials (Cohesion) Adhesion Cg4 (psf)
Very soft cohesive soil (0 - 250 psf) 0 - 250
Soft cohesive soil (250 = 500 psf) 250 - 500
Medium stiff cohesive soil (500 - 1000 psf) 500 - 750
Stiff cohesive soil (1000 - 2000 psf) 750 - 950
Very stiff cohesive soil (2000 - 4000 psf) 950 - 1,300

7.2-63
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where dgy is the mean rock size in feet. A graphical representation

for determining n is presented in Figures 4.12 and 4.13. However, these
values were developed for uniform flow condition over submerged riprap.
When overtopping flows on steep slopes begin to cascade, n values will

increase and may range from 0.07 to 0.09 or higher. (Abt and Ruff, 1985
and COE, 1970).

Table 4.2. Manning Coefficient, n.

Channel Material Manning Coefficient, n
Fine sand, colloidal 0.020
Sandy loam, non-colloidal 0.020
Silt loam, non-colloidal 0.020
Alluvial silts, non-colloidal 0.020
Ordinary firm loam _ 0.020
Volcanic ash 0.020
Stiff clay, very colloidal 0.025
Alluvial silts, colloidal 0.025
Shales and hardpans 0.025
Fine gravel 0.020
Graded loam to cobbles, non-colloidal 0.030
Graded silts to cobbles, colloidal 0.030
Coarse gravel, non-colloidal 0.025
Cobbles and shingles 0.035

Source: Morris and Wiggert, 1972.

‘4.8 COVER EROSION RESISTANCE EVALUATION

The cover design should be evaluated to determine if the unprotected
slopes(s) can withstand overland or sheet flow with a minimum of erosion.
Based upon the site-specific cover and precipitation parameters, the design
sheet flow velocity should be estimated. A comparison of the design flow
velocity with the cover permissible flow velocity can be performed.
Furthermore, the design velocity can be used to determine the sediment
discharge using the Universal Soil Loss Equation (Chapter 5) and for sizing
stone protection (Section 4.2).

The design velocity will usually be determined from the peak discharge
generated from the Probable Maximum Flood (PMF). The PMF can be estimated
by

(a) Using computer models, j.e., HEC-1 (COE, 1974), that are widely
accepted by the engineering profession.
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‘ Table 4.3. Manning Coefficient, n, for natural channels.
Natural Channel Conditions Value of n

Smoothest natural earth channels, free from growth with 0.017
straight alignment

Smooth natural earth channels, free from growth, little 0.020
curvature

Average, well-constructed, moderate-sized earth channels in 0.0225
good condition

€mall earth channels in .good condition, or large earth chan- 6.028

nels with some growth on banks or scattered cobbles in bed

Earth channels with considerable growth, natural streams 0.030
with good alignment and fairly constant section, or large
floodway channels well maintained

Earth channels considerably covered with small growth, or 0.035
cleared but not continuously maintained floodways

‘ Mountain streams in clean loose cobbles, rivers with variabel 0.050

cross-section and some vegetation growing in banks, or earth
channels with thick aquatic growths

Rivers with fairly straight alignment and cross-section, 0.075

badly obstructed by small trees and underbrush or aquatic
growth

Rivers with irregular alignment and cross-section, moderately 0.100
obstructed by small trees and underbrush

Rivers with fairly regular alignment and cross-section, 0.100
heavily obstructed by small trees and underbrush

Rivers with irregular alignment and cross-section, covered 0.12%
with growth of virgin timber and occasional dense patches
of bushes and small trees, some logs and dead fallen trees

Rivers with very irregular alignment and cross-section, 0.200
many roots, trees, large logs, and other drift on bottom,
trees continually falling into channel due to bank caving

Source: DOI, 1975.
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(b) Applying the Rational Method for tributary areas that are less
than approximately one square mile in area.

The Rational formula is commonly expressed as
Q = CiA | (4.42)

where Q is the maximum or design discharge in cfs, C is a runoff coeffi-
cient dependent upon the characterization of the drainage basin, i is the
rainfall intensity expressed in inches per hour and A is the tributary area
expressed in acres. When a unit width approach is taken, the area A, is
the slope(s) length times the unit width. Therefore, Equation 4.42 would
be presented as

q = CiA, (4.43)
for a unit width analysis.

4.8.1 Runoff Coefficient

The runoff coefficient, C, is related to the climatic conditions and
type of terrain characteristic of the watershed including soil materials,
permeability and storage potential. Values of the coefficient C are -
presented in Table 4.4 (Lindsley et al., 1958), Table 4.5 (Chow, 1964), and
Table 4.6 (ASCE, 1970 and Seelye, 1960).

Table 4.4. Values of Coefficient C.

Type Area Value of C
Flat cultivated land, open sandy soil 0.20
Rolling cultivated land, clay-loam soil 0.50
Hill 1and, forested, clay loam soil 0.50
Steep, impervious slope 0.95

Source: Lindsley, et al, 1958.

The selection of a coefficient value requires considerable judgment as
it is a tangible aspect of using the rational formula. It is recommended
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that a conservative value of C be applied for PMF estimation since infil-
tration and storage comprise a low percentage of the runoff. Furthermore,
the C values presented were derived for storms of 5-100 year frequencies.
Therefore, less frequent, higher intensity storms will require the use of a
higher C value (Chow, 1964), It is recommended that a runoff coefficient
of 1.0 be used for PMF applications in very small watersheds since the
effects of localized storage and infiltration will be small.

Table 4.5, Values of C for Use in Rational Formula.

Watershed Cover

Soil Type Cultivated Pasture Woodlands

With above-average infiltration rates; 0.20 0.15 0.10
usually sandy or gravelly

With average infiltration rates; no 770,407 0.35 0.30
clay pans; loams and similar soils e

With below-average infiltration rates; 0.50 0.45 0.40
heavy clay soils or soils with a clay
pan near the surface; shallow soils
above impervious rock

Source: Chbw, 1964,

4.8,2 Rainfall Intensity

In order to determine the rainfall intensity, i, the time of concen-

tration, t, must be estimated. The time of concentration can be
approximated by:

(a) Applying one of the many accepted empirical formulae such as

0.77
L (4.44)

t. = 0.00013
50.385

where L is the length of the basin in feet measured along the
watercourse from the upper end of the watercourse to the drainage
basin outlet and S is the average slope of the basin. Time of
concentration is expressed in hours. This procedure is not
applicable to rock covered slopes. This expression was
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Table 4.6. Values of runoff coefficient C.

Runoff Coefficients

Character of Surface Range Recommended
Pavement--asphalt or concrete 0.70-0.95 0.90
Gravel, from clean and loose to 0.25-0.70 0.50

clayey and compact
Roof's 0.70-0.95 0.90
Lawns (irrigated) sandy soil

Flat, 2 percent 0.05-0.15

Average, 2 to 7 percent 0.15-0.20 0.17

Steep, 7 percent or more 0.20-0.30

Lawns (irrigated) heavy soil

¥ Flat, 2 percent 0.13-0.17 0.15
4 Average, 2 to 7 percent 0.18-0.22 0.20
8 Steep, 7 percent 0.25-0.35 0.30
i Pasture and non-irrigated lawns

¥ Sand

g Bare 0.15-0.50 0.30

¥ Light vegetation 0.10-0.40 0.25
3 Loam

| Bare 0.20-0.60 0.40
; Light vegetation 0.10-0.45 0.30
; Clay

4 Bare 0.30-0.75 0.50
| Light vegetation 0.20-0.60 0.40
1 Composite areas

b | Urban

i Single-family, 4-6 units/acre 0.25-0.50 .40
4 Multi-family, >6 units/acre 0.50-0.75 0.60
: Rural (mostly non-irrigated lawn area)

b <1/2 acre - 1 acre 0.20-0.50 0.35
| 1 acre - 3 acres 0.15-0.50 0.30
i Industrial

: Light 0.50-0.80 0.65
1 Heavy 0.60-0.90 0.75
i Business

it Downtown 0.70-0.95 0.85
‘ Neighborhood 0.50-0.70 0.60

Parks 0.10-0.40 0.20

Source: ASCE, 1970 and Seelye, 1960.
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designed for and applicable to small drainage basins (Kirpich,
1940).

(b) Using the Soil Conservation Service (SCS) Triangular Hydrograph
Theory (DOI, 1977), the time of concentration is

_11.9 13 (o.aas)
t, = (4.45)

where L is the Tength (miles) of the longest watercourse from the
point of interest to the tributary divide, H is the difference in
elevation (feet) between the point of interest and the tributary
divide. The time of concentration will be expressed in hours.
The SCS procedure is most applicable to drainage basins of at
least 10 square miles.

Once the rainfall duration or time of concentration is determined, the

rainfall depth can be computed based on the PMP intensity values estimated
in Section 2.1.2.

4.8.3 Tributary Area

The tributary area may be expressed in a unit width format for design
of rock protection on an embankment. Therefore, the area is the length of
the longest expected or measured water course multiplied by the unit width.
This procedure is primarily applicable to Zones I, II, and III and is not
applicable for drainage ditch design. It should be noted that a unit width
approach to drainage and diversion ditch design is not effective. Ditch
design requires an entire basin analysis in which a composite inflow hydro-
graph is determined and is routed along the channel. Fram the inflow
hydrograph, water surface profiles (i.e., HEC-2) can be estimated to deter-
mine flow depth and velocities for riprap design (COE, 1982).

4.8.4 Sheet Flow Velocity

The design velocity for sheet flow on an embankment slope can be esti-
mated by solving the Manning formula presented in Equation 4.39. It is
assumed that the hydraulic radius, R, is approximately equal to the flow
depth, y, and that the design discharge is equal to that estimated by the
Rational Method. Therefore, the depth of flow is

. n 3/5 (4.46)
d [1.486 3I72]

where Q is the discharge, S is the slope, and n is the Manning coefficient.
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Therefore, the design velocity can be estimated as
VDesign = Q/A (feet/sec) (4.47)
where A is the cross-sectional area of flow.

4.9 FLOW CONCENTRATIONS

Despite the extensive efforts of the impoundment reclamation designer,
reviewer, contractor and inspector, the topographic features of the cover
will alter over time without continual maintenance (Powledge and Dodge,
1985). Cover modifications will result from differential settlement,
collapsing soils, marginal quality control in cover placement, erosion,
major hydrologic events and monitoring disturbance. Because of these
unpredictable and generally uncontrollable events, tributary drainage areas
evolve that were not originally designed or constructed. The result is

that the peak discharge and volume of runoff exceed design levels and
increase the erosion potential.

Abt and Ruff (1985) conducted a series of flume experiments on a 1V:5H
prototype embankment protected by riprap with median rock sizes of 2 inches '
to 6 inches in diameter. It was observd that 2-4 inch diameter riprap were
highly susceptible to sheet flows converging along the face of the embank-
ment into channels. The discharge in the channel(s) was campared to the
total discharge over the embankment by

CF = ' (4.48)
1l - (QC = Q)

where CF is the concentration factor, Q¢ is the discharge in the channel

and Q is the total discharge over the embankment. The concentration
factors ranged from 1.1 to 3.2 where flows were less than the failure dis-
charge. These preliminary results indicate that riprap designed for sheet
flow conditions may be subjected to fTow channelizations that concentrate 3
times the discharge in a single location.

The peak discharge along a crest or at a design point is a function of
the amount of precipitation, the tributary drainage area, the slope of the
drainage basin, the basin contouring, the cover material and cover protec-
tion. Any modification in one or more of these parameters can impact the
outlet peak discharge. The cover design must account for these potential
changes in the form of a concentration or safety factor. Therefore, a flow
concentration factor may be incorporated into the design process to
adequately evaluate the soil resistance to erosion, to adequately select

and evaluate alternative protective measures and to size riprap when
warranted.
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It is difficult to accurately predict the value of the flow concen-
tration factor since limited information is currently available to substan-
tiate design limits. Hawever, it is reasonable to assume that values
between 2 and 3 are attainable with only a slight evolutionary change in
cover. Unless it can be shown that design procedures such as overbuilding
can compensate for differential settlement, it is recommended that a
conservative concentration factor be used until additional research can
justify a more reasonable range of values.

To incorporate the flow concentration factor into the stone sizing
procedure of any riprap design method, muitiply the design peak discharge
by the flow concentration factor. All subsequent computations, i.e.,
velocity and depth estimate, stone size determination, etc., will reflect
the influence of the flow concentration.

4.10 PERMISSIBLE VELOCITIES

Evaluation of proposed -reclamation alternatives should include an
analysis of the critical erosion potential of the cover material. Erosion
potential can be determined based upon the properties of the reclamation
materials as well as the degree of compaction in which the material is
placed. The permissible velocity approach consists of specifying a
velocity criterion that will not erode the cover or channel and will pre-
vent scour. A comparison of the actual or design flow velocities to the
permissible velocities associated with overland flows, sheetflows or chan-
nel flows determines the erosion potential. When the design flow velocity

meets or exceeds the permissible velocity, cover protection should be
considered.

The permissible velocity values presented were developed from experi-
ments performed primarily in canals and stream beds. Therefore, the fol-
lowing permissible velocities should provide a conservative estimate for
evaluating the erosion resistance of the reclaimed covers over long term
periods. In cases where a range of permissible velocities are presented,

it is recommended that the lower velocity be used for determining erosion
potential.

A series of permissible maximum canal velocities was developed by
Fortier and Scobey (1926) and adapted by Lane (1955). The maximum
permissible velocities presented in Table 4.7 are applicable to colloidal
silts. These velocity values were developed for channels without
sinuosity. Lane recommended a reduction of the velocities in Table 4.7 by
13 percent if the canal/channel is moderately sinuous. The maximum
allowable velocities for sandy-based materials are given in Table 4.8.
Table 4.9 provides limiting velocities for cohesive materials according to
compactness for materials with less than 50 percent sand content. The Soil
Conservation Service maximum permissible velocities (SCS, 1984) for well
maintained grass covers are presented in Table 4.10.

It is important to recognize that limited information is available
pertaining to permissibie velocities on covers under sheet flow conditions.
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. Table 4.7. Maximum permissible velocities in erodible channels.

Water Transporting
Colloidal Silts

o 1 i

Channel Material v (ft/sec)

' Fine sand, colloidal

, Sandy loam, non-colloidal
Silty-loam, non-colloidal
Alluvial silts, non-colloidal
Firm loam

Volcanic ash

Stiff clay, colloidal

Alluvial silts, colloidal

Shales and hardpans

Fine gravel

Graded loam to cobbles, non-colloidal
Graded silts to cobble, colloidal
Coarse gravel, non-colloidal
Cobbles and shingles

. o o o o
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Source: Lane 1955,

Table 4.8. Maximum allowable velocities in sand-based material.

Velocity

Material (ft/sec)

Very light sand of quicksand character
Very light loose sand

to
to

L] .
* *

Coarse sand to light sandy soil .50 to 2.
Sandy soil .00 to 2,
Sandy loam to
Average loam, alluvial soil, volcanic ash .75 to

Firm loam, clay loam

Stiff clay soil, gravel soil

Coarse gravel, cobbles and shingles

Conglomerate, cemented gravel, soft slate,
tough hardpan, soft sedimentary rock 6.00 to

’ Source: Lane, 1955,

to
to
to
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‘ Therefore, the permissible velocities developed for channels is usually
extended to overland flow situations. When design velocities reach or
exceed those indicated in Tables 4.7 through 4.10, protection is warranted.

Table 4.9. Limiting Velocities in Cohesive Materials.

Compactness of Bed

Fairly Very
Loose Compact Compact Compact
Principle Cohesive Velocity Velocit Velocity Velocity
Material (ft/sec) (ft/sec (ft/sec) (ft/sec)
Sandy clay 1.48 2.95 4,26 5.90
Heavy clayey soils 1.31 2.79 4.10 5.58
Clays : 1.15 2.62 3.94 5.41
Lean clayey soils 1.05 2.30 3.44 4.43

Source: Lane, 1955.

The materials presented in Tables 4.7 through 4.9 can be referenced to
the Unified Soil Classification System as presented by Wagner (1957). An
engineering analysis of the cover material can provide an approximation of
the permissible velocities that the alternative cover materials may with-
stand without supplemental protection.

4.11 PERMISSIBLE VELOCITY EXAMPLE

A tailings disposal site located in the northwest corner of New Mexico
has prepared a reclamation plan for review. The reclamation plan indicates
that a 10 foot thick cap will be placed atop the tailings at a slope of
2.4% with a compaction of 95% of optimum. The cap will be graded as shown
in Figure 4.14 and shall transition into side slopes of 1V:10H. It is
proposed that the cap will be composed of a sandy clay with a coarse gravel
cover. Along the crest, a 12 inch thick layer of riprap will be placed for
at least 8 feet upslope and downslope of the crest to stabilize the
transition. The riprap will have a median stone size of 6 inches. The
gravel cover will have a median rock size of 1.5 inches. The design
reviewer must verify that the gravel cover will resist the potential
‘ velocities that may result on the cap.



/7 g 25

72

Table 4.10. Maximum Permissible Velocities in Feet per Second (fps)
for Channels Lined With Uniform Stands of Various
Well-Maintained Grass Covers.

Maximum Permissible Velocities?

Slope Range Erosion- Easily-Eroded
Cover % Resistant Soils Soils

Bermudagrass } —\_\\‘"“{2:?0 ? g
Over 10 6 4

Buffalograss 0-5 7 5
Kentucky bluegrass 5-10 6 4
Smooth brome ~—  Over 10 5 3
Blue gramab 0-5 5 4

: Grass mixtureP 3 ('5-10 4 3

. Lespedeza sericea

! Weeping lovegrass

| Yellow bluestem® 0-5 3.5 2.5
Kudzu
Alfalifa
Crabgrass
Common 1espedezac’é} 0-5 3.5 2.5
Sudangrassd

3yse velocities over 5 fps only where good covers and proper maintenance
can be obtained.

b5 not use on slopes steeper than 10 percent.
CUse on slopes steeper than 5 percent is not recommended.

dAnnua]s are used on mild slopes or as temporary protection until
permanent covers are established.

Sourcé: SCS, 1984,
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Fig. 4.14. Representative reclaimed tailing pile—example problem.
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In order to assess the stabilization of the cap against erosion due to
overland flow, information provided in Sections 4.6 through 4.10 of this
report must be utilized. One alternative means of reviewing the design is
presented in the following analysis.

4.11.1 Estimation of Peak Runoff

The peak runoff can be estimated using the Rational formula presented
in Equation 4.43. The three components of the Rational formula that
require consideration are: the runoff coefficient, C; the rainfall inten-
sity, i; and the tributary area, A.

The runoff coefficient can be estimated by examining Tables 4.4
through 4.6. Since the cap will be composed of a compacted clay, the
infiltration and localized storage will be low. The peak runoff is a

direct function of the estimated localized PMF. Therefore, a reasonable C
value is 1.0.

The rainfall intensity can be estimated by determining the 1l-hr,
1-mi¢ local storm PMP value and adjusting the rainfall depth in accor-
dance with the percentages presented in Table 2.1. For northwest New
Mexico, the 1l-hr, 1-mi2 PMP is estimated to be 9.5 inches after the
appropriate elevation and area adjustments are performed.

The time of concentration, tc» should be estimated. Using Equation

4.44, the t. can be estimated where the longest flow path is approxi-
mately 450 feet as

0.77
t. = 0.00013 220 " (4.49)
(0.024)0-385
and
t. = 0.06 hrs = 3.62 minutes (4.50)

The rainfall depth for variable rainfall durations can be estimated
using the values presented in Table 2.1 which are applicable to northwest
New Mexico. Since the time of concentration is 3.6 minutes, the percent of
the 1-hr PMP can be interpolated to be approximately 35 percent. The
rainfall depth is computed using Equation 2.1 to be

Rainfall depth = (0.35) x 9.5 inch = 3.33 inches (4.51)
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A conservative estimate of the rainfall intensity is determined by
applying Equation 2.2.

i = 3.33 inches x 2% = 5.5 inches/hr (4.52)
3.6

‘ The tributary area, A, can be estimated using a unit width approach
presented in Section 4.8, Since the longest flow path is 450 feet with a
unit width of one foot, the tributary area is 450 square feet. The
tributary area can be converted to acres by dividing by 43,560 square
feet/acre resulting in an area of 0.0103 acres.

The peak sheet flow unit discharge at the transition can be computed
by using the Rational formula presented in Equation 4.43.

q = (1.0) (55.5) (0.0103) = 0.57 cfs (4.53)

4,11.2 Sheet Flow Velocity

The sheet flow design velocity can be estimated by first determining
the depth of flow. The depth of flow, y, can be calculated using Equation
4.46. However, the Manning surface roughness coefficient, n, must be
determined. From Equation 4.41, the Manning n value can be calculated as

n = 0.0395 (0.125)/6 = 0.028 (4.54)

The depth of flow is then computed to be

(0.57) 0.028 /5

= 0.202 feet (4.55)
1.486 (0.024)1/2

or

<
]

= (0.202 ft) (12 in/ft)

2.42 inches (4.56)
The design sheet flow velocity is calculated using Equation 4.47.

0.57

Ve = 2,82 feet/sec (4.57)
(1.0)(0.20)
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where 0.57 is the unit discharge, 1.0 is the width of flow in feet and 0.20
is the depth of flow in feet. It should be noted that the flow concentra-
tion factor was not incorporated into this computation.

2

4,11.3 Cover Permissible Velocity

The permissible velocity for the clay cap covered with gravel has been
determined to be 5.0-6.0 feet/sec as presented in Table 4.8. Since the
design sheet flow velocity was calculated to be 2.9 feet/sec, the cover
should be able to withstand the design flow.
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TABLE 4

Limiting Flow Velocities to Minimize Erosion

954,25

PERMISSIBLE VELOCITY

With Channel Vegetation
Bare 6" to 10" 11" to 24" Over 30"

Soil Type Channel in height in height in heigpt
Sand, Silt, Sandy 1.5 2.0 to 3.0 2.5 to 3.5 3.0 to 4.0
loam, Silty loam
Silty clay loam, Silty 2.0 3.0 to 4.0 3.5 to 4.5 4.0 to 5.0
clay
Clay 2.5 3.0 to 5.0 3.0 to 5.5 3.0 to 6.0

7.1-300

T
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LAYER 3

LATERAL DRAINABE LAYER

LAYER 3

BARRIER SGIL LAYER WITH LINER
THICKNESS

EVAPGRATION COEFFICIENT
PORGSITY

FIELD CAPACITY

WILTING POINT

EFFECTIVE HYDRAULIC CONDUCTIVITY
LAYER S

WASTE LAYER

THICKNESS

EVAPORATION COEFFICIENT

FOROSITY

FIELD CAPACITY

AILTING FOINT

EFFECTIVE HYDRAULIC CONBUCTIVITY

ee——gtppE - e
DRAINAGE LENGTH =
THICKNESS =
EVAPORATION COEFFICIENT =
PORGSITY =
FIELD CAPACITY =
NILTING POINT z
EFFECTIVE HYDRAULIC CONDUCTIVITY =

[URN " U O L (I 1)

towouou

" 1}

5,00 PERCENT
900.0 F2ET

5.00 INCHES
3.300 XK/CAY*£0.5
0.38%0 VOL/VOL
0.1990 voL/voL
0.0860 VOL/VOL
b.6193%9EF INCHES/HR

12,00 INCHES
3.100 MM/DEY#$0.5
0.5200 VOL/VOL
0.4500 YOL/VOL
9.3400 VOL/VOL

0.0

(014206 INCHES/HR
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GENERAL SINULATION DATA

SCS RUNOFF CURVE NUMBER = 49.75
TOTAL AREA OF COVER = 750000, 5B, FT
EVAPORATIVE 20ONE DEPTH = 10.00 INCHEE
LINER LEAKAGE FRACTION = 0. 640001
EFFELTIVE EVAPORATION COEFFICIENT = 3,265 WM/DAYRE0.D
UPPER LIMIT VEB. STORAGE = £.5000 INCHES
INITIAL VEE. STORAGE = 2.2410 INCHES
CLIMATELOGIC DATA FOR  DENVER COLBRADG

MONTHLY MEAN TEMPERATURES, [EBREES FRHRENHEIT

JAN/IUL FEB/AUGB NAR/SEP APR/OCT HRY/NDV JUN/BEC

.50 30,58 37,44 87.7¢ 38,49 £7.33
3T £9.59 62.719 - 5L.49 31,36 32.92 -

MONTHLY MEANS SOLAR RADIATION, LANBLEYS FER DAY

JAN/JUL FEB/ALG MAR/SEP APR/OCT HAY/NOV SUN/DED
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514,77 438.8
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AVERRGE ANNURL TOTRLS FOR 74 THROUBH 78

(INCHES) {CU. FY.}  PERCENT
PRECIPITATION 12.99 812000, 100.60
RUNGFF 0.000 1 0.00
EVEPOTRANGPIRATION i1.214 750840, 35,31
PERCCLATION FROM BASE OF COVER 0. 0004 g. 3,00
PERCOLATION FROM BASE OF LARDFILL  0.00%0 0. 2.69
DRRINABE FROM BASE OF COVER 1,559 193487, 12.77
DRAINRGE FROM EASE OF LRNDFILL 2,000 0. 0.09
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PEAK DAILY VALUES FOR 74 THROUGBH 73

PRECIPITATION

RUNOFF

PERCOLATION FROM BASE OF COVER
PERCOLATION FROM BASE OF LANDFILL
DRAINAGE FROM BASE OF COVER
DRAINAGE FROM BASE OF LANDFILL
HEAD ON BRSE OF COGYER

HEAD ON BASE OF LANDFILL

SNOW WATER

MpYIFUM VES, SOIL WATER (VOL/YOL)

it ER EATE taeEs oot s
MINIRUM VEG. SCIL WATER (VOL/VOL)

FERERRSEER R RS IR BTSRRI AR RN RE LRI R R LE AR R AL PR AL AR LR REES

(INCHES) (UL FT.)
1.79 111875.0
0.000 0.0
0.0000 9.1
0.0000 0.0
0.020 1270.4
0,000 0.0
3.9
0.9
0.63 9553.7
0.3645
01959

[ree bof L



APPENDIX 3

CHEMICAL AND RADIOCHEMICAL ANALYSES OF
SOLAR EVAPORATION POND LIQUID AND SLUDGE
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Date:

July 1, 1988

Revision No: 2

TABLE 3-I

SUMMARY OF QUARTERLY MONITORING OF PONDS 207-A AND 207-C
LIQUIDS DURING 1984 AND 1985

ANALYSIS

pH

Nitrate-

Nitrogen (ppm)

Cyanide (ppm)

Beryllium (ppm)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Pu-239 (pCi/L)

Am-241 (pCi/L)

Uranium (pCi/L)

Tritium (pCi/L)

POND 207-A

range 8.3-11.0

range ND(a)—Z}b;39

average 9,000
(1/7) (®)

range ND-1.7
average 1.2

(5/7)

range ND-0.1
average 0.1

(4/7)

range 32-56,000
average 13,400
(0/7)

range ND-27,000
average 11,100

(3/7)

range ND-240
average 110

(1/6)

range ND-650
average 300

(3/6)

range ND-26,000
average 9,200

(1/6)

range 620-4,300
average 2,200

(0/6)

POND 207-C

range 7.7-12.5

range 0.4-18,841
average 6,600

(0/7)

range ND-1.9
average 1.9

(2/3)

range ND-0.6
average 0.6

(2/3)

range ND-15,000
average 6,300
(1/7)

range 405-11,000
average 3,500

(0/7)

range ND-1,400
average 410

(1/6)

range ND-13,000
average 2,700

(1/6)

range 1,800-15,000

average 6,500
(0/6)

range 0-~6,400
average 2,400

(1/6)
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TABLE 3-I

SUMMARY OF QUARTERLY MONITORING OF PONDS 207-A AND 207-C
LIQUIDS DURING 1984 AND 1985

(a) ND indicates less than detection limit or less than
error limit.

(b) Average presented is for reported concentrations
greater than the detection limits.

(c) Fraction represents number of non-detectable samples/
total number of sanples.
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TABLE 3-1IT

SUMMARY OF PARAMETERS MONITORED
IN POND 207-A SLUDGE IN MAY 1985

ANALYSIS POND 207-A SLUDGE
pH 9.5
Nitrate-Nitrogen (ppm) 8,800
Beryllium (ppm) 170
Hexavalent Chromium (ppm) np (@)
Gross Alpha (pci/L) (P) 860,000
U-235 (pcisL) (P) 28

u-238 (pcisL) (3) 520

(a) ND indicates less than detection limit.

(b) Units of pCi/l indicated on lab results.
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TABLE 3-III

SUMMARY OF PARAMETERS MONITORED
WEEKLY DURING 1984 AND 1985
FOR PONDS 207-B NORTH AND CENTER LIQUIDS

ANALYSIS POND 207-B NORTH POND 207~-B CENTER

pH range 7.5 = 9.6 range 7.3 - 11.3

Nitrate (as N) range 335 - 1367 range ND(RP) - 5.6

(ppm) averaq? 629 average (4.7) (€
(0/71) (@) (30/77)

Gross Alpha range ND - 323 range ND - 59

(pCi/1) average (144) average (24)
(2/71) (45/77)

Gross Beta range ND - 163 range ND - 74

(pCi/l) average (63) average (30)
(13/71) (60/77)

(a) Fraction represents number of non-detectable samples/
total number of samples.

(b) ND indicates less than detection limit or less than
error limit.

(c) Average presented is for reported concentrations
greater than the detection limits.
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TABLE 3-IV

SUMMARY OF TWO SETS OF METAL ANALYSES OF

ELEMENT
Aluminum
Boron
Calcium
Cesium
Copper
Iron

Lead
Lithium
Manganese
Magnesium
Molybdenum
Nickel
Phosphorous
Potassium
Selenium
Silicon
Silver
Sodium

Strontium

PONDS 207-B NORTH AND CENTER LIQUIDS
TAKEN IN OCTOBER 1984 AND APRIL 1985

POND 207-B NORTH POND 207-B CENTER
(mg/L) (mg/L)

0.16, 1 0.15, 2
0.29, 0.31 0.24, 0.67
20.0, 290 2.9, 45.0
np () ND, 0.041
ND 0.016, 0.037
0.28, 0.29 0.074, 0.2
ND, 0.0035 ND, 0.002
0.37, 3.5 0.052, 0.41
ND 0.022, 0.081
87.0, 120.0 3.9, 13.0
ND, 0.0069 0.016, 0.037
ND 0.015, 0.016
ND 0.074, 0.2
82.0, 120.0 30.0, 36.0
0.01, 0.02 ND
2.1, 5.6 2.4, 5.5
ND, 0.082 0.0016, 0.015
370.0, 620.0 67.0, 250.0
1.2, 3.5 0.28, 0.52
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TABLE 3-IV (CONT)

SUMMARY OF TWO SETS OF METAL ANALYSES
PONDS 207-B NORTH AND CENTER LIQUIDS
TAKEN IN OCTOBER 1984 AND APRIL 1985

POND 207-B NORTH POND 207-B CENTER
ELEMENT (mg/L) (mg/L)
Tritium. ND, 0.069 0.022, 0.041
Vanadium ND ND, 0.0081
Zinc ND ND, 0.041
Zirconium ND ND, 0.0041

(a) ND indicates concentration below detection limit.
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ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

C. T. Illsley, HS&E T452B
R. L. Henry, HS&E T452B
Lfile

LAB NUMBER: MB85-2224
DATE: 10-03~85
ACCOUNT NO: 1331

APPROVED: %évw

//73. A. Blair

SAMPLE DESCRIPTION

207 A and C Solar Pond - Quarterly - Received: 9-11-85

Cr——

ANALYSIS RESULTS

Analzsis
pH (S.U.)

N0-3 as N (mg/L)

T. D. S. (mg/L)
CN~ (ppm)

Be (ug/ml)

Gross Alpha (pCi/L)
Gross Beta (pCi/L)
Pu-239 (pCi/L)
Am=241 (pCi/L)

U (pCi/L)

38 (pci/L)

207 A 207 ¢C
10.0 12.5

21739 18841
171976 171135

1.7 <0.1

0.1 0.6

(5.6 + 0.0) X 10° (8.8 + 0.6)
(2.7 + 0.6) X 10° (6.4 + 1.1)
(0.0 + 4.2) X 102 (1.4 + 0.3)
(0.0 + 1.0) X 10> (1.3 + 0.1)
(2.6 + 0.2) X 10° (1.8 +0.3)
(3.0 + 0.8) X 103 (7.2 + 0.9)

10
10
10
10
10
10

W s L WwW
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' ANALYTICAL REPORT

ROCKWELL INTERRATIONAL
NORTH AMERICAN SPACE OPERATIONS

P.0O. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1557

/ DATE: 7-11-85
C. T. Illsley, HS&E T-452B ACCOUNT NO: 331

File %E ; .
APPROVED:
. A. Blair

SAMPLE DESCRIPTION

Solar Pond 207A & 207C - Quarterly Received: 6-25~85

ANALYSIS RESULTS

Analysis 207A 207¢C
pH (S.U.) 10.1 10.7
No'3 as N (mg/L) 14800 8000
, . T.D.S. (mg/L) 10360 6420
Be (ug/ml) 0.1 <0.1
Gross Alpha (pCi/L) 2.4 X 104 6.5 X 103
Gross Beta (pCi/L) (5.2 + 1.0) X 103 (1.1 + 0.2) X 10

CN™ (mg/L) <0.01 <0.01



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

- ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

C. T. Illsley, HS&E T452B

R. L. Henry, HS&E T452B
«File

LAB NUMBER: MB85-0499

DATE: 4-25-85
ACCOUNT NO: 331

B 7 .
APPROVED: /4

2?3. A. Blair

SAMPLE DESCRIPTION

207-A Solar Pond - Quarterly - Received: 3-5-85

ANALYSIS RESULTS

Analysis

pH (S.U.)

No“3 as N (mg/L)
T. D. S. (mg/L)
CN” (ppm)

Be (ug/ml)

Gross Alpha (pCi/L)
Gross Beta (pCi/L)
Pu-239 (pCi/L)
Am-241 (pCi/L)

U (pCi/L)

38 (pci/L)

Results

10.0

7300

5340

<0.1

0.1

(8.4 + 0.3) X 103
(1.2 + 0.1) x 10°
(1.3 + 0.6) X 10°
(0.0 + 1.5) X 10°
(9.2 + 1.1) X 103
(1.0 + 0.4) x 103



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

/&

e

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

/é. T. Illsley, HSSE T452B
R

. L. Henry, HS&E T452B
File

LAB NUMBER: MB4-2975
DATE: 12-24-84
ACCOUNT NO: 331

7
APPROVED: //;Ag§;4f<;‘“\~

/J. A. Blair

SAMPLE DESCRIPTION

Solar Pond 207A - Received:

ANALYSIS RESULTS

ANALYSIS

pH (S.U.)

N03 as N (mg/L)
T.D.S. (mg/L)

Be (mg/L)

CN™ (mg/L)

Gross Alpha (pCi/L)
Gross Beta (pCi/L)
Pu (pCi/L)

U (pCi/L)

Am (pCi/L)

B> (pCi/L)

RESULTS
8.3

5.0

<

929
<0.1
<0.05

204 + 120 52<3§[

21 + 26
(1.6 + 0.7y x 102 /PO
0y x0 Fbo

(8.6 +
(0.0 + 7.6) X 10!
*

| +

6.2+ 2.3 x 102 028
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ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION: LAB NUMBER: MB4-2275
/%. T. Illsley, T4528B HS&E 2éggﬁnr NO: g§§7-84
File Y
APPROVED: /:;é2§§222~“~
. Blair
SAMPLE DESCRIPTION
Solar Pond 207A - Quartley Sample - Received: 9-13-84
ANALYSIS RESULTS
Analysis Results
pH 11.0
N0, as N (mg/L) <1.0
TDS (mg/L) 403
Be (ug/L) <0.1
CN™ (mg/L) <0.1
Tritium (pCi/L) (2.8 + 1.0) X 10°
Gross Alpha (pCi/L) 32 +16
Gross Beta (pCi/L) 39 + 40

Pu (pCi/L)
Am (pCi/L)
U (pCi/L)

(2.4 + 1.0) x 10°

(2.0 + 1.2) x10°

(69 + 7.9) x107> .



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881'-
DISTRIBUTION: [AE NUMBER: WR4-1315
DATE: 8/16/84
“C. T. INsley T-4528 ACCOUNT NO: 331
R. L. Henry T-4528 i
N. D. Hoffman T-4528 £4¢%§;77f
R. D. Gaskins 374 APPROVED:
File //7J. A. Paicic

SAMPLE DESCRIPTION

207A Solar POnd - Quarterly Sample Received: 6/5/84

Analysis Result

pH (S.U.) 9.9

NO3 as N (mg/L) . 5150

Total Dissolved Solids (mg/L) 4383

Be (mg/L) < 0.1

CN™ (mg/L) 0.6

Gross Alpha (pCi/L) (3.5 + 2.9) x 103
Gross Beta (pCi/L) 2 +27

Pu - 239 (pCi/L) (1.1 + 2.4) x 10
Am - 241 (pCi/L) (3.8 + 2.8) X 10!
U (pCi/L) (6.5 + 0.4) x 103

M (pCi/L) (4.3 + 0.8) x 10°
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ANALYTICAL REPORT
. ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464 GENERAL LABORATORY
GOLDEN, OOLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: MB4-558
R. L. Henry  T452B DATE: 4-10-84
-A:.lr. Illsley T452B ACCOUNT NO: 331
File

sepvovens L2 Al e

~~J. A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 207A - Monthly Sample
Received 3-5-84

ANALYSIS RESULTS

Analysis Result
Gross Alpha (pCi/L) (1.9 + 1.1) x 10°
Gross Beta (pCi/L) (2.2 + 0.6) x 10°
. Plutonium (pCi/L) 1.2 x 10
Arericium (pCi/L) 6.5 x 102
Uranium (pCi/L) 4.0 x 10°
Beryllium (mg/L) <0.1
pH 10.5
NO, as N (mg/L) 5000
DS (mg/L) 36000
N (ppm) <0.1
Tritium (pCi/L) 1.3 x 10°



ANALYTICAL REPORT
ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: TAB NUMBER: HB5-1236

DATE: 10-07-85
R. D. Gaskins, Liq Waste Oper, 374 ACCOUNT NO: 371

« Greengard, HS&E T452B

File APPROVED: ,;7;523/(f;..,

sJ. A. Blair

SAMPLE DESCRIPTION

2074 Solar Pond Water Sludge )
(REF: Req No. 2-59838) Received: 5-21-85

ANALYSIS RESULTS

Analysis Result
pH (S.U.) 9.5
. No‘3 as N (mg/L) 8800
Total Dissolved Solids (mg/L) 77300
Total Solids (mg/L) 108700
Specific Gravity (g/ml) 1.08
Be (mg/L) 170
cr 6 (mg/L) <1.0
Total Alpha 8.6 X 10°
U-235 (pCi/L) (2.8 + 1.9) X 1012*#4
U-238 (pCL/L) (5.2 + 0.9) x 1025~
F (g/L) <0.75
C1™ (g/L) 2.0
po, > (g/L) <1.0
N03‘ (g/L) 36
50,2 (g/L) 2.2

See attached sheet for elemental analysis results.



POND 207-A TCLP SLUDGE ANALYSES
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Client: Rockwell
RPW Batch: 8803-875

Determination of Methanol in TCLP Leachates.

The leachate was analyzed by Packed Column Gas Chromatography
with a Flame Ionization Detector.

GC Conditions:

Column: Six Foot x 1/4 inch glass, pack with 20%
Carbowax 20M on Supelcoport (80/100 mesh)

Oven Tenmp: 70°¢ Isothermal
Injector Temp: 200°¢

Detector Temp: 200°¢

RFW 3} CLIENT ID METEANOL
8803-875-002 TCLP Leachate of S-Pond <15 ug/mL
8803-875-002 TCLP Leachate of S-Pond Dup <15 ug/mL

TCLP Blank <15 ug/mL
Date Collected: 03-21-88
Date Leached: 03-28,29-88
Date Analyzed: 03-31-88

The leachate was also screened for cyclohexanone, l-butanol,
ethylether and ethyl acetate. These analytes were not detected
in the leachates (estimated detection limit of 200 ug/mL).

Lo ¢ /—5S

Carter P. Nulton, Ph.D. DATE
Manager
Lionville Analytical Laboratory
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TOTAL SPECIFIC ACTIVITY
ELEMENT

nCi/6
_Groess KA 0.452
(cross B 0.354
Pu (total)) 0. 4s
Am < 40"
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TOTAL VOLUME S20 m/
penstty ___~ /.o
‘ MASS _____ S22g
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WES‘I‘Og Analytics

ROCKWELL

RFW # 8803-875, VOA’s Only (Special List)
W.0.# 2029-21-01

1. The following qualifiers are used on the data summary:

U - Indicates that the compound was analyzed for but not
detected. The detection limit for the sample (not

ghe method detection limit) is reported wi the U (e.gqg.,
ou).

J - Indicates an estimated value. This flag is used either when
estimating a concentration for tentatively identified corngounds:
where a 1:1 response is assumed or where the mass spectral data
indicate the presence of a compound that meets the identification
criteria but the result is less than the specified detection limit
but greater than zero (e.g., 10J). If limit of detection is 10
ug/l and a concentration of 3 ug/l is calculated, it is reported as
3J

BS - Indicates blank spike in which reagent grade water is
spiked with the CLP matrix spiking solutions and carried

through all the steps of the method. Spike recoveries are
reported.

BSD - Indicates blank spike duplicate.
MS - Indicates matrix spike.
MSD - Indicates matrix spike duplicate.

DL - Indicates that surrogate recoveries were not obtained
because the extract had to be diluted for analysis.

NA - Not applicable.
DF - Dilution factor.

NR - Not reported.

2. Samples Collected: 03-21-88
Leaching Date : 03-28-88
Analysis Date : 03~-29,31-88

3. Samples were analyzed by the USEPA Method 8240.

Several Tentatively Identified Compounds (TIC’s) were
detected in the method blank and the sample.

E— S 7%

Carter P. Nulton, Ph.D. DATE -~
Manager

Lionville Analytical Laboratories



WESTON ANALYTICS
GC/MS DATA SUMMARY
VOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS

- N D U RSN SR
RFW Batch Number: 8803-875 Client: ROCKWELL (TCLP) Page: 1
cust ID: BLANK 3/29 TCLP BLK S-POND BLANK 3/31 TCLP BLK S-POND
Sample RFW#: VWBLK BLANK 002 VWBLK BLANK 002
Information Matrix: Water Leachate Leachate Water Leachate Leachate
D.F.: 1l 1 1 1 1 1
Units: ug/L ug/L ug/L ug/L ug/L ug/L
Surrogate Toluene-d8: 97 §% 98 % 96 % 94 % 98 % 99 §
Recovery Bromofluorobenzene: 95 % 94 % 86 % 98 % 101 § 104 %
(3) 1,2-Dichloroethane-d4: 83 % 91 % 76 % 97 % 96 % 101 §%
. T T - . - NﬂHHﬂ-au“u“““HH.“““Nuu“ﬂnHHll'l'l-'lnH.l-'-llll'ﬂu.lllll!u:-lﬂ 1
Methylene Chloride......cccecrecccen 7 15 B 15 B 8 4 JB 6B
ACetONe. cscvesesssscvccsosnssascsvsscns 19 8000 B 5000 B 16 4200 B 5100 B
Carbon Disulfide.....cceecceeccccccce 5 U 5 U s U 5 U 5 U 5 U
2-BULANONEG. ccecossocccsosvsssssoccsss 10 U 10 U 10 U 10U 10 U 10 U
Carbon Tetrachloride.......cccceee. 5 U 5 U 5 U 5 U 5 U 5 U
1,1,1-Trichloroethane@......ccceccvee 1J 6 B 3 JB 5 U 5 2J
4-Methyl-2-pentanone......cccccveece- i0 U 17 2 JB 10 U 18 10 U
Tetrachloroethene......csceescccccecs 5 U 5 U 6 50U 5 U 6
Trichloroethen@....cecccececeocvecncce s U 5 U 5 U 5 U 5 U. 5 U
Trichlorofluoromethan@....cccececocve 5 U 5 U 5 U 5 U 5 U 5 U
TOlUENE. . cccccocccssssssssssccccccan 5 U 10 2 JB 3 Jd 9 B 2 JB
Chlorobenzene. .....ccecscesasesccsvce 5 U 5 U 5 U 5 U 5 U 5 U
Ethylbenzene......ccccoccovvccccrccs 5 U 4 J 5 U 5 U 3J 5 U
Total Xylenes......cceceeoccccsccace 50 31 5 U 5 U 29 5 U
1,2-Dichlorobenzen@......ccccccceee. 5 U s U s U 5 U 5 U 5 U
I180butanol (8)....ceececavcccccccncs 20U 20U 20 U 20U 20U 20 U
N-BUtAnol (@) ..ccceevccaccnssncsocns ND ND ND ND ND ND
Cyclohexanone (a)...cceccecccccccccs ND ND ND ND ND ND
Ethyl Acetate (a)....ccccccccccccecs ND ND ND ND ND ND
Ethyl Ether (a)...csceceeccccccccccs ND ND ND ND ND ND
1,1,2-Trichloro-1,2,2~
ND 1400 290 B ND 890 260 B

trifluoroethane (a)

(a) By Library Search only

U=Analyzed, not detected. B=Present

b

in blank. NRP=Not Reported

‘«lwnmmosn at less than detection limit. R=Not requested.



DATA SUMMARY FOR: ROCKWELL
R.F.W. NO.: 8803-875-TCLP BLANK

SAMPLE DESCRIPTION: TCLP BLANK 03-28

IENTATIVELY IDENTIFIED

(VOA FRACTION)
COMPOUND SCAN £
Cg-ALKENES/CYCLOALKANES 427
UNKNOWN ass
ALKANES 546
Cg-ESTER 665
C,-ESTER 748

(ug/L)

120 J
25 J
180 J

4 J
10 J



DATA SUMMARY FOR: ROCKWELL
R.F.W. NoO.: 8803-875-002

SAMPLE DESCRIPTION: TCLP S-POND

ZDENTIFIED
(VOA FRACTION)
COMPOUND SCAN 2 0
(ug/L)
Cg=CYCLOALKANES/OLEFINS 427 140 J
MIXED HYDROCARBONS 488 14 J
>Cg~ALKANES 546 110 J

C,-ESTER 749 53



DATA SUMMARY FOR: ROCKWELL

R.F.W. NO.: 8803-875-TCLP BLANK

SAMPLE DESCRIPTION: TCLP BLANK 03-28

IENTATIVELY IDENTIFIED

(VOA FRACTION)

COMPOUND SCAN #
Cg—CYCLOALKANES 272
UNKNOWN 329
UNKNOWN 336
UNKNOWN 388
UNKNOWN 442
UNKNOWN 600

(ug/L)

88
12

190

18

augGGYy



I DATA SUMMARY FOR: ROCKWELL

R.F.W. NO.: 8803-875-002

SAMPLE DESCRIPTION: TCLP S-POND

IDENTIFIED

(VOA FRACTION)

COMPOUND : SCAN %

(ug/L)

Cg-CYCLOALKANES 269 120 J
UNKNOWN 327 10 J
UNKNOWN 387 130 J
UNKNOWN 600 8 J



COD078343407 Date: November 8, 1985

‘ ‘ Revision No.: 0O

POND 2078 DATA



‘ ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS B
P.0. BOX 464 GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: :85-2220

: DATE: 10-08-85
R. L. Henry, T452B HSSE ACCOUNT NO: 331

C. T. Illsley, T452B HSSE -
R, D. Gaskins, 374 Liq Wste Ops

' /f. Greengard, T452B HSSE ' Appnovzn:/"
File ///J. A. Blair
SAMPLE DESCRIPTION
Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 9-17-85
Analysis North Center
pH (S.U0.) : 9.3 9.3
‘ zzo'A3 as N (mg/L) 727 1.4
Gross Alpha (pCi/L) 209 + 21 7+3
Gross Beta (pCi/L) 109 + 63 59 + &4



{‘II' ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

ANALYTICAL REPORT

CENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-2157
DATE: 9-30-85

R. L. Henry, T452B HSSE

C. T. Illsley, T452B HSSE

R. D. Gaskins, 374 Liq Wste Ops
~/T. Greengard, T452B HS&E

File

ACCOUNT NO: 331

APPROVED: M_,

/’J- A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Ceuter
Received: 9-10-85

Analysis
pH (S5.0.)

. N0y a8 N (mg/L)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.2 9.7
746 <1.0
268 + 89 24 + 5
23 + 16 -4 + 25



. ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS

P.O. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-2096
DATE: 9-30-85
R. L. Henry, T452B HS&E ACCOUNT NO: 331
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops M
UT. Greengard, T452B HS&E APPROVED:
File /J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 8-27-85
Analysis North Center
PH (é.u.) 9.0 10.3
. NO 4 as N (mg/L) 716 <1.0
Gross Alpha (pCi/L) 323 + 33 -4 +0
Gross Beta (pCi/L) 96 + 25 -8 + 11
Pu-239 (pCi/L) 71.2 *
U- Total (pCL/L) 82.6 *
Am-241 (pCL/L) 57.6 .

* Not requested



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E
C. T. Illsley, T4S2B HS&E
R. D. Gaskins, 374 Liq Wste Ops

T+ Greengard, T452B HSSE
File

LAB NUMBER: MB85-2035
DATE: 9-30-85
ACCOUNT NO: 331

APPROVED: m

//(J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 8-20-85

Analysis
pH (S.U.)

NO 5 a8 N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.7 10.6
676 <1.0
113 + 38 19 + 5
41 + 10 6 + 16



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Heary, T452B HS&E

C. T. Illsley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops
T. Greengard, T452B HS&E

File

LAB NUMBER: M85-1973
DATE: 9-30-85
ACCOUNT NO: 331

APPROVED: %g/é-:* —

/3. AL Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) Nortch 1) Center
Recefved: 8-13-85

Analzsis
pH (S.U.)

NO~, as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.8 9.6
615 <1.0
110 + 6 0+0
77 +5 9+ 4



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT.

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HSGE

C. T. Illsley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops
T. Greengard, T452B HSSE

File

LAB NUMBER: M85-1915
DATE: 9-30-85
ACCOUNT NO: 331

APPROVED: M

/J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 8-6-85

Analysis
pB (S.U.)

No'3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

9.1 10.0
590 <1.0
166 + 31 6 +2
115 + 7 29 + 8



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Heanry, T452B HSGE

C. T. Illsley, T452B HS&E

R/ D. Gaskins, 374 Liq Wste Ops
« Greengard, T452B HSSE

File

LAB NUMBER: M85-1860
DATE: 8-9-85
ACCOUNT NO: 331

APPROVED:/é%ﬁ53/1:;h;~

/J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) -North 1) Center
Received: 7-30-85

Analysis
pH (S.U.)

NO~, a8 N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

9.1 9.9
627 2.0
200 + 86 38 + 20
57 + 12 34 * 39



1"" ANALYTICAL REPORT
ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS ’

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1787
DATE: 7-29-85
R. L. Henry, T452B HS&E ACCOUNT NO: 331
C. T. Illsley, T452B HSSE
R. D. Gaskins, 374 Liq Wste Ops M
#f. Greengard, T452B HS&E APPROVED: 27
File / J. A. Blair

SAMPLE DESCRLPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 7-23-85
Analysis | North Center
pH (S.U.) 8.9 10.3
. N0, as N (wg/L) 625 <1.0
Gross Alpha (pCi/L) 169 + 14 18 + 11
Gross Beta (pCi/L) S2 + 15 11 +0



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT
s

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Heary, T452B HS&E
C. T. Illsley, T452B HS&E
D. Gaskins, 374 Liq Wste Ops
« Greengard, T452B HS&E
File

LAB NUMBER: M85-1733
DATE: 7-19-85
ACCOUNT NO: 331

APPROVED: /%é‘\-

)73. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 7-16-85

Analxsis
pR (S.U.)

No"3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

8.8 10.0
718 <1.0
215 + 14 22 + 12
45 + 24 22 + 23



ANALYTICAL REPORT
"II’ ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS

P.0O. BOX 464 GENERAL LABORATQRY

GOLDEN, COLORADO 80401 BUILDING 8381

DISTRIBUTION: LAB NUMBER: M85-1662

DATE: 7-19-85

R. L. Heury, T452B HS&E ACCOUNT NO: 331

C. T. Illaley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops M\,
¢T. Greengard, T452B HS&E APPROVED: /

File 3. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 7-9-85
Analysis : North Center
pH (S.U.) 8.4 _ 10.4
No'3 as N (mg/L) 662 <1.0
. Gross Alpha (pCi/L) 112 + 16 6+9
Gross Beta (pCi/L) 52 + 42 -3 + 21



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

.

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

Re. L. Henry, T452B HS&E
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops

+f. Greengard, T452B HSSE

File

LAB NUMBER: M35-1615
DATE: 7-23-85
ACCOUNT NO: 331

APPROVED: M

//3. A. Blair

SAMPLE DESCEIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 7-2-85

Analzsis
pH (S.U.)

No"3 a8 N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Norch Center
8.7 11.0
634 <1.0
118 + 10 19 + 10
88 + 20 26 + 36



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HSSE
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops

¢t Greengard, T452B HSSE

File

LAB NUMBER: M85-1555
DATE: 7-11-85
ACCOUNT NO: 331

A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 6~25~85

Analysis
pH (S.U.)

NO-3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

8.6 10.7
815 <1.0
70 + 0 | 7+9
95 + 13 5+0



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.Q. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E
C. T. Illsley, T452B HS&E
(Re Do Gaskins, 374 Liq Wste Ops

{ T. Greengard, T452B HS&E

File

LAB NUMBER: M85-1499
DATE: 6-26-85
ACCOUNT NO: 331

APPROVED: 4934§»é21——

/J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 6-18-85
Analysis North Center
pH (S.U.) 9.1 10.2
No'3 as N (mg/L) 658 <1.0
Gross Alpha (pCi/L) 231 + 19 18 + 0
Gross Beta (pCi/L) 44 + 17 33 + 15



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1433

DATE: 6-20-85
R. L. Benry, T452B HS&E ACCOUNT NO: 331

C. T. Illsley, T452B HSEE

}. D. Gaskins, 374 Liq Wste Ops /@ 6
- Greengard, T452B HS&E APPROVED:

File Z7J. A. Blair
SAMPLE DESCRIPTION -
Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 6-11-85
Analysis North Center
. pH (S.U.) 7.5 9.2
uo‘3 as N (mg/L) 732 <1.0
Gross Alpha (pCi/L) 175 + 16 21 +7
Gross Beta (pCi/L) 39+0 45 + 55

Lt
" !"‘l



ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE QPERATIONS
P.0. BOX 464

ANALYTICAL REPORT

GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1360
DATE: 6-20-85

R. L. Henry, T452B HS&E
C. T. Illsley, T452B HSSE
R. D. Gaskins, 374 Liq Wste Ops

4T, Greengard, T452B HS&E

File

ACCOUNT NO: 331

APPROVED: Aéz z é"-

/ J. A. Blair

’
‘

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Beceived: 6-4-85

Analysis

pH (S.U.)

No'3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

9.1 9.4
616 <1.0
88 + 27 8+9
50 + 24 49 + 9



ROCKWELL IRTERNATIORAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

Re L. Henry, T452B HS&E
C. T. Illsley, T452B HS&E
D. Gaskina, 374 Liq Wste Ops
o Greengard, T452B HSLE
File

LAB NUMBER: MB5~1292
DATE: 6~7-85
ACCOUNT NO: 331

APPROVED: W""

/J - A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 5-28-85

Analysis

pH (S.U.)

NO , a8 N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.3 10.6
660 <1.0
29 + 14 19 + 18
118 + 34

20 + &4



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E

C. T. Illsley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops
A Greengard, T452B HS&E

File

LAB NUMBER: M85-1233
DATE: 6-7-85
ACCOUNT NO: 331

APPROVED:
/ J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 5-21-8S

Analysis
pH (5.U.)

NO~; as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/1)

9.4 : 10.9
632 <1.0
165 + 9 32+ 14
80 + 0 12 + 8



/
“ ' ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-116Q0
DATE: 5-22-85
R. L. Henry, T452B HS&E ACCOUNT NO: 331
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops l/jkﬁﬁgdféln-
&T. Greengard, T452B HS&E APPROVED:
File /E. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pound 207B 1) North 1) Center
(Weekly Sample) Received: 5-14-85
Analysis North Center
pH (S.U.) 8.6 11.0
‘ No"3 as N (mg/L) 662 <1.0
Gross Alpha (pCi/L) 161 + 15 41 + 2
Gross Beta (pCi/L) 43 + 24 -9 + 4



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Heary, T452B HS&E
C. T. Illsley, T452B HSSE
R. D. Gaskins, 374 Liq Wste Ops

VT. Greengard, T452B HS&E

File

LAB NUMBER: MB85-1082
DATE: 5-17-85
ACCOUNT NO: 331

APPROVED: M—«

//J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Veekly Sample)

1) North 1) Center
Received: 5-7-85

Analysis
pH (S.U.)

N0-3 as N (mg/L)
Cross Alpha (pci/L)

Gross Beta (pCi/L)

North Center
9.2 11.0
557 <1.0
195 + 19 7+ 14
37 + 7 9+ 3



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

ARALYTICAL REPORT

GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1003
DATE: 5-16-85

R. L. Henry, T452B HS&E

C. T. Illsley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops
~T. Greengard, T452B HS&E

File

ACCOUNT NO: 331

4
APPROVED: 442§§§;(:;-u

/3. A Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 4-30-85

Analysis

pH (S.U.)

NO~, as N (mg/L)
Gross All:ha (pCi/L)

Gross Beta (pCi/L)

North Ceater
9.0 10.7
656 1.8
129 + 10 29 + 22
30 + 28 -5+ 3



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops

/' T. Greengard, T452B HS&E
File

LAB NUMBER: M85-0947
DATE: 5-3-85
ACCOUNT NO: 331

APPROVED: /(é%

/A J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 4-23-85

Analysis
pH (S.U.)

No, as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

9.2 10.8
651 2.4
149 + 23 27 + 4
47 + 33 31 +0



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Renry, T452B HSSE

C. T. Illsley, T452B HS&E

R. D. Gaskinsg, 374 Liq Wste Ops
T. Greengard, T452B HS&E

File

LAB NUMBER: M85-0892
DATE: 4-25-85
ACCOUNT NO: 331

APPROVED: %O%_\;

;Zf; A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 4-16-85

Analzsis V
pR (S5.U.)

No, as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.3 10.1
615 3.2
154 + &4 14 + 2
20 + 6 7 + 14



r——— e -y ——

ROCKWELL IRTERRATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

ANALYTICAL REPORT

GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDIKRG 881 °
DISTRIBUTION: LAB NUMBER: MB5-0824
DATE: 4-19-85

R. L. Henry, T452B HS&E
C. T. Illsley, T452B HSLE

f. D. Gaskins, 374 Liq Waste Ops

« Greengard, TAS52B HS&E
File

ACCOUNT NO: 331

weonoven: 23 o

/ Je A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 4-9-85

Analzsis
pH ( S.U. )

N0, as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.2 8.9
630 4.3
108 + 3 14 + 4
64 + 13 10 + 10

- ————— et o n



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

ANALYTICAL REPORT

GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-0766
. DATE: 4-15-85

R. L. Henry, T452B HS&E

C. T. nl.ley' T452B HS&E ¥

R. D. Gaskins, 374 Liq Wste Ops
vT. Greengard, T452B HSSE

ACCOUNT NO: 331

APPROVED:"; é EE

File /J. A. Blair
SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center

(Weekly Sample) Received: 4-2~85
Anslysis Forth Center
pE (S.U.) 9.1 8.5
No, 28 N (-g/L5 540 5.3
Gross Alpha (pCi/L) 33 + 0 18 + 2
Gross Beta (pCi/L) 86 + 0 20 + 28

.
-t



/’.

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ARALTTICAL REPORT

GENERAI, LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HSSE
C. T. Illsley, T452B HSSE
R. D. Gaskins, 374 Liq Wste Ops

¥'T. Greengard, T452B HSSE

File

LAB NUMBER: M85-0712
DATE: 4-15-85
ACCOUNT KO: 331

APPROVED: }?zzz

Z/J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 3~26-85

Analysis
pH (SOUO)

NO; as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.2 10.1
492 5.1
186 + 105 26 + 7
156 + 54 17 + 2



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E

C. T. 1llsley, T452B HS&E

B. D. Gaskins, 374 Liq Wste Ops
“T. Greengard, T452B HS&E

File

LAB NUMBER: MB5-0642
DATE: 3-28-85
ACCOUNT NO: 331

APPROVED: /M«\

//d. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 3-14-85

Analysis
pH (S.U.)

NO3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
9.0 10.8
585 2.9
230 + 56 16 + 3
163 + 25 25 + 22



/b.

ROCKWELL INTERNATIORAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ARALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Renry, T452B HS&E
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops

T. Greengard, T452B HS&E

File

LAB RUMBER: M85-0573
DATE: 3-26-85
ACCOUNT NO: 331

APPROVED: M

/73. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 3-12-85

Analysis

pH (S.U.)

NO, as N (-g/LS
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.8 10.7
390 2.2
(1.3 + 0.4) X 102 19 + 13
(1.6 + 0.1) X 10° 31 + 16



ARALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-0501
DATE: 3-26-85
R. L. Henry, T452B HS&E ACCOUNT NO: 331
C. T. Illsley, T452B HSSE
R. D. Gaskins, 374 Liq Wste Ops z%’ﬁé )
L’T. Greengard, T4S52B HS&E APPROVED:
File /J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Weekly Sample) Received: 3~5-85
Analysis North m
pH (S.0.) * 10.1
NO, 28 N (mg/L) * 15.6
Gross Alpha (pCi/L) * 59 + 23
Gross Beta (pCi/L) % 73+ 0

¢ No sample received -~ Pond Frozen



ROCKWELL INTEENATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDIKG 881

DISTRIBUTION:

R. L. Henry, T452B HS&E
C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Li4 Wste Ops

yT. Greengard, T452B HS&E

File

LAB NUMBER: MB5-0433
DATE: 3-26-85
ACCOUNT NO: 331

APPROVED: ;‘ég‘—/&»'\
/4?3. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 2-26-85

Analysis

pH (S.U.)

NO; 28 N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

¢ No sample received - Pond Frozen.

North Center

*

*

10.4
3.4
-2 + 10

38 + 19



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E

C. T. Illsley, T452B HS&E
. D. Gaskins, 374 Liq Wste Ops
. Greengard, T452B HS&E

File

LAB NUMBER: M84~3027
DATE: 12-24-84
ACCOUNT NO: 331

APPROVED: /%é,;\

~J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 12-11-84

Analysts

pH (S.U.)

NO4 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

* 9.2
FROZEN 4.1
NO 4+ 11
SAMPLE 3 +21



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T4528 HSA&E
C. T. Ilisley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops

T, Greengard, T4528 HS&E

LAB NUMBER: MB4-2952
DATE: 12-12-84
ACCOUNT NO: 331

APPROVED: /~ '/;/Q'Zzﬁ ;
~dJd. A, Biair

® pond frozen

File
/
* SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 12-4-84
Analysis North Center
PH (S.U.) * 10.0
NO5 as N (mg/L) d 4.0
Gross Alpha (pCi/L) o 6 + 17
Gross Beta (pCi/L) * 3+ 26



| .

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T4528 HS&E

C. T. Illsley, T452B HS&E

R, D. Gaskins, 374 Lig Wste Ops
. Greengard, T4528 HS&E

LAB NUMBER: M™84-2888
DATE: 12-12-84
ACCOUNT NO: 331

APPROVED: MN

File ~Jd. AL Blatr
SAMPLE DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 11-27-84
Analysis North Center
pH (S.U.) 8.1 10.7
NO; as N (mg/L) 579 : 2.9
Gross Alpha (pCi/L) 160 + 63 1+11
Gross Beta (pCi/L) 29 + 29 5+24



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

ANALYTICAL REPORY

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-2855

DATE: 12-12-84

R. L. Henry, T452B HS&E
C. T. IN1sley, T452B HS&E
!;7 0. Gaskins, 374 Lig Wste Ops

. Greengard, T452B HS&E
File

ACCOUNT NO: 331

AppRoveoy/?ngg%f;,,~
9. A glair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 11-20-84
Analysis North Center
pH (S.U.) 8.0 10.6
NO; as N (mg/L) 579 5.5
Gross Alpha (pCi/L) 217 + 80 34 +19
Gross Beta (pCi/L) 11 + 24 17 + 26



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP .
P.0. BOX 464 GENERAL LABORATORY

GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: [A8 NUNBER: M84-278/

DATE: 11-29-84
R. L. Henry, T452B HS&E ACCOUNT NO: 331

C. T. INlsley, T4528 HS&E

R. D. Gaskins, 374 Liq Wste Ops
vT. Greengard, T452B HS&E APPROVED:
File

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 11-13-84
Analysis North Center
pH (S.U.) 8.3 - 10.8
"No5 as N (mg/L) 500 <1.0
Gross Alpha (pCi/L) 203 + 94 20 + 14
Gross Beta (pCi/L) 46 + 43 -2 + 28



. ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP .

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-2/24

DATE: 11-29-84
R. L. Henry, T4528B HS&E ACCOUNT NO: 331

C. T. Illsley, T452B HSAE -
R. D. Gaskins, 374 Liq Wste Ops

JI. Greengard, T4528 HS&E APPROVED:
File /J. A. Blair
SAMPLE "DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 11-6-84
Analysis North Center
pH (S.U.) 8.3 10.7
. NO5 as N (mg/L) 570 2.7
Gross Alpha (pCi/L) 143 + 55 11 + 16
Gross Beta (pCi/L) 19 + 37 -5 +23
o



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

VDISTRIBUTION:

R. L. Henry, T4528 HS&E
C. T. Illsley, T4528 HS&E

jR’ D. Gaskins, 374 Liq Wste Ops

T. Greengard, T452B HS&E
File

LAB NUMBER: M84-2664
DATE: 11-7-84
ACCOUNT NO: 331

<

APPROVED:
JJ. K. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 10-30-84

Analysis
pH (5.U.)

NO5 as N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

North Center
8.2 10.5
535 2.2
165 + 62 5+10
53 + 44 -5 + 22



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:
R. L. Henry, T4528 HS&E

LAB NUMBER: M84-2604
DATE: 11-7-84
ACCOUNT NO: 331

C. T. Illsley, T452B HS&E
R. D. Gaskins, 374 Liq Wste Ops 14§%§QEEQC:;A«*\
vT. Greengard, T452B HS&E APPROVED:
File . Blair
SAMPLE DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 10-23-84
Analysis North Center
H (S.U.) 8.2 10.6
NO5 as N (mg/L) 530 <1.0
Gross Alpha (pCi/L) 116 + 42 11 + 12
Gross Beta (pCi/L) 48 + 47 3+26



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T4528 HSA&E

C. T. ITlsley, T452B HS&E

R. D. Gaskins, 374 Liq Wste Ops
A. Greengard, T452B HS&E

File

LAB NUMBER: M84-2541
DATE: 10/22/84
ACCOUNT NO: 331

APPROVED: %gﬂf\

//3. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 10/17/84

Analysis
pH (S.U.)

NO., as N (mg/L)

3
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
7.8 10.5
600 1.6
123 + 50 2 + 11
39 + 35 3+ 23



. ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-24/9
DATE: 10/22/84
R. L. Henry, T4528B HS&E ACCOUNT NO: 331
C. T. Illsley, T4528 HS&E ) -
R. D. Gaskins, 374 Liq Wste Ops -
~T. Greengard, T4528 HS&E APPRQOVED:
File /J. A. Blair
SAMPLE DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 10/9/84
Analysis North Center
pH (S.U.) 8.3 10.9
. NO, as N (mg/L) 570 < 1.0
Gross Alpha (pCi/L) 124 + 54 8+9
Gross Beta (pCi/L) 39 + 39 -3+ 24



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

OISTRIBUTION:

R. L. Henry, T452B HS&E
C, T. INNisley, T4528B HSAE

w/R. D. Gaskins, 374 Liq Wste Ops
T

. Greengard, T4528 HS&E
File

LAB NUMBER: M84-2425
DATE: 10/22/84
ACCOUNT NO: 331

APPROVED:,§222g322531~,

//)73. A. Blair

SAMPLE DESCRIPTION

Solar Evaporatioh Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 10/2/84

Analysis
pH (S.U.)

NO, as N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

North Center
8.3 10.9
720 < 1.0
97 + 38 4 +15
44 + 38 2 +26



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T4528B HS&E

C. T. Illsley, T452B HS&E

R, D. Gaskins, 374 Liq Wste Ops
vTi Greengard, T452B HS&E

File

LAB NUMBER: M84-2377
DATE: 10-05-84
ACCOUNT NO: 331

\
APPROVED: %ZN\

/J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 9-25-84
Analysis North Center
pH (S.U.) 8.4 11.1
N03 as N (mg/L) 335 <1.0
Gross Alpha (pCi/L) 98 + 45 8 +14
Gross Beta (pCi/L) 38 + 45 8 +29



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E

C. T. Illsley, T452B HS&E
. D. Gaskins, 374 Liq Wste Ops
. Greengard, T4528 HS&E

File

LAB NUMBER: M84-2312
DATE: 10-05-84
ACCOUNT NO: 331

L 4
APPROVED: M/\

7J. A, Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 9-18-84
Analysis North Center
pH (S.U.) 8.4 11.1
NO3 as N (mg/L) 560 2.6
Gross Alpha (pCi/L) 126 + 56 15 + 16
Gross Beta (pCi/L) 39 +50 -8 + 27



. ROCKWELL INTERNATIONAL

‘{/.

ENERGY SYSTEMS GROUP
P.0. BOX 464
GOLDEN, COLORADO 80401

ANALYTICAL REPQRT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry, T452B HS&E
C. T. INisley, T452B HS&E

" R. D. Gaskins, 374 Liq Wste Ops
7. Greengard, T4528 HS&E

LAB NUMBER: M84-224/
DATE: 9-27-84
ACCOUNT NO: 331

APPROVED: %MV\

File . Blair
SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 9-11-84
Analysis North Center
pH (S.U.) 8.7 11.1
NO3 as N (mg/L) 852 <1.0
Gross Alpha (pCi/L) 157 + 63 3+13
Gross Beta (pCi/L) 30 + 44 17 + 30



ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-2173

DATE: 9-13-84
R. L. Henry T4528 ACCOUNT NO: 331

C. T. Illsley T4528
D. Gaskins 374

. Greengard T4528 APPROVED:

File /J. A, Blair
SAMPLE DESCRTIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 9/4/84
Analysis North Center
pH (S.U.) 8.9 10.7
NO; as N (mg/L) 340 <1.0

. Gross Alpha (pCi/L) 15 + 79 30 + 22

Gross Beta (pCi/L) 60 + 45 13 + 26



. ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTIONR: LAB NUMBER: M84-2124

DATE: 9-13-84
R. L. Henry T4528 ACCOUNT NO: 331

C. T. INlsley T4528

R. D. Gaskins 374 | m
“T. Greengard T452B APPROVED:

File ﬂ A. Blair
SAMPLE DESCRIPTION .

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 8/28/84
Analysis North Center
pH (S.U.) 9.0 10.6
. No3 35 N (mg/L) 590 <1.0
Gross Alpha (pCi/L) 13 + 50 4 +8
Gross Beta (pCi/L) : 24 + 43 8 + 31



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTTON: LAB NUMBER: M84-2043

DATE: 8/28/84
R. L. Henry T4528 ACCOUNT NO: 331

C. T. Ilisley T4528

R« D. Gaskins 374 Cgézégfgiéz;/b;;
T. Greengard T4528 APPROVED:

#File //’U. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 8/21/84
Analysis North Center
pH (S.U.) 9.0 10.2
N0 as N (mg/L) : 682 1.2
‘ Gross Alpha (pCi/L) 87 + 42 24 + 20
Gross Beta (pCi/L) 61 + 52 24 + 33



ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 , GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: MB4-1992

DATE: 8/20/84
R. L. Henry T4528 ACCOUNT NO: 331

C. T. Illsley T4528

. D. Gaskins 374 m
. D. Hoffman T4528 APPROVED:

File ’/73. A. Palcic
SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center

(Weekly Sample) Received: 8/14/84
Analysis North Center
pH (S.U.) 9.3 10.2
NO; as N (mg/L) 676 <1.0

. Gross Alpha (pCi/L) 141 + 66 18 + 25

Gross Beta (pCi/L) 16 + 32 -2 + 26



. ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADQ 80401 BUILDING 881 .
DISTRIBUTION: LAB NUMBER: MB84-1938

DATE: 8/20/84
R. L. Henry T4528 ACCOUNT NO: 331

T. Il1sley T4528 .
R. D. Gaskins 374 W
_X. D. Hoffman T4528 APPROVED: /%

File /d A, Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 8/7/84
Analysis North Center
pH (S.U.) 8.4 7.4
‘ NO5 as N (mg/L) 647 < 1.0
Gross Alpha (pCi/L) 95 + 46 1+16
Gross Beta (pCi/L) 15 + 38 20 + 29



‘ ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881 -
DISTRIBUTION: LAB NUMBER: MB4-I884
DATE: 8/15/84
R. L. Henry T4528 ACCOUNT NO: 331
C. T. INlsley T4528
R. D. Gaskins 374 {
v'N. D. Hoffman T4528 APPROVED
File . Palcic
SAWPLE DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 7/31/84
Analysis North Center
pH (S.U.) 8.9 11.0
. N03 as N (mg/L) 765 1.2
Gross Alpha (pCi/L) 117 + 74 30 + 24
Gross Beta (pCi/L) 27 + 43 0+29



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-1815

DATE: 7/30/84
R. L. Henry T4528B ACCOUNT NO: 331

. T. INlsley T4528

¢ 7
R. D. Gaskins 374 f’122§€z;ézclb
wA. D. Hoffman T452B APPROVED: .-

File ,/Jd. A Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 7/24/84
Analysis North Center
. pH (S.U.) 9.0 10.9
N0, as N (mg/L) 743 <1.0
Gross Alpha (pCi/L) 80 + 32 15 + 19
Gross Beta (pCi/L) 20 + 40 17 + 30



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry T4528
C. T. Illsley T4528
R. D. Gaskins 374

«N. D, Hoffman T4528
File

LAB NUMBER: M84-1751

DATE: 7/24/84
ACCOUNT NO: 331
. -

APPROVED: /%€ ~c
J. A, Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078

(Weekly Sample)

1) North 1) Center
Received: 7/17/84

Analysis
pH (S.U.)

N03 as N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

North Center
8.5 10.4
575 < 1.0
143 + 58 7+19
61 + 66 25 + 32



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

7N.

DISTRIBUTION: LAB NUMBER: M84-1690
DATE: 7/24/84
R. L. Henry T4528 ACCOUNT NO: 331
C. T. INisley T4528
R. D. Gaskins 374 M
D. Hoffman T4528 APPROVED: £~
File

//73. A, Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North 1) Center
Received: 7/10/84

Analysis

pH (S.U.)

N03 as N {(mg/L) .
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

North Center
9.3 11.2
630 < 1.0
90 + 38 12 + 18
52 + 46 37 + 39



ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-1650

DATE: 7/24/84
R. L. Henry T4528 ACCOUNT NO: 331

C. T. I1sley T4528 p /
R. D. Gaskins 374 4 A
ZN. D. Hoffman T452B Appaovso://(’,%/&oc
File ///G. A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 7/3/84
Analysis North Center
pH (S.U.) 9.2 10.9
NO; as N (mg/L) 633 3.7
Gross Alpha (pCi/L) 183 + 70 6 + 23

Gross Beta (pCi/L) 62 + 55 20 + 35



‘ ANALYTICAL REPORT
ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M84-1593
DATE: 7/6/84
R. L. Henry T4528 ACCOUNT NO: 331
C. T. I1lsley T4528
. D. Gaskins 374
/N. D. Hoffman T4528 APPROVED: M
File . Palcic
SAMPLE DESCRIPTION
Solar Evaporation Pond 2078 1) North 1) Center
(Weekly Sample) Received: 6/26/84
Analysis North Center
pH (S.U.) 9.6 8.9
/. N0 as N (mg/L) 675 1.9
Gross Alpha (pCi/L) 124 + 67 43 + 25
Gross Beta (pCi/L) 67 + 49 -6 + 27



. ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

ANALYTICAL REPORT

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTTON: TAB NUMBER:  MB4-1523
DATE: 7/6/84
L. Henry T4528B ACCOUNT NO: 331

Rl

C. T. Illsley T4528
R. D. Gaskins 374
N. D. Hoffman T4528B

bFi\e

APPROVED: M
J. A

. Paicic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078
(Weekly Sample)

1) North

1) Center

Received: 6/19/84

pH (5.U.)

‘ NOy as N (mg/L)

Gross Alpha (pCi/L)
Gross Beta {pCi/L)

North

9.3

674

250 + 132
55 + 51

Center
8.2
1.9
7 + 20
11 + 33



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry T4528
C. T. IT1lsley T4528B
R. D. Gaskins 374

«N. D. Hoffman T4528B

File

LAB NUMBER: MB84-1467
DATE: 7/24/84
ACCOUNT NO: 331

APPROVED: M—o‘—

/J. A, Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078

(Weekly Sample)

1) North 1) Center
Recefved: 6/12/84

Analysis
pH (S.U.)

NO3 as N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

North Center
8.9 7.7
667 1.0
84 + 49 10 + 16
35 + 39 23 + 30



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881°.

DISTRIBUTTON:
C. T. Illsiey T-4528

“N. D. Hoffman T-452B

R. L. Henry T-4528
R. D. Gaskins 374

LAB NUMBER: Mg84-141/
DATE: 8/15/84
ACCOUNT NO: 331

APPROVED: m

File /J. A. Palcic
SAMPLE DESCRIPTION ,
2078 Solar Pond - Quarterly Sample Received: 6/5/84
Analysis Result
pH (S.U.) 9.6
NO3 as N (mg/L) 2650
Total Dissolved Solids (mg/L) 2109
Gross Alpha (pCi/L) 2886 + 2423
Gross Beta (pCi/L) 722 + 250

Pu - 239 (pCi/L)
Am - 241 (pCi/L)
U (pCi/L)
34 (pcisL)

(3.0 + 1.9) x 10!

(9.7 + 3.4) x 10°

(3.3 + 0.2) x 103

(6.4 + 0.6) X 10°



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Benry T452B
C. T. 1ll1sley T452B
R. D. Gaskins 374

V/N. D. Hoffman T452B
File

LAB NUMBER: MB34-1410
DATE: 6/14/84
ACCOUNT NO: 331

-

~J. A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation pond 207B

(Weekly Sample)

1) North

1) Center

Received: 6/5/84

Analysis

pH (S.U.)

NO3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.6 8.2
600 3.1

" 142 + 63 8 + 15
S8 + 46 29 + 31



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Benry T452B
C. T. Illsley T452B
R. D. Gaskins 374
A. D. Hoffman T452B
File

[AB NUMBER: M34-1347
DATE: 6/14/84
ACCOUNT NO: 331

VI
Appmvsnz/,./é;@/vu—c
°Jd. A. palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(wWeekly Sample)

1) North 1) Center
Received: 5/29/84

Analysis

pH (S.U.)

NO; as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.7 9.6
600 1.7
145 + 64 20 + 19
37 + 37 8 + 25



V/‘

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry T452B

C. T. Illsley T452B

R. D. Gaskins 374

N. D. Hoffman T452B
~file

LAB NUMBER: M34-1298
DATE: 6/7/84
ACOOUNT NO: 331

oror A o e

/J. A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 5/22/84

Analysis

pH (S.U.)

NO3 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.7 10.8
628 5.8
134 + 59 6 + 14
47 + 56 17 + 33



‘ ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.O. BOX 464 GENERAL, LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: MB84~1221.

DATE: 6/7/84
R. L. Henry T452B ACOOUNT NO: 331

C. T. Illsley T452B

R. D. Gaskins 374 % !
N. D. Hoffman T452B APPROVED: /7 A/é—«,

—TFile ’ /77 A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center

(Weekly Sample) Received: 5/15/84
Analysis ' North Center
pH (S.U.) 8.5 10.9

. NO3 as N (mg/L) 605 6.1

Gross Alpha (pCi/L) 132 + 59 12 + 13
Gross Beta (pCi/L) 51 + 41 -11 + 26



®

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry T452B
C. T. Illsley T452B
R. D. Gaskins 374
N. D. Hoffman T4S2B

+File

LAB NUMBER: MB4-1158
DATE: 6/7/84
ACOOUNT NO: 331

APPROVED: %d/g’"‘/

/3. A. Palcic

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: 5/8/84

Analysis

pH (S.U.)

N03 as N (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

North Center
8.2 10.3
628 3.2
121 + 53 18 + 19
51+ 31 5+25



ey e -
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ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

R. L. Henry T4528

C. T. Illsley T452B

R. D. Gaskins 374

N. D. Hoffman T452B
-File

LAB NUMBER: M34-1091
DATE: 5/18/84
ACCOUNT NO: 331

APPROVED: %"/&;(

SAMPLE DESCRIPTICN

Solar Evaporation Pond 207B
(Weekly Sample)

1) North 1) Center
Received: S5/1/84

Analysis

pH (S.U0.)

NO, as N (mg/L)
Gross Alpha (pCi/L)
Gross Beta (pCi/L)

Rorth Center
8.5 11.2
561 4.8
105 + 48 -3+ 12
43 + 32 0+ 24



ANALYTICAL REPORT

COWELL INTERNATIONAL
~TRGY SYSTEMS GROUP
. BOX 464 GENERAL LABORATORY
XN, COLORADO 80401 BUILDING 881
“GTRIBUTION: LAB NUMBER: M84-1012
DATE:

.. L. Henry T452B ACCOUNT NO:
. T. Illsley T452B
.. p. Gaskins 374 -
.. D. Boffman T452B APPROVED: W‘v
rle 7J. A. Palcic
NPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center

(Weekly Sample) Received: 4/24/84
salysis North Center
¥ (5.0.) 8.3 11.0
¥, as N (mg/L) 645 4.8
rss Alpha (pCi/L) 162 + 70 18 + 14
ross Beta (pCi/L) 49 + 33 23 + 26




e

aXWELL INTERNATICNAL
NGY SYSTEMS GROUP
;0. BOX 464

(DN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

“STRIBUTION:

:, L. Henry T452B

-, T. 111sley T452B
.. D, Gaskins 374

.. D. Boffman T4528
«le

LAB NUMBER: M34-963
DATE: 5/9/84
ACOOUNT NO: 331

seerovep: /A pleee

/:'I. A, Palcic

WPLE DESCRIPTION

Solar Evaporation Pond 207B

(Weekly Sample)

1) North 1) Center
Received: 4/17/84

% (s.U.)
% as N (mg/L)
ross Alpha (pCi/L)

ross Beta (pCi/L)

North Center
8.4 11.1
563 5.5
98 + 48 6 + 17
71 + 41 21 + 25



ANALYTICAL REPORT

ROCKWELL INTERNATICNAL
ENERGY SYSTEMS GROUP

P.O. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881

DISTRIBUTION: LAB NUMBER: M84-902 .
R. L. Henry T452B DATE: 4-16-84

C. T. Illsley T452B ACCOUNT NO: 331

R. D. Gaskins 374

Wile | W : ‘
APPROVED:

/J. A. Palcic
SAMPLE DESCRIPTION
Solar Evaporation pond 207B
Samwples: 1) North 2) Center
Received: 4-10-84
ANALYSIS RESULTS
Analysis North Center
Gross Alpha (pCi/L) 209 + 91 2 +16
Gross Beta (pCi/L) 53 + 42 12 + 27
pH (S.U0.) 8.5 11.1

NO; as N (mg/L) 537 3.9




‘ Rockweil Intemnational ANALYTICAL REPUK

Y frargy Systorns Group
aucxy Flotn Pam

o0 Boc 464

sgen, Coloraco §0401

Account No. 33 Date 4.10-84 Lab. No. -
. Henry T4528 o M-85
- Nlsley T4528

- gaskins 374 Reported by \
- Hoffman  T452B
: Approved J. A. Palcic

2 Description
slar Evaporation Pond 2078 - 1) North 2) Center

Received: 4-3-84

s Resuits
Analysis North Center
Ph (S.U.) 8.2 10.2

NO; as N (mg/L) 531 4.7
6ross Alpha (pCi/L) 283 + 133 18 + 21
Gross Beta (pCi/L) 72 + 47 21 + 29

=%0(3- 79) PPQC 4-7.3

e T T A T




Jockwell International ANALYTICAL REPORT
Energy Systems Group
focky Flats Plant

2.0. Box 484
Goiden, Colorado 80401

e

{. Henry T4528B
. Msley T4528

; Reported by .
0. Gaskins 374
*D. Hoffman T452B a/é—‘(/
2 Approved J. A. Palcic

?‘zDescription

Account No. 331 Date 4-3-84 Lab. No. M84-766

Slar Evaporation Pond 2078 - Samples North & Center

Receijved: 3-27-84

% Resulits
Analysis North Center
Gross Beta (pCi/L) 53 + 40 3+23
Gross Alpha (pCi/L) 139 + 63 12 + 15
pH 8.1 10.5
NO; as N (mg/L) 510 7.1




. Rockwell Intemational ANALYTICAL REPORT

Energy Systems Group
Rocxy Fists Plard
) 7.0. box 484
’ Goiden, Colorada 80401
Account No. 337 Date  3.27-84 Lab. No.  mga-
R. L. Henry  T4528 . 683
C. 7. ITlsley T4528 )
R. D. Gaskins 374 Reported by -
N, D. Hoffman T452B d’&i—( ,
ﬁh Approved Jd. A. Palcic

ple Description

Solar Evaporation Pond 207B - Samples North and Center
Received 3-20-84

patysis Resuits

North Center

Gross Alpha (pCi/L) 144 + 74 6 + 21

E Gross Beta (pCi/L) 45 + 36 3+ 24
r

pH 8.6 11.3

NO; as N (mg/L) 570 9.6

WP W IR I

wyww

Adane g

s auihae ol  ad

950 (3 - 79) PPQC 4-7.3




Rockweil internanonat

tawrygr Systems Group
agcry Fo Pt

ANALYTICAL REPURT

05 b 464
ameen, Cotoracio $0401
‘ Account No. 331 Date 3-27-84 Lab. No.  M84-635
.. Kenry T4528
<. IMsley T4528
-, Gaskins 374 Reported by Z .
. Hoffman  T4528
Approved J. A. Palcic

“ecription

Solar Evaporation Pond 2078 - Samples North and Center

Received 3-13-84

.1 Results

;3 Alpha (pCi/L)
;3 Beta (pCi/L)

2 N (mg/L)

North

151 + 81

37 + 33
8.0
1367

Center
2 +16
13 + 22
9.9
6.7

%(3-79) PPQC 4-7.3
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sockwell International

turgy Systerms Group
wry Fists Pamt

t3 boz 464
o, Colorado 80401

ANALYTICAL REPORT

. Hoffman - T452B

™ C o —4r

_Henry - T452B Account No. 331 Date 3-23-84 Lab. No. M84-573
. [lsley - T4528B
. Gaskins - 374 Reported by

/ a/é‘—(—;/
Approved .
J. A. Palcic

* acription
-{ 8 North and Center Solar Ponds.

'-‘s:eived: 3-6-84
TJ esuits
2078 North 201B Center
" =ss Alpha (pCi/L) 80 + 42 3+15
-ss Beta (pCi/L) 51 + 40 12 £ 30
8.2 10.9
cas N (mg/L) 569 8.6

@

E! 3-79) pPQC 4-7.3



’ Rockwell Interational

Energy Systerms Group
Rocky Fusts Plam

PO Box 484
Golden, Colorado 8040t

;",R. L. Henry - T452B Account No. 331 Date 3-23-84 Lab. No. M84-514
.. 7. Illsley - T4528
.. D. Gaskins - 374
\. D. Hoffman - T4528 Reported by//g//« Z i
': 1‘Q.

Approved J. A. Palcic

ANALYTICAL REPORT

{S(e Description

07B North Solar Pond. Received 2-28-84

0
4 sis Results

Analysis Result
Gross Alpha (pCi/L) 76 + 33
Gross Beta (pCi/L) 66 + 41
pH 8.3
NO; as N (mg/L) 420

AET WY 3. ¥ o4

tf(s- 79) PPQC 4-7.3

—— -




‘l‘ Rockwell International

Energy Systems Group
RAochy Flats Plamt

PO Box 484
Golden. Colorada §0401

ANALYTICAL REPORT

To R.L. Henry 452 Account No. 331
C.T. IMlsley 452
R.D. Gaskins 374
N.D. Hoffman 452
File

Date 2/29/84 Lab. No. M84-451
Reported by

Approved

///U.A. Palcic

Sample Description

SOLAR EVAP. POND
Received: 2/21/84

2078 CENTER & NORTH

Analysis Results

ANALYSIS

Gross Alpha (pCi/L)

Gross Beta (pCi/L)
.1 pH

NO3 as N

(-

RESULTS
North Center
70+31 6+15
34+32 9422
‘8.4 10.6
550 8.2

RF28950 (3 - 79) PPQC 4-7.3



'l' Rockwell International

Energy Systerms Group
Rochy Flats Mam

P.O. Bon 484
Gotden, Colorado 80401

ANALYTICAL REPORT

N.D. Hoffman 452
Fi

T A t No. b. No.
® R.L. Henry 452 cooumt - 331 Date /27/84 Lab. No.  yaq_395
C.T. I11sley 452
R.D. Gaskins 374 Reported by

s /’ g
Approved 4 ,,M%

4//” J.A. Palcic

Sample Description

Received: 2/14/84

SOLAR EVAP. POND 207 B NORTH & CENTER

Analysis Resuits

ANALYSIS

pH

‘ ‘ NO3 as N (mg/L)
l Gross Alpha (pCi/L)

Gross Beta (pCi/L)

L

RESULTS
North Center
8.1 9.7
579 8.6
11056 2+16

25+31 3+24

RF28950 (3 - 79) PPQC 4-7.3



’ l‘ Rockwell International

Energy Systems Group

Rocuy Flats Plant
P.0. Boa ¢84
Gotden, Colorado 80401

ANALYTICAL REPORT

N.D. Hoffman 452

e

[To Account No. Date 84 Lab. No. M84-311
R.L. Henry 452 331 2/16/
C.T. ILlsley 123
R.D. Gaskins 374 Reported by

Approved 56? ,/é-«/’

ya } J.A. Palcic

'Sample Description

Received: 2/7/84

SOLAR EVAP. POND 207B CENTER

Analysis Results

ANALYSIS

Alpha (pCi/L)
Beta (pCi/L)

pH
. NO3 as N (mg/L)

L

RESULTS

5x14
2422
9.1
7.1

RF 28950 (3 - 79} PPQC 4-7.3



4’1 Rockwell International ANALYTICAL REPUR |

Energy Systems Group
Aocky Fists Mart

P.0. Box 464
‘ Goiden, Colorado 80401
° R.L. Henry 452 Account No- 331 Date  5/5/g4 Lab. No. yg4._248
C.T. IM1sley 123 :
R.D. Gaskins 374 Reported by

N:D. Hoffman 452 .
File Approved a/éa,e
/;7U.A. Palcic

SOLAR EVAP. POND 2078 CENTER

Sample Description

Received: 1/31/84

Analysis Resuits

ANALYSIS RESULTS
Gross Alpha (pCi/L) 20+23
Gross Beta (pCi/L) 23+26
pH 8.4

. NO3 as N (mg/L) 5.5

£28950 (3 - 79) PPQC 4-7.3




. fockwell International ANALYTICAL REPORT

‘ {aargy Systems Group
ey Flots Pant
10 8oz 484
togen, Colorado 80401

L Henry 452 Account No. 331 Date 276/84 b No— ei=0152
. Msley 123 .
.. Gaskins 374
-, Hoffman 452 Reported by
le .
Approved

/J.A. Paicic

b : Description

SOLAR EVAP. PONE 207 B CENTER

oived:  1/24/84

35 Results
ANALYSIS RESULTS
Gross Alpha (pCi/L) 612
Gross Beta (pCi/L) 5+25
“lll' pH 7.3
NO3 as N (mg/L) 10.1

.’h

t
¢
b “%50(3-79) PPQC 47.3



@

ARALYTICAL REPORT

ROCKWELL INTERRATIONAL
NORTH AMERICAN SPACE OPERATIONS

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: MBS5-0949
DATE: 5-24-85
R. L. Henry, HS&E T452B ACCOUNT NO: 331
C. T. Illsley, HS&E T452B
R. D. Gaskins, Liq Waste Ops 374 M
UT' Greengard, HS&E T452B APPROVED:
File / J. A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 207B 1) North 1) Center
(Quarterly Sample) Received: 4-23-85

Elemental analysis results are reported on attached sheets.

@



A

TO:
cc:

LAB NO:
DATE:

ROCKUELL INTERNATIONAL
ENERGY SYSTEMS GROUP
ROCKY FLATS PLANT
881 GENERRL LABORATORY

C.T.ILLSLEY

FILE

ANALYS1S REPORT

BLDG:
DEPT:

T 452B
ENV. RANALYSIS

CHARGE:

HB835-8949
MAY 23, 198S

331

LA L L L LB B B I R N e e I N N I I A N L BN N B B RN 2 B R I B RO BN S A A B IR R R BN RN S B R I IR I I I NI N Y

SAMPLE DESCRIPTION:

SOLAR POND (NORTH)

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT Mg-L
Ag .982
Al .16
As * <.01
B .29
Ba +# <1.9
Be + . <.05
Bi <.02
Ca =+ 290
Cd = <.01%
Ce <4.1
Co <.02
Cr = .03
Cs {.41
Cu <.82
Fe .29
Ge <.02
Hg <.082
K * 120.9
Li .37
Mg # 128.8
Mn <.8841

ELEMENT

Mo
Na
Nb
Ni
P
Fb
Rb
Sb
Se
Si
Sn
Sr
Ta
Te
Th
Ti
T
U
¥
W
2n
ar

¢ ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.

+& NOT RUN

TOTAL SOLIDS:

4084

*

Mg-/L

<.8041
629.0
<.2
<.041
<.2
<.8041
<.41
<.041
.82
2.1
<.041
1.2
<.841
<.41
<.041
<.82
<.92
2
<.041
<2
<.2
<.041

ANALYSIS BY:

PLATE NO:

R2D, DLP

2994

APPROVED BY ..




LARB NO: MB35-0949
DATE: MAY 23, 1985

ROCKWELL INTERNARTIONAL

. ENERGY SYSTEMS GROUP
ROCKY FLATS PLANT

881 GENERAL LABORATORY

ANALYSIS REPORT

TO: C.T.ILLSLEY BLDG: T 4352B CHARGE: 331
CC: FILE DEPT: ENV. ANALYSIS

LI I B R B R B A I I L R R R I I R I R I I A e N N N N RN N R NN E RN NEREE R

SAMPLE DESCRIPTION:

SOLAR POND (CENTER)

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT MgsL ELEMENT Mg-/L
Ag .015 Mo .0837
Al .15 Na o 2%50.0
; As = <.81 Nb <.0837
: B .67 Ni .018
Ba 1.9 P .074
Be = <.0S Pb <.09087
Bi <.80837 Rb <.0874
Ca o 45.8 Sb <.0074
Cd =+ <.01 Se o <.01
Ce .74 Si o S.S
Co <.0837 Sn <.08074
Cr # <.0S% Sr .52
Cs <.074 Ta {.2874
Cu .837 Te <.074
Fe .Q74 Th <.00874
Ge <.8037 Ti . 022
Hg o <.002 T <.0037
K ] 36.9 u <.37
L . 852 v <.0074
Mg o 13.8 W <.37
Mn . 822 Zn <.837
ar <.2074

# ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.
#% NOT RUN

TOTAL SOLIDS: 744

LA R A A A ALK I I B AR O B A R R I I I B R B I R B R R R R R A N A A A A B A S I A A I B N A A

-
‘ ANALYSIS BY: R2D,DLP
APPROVED BCE : .

PLATE WO 2994




ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: MB4-2608

DATE: 11-28-84
R. L. Henry, HS&E T452 ACCOUNT NO: 331

C. T. Illsley, HS&E T4S528
R. D. Gaskins, Liq Wste 374
1. Greengard, HS&E T452B
File

APPROVED: %’év\
//d} A. Blair

SAMPLE DESCRIPTION

Solar Evaporation Pond 2078 1) North 2) Center
Received: 10/23/84

ANALYSIS RESULTS

Elemental analysis results are reported on attached sheets.



LAB NO: M84-2606&
DATE: NOYVEMBER 21,1984

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
ROCKY FLRTS PLANT
881 GENERAL LABORATORY .

ANALYSIS REPORT

# € 8 8 6 6 4 08 8 e E ¢ r s 82 e s 00PN

TO: R.L.HENRY BLDG: T4S2E CHARGE: 331
CC: FILE DEPT: ENV.ANALYSIS

L I R R R R I R I I I O R I I I A N R A R A R A A I A I N R I A I A L N B I

SAMPLE DESCRIPTION:

SOLAR POND B (CENTER?

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT Mg-sL ELEMENT Mg/L
Rg .8816 Mo .B16
Al 2 Na e €7.0
As o <.01 Nb <.082
B .24 Ni .016
Ba e <1.9 P .2
Be o <.05 Pb .882
Bi {.0082 Rb .041
Ca o 2.9 Sb <.0841
Cd e <.081 Se o <.91
Ce <.41 Si e 2.4
Co <.082 Sn <.0841
Cr o <.85 Sr .28
Cs . 041 Ta <.08041
Cu .816 Te <.0941
Fe .2 Th <.08041
Ge <.e82 Ti ,841
Hg o <.002 ™ <.082
K * 30.90 u <.2
Li .41 v .0081
Mg =« 3.9 W <.2
Mn .081 2n .041

Zr .09041

® ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.
*+ NOT RUN

TOTAL SOLIDS: 408

L A I A B A ) @ 8 5 0 8 T % e S 3t 440 et 00 e s e s e s a0 s 4 4 6 % 6 e 8 68 5 e e s e R S A e e S8 S eSS L

ANALYSIS BY: R2D,DLP

PLATE NO: 2884 RAPPROVED BY .l;...... A




R.L.HENRY

TO:
CC: FILE

ROCK

ENE

R
881

SAMPLE DESCRIPTION:

SOLAR FPOND B (NORTH)

L A I I L I R I A I R L RO B B B B B B A B N B N )

WELL INTERNRTIONAL
RGY SYSTEMS GROUP
OCKY FLATS PLANT
GENERAL LABORATORY

ANALYSIS REPORT

BLDG: T4S2B
DEPT: ENV.ANALYSIS

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT

Ag
Al
As
B
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cs
Cu
Fe
Ge
Hg
K
L
Mg
Mn

mMg-sL

<.8@35
1
<.81
.31
<1.0
<.85
<.817
28.9
<.01
<3.9%
<.017
{.85
<.3S5
<.817
.28
<.817?
<.082
82.9
3.5
g87.@8
<.83S

® RTOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.

*% NOT RUN

TOTAL sSOLIDS:

345

L I R I A A R R I -

"NALYSIS BY:

PLATE NO:

S

R2D,DLP

2884

APPROVED BY

LAB NO: MB4-2688
DATE: NOVEMBER 21,1984

% 6 4 9 5 6 9 6 E P G S T E LS P E LSS C e e Ee s e se

ELEMENT

Mo
Na
Nb
N1
)
Pb
Rb
Sb
Se
Si
Sn
Sr
Ta
Te
Th
Ti
T1
U
v
W
Zn
Zr

CHARGE: 331

% s 6 6 8 8 8 8 4GS TN s Es s e

4 a0 a8 0 08 080 s L0 e e e s sC

Mg-L

. 006¢
370.9
<.17
<.835
<.17?7
. B935S
(.35
<.835
* .81
) S5.6
<.835
3.5
<.835
{.35
<.835
. 869
<.017
<1.7
<.835
<1.7
<.17
<.83S

*



COD078343407 Date: November 8, 1985
Revision No.: O

POND 207C DATA



ROCKWELL INTERNATIONAL

NORTH AMERICAN SPACE OPERATIONS
P.O. BOX 464

GOLDEN, COLORADO 80401

L07C

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

C. T. Illsley, HS&E T452B
R. L. Henry, HS&E T452B
LAile

LAB NUMBER: M85-2224
DATE: 10-03-85
ACCOUNT KO: 331

APPROVED:
Blair

SAMPLE DESCRIPTION

207 A and C Solar Pond - Quarterly - Received: 9-11-85

ANALYSIS RESULTS

Analzsis
pH (S.U.)

NO"; as N (mg/L)

T. Do S. (mg/L)

CN~ (ppm)

Be (ug/ml)

Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Pu-239 (pCi/L)
 Am-241 (pCi/L)

U (pCi/L)

38 (pci/L)

207 _A 207 ¢

10.0 12.5

21739 18841

171976 171135

1.7 <0.1

0.1 0.6

(5.6 + 0.0) X 10° (8.8 + 0.6) X 10°
(2.7 + 0.6) X 10 (6.4 + 1.1) X 10°
(0.0 + 4.2) X 10> (1.4 + 0.3) X 10°
(0.0 + 1.0) x 10> (1.3 + 0.1) x 10°
(2.6 + 0.2) X 10° (1.8 + 0.3) x 10°
(3.0 + 0.8) X 10> (7.2 + 0.9) X 10°



LAB NO: M85-1236
DATE: JULY 12, 198S

ROCKHWELL INTERNARTIONAL
ENERGY SYSTEMS GROUP
ROCKY FLATS PLANT

881 GENERAL LABORATORY

ANALYSIS REPORT

TO: R.D.GASKINS JR. BLDG: 374 CHARGE: 371
CC: FILE DEPT: LIQ. WASTE OPER.

concccln-lcnuv.--oll-lccuo---o--.-..-.ao--u-.o-n-cot-.u.-oo-o-'c----.-..--.-.-cc

SAMPLE DESCRIPTION:

WATER SLUDGE

EMISSION SPECTROGRAPHIC RESULTS

ELEMENT Mg/L ELEMENT Mg-sL

Ag 4.3 Mo .87
. A1 >1108 Na >110800
As <S.4 Nb 11
1"" B 11 Ni 22
Ba 3.3 P 768
Be 9.8 Pb 7.6
Bi <.%54 Rb i1
Ca >i1008 Sb <1.1
cd 33 Se %+ 0
Ce <110 Si 229
Co .98 Sn <1.1
Cr (%= Sr T4
Cs it Ta <1.1
Cu 43 Te <11
Fe 110 Th <1.1
Ge <.54 Ti S.8
Hg <1.1 T .54
K >i1008 U <S54
Li 98 2 <{.1
Mg 1189 W <54
Mn 6.5 2n 7.6
2r 2.2

¢ ATOMIC ABSORPTION SPECTROPHOTOMETRIC RESULTS.
#4 NOT RUN

TOTAL SOLIDS: tesrves

c--Q.ocu--.'--.csccln.n-.--.o..-tl---cc-o--lconuucn-..-.g.....--a---.--nclnonact

NALYSIS BY: R2D
‘ '/7fa
~LATE NO: 38208 APPROVED BY .. /L. ... . K -




207 C /.6~

ANALYTICAL REPORT

ROCKWELL INTERNATIONAL
NORTH AMERICAN SPACE OPERATIONS

P.0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M85-1557

U/ DATE: 7-11-85
C. T. Illsley, HSSE T-452B ACCOUNT NO: 331

File .
ororn, A5Gl
« A. Blair

SAMPLE DESCRIPTION

Solar Poud 207A & 207C ~ Quarterly Received: 6-25-85

ANALYSIS RESULTS

Analysis 2074 207¢
. pH (S.U.) 10.1 10.7
. No"3 as N (mg/L) 14800 8000
T.D.S. (mg/L) 10360 6420
Be (ug/ml) 0.1 <0.1
Gross Alpha (pCi/L) 2.4 x 10" 6.5 X 10°
Gross Beta (pCi/L) (5.2 + 1.0) x 107 . (1.1 + 0.2) x 10°
CN™ (mg/L) <0.01 - <0.01



@

ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.O. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

C. T. Illsley, HS&E T452B
R. L. Henry, HSSE T452B
“File

LAB NUMBER: M85-0718
DATE: §-25-85
ACCOUNT NO: 331

APPROVED:/QZ;ZE;/{ﬁZL:*

/T;J. A. Blair

SAMPLE DESCRIPTION

207-C Solar Pond - Quarterly - Received: 3-25-85

ANALYSIS RESULTS

Analysis

pH (S.U.)

N0-3 as N (mg/L)
T. D. S. (wg/L)
CN™ (ppm)

Be (ug/ml)

Gross Alpha (pCi/L)
Gross Beta (pCi/L)
Pu-239 (pCi/L)
Am-241 (pCi/L)

U (pCL/L)

8 (pet/L)

Results

7.7

2593

27304

1.9

<0.1

(2.5 + 0.4) x 103
(4.3 + 0.3) x 10°
(2.1 + 3.2) x 101
(1.1 + 0.5) X 102
(3.7 + 0.4) x 103
0.0 + 0.0



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

/W0

DISTRIBUTION:

C, T. Illsley, HS&E T452B
LR« L. Henry, HS&E T452B
File

LAB NUMBER: M84-2976

DATE: 12-24-84

ACCOUNT NO: 331

APPROVED: 7 > '
P J. A. Blair

SAMPLE DESCRIPTION

Solar Pond 207C -~ Received: 12-5-84
ANALYSTS RESULTS
ANALYSIS RESULTS
pH (S.U.) 9.8
N03 as N (mg/L) 7050
T.D.S (mg/L) 66432
Gross Alpha (pCi/L) (1.5 + 0.3) x 10
Gross Beta (pCi/L) 405 + 79
Pu (pCi/L) (4.6 + 1.3) X 10?
U (pCi/L) (1.5 + 0.1) x 10°
Am (pCi/L) (0.4 + 1.0) X 102
3 (pci/L) (1.5 + 0.6) x 10°



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

DISTRIBUTION:

VC. T. IMisley, T4528 HSAE

File

LAB NUMBER: M84-2276
DATE: 9-27-84
ACCOUNT NO: 331

APPROVED:.[Zzzaéll~’~

JJ. A, Blair

SAMPLE DESCRIPTION

Solar pond 207C - Quarterly sample - Recefved: 9-13-84

ANALYSIS RESULTS

Analysis
pH (S. U.)

NO; as N (mg/L)

T0S (mg/L)

Gross Alpha (pCi/L)
Gross Beta (pCi/L)
Pu (pCi/L)

Am (pCi/L)

U (pCi/L)

Tritium (pCi/L)

Results
10.0

7100

66757

(1.0 + 1.7) x 10*
771 + 227

(1.2 + 0.8) X 10
(1.4 + 0.9) X 102
(1.3 + 0.1) x 10°

(1.2 + 0.4) x 10°



ROCKWELL INTERNATIONAL
ENERGY SYSTEMS GROUP
P.0. BOX 464

GOLDEN, COLORADO 80401

ANALYTICAL REPORT

GENERAL LABORATORY
BUILDING 881

BTSTRIBUTTON: TAB RUMBERT WB4-1317
DATE : 8/15/84

C. T. Illsley T-4528 ACCOUNT NO: 331

N. D. Hoffman T-4528 _.

R. L. Henry T-452B m

R. D. Gaskins 374 APPROVED: ~

—File

AJ. A, Palcic

SAMPLE DESCRIPTION

207C Solar Pond - Quarterly Sample

Received: 6/5/84

Analysis

pH (S.U.)

NO; as N (mg/L)

Total Dissolved Solids (mg/L)
Gross Alpha (pCi/L)

Gross Beta (pCi/L)

Pu - 239 (pCi/L)

Am - 241 (pCi/L)

U (pCi/L)

3 (pCisL)

Result

9.6

2650
2109

2886 + 2423

722 + 250

(3.0 + 1.9) x 10!
(9.7 + 3.4) x 10}
(3.3 + 0.2) x 103

(6.4 + 0.6) X 10°



. ANALYTICAL REPORT

BOCKXWELL INTERNATIONAL
ENERGY SYSTEMS GROOP

P.O0. BOX 464 GENERAL LABORATORY
GOLDEN, COLORADO 80401 BUILDING 881
DISTRIBUTION: LAB NUMBER: M34-712

DATE: 5/9/84
C. T. Illsley T-452B ACCOUNT NO: 331

~N. D. Hoffman T-452B .
File APPROVED: m
/J. A, palcic

SAMPLE DESCRIPTION

Solar Pond 207C - Monthly Received: 3/22/84

Analysis Result
pH (S.U.) 9.7
Moy as N (mg/L) 0.4

. T.D.S. (mg/L) 2090
Gross Alpha (pCi/L) (2.1 + 1.5) x 10°
Gross Beta (pCi/L) | (6.2 + 1.7) x 10°
£ (pCi/L) (4.0 + 1.7) x 10
Pu (pCi/L) 4.9 x 10
A (pCi/L) 1.2 x 10
U (pCi/L) 2.3 x 10°
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