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1.0 INTRODUCTION

The purpose of this sampling plan is to provide a summary of
existing data and to define the rationale for collection of the
complement of data necessary to.fully characterize the wastes
contained in the Weidon Spring Raffinate Pits (WSRP); For
cbmplete characterization of the WSRP, combined data from
radiological, chemical and physiéal analyses must be evaluated.
The existing data base ' provides limited characterization
analyses to address the radiological and chemical parameters.
Additional physical, chemical, and radiological testing of the
sludge/sediment in the WSRP must be performed. This adaitional
data is needed for sludge/sediment treatability studies which in
turn ére nécessary for the development/evaluatiohfof'remediation
alternatives, design of the selected alternative, and

verification of remedial effectiveness.

This sampling plan will deal primarily with the sampling- and
analysis of the éludge/sediments in the WSRP. Section 1.2,
Previous Studies, includes sufficient chemical characterization
data to evaluaté remedial alternatives for the water ponded on-

the raffinate pits.




. 1.1 BACKGROUND

3l L ot Site History

In 1956, the Atomic Energy Commission (AEC) acquired about 89
hectares (ha) (220 acres) of the original Weldon Spring Ordnance
Works property from the Department of Army (DA) for use as the
Weldon Spring Uranium Feed Materials Plant (WSUFMP) . The WSUFMP
}operated between 1957 and 1966 andAduring that time processed
.uraniﬁm ore concentrates and recycled scrap to produce pure
uranium trioxide, uranium tetrafluoride, and uranium metal. An
average of 16,000 tons of uranium materials were processed at
this plant per year. Tho;ium ore concentrates were also
processed. These processes generated several chemical and
radioactive waste streams, including raffinate streams from the
refinery operation and the magnésium fluoride slurry streaﬁs
(washed slag) from the uranium recovery process. These streams
were slurried to the pits where the solids settled out and the
supernatant liquids drained to the plant procesé sewer which
drained offsite to a natural drainageway and ultimately to the:
Missouri River. The solids remaining in the pits consist of
silica and other insolubles associated with the yellow cake ore
feed materials, along with hydroxides and other precipitates
formed from the pH neutralization of the raffinates with lime.
Washed slag residues from the uranium metal production operation

were also discharged to the pits.




After the plant was closed by the AEC, the DA acquired the
facility in 1967 to convert it to herbicide production. The

project was cancelled prior to becoming operational.A

The 21-ha (52-acre) portion of the site that contains the four
raffinate pits was transferred back to AEC in 1971. As the
successor agency to AEC, DOE has assumed responsibility for
\maintenance of the entire site including the WSRP area. The

location of the WSRP area is shown in Figure 1-1.

Figure 1-2 is a plan view of the four pits. These pits were
constructed by excavating down into the existing clay formation

and using the removed clay for constructing the dikes.

1.i.2 Physical Description of Pits

Raffinate Pits 1 and 2 were constructed in 1958, adjacent to
each other, on nearly level terrain. Each pit covers an area of
about 0.5 ha (1.2 acres) and has a depth.of ébout 4 m (13 ft).
The dikes of these two pits are approximately 1 m (3 ft) above
the surrounding grade. Pits 1 and 2 each contain approximately

3 (17,400 cy) of iow—level radioactive residues from

13,300 m
past uranium refining and metal production operations. These
waste volumes represent 94 percent of the>capacity of each of
the twd.pits (NLO, 1977). Table 1-1 presents the surface area,

volume, and content of each of the four pits.
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" TABIE 1-1
Surface Area and Volume of the Weldon Spring Raffinate Pits

648,100

Pit Year Surface ‘Total Pit Total Waste Percent
' Constructed Area Volume Volume Filled
(acres) (cy) (cy)
1 1958 1.2 18,500 17,400 94
2 1958 1.2 18,500 17,400 94
3 : 1959 8.4 166,700 129,600 78
4 . 1964 15.0 444,400 55,600 12

TOTAIS 25.0 220,000

Note: To convert acres to hectares, 'xmltiply by 0.4047.

To convert cubic yards to cubic meters, muit
0.7646.

iply by

To convert tons to kilograms, 'nuli:iply by 0.9071.

Ref. BNI, 1984
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Pit 3 was constructed in 1959 with a design volume of 127,500
3

m~ (166,700 cy), a surface area of approximately 3.4 ha (8.%

acres), and a depth of about 3.5 m (11 ft). The natural terrain
slopes downward towardvthe west boundary so that the dikes
around Pits 3 and 4, although approximately at the same
elevation as tho#e around Pits 1 and 2 are, in fact, much higher
with respect to the original grade. A portion of the dike in
the northeast corner of Pit 3 was constructed on existing
terrain so that the dike is about 7 m (23 ft) above original
grade in that area.. Pit 3 contains approximately 99,100 m3
(129,600 cy) of radioactive residues from pést uranium refining

and metal production operations and is 78 percent filled (NLO,

1977; Weidner and.Boback, 1982).

Pit 4 waé constructed in 1964 with a design volume of 339,800
w3 (444,400 cy) and is approximately 12 percent filled. The
east dike of Pit 4 is common to the west‘dike of Pit 3. The
west dike of Pit 4 extends to a maximum of about 11 m (35 ft)

above the existing grade. Approximately 42,500 m3

(55,600 cy)
of radioactive materials are stored in Pit 4, and the residue
fill is irregular across the pit. Pit 3 is designed to overflow
into Pit 4 through a connecting pipe 2 m (7 ft) below the top of

the common dike.

The sludge material in the pits is covered with water for most
of the year. The amount of water in the pits varies depending
on the climatic conditions of a given year. During the hot, dry

7
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summer months, the sufface water in Pits 1 and 2 often
evaporates, leaving the raffinate sludge with a dry and cracked
surface. The level of water in Pits 3 and 4 also varies, but

past observation has found some surface water always present.

Maintenance, surveillance, and environmental monitoring have

been continually conducted at the WSRP site since the former DOE

.contractor, Bechtel National, Inc., began operation in 1981.

The site is fenced, posted, and patrolled by security guards.
The grass is mowed, brush is cleared for access to each pit, and

the fences are repaired as necessary.

In 1982, a portion of the dike around Pit 4 was repéired to

stabilize a shallow, circular arc slide. The slide occurred
because of the steep (38-47%) side slopes of sections of the
existing dikes. The side slopes of Pit 4 were constructed at
uﬁdesirably steep slopes in this section because a' perimeter

road encroached on the space needed for construction.

1.1.3 Process Waste Description

There are three major waste types present at the WSRP site.
These are:

_ _ "
1. Neutralized raffinate liguors generated from uranium

refining operations, including washed slag residues




/)

from uranium metal production operations and raffinate

solids from the prdcessing of thorium recycle materials;

—

2. Contaminated water ponded on each raffinate pit; and

3. contaminated rubble.

Each of these waste types is addressed in greater detail in the

following text.
1.1.3.1 Neutralized Raffinate Liquors

Neutralized raffinate liquors were generated as follows:-.the
Weldon Spfing Uranium Feed Materials Plant (WSUFMP) received
yellow cake ore from various uranium mills across the U.S. The
yellow cake feed material was ultimately dissolved in a proéess
stream containing nitric acid solution. This solution contained
the dissolved uranium along with all thé other impurities found
in the yellow cake ore. Once the uranium was stripped from the
solution, the resulting waste was mixed with lime tb produce
what is referred to as neutralized raffinates. These
neutralized raffinates were dischafged difectly to the raffinate

pits.

In the final stage of the uranium production process, uranium
tetrafluoride was reacted with magnesium producing uranium metal

and magnesium fluoride. The magnesium fluoride slag was then

redissolved with yellow cake feed material to recover unreacted

uranium contained in the slag. The remaining magnesium

9




fluoride, 6r washed slag, was deposited in the pits.
Neutralized raffinates and washed slag were processed out of
Building 103, the digestion and denitration building of the
WSUFMP.

The residues contained in Pits 1, 2, and 3 consist of the
neutralized raffinates and washed slag residues as descirbed
above. Thorium is also present in these pits from the uranium

feed material and from uranium decay dﬁring storage in the pits.

Pit 4 contains the same types of residues that are present in

Pits 1, 2, and 3 plus raffinate solids from processing of

thorium-232. It also contains recycle materials and copious
quantities of drums and rubble dumped during closure of the Feed

Materials Plant.

1.1.3.2 Contaminated Water

Approximately 54 million gallons of water is currently.ponded on
the raffinate pits. Section 1.2.4 of this sampling plan

provides a detailed discussion of the analysis performed on

these waters.

10
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1.1.3.3 Contaminated Rubble

The contaminated rubble consists of drums and steel scrap dumped
during closure of the WSUFMP and when the Army began. conversion

of a portion of the plant for herbicide production. °: The main

idhmping area is in Pit 4. All of the rubble is presumed to be

radiologically contaminated since it originated from the

WSUFMP. There is no indication that any of this rubble includes
containerized chemical wastes. Visual inspection of the rubble
has revealed no druﬁs remaining intact. A number of samples of
the sludge material will be taken sufficiently close to the
rubble area to verify the presence or absence of chemical -

contamination.

1.1.4 Raffinate Pit Constituents

'Radium is present in the raffinate pits due to the decay of

uranium to radium and trace amounts of radium in the yellow
cake. In addition, some feed materials at the WSUFMP were
high-grade uranium ore which would contribute both thorium-230

and radium-226 to the wastes in the raffinate pits.

The majority of the radium (both 226 and 228) was removed at the
uranium mill and disposed of with the mill tailings. As for
thorium, a significant amount is retained with the uranium when

raw uranium ore is processed into yellow cake. Processes at the

11




Feed Materials Plant separated thorium-230 from the uranium and

sent it to the raffinate pits.

The relative solubilities of uranium, thorium and radium
determine the radiological composition of the raffinate pit
water. Of the three, thorium is the most ihspluble in aqueous
solutions, while radium is slightly soluble in water with the
evolution of hydrogen. However, uranium is attacked by water
and several‘uranium compounds are stable in solution.
Therefore, uranium activities shoﬁld be greater than radium
activities and both uranium and radium activities should be

greater than thorium activities.

Numerous tanks, drums and other equipment were disposed of in
Pit 4 during the 1967-1969 decontamination effort by the'Army.
Most of the equipment frdm Buildings 101, 103, and 105 was
dismantled and dumped in Pit 4. The equipment'in these
buildings would have been contaminated with uranium in a soluble
form. Near the end of production at the Feed Materials Plant,
uranium was used to purge thorium wastes from all steps of the

process. Wastes from this purge were disposed of in Pit 4.
1.2 PREVIOUS STUDIES

Three reports have been prepared regarding various properties of
the raffinate pit sludges and sediments. Bechtel National, Inc.
(BNI) subcontracted with Eberline Instrument Corpdration in 1983

12
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to take samples of the waste in the raffinatevpits and analyze
them for stable metals and radiochemistry. BNI also
subcontracted with Environmehtal'Science and Engineering, Inc.
(ESE) in 1983 to sample and analyze the raffinate pit wastes in
an effort to select equipment best suited to dewater the
raffinate pit sludges. In 1986, BNI obtained samples of the
raffinate pit sludges and Subcontracted Thermo |
Analytical/Eberline Laboratory to pérform radiolpgical analysis

and analysis for EP Toxicity, PCBs, réactivity, ignitability,

.and pPH.

One report has also been prepared for characterization of the
raffinate pit surface waters. This repbrt was brepared by the

current Project Management Contractor (PMC) in 1987.'
1.2.1 Bechtel National _Inc. Stud 1983 (with Eberline

The samples were collected and analyzed by Eberline Inétrument
Corporation in 1983. The data reported here are analytical
results on a single, blended, mixed, composite sample prepared

from multiple-location samples taken from each pit. The stable

"metals (Table 1-2) were analyzed using the method of atomic

absorptionAahalysis.A
From the referenced study, results of analyses of the chemical
components of thefraffinate sludge in each pit are presented in

Table 1-2 and the radiological components in Table 1-3.

13




TABLE 1-2
Analysis of Stable Metals from Previous Studles
Weldon Spring Raffinate Plts Sludge (mg/kg-dry)

Analysis 2 Pit 1 Pic 2 Pit 3 Pic &
Camposite Camposite Camposite Composite

Alunimm 4.3 5.1 6.2 4.0
Arsenic 130 170 54 1.0
Boren 60 350 50 30
Barfum ‘ 23 20 10 22
Beryllium 0.016 0.025 0.015 0.007
Cadmium 9.1 7.3 5.1 2.8
Caleiun $80 990 990 980
Cobalt . 9.4 16 X S u 2.1
Chromiun 9 60 60 70
Copper . 5.5 4.9 5.5 4.4
.Irem , 210 200 130 210
Lead : 110 © 160 220 1.5
Lithium 4.4 T 9.2 o237 10.1

. Magnesium _ 1,800 . 1,700 <" 1,700 860
‘Manganese 7.8 7.8 9.4 . 8.8
Mercury ‘ 1.8 0.75 17 2.3
Molybderum 4,700 2,800 2,500 370
Nickel 30 27 27 22
Phosphate 0.7 0.6 0.8 " 0.5
Potassium 650 _ 620 220 310
Seleniun 0.89 0.5 © 1.4 0.5
(Total)Silicon 10,000 16,400 13,000 13,800
Silver . 2.0 . 0.39 . 1.4 0.1
Strontium 84 220 50 40
Titaniun 1,000 860 1,150 670
Vanadium -5,000 800 800 300
Zircontum 17,000 14,400 19,000 11,500
Sodium 10,000 5,000 5,000 - 4,000
Zinc ' 10 : 20 10 10
Nitrate 50,000 - 18,000 22,000 220
Pluoride 23,000 2,500 107,000 64,300
Chloride 670 230 . 300 50
Sulphate 400 200 370 270
Hydroxide (X Cac0,) 7 10 » 10 11
pH (pH units) 84 8.7 © 9.4 8.5
Ref. BNI, 1983

14



‘ TABLE 1-3
' Rafflnate Pits Radiolsotope Contents Fram Previous Studles

(pCl/g dey)
Radioisotope Pit 1 Pit 2 Pit 3 ' Pic &
-~

. Radlun-226 4304130 4404130 . 4604130 1143

“. Radiun-228 850485 200420 100+10 60+10
| Thorlum-232 100420 120420 120420 120420
| A Thorium-230 24000+1000 2400041000 14000+1000 16004100
. Uraniun-238 710+70 470440 520450 620460
Uranium-234 810+80 560450 570450 610460

Uraniun-235 4045 : 3044 3044 3044

(a) These data do not include lead-210 vhich would increase total curies, if included. The
activity of lead-210 at the WSRP site has not been measured. However, since almost all of
the radioactive material brought onto the site was either uranium ore concentrates,
uranium scrap, or thorium scrap, only an insignificant amount of lead-210 should be

‘ present, and this from radicactive decay of the radium and thorium in the pits. This 1s
due to the long half-lives of radium-226 (1,600 years) and thorium-230 (80,000 years), and
the short time (less than 40 years) during which decay has occurred. (Note: only

' lead-208 (stable) should be present from the thorium-232/thorium-228 chain).

| (b) Data presented in.this.table.are based on analysis of sludges cbtained from the pits by
BNI in May 1883.

Hote: The + values indicate measurement accuracy.

15




Table 1-2 shows the presence of high concentrations of silicon,
zirconium, sodium, nitrates, and fluoride, as well as elevated
levels of arsenic, calcium, magnesium, and molybdenum in all

four pits. -

Table 1-3 presents a preliminary estimate of the radioisotépic'
conteﬁt of each of the four raffinate pits at the WSRP site.
According to this estimate, the average concentration‘of
radioactive materials in the raffinate sludge is about 3,500
pCi/g. The-le#el of radiation at approximatély 0.3 m (1 ft)

above the sludge ranges from 0.2 to 1.5 mR/h.

1.2.2 Bechtel National, Inc. Study, 1983 (with
Environmental Science & Engineering)

In 1983 Bechtel National, Inc. (BNI) cdntracted with -
Environmental Science and Engineering, Inc. (ESE) to sample and
test the physical properties of the raffinate pitlsludges.
Testing was actually performed by Monteagle, Ihc., Environmental

and Energy Consultants, and Reitz & Jens, Inc.

The initial project intent was to use test results to select the
type and size of mechanical dewatering equipment best suited to
dewater the raffinate pit sludges. Early test résults indicated
that the sludges had a considerably higher solids content than

expected. For this reason all further tests related to

16



mechanical dewatering were stopped and replaced with a series

tests useful in developing other treatment options.

‘Sludges in each of the raffinate pits were sampled by driving
core sampling device into the sludge bed at preselected
locations. The sampling was conducted from a polystyrene -
barge. The sampler was @riven with a safety slide hammer and
. extractor. The samp;er itself was constructed of 3-inch PVC
tubing with a retaining apparatus and chéck valve to hold the

- sample during extraction.

Sludge samples were obtained from eight locations (three each
from Pits 3 and 4, one each from Pits 1 and 2). Sample
locations are shown in Figure 1-3. A summary of:the saﬁpling
data is provided in Table 1-4. Samples were obtained from the
top, middle and bottom 6f each core, providing'24 individual
sludge samples. Sludge composites were made by homogenizing
individual samples from each location within each pit.
Preliminary tests were conducted on individual sludge samples;
most testing was conducted on the composite samples (Reference

ESE, 1983).

Table 1-5 lists percent total solids of each discrete sample.
Percent total solids is defined as the weight of the solids in

sample divided by the total weight of the sample times one

of

a

"hundred. The total solids determination is useful in estimating

the homogeneity or heterogeneity of the sludge. It can be

17
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TARLE 1-4
Weldon Spring Raffinate Pit Sanpling Data

Water . Depth to Depth Depth

Sample Time Level Top of to Bottom of
Location Sampled Elevation Sludge of Sludge Sludge

’ (feet) (feet) (feet)
3-3 1127 5/3/83 659.67 a5 1.5 7.0
3-2 . 1140 5/3/83 659.67 4.0 " 13.0 9.0
3-1 1245 5/3/83 659.67 2.5 19.0 16.5
4-1 0846 5/5/83 647.68 6.0 9.0 3.0
4-2 1026 5/5/83 647.68 11.0 - 13.0 2.0
4-3a% 1328 5/5/83 647.68 9.5 12.0 2.5
2-1 1710 5/6/83 662.05 4.0 14.0 10.0
1-1 0908 5[6/8; 662.01 4.0 . 15.5 v 11.5

" Station 4-3 was adjusted due to lack of sludge at original location: 4-3a was
" located between 4-1 and 4-2.

Source: ' Monteagle, Inc., 1983; and ESE, 1983.
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TABLE 1-5
Total Solids - Discrete Saaples

% Total Solids % Total Solids

Sample I.D. (by weight) Sanple I.D. (by weight)
Pit No. 1: Pit No. &:

P-1 Top 37.8 P-4 1-Top 33.6

P-1 Middle 30.2 P-4 1-Mtddle 37.1

P-1 Bottam 30.4 P-4 1-Bottam 27.7
Pit No. 2: :

P-2 Top 25.6 P-4 2-Top 27.2

P-2 Middle 24.5 P-4 2-Middle 20.0

P-2 Bottam 32.6 P-4 2-Bottom 18.2
Pit No. 3:

P-3 1-Top 50.0 P-4 3-Top 38.5

P-3 1-Middle 24.5 P-4 3-Middle A2.3

P-3 1-Bottam 28.3 : P-4 3-Bottom 67.9

P-3 2-Top 22.6

P-3 2-Middle 27.0

P-3 2-Bottom 25.6

P-3 3-Top 24.3

P-3 3-Middle 22.5

P-3-3-Bottom’ 25.1

Ref.: WSRP Sludge Core Samples - BNI 1983 - ESE
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interpreted from the solids data in Table 1-5 that the physical
density of the sludge appears to be heterogeneous with no
discernible trends or patterns. Interpretation of the data,

however, is difficult due to the vibratory sampling technique.

Table 1-6 is a summary of physical properties of the composite
sludge'samples. The liquid and plastic limits are expressed as
moisture contenté (weight of water divided by the weight of
solids for a given sample). Above the liquid limits, the
soil-water system is a suspension. Between the liquid limit and
" the plastic limit the system is said to be in the plastic

state. The difference between these two limits is called the
pl#sticity index and is the range over which a soil-water system

acts as a plastic material.

‘The specific gravity of solids is the ratio of the dry density
of the solid fraction (weight of-solids divided by volume of
sample) of a sample to the density of water (62.4 lbs/cf). This
_ parameter can also be an indicator of homogeneity or

- heterogeneity. Although the specific gravity is shown to vary
froﬁ pit to pit because the samples from each pit were
composited for this particular test, the degree of heterogeneity

within each pit is quantitatively indeterminate.

Resistivity is the measure of the resistance of a given material
to electric current. This measurement was made in-situ at
varying depths in an effort to identify the extent of layering’
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_ TAELE 1-6
. WSHP Physical Properties of Composite Samples

Property Pit 1 Pit 2 Pic 3 Pic &

Moisture Content 262 240 266 295

Liquid Limit 126 140 ’ 129 157

Plastic Limit 65 75 66 70

Plasticity Index 61 65 83 87

- Specific Cravity 2.94 2.73 2.68 2.75

of Solids

Resistivity ' _ 0 to 0t 0.82to  16.47 to
(olmmeter) 16.47 5.74 9.88 72.51

Response to none none nane none
Vibration®

X Finer than 90.8 99.93 89.2 9%
#200 Screen

® Vibration testing performed with equipment conforming to ASTM D-2049.

Ref. Reitz & Jens, Inc. (BNI, 1983, ESE)
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or stratification in each pit. The data exhibited on Table 1-6
shows a wide range of resistivities indicating the presence of

stratification with depth.

Tests were conducted to determine whether the sludge solids
would separate from the.wate: fraction, or whethet the sludge
would flow in response to vibration, uéing ASTM D-2049. During
the tests very 1itt1e change in the material was observed after
15 minutes of vibration. The only visible change was that the
top surface of the sample,de?eloped a smoother appearance. No
change was observed when a fﬁrrow was stfﬁck across the sample
and the sample was vibrated for 5 minutes. These results
indicate that the material might_possibly be excavated with
conventioqal construction equipment (i.e. front end loaders)

without recourse to special handling techniques.

The tests showing the percent finer than the #200 screen size
indicate that the sludge consists primarily of very fine-grained
particle size. Electron micrography photographs revealed that
the particles are highly flocculated with some needle-shaped
particles. These tests show that the sludge will not easily be

dewatered using conventional mechanical methods.
Table 1-7 presents estimates of the sludge permeability range
based on consolidation tests using Terzaghis one-dimensional

consolidation theory (Reference Holtz and Kovacs, 1981).
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TAHLE 1-7
WSRP Pexmeabllity Results fran Copposite Samples
of Raffinate Sludge

Natural Final
Pit wir wi® Calculated Permeabllity Range
-7 -8
1 215.6 146.9 7x10 toS5x10 cm/sec.
-7 -8
2 196.4 158.6 . 5.8x10 tol.1 x10 cm/sec.
I -7 -8
3 174.1 125.6 7.5%x10 ¢©o07.7x10 cm/sec.
' -7 -7
4 -171:6 121.1 9.4 x10 tol.5x 10 cm/sec.

* water content by weight

Ref. Reicz and Jens, Inc. (ESE, 1983)
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vPermeabiiity is a measure of the rate at which water flows
through soil. The range of permeabilities présented in the

table is beyond the limit (1 X 10”6

cm/s) of any reliable

direct measurement using either a constant-head or falling-head
permeameter testing apparatus. These test results can be
interpreted as relative and imp19 that the pefﬁeability is lesé

than 1 X 10~°

cn/s.

Table 1-8 presents additional_test results for fhe composite
samples. The use and interpretation of moisture cdntent; total
solids, density, and specific gravity have béen discussed. An
additional parameter, viscosity, is a measure of fluidity.
Inforﬁation on sludge viscosity is used in the selection and
sizing of mechanical equipment which might be used for mixing or
pumping the sludge. These data will be reviewed and applied as:
appropfiate in conjunction with additional data which are to be

collected by the PMC through the execution of this sampling plan.'

1.2.3 -Bechtel National, Inc., Study, 1986 (with
Thermoanalytic/Eberline Laboratory)

BNI conducted an initial Resource Conservation and Recovery Act
(RCRA) characteristic sampling program for the Weldon Spring
Site (WsS) Raffinate Pits in 1986. The 28 sampling locations
are shown on Figure 1-4. These locations were chosen using a
random number geﬁerator method. At each location, up to three
samples were obtained and sent to the Thermoanalytic/Eberline

25




TARLE 1-8
Coaxposite Sample Testing Results of Raffinate Sldge

Moisture
Content Total &
X of Wet Moisture* Solids X Specific
Pic Sanple by Content by by ' Density Gravity of
No. Weight Percentage Weight (1bs/cf) Sludge
1 72.4 123 27.6 200 1.189
2 70.6 142 _29.6 235 1.217
3 72.7 | 191 27.3 320 1.204
s 74.7 256 25.3 380 1.182
Pit Viscosity, Driving Weight, in grams
No. cps " to obtain 600 r.p.m
1 : 262% 74.35
2 - 240 76.10
3 266% 75.29

4 295% 73.92

Weight of water divided by weight of solids
w*  Centipoise

Ref. BNI 1S83-ESE
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Laboratory in Albuquerque, New Mexico, for radiological
analysis. Each sample was analyzed for uranium 234, 235, and
238, thorium 230 and 232, radium 226 and 228, lead 210, and
polonium 210. Maximum, minimum and average concentrations are

given in Table 1-9. .

Eighteen sahples.were analyzed by Eberline Analytical
Laboratories (EAL) for EP toxicity, reactivity, ignitability,
PCBs and pH. All analytlcal results reported were below
regulatory limits and EAL concluded that the material did not
exhibit any of the four characteristics of RCRA hazardous waste

-(Reference BNI, 1986).

1.2.4 _WSSRAP Project Management Contractor Study, 1987

Surfacé water samples were collected from the four raffinate
pits as a pért of the Phase I Water Quality Assessment conducted
in April of 1987 by the PMC. Representative samples for each
pit were collected from the shore and composited from at least
four locations per pit. These samples were collected using a
stainless steel bailer which was slowly lowered to a point ﬁust

above the sediment. These samples were analyzed for the

groundwater pérameters listed in Table 1-10.
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'TABLE 1-9

Weldon Spring Raffinate Pits

Sludge Sanple Radlomsclide Activities -

Radicnucl ide

'Concentrations in pCl/q-dry
Plt No. 1 Pit Bo. 2 Pit No. 3 Pit No. 4

U-234 Low 410 310 380 9
High 2,100 1,700 5,900 2,200

Avg. 1,057 910 1,588 291.5
U-238 Low 280 280 350 9
Bigh 1,800 1,700 6,000 2,200

Avg. 900 885 1,580 291.5

Th-230 Low 70 40 130 1.8
High 4,400 33,000 270,000 2,900
Avg. 1,541 26,673 32,896 737

Th-232 Low 1 1 2 .8
High 46 390 3,100 160
Avg. 16 108 - 357 45

Ra-226 Low . 930 270 86 .8
High 3,600 3,600 3,600 190
Avg. 2,404 1,452 1,211 50
Ra-228 Low 8 100 20 5
High 200 430 300 870
Avg. 98 195 189 182
Pb-210 Low 1,100 480 260 s
" High 5,400 4,700 4,400 350
Avg. 2,600 2,385 1.685 103
Po-210 Low 610 540 130 2
High 5,400 4,400 4,000 340
Avg. 2,587 2,119 1,597 70

Locations

sampled 3 3 10 12
Total No. !
samples 7 9 26 13

(BNI 1986 - EAL)
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TABLE 1-10
Groundwater - Analytical Parameters
(Dissolved Fraction)

Phase 1 Water Quality Assessment

Uranium - Natural Fluoride

Radium 226 Hardness

Radium 228 Total Dissolved Solids
Thorium 230 _ Total Organic Carbon
Thorium 232 CLP Metals; Lithium

Gross Alpha ' - CLP Organics

Gross Beta | U.S. ATHAMA Nitroaromatics
Nitrate . PCBs

Sulfate Pesticides

Chloride

Source: WSSRAP, 1987
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The analyses in Table 1-10 (Groundwater - Analytical Parameters)
wefe selected based on known or suspected contaminants
(nitroaromatics, radionuclides, etc.) and to provide
documentation of presencée/absence regarding species not expected
to be present in the watef.(organics, Hazardous Substance List

(HSL) compounds, PCBs, pesticides, etc.).

Surface water samples from each pit were analyzed for
nitroaromatics. A trace level (0.28 ppb) of 2,4 DNT was
detected in Raffinate Pit 2. It is possible that some
nitroaromatically contaminated soil from across the area of the
former Ordnance Works Facility was used in thé construction of
this pit. No other nitroaromatics were detected in any of the

raffinate pit waters, as expected.

Raffinate pit water samples were alsé tested for four inorganic
anions (nitrate, sulfate, chloride, and fluoride) and three
watef quality indicator paramefers (Total Organic Carbon (TOC),
Total Dissolved Solids (TDS) and hardness). The results of
these analyses are shown in Table 1-11. A compafison'of recent
data to historical data for the four inorganic anioné is

presented in Table 1-12.
Due to the nature of the uranium purification process used at
the WSUFMP, high levels of nitrates and sulfates were present in’

the raffinate slurry as it entered the pits. Due to
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TABRLE 1-11
Inorganic Anlon and Water Quality Data for the Raffinate Pits
Phase 1 Water Quality Assessment

Concentration mg/L Nitrate Sulfate Chloride Fluoride Hardness TDS TOC Cyanide FPhenol

(as N)

Location Date

No. Sanpled

SW-3001 422 231 1.50 1.9 872 3160 12 0.032 <0.005
Raffinate Pit #1

sﬁ-sooz ] 10.1 493 2.34 1.57 422 818 8 0.025 <0.005
Raffinate Pit #2

SW-3003 " 947 704 3.37 4.84 2107 6390 6 0.027 <0.005
Raffinate Pit #3

SW-3004 46.6 136 5.69 4.69 252 694 8 0.032 - <0.005

Raffinate Pit #4

Source: WSSRAP, 1987
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: TABLE 1-12
Concentrations of Inorganic Aalons in Raffinate Pit Water

Campound concentrat:on (mgix.) a . - Sludge - 1983
1987 1984 1983 1979 1967 (rg/¥g dry)
Pit 1 w
Nitrate (as N) 442 652 697 - 5625 11250
Sulfate 231 400 100 - . 2300 400
Fluoride 1.9 2.5 1.1 - - 23000
Chloride 1.5 17 15 - 210 : 670
Pit 2
Nitrate (as N) 10 204 - - 8550 4050
Sulfate 493 990 460 - 3300 200
Fluoride 2.3 2.7 1 - - 2500
Chloride 1.6 5.7 6 - 50 230
Pir 3 .
Nitrate (as N) 947 1890 1485 2025 8325 4950
Sulfate 704 640 268 620 2200 : 370
Fluoride 4.8 8.9 2.7 6 - 107000
Chloride 3.4 25 20 37 90 300
Pic &
Nitrate (as N) 47 92 %9 126 4725 495
Sulfate 136 150 70 140 2200 270
Fluoride 4.7 7.8 5.8 13 - 64300
Chloride 5.7 1.7 7 10 90 50

)
Source - DOE, DEIS - 1987.
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stratification of the sludges and lack of mixing, significant
quantities of the inorganic anions would be expected to be bound
in the sludge. Much higher levels existed in past pit water

samples and in the raffinate sludge (Table 1-12).

Sulfate concentrationé in the pit waters aré 231, 493, 704 and
136 mg/L in Pits 1 through 4, respectively. This contamination |
probably originated as wastes from the yellow cake impurities
removed by the solvent extraction process. As with nitrates,
muéh higher amounts of sulfates are contained in the raffinate

sludge and interstitial water.

Fluoride levels are slightly elevated in raffinate pit waters.
The presence of fluoridé in the pits is due to the
reintroduction of magnesium fluoride into the digestion phase of
the proceés to recover entrapped uranium. A large portion of
the raffinate pit sludge is presumed to consist of magnesium

fluoride.

Chloride levels were low for all four pits as would be expected,

since chlorides were not used in the uranium process.

Total dissolved solids and hardness varied from pit to pit. The
highest value was observed in Pit 3 and the lowest in Pit 4.
This is as anticipated since Pit 3 céntains the largest vélume
of wastes and Pit 4 was used for only a short time before:

production ceased.
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Total organic carbon concentrations ranged from 6 to 12 mg/L.
These values are as'expected since no organic chemicals were
used in the processing operation. These levels are probably due
to natural organic sources such as algae (which is present in

all four pits) or decaying organic matter.

Surface water samples collected from the raffinate pits
contained varying amounts of metals. The reéults for each pit
are shown in Table 1-13. All but 4 of the 24-CLP'metals-.

. analyzed were present in at least one of the pits. All of the
metals present in the ponded waters are also present, at highér
concentrations, in the raffinate sludge (DOE, DEIS 1987); Due
to the pH of the water (8.4 to 9.4) and the low solubility of
metals in high pH aqueous solutions, most of the metals are

expected to exist as solids in the sludge.

In the digestion stage, the magnesium fluoride slag from the
final stage of the process was redissolved with yellow cake feed
material to recover unreacted uranium; thus substantial
quantities of magnesium, éé magnesium fluoride, were deposited

in the pits. This explains the elevated magnesium levels.
The remaining metals (Table 1-13) probably originated as

impurities in the yellow cake concentrate feed material which

were removed during the metallurgical purification process.
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SW-300%

TABLE 1-13

CLP Metals Concentrations in the WSRP

(ve/L)

U.S. E.P.A.
Primary/Scndry AL Sb Ar Ba Be cd Ca Ct C C Fe Pb Lt M3 M Hg Ni K Se Ag Na TL V n
Drinking Water .
Standard ug/L S S 50 1000 S 10 s 50 S 1000 300 50 S S 50 2 S S 10 50 s - 8§ S 5000
CRDL - ug/L ** 200 60 10 200 S ] 5000 10 50 25100 S5 - 5000 15 0.2 40 5000 5 10 5000 10 50 20
Location Date
No. Saopled
SW-3001 4/24/87 405 U 22 71 8 0.5 254000 85 U 45 109 22 U 15400 17 U 1128:00 U 25 388000 U 2090 9
SW-3002 4/24/87 279 102 38 31 7 U 105760 83 U 12 220 U U 40800 il_ U 4814300 U 10 113000 U 1800 15
SW-3003  4/24/87 517 395 S5 86 3 U 260500 194 33 30 433 257 U 19600C 33 U 174 78200 U 40 900000 U 535 26 A

4/24/87 230 U U 102 1} 1} 11600 U 39400 10 U 3315200 U 8 172000 u 89 19

3t U 19 101 358

Souzrce WSSRAP, 1987

S - No Drinking Water Standard

- - c«\tm:-kqul.red Detection Limits, US EPA Contract I.aboutoty Pmram
U - Undetected at Contract-Required Detection Limits :




Surface water samples from all four raffinate pits were also
analyzed for volatile and semi-volatile organics, pesticides,
and PCBs. No detectable levels of these-compounds were observed

in the water ponded on the raffinate pits.

Both Ra-226 and Ra-228 isotopes were present in raffinate pit
ponded waters‘at varying activity levels. . The highest level of
radium-226 was detected in Pitll (61 pCi/L). Pit 4 contained
the lowest radium-226 activity at 3.4 pCi/L. Radium-228 was
observed in Pits 2, 3, and 4 at activities of 6, 32, and 13

pCi/L, respectively.

Thorium-230 was detected only in Pits 2 and 3 at levels of 13
and 16 pCi/L, respectively. Less than 5 pCi/L of thorium-230 -
was observed in Pit 4. Thorium~230 and thorium-232 activities
could not be detérmined in Pit 1 due to interference. Based on
thorium levels in the sludge in Pits 1 and 2, water in Pit 1 is

expected to contain approximately 13 pCi/L thorium-230.

Based on the above analysis of surface water samples from the
raffinate pits, no further analysis is deemed necessary at this

time to characterize the waters ponded on the pits.
1.3 DATA NEEDS/SAMPLING PLAN OBJECTIVES '
Radiblogical and chemical characterization thus far has provided

an indication of the types of radiochemicals and chemicals
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present in the raffinate pit sludges. From a radiologic
standpoint, further testing is necessary to define the
radioactive source term present in the raffinate sludge.
Further chemical characterization is necessary to identify
substances allegedly dumped during operation of the chemical

plant and subsequent clean-up activities.

Physical characterization is complete enough to conclude that
the sludges exist in a highly heterogeneous state and that the
solids content is sufficiently high to preclude the effective
use of mechanical dewatering techniques. Further testing is
necessary, however, in connection with treatability studies.:
These studies will explore other stabilizatidn technologies: in
an effort to achieve the regulatory goals of volume énd toxicity
reduction. The studies'that'will require additional sludge
testing afe: 1) stabilization studies including chemica1- 
methods, vitrification, pozzuolanic materials, dewatering
 techniques, and reprocessing the recoverable radioactive
‘materials; and 2) liner compatibility studies. Section 3 of

this sampling plan details all the proposed testing.
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2.0 SAMPLING

2.1 SAMPLING RATIONALE

2.1.1 Radiological

- The purpose 6f the radiological characterization of the raffinate
pit sludges is to accurately determine the concentrations of
radionuclides in the sludges. The importance of.aCCurately
determining these concentrations is two-foid.v First, the
radium-226 source term mﬁst be estimated to design an effective(
radon-222'barrier as part of an engineered cover.l\The second |,
reason is to-help assess the feasibility of recovering

constituents (e.g. radionuclides or metals) from the sludges.

The radén barrier of a disposal cell is modeled in-relation to a
1000-year design life (40 CFR 192). Significant concgntrationS--
of Ra-226 exist in the sludge today and, in 1000 years, 35
percent of the Th-230 will transform into Ra-226. Sixty-five
percent of the original Ra-226 will also still be present. It is
important,'then, to estimate as accurately as possible the
concentrations of these two radionuclides in the raffinate pit
sludges in order to maximize the accuracy of subsequent radon

barrier thickness calculations.

In 1984, the raffinate pit sludges were sampled by Bechtel
National, Inc., (BNI). This is the most recent, most
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comprehensive sampling effort of the sludges performed to date.
This effort showed that there is great'pit—tb-pit variability for

all radiologic species.

'The BNI data was used.to'determine the number of samples per pit
necessary to characterize the average radionuclide concentrétions
of each pit at a given level of statistical confidence. The
accuracy determined to be adequate for this characterization was
90 percent confidence intervals about the mean with a relative
error éf the mean of 30 percént. The BNI data for Th-230 and
Ra-226 was tabulated and‘the averages and standard deviations
calculated. Only Th-230 was evaluated further because:this
radionuclide controls (for the 1000-year design—life-ofnthe‘
disposal cell) the Ra-226 source term. Additionally, the
statistical variability of the Ra-226 concentration was less than
the statistical §ariability of the Th-%30 concentration. The
statistical variability of the uranium species concentratidns is

also less than the Th-230 concentration variability.

The derived sample requirements were then scaled volumetrically
relative to Pit 3. Considering that Pit 3 contains nearly
one-half the total sludge volume, the number of samples needed
for the other pits could be scaled relative to Pit 3 without
significant increases in error but with significant cost
savings. This caused the number of samples to be reduced for

Pits 1 and 2 and slightly increased for Pit 4. Then
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approximately'ss percent of the sludge will be characterized with

at least the desired level of accuracy.

It should be noted that the sludge is being characterized
volumetrically and without regard to any vertical or horizontal
stratification characteristics. It is not faasible to develop
layer averages since there is no way to estimate how the sludge
will be excavated and its subsequent disposal. The placement of
the samples required to complete the sludge characterization will

be made with regard to the previous sampling so as to provide

uniform coverage of sludge area and depth.

2.1.2  Chemical

The purpose of the chemical characterization of the
sludge/sediment material within the pits is to define the degree
of contamination and to help quantify the magnitude of the effort
that will be required‘to ultimately dispose of the wastes. The
variability of contaminant types wifhin the sludges‘will
determine the disposal alternatives to be evaluated. Knowledge
of these contaminants is required to develop the rationale behind

liner engineering and compatibility testing.

The chemical characteristics of the raffinate sludée materials
can be predicted to a limited extent from the history of the
procesaes performed during the plant’s operation, and from
knowledge of the process sewera which drained to the pit.
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However, because of alleged indiscriminate dumping of other
chemicals into the pits, a scan for Hazardous qustanée List
(HSL) compounds'will be conducted on samples écquired across each
of the pits. This will determine the actual concentration of |
suspected wastes, as well as verify the presence or absence of

other chemicals which may have been deposited in the pits.

The sludges will be analyzed for chemical products and
by-prbducts of process chemicals used on site, as well as their
degradation products. These compounds inciude: metals,
nitroaromatics and inorganic anions such as ¢hlofide, fluoride,
nitrates, and sulfates. It is expected that no organic chemical

contamination from volatile or semi-volatile fractions: are

present in the sludge; however, scans for 1iké1y compounds within -

these groups will be performed to ponfirm théir absence. The
sampling for the chemical parameters will be accomplished Qith»“
the sampling efforts for radiologic characteristics. ‘A list of
the individual compounds and elements within each group is

included as Attachment B.

Since these data will be applied primarily toward evaluation of
disposal alternatives, a 90 percent confidence limit and one
standard deviation about the mean were chosen as adequate for

devising the sampling strategy.
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The approach utilizes the formula

n=(cv) 2 (t) 2/ (p) 2

. where ~n =

cv =

In the absehce

concentrations

the number of samples
the coefficient of variation in percent : ?
the student’s t value for 90% confidence and 30

degrees of freedom

the acceptable error in perceht

of usable data to determine actual variations in

across the pits some assumptions must be made for

' the values of cv and p. Assumptions which were made for the

raffinate sludge sampling were that the Coefficient of Variation _

equals 65% and

the acceptable error will be chosen at 20%. The

t-value for 90% confidence level and 30 degrees df freedom was

obtained from the student’s t table as 1.66. Calculating the

minimum necessary number of samples (n) from these numbers:

- n = (65)2(1.66)2/(20)2

n

29.10

Rounding up, n = 30

Approximately 30 samples would deliver a 90% confidence level

with two standard deviations about the mean.

[t I
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Since each of the pits contains, in effect, a different

" statistical population, a coverage of 30 samples per pit will be
necessary to achieve the desired confidence. Consideration was
given to combining thé sampling efforts for Pits 1 and 2, since
the pits are immediately adjacent to one_another and the wastes
were deposited in both pits in a relatively short span of time.
However, review of existing data has shown some large variations
in the concentrations of radiologic characters between the two
pits. Therefore, these pits will be treated as separaté
statistical populations, with at least 30 samples taken in each -

of the four pits: Figure 2-1 exhibits the sample location layout.

A complete column of sample will be collécted at each location to
assess the degree of Stratification of the waste materials. Of
greatest concern with respect to high degreés of variation are
the semi-volatile organic compounds and their impacts on liner
compatibility. To date, no data have been collected on the
semi-volatile fraction. from the raffinate pit sludges. A
breakdown of the numbers of samples and analyses to be performed,

by pit, is given in Tables 3-2 through 3-6 (in Section 3.1).

Other parameters being inveétigated include CLP metals (plus
1ithium; molybdenum and zirconium), volatile organics,
nitroaromatics, PCBs/pesticides, and inorganic anions (including
chloride, fluoride, nitrate and sulfate). Previoﬁs studies have

investigated, to a very limited extent, the sludge’s content of
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metals (minus lithium, molybdenum and zirconium),
PCBs/pesticides, as well as the presence of nitroaromatics and
inorganic anions in the supernatant waters. Thése studies
revealed occasional areas across the pits where concentrations of
metals (As, Ba, ¢d, Pb, Hg, Ag) slightly exceeded detection
limits (as determined through EP Tbxicity tests). No evidence of
PCB/pesticide contamination was found in the sludge. In the
supernatant water of the raffinate pits, nitroaromatics were
detected only in Pit 2. The inorganic_aniphs were detected in

‘waters from all four of the pits at varying concentrations.

Thirty samples will be collected from each pit, although the
number of analyses for some parameters will be scaled down from
thirty. Table 3-6 (Section 3:.1) proviéés a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>