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UN 'S OF MEASURE
Radiation

e Roentgen (R) - The roentgen is a unit for measuring exposure.
is defined only for effect on air. It applies only to gamma and

x-rays. It does not relate biological effects of radiation to the

human body.

¢ Rad (radiation absorbed dose) - The rad is a unit for measuring

absorbed does in any material. Absorbed dose results from energy
being deposited by tI radiation. It is defined for any material.

It applies to all types of radiation. It does not take into
account the potential effect that different types of radiation
have on the body.

e Rem (roentgen equivalent man) - The rem is a unit for measuring

the biological effect on the body due to the different types of
radiation.

Mil i-Units

Units in roentgen, rad, and rem can be broken down into smaller, more
usahle units called milli-units. Milli-units are one one-thousandth of a
whc 2 unit. An example is:

1,0 milliroentgen (mR)
1,0 millirad (mrad)
1,0 millirem (mrem).

1 R (roentgen)
1 rad
1 . rem

Dose Rate

Dose is the amount of radiation you receive. Dose rate is the rate at
which you receive the do: :

Contaminatior /Padio~~*ivity
e (Contamination units:
- disintegrations r minute (dpm) or per second (dps)
- counts per minut  (cpm)

e Radioactivity is meas ‘ed in the number of disintegrations
radioactive material 1dergoes in a certain period of time.

One curie (unit of ra oactivity) =
2,200,000,000,000 (2.2 x 10'®) dpm
or
37,000,000,000 (3.7 x 10'%) dps.

For the radioactivity in air and water, the curie (Ci) or microcurie
(uC ) is most often used. One curie equals one million microcuries.

iv

dose equivalence. It is the most commonly used unit and pertains
to man. The rem takes into account the energy absorbed (dose) and
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1.0 I.....ODUCTION

This report describes the approach and results of physical separations
treatability tests conducted under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) at the Hanford Site (Figure 1-1) in
the North Process Pond of the 300-FF-1 Operable Unit (Figure 1-2). The report
is in fulfillment of Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al. 1989) Milestone M-15-03B to submit the
draft 300-FF- remedial investigation (RI) Phase II report to the U.S.
Environmental Protection Agency (EPA) and Washington Department of Ecology
(Ecology) for review by December 15, 1993.

Physical separation of soils was identified in the Phase I and II
Feasibility Study Report for the 300-FF-1 Operable Unit (DOE-RL 1993a) as an
alternative for remediation for which treatability studies were required to
¢ 101 .raf 1oty ;s 1 provide inforr :ion for ti Pl ITT feasibil-
ity study (FS) to be submitted to EPA and Ecology by August 15, 1994 in
fulfillment of Tri-Party Agreement Milestone M-15-03C. Physical separation of
soils was identified as a remediation alternative due to the potential to
significantly reduce the amount of contaminated soils prior to disposal.
Additional treatment of fines by chemical extraction or other means was not
tested due to the small fraction of fine soils that would require treatment,
increased cost, system complexity, and concerns associated with potential
environmental impact.

The scope of this report is limited to investigations and discussions of
tests conducted in the north process pond. However, because contaminated
soils are similar in the south process pond, process trenches, scraping
disposal area, and sanitary trenches (DOE-RL 1993a), test results are expected
to apply to these sites also. The volume of contaminated material in these
areas and the north process pond is estimated at 645,000 yd? (DOE-RL 1993a,
Table C-1). Physical separation may also be used to reduce the amount of
contaminated soils removed in burial grounds, and for radioactive surface
soils (hot spots) throughout the 300-FF-1 Operable Unit.

Tests were conducted by Westinghouse Hanford Company (WHC), Richland,
Washington, personnel using a system developed at Hanford coi ‘"sting of modi-
fied EPA equipment integrated with screens, hoppers, conveyors, tanks, and
pumps from the Hanford Site. The EPA equipment was transferred to the U.S.
Department of Energy (DOE) by the EPA Risk Reduction Engineering Laboratory,
Edison, New Jersey. Tests were conducted per 300-FF-1 Physical Separations
CERCLA Treatability Test Plan (DOE-RL 1993b). Under CERCLA, no federal,
state, or local permits were required (40 CFR 300.400[e][1]).

Except for toxic characteristic leaching procedures (TCLP) conducted by
Thermo Analytical Inc. (TMA), Richmond, California, all offsite analytical
support for testing of soil and process effluent samples was provided by
International Technologies, Richland, Washington, and Data-Chem, Salt Lake
City, Utah, laboratories. Offsite analysis of samples collected during water
treatment tests was conducted by TMA. Soil sieving, screening analyses during
physical separation and water treatment tests, and laboratory attrition scrub-
bing (high energy mixing of soils resulting in a scrubbing of particles as
they attrite against each other) were conducted onsite by Pacific Northwest
Laboratory (PNL), Richland, Washington.

1-1
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Figure 1-2. The 300-FF-1 Operable Unit, North Process Pond.
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The process trenches were constructed in 1975 to replace the process |
ponds to receive laboratory waste. In 1991, sediments were removed from the
trenches and stockpiled at the north end as part of an expedited response
action (ERA) in an effort to prevent the mobilization of soil-adsorbed
contaminants to the groundwater. The process trenches are currently in use,
but scheduled to be discontinued when the 300 Area Effluent Treatment Facility
is on-Tine.

The north process pond scraping disposal area extends approximately 60 m
south of the north process pond. It was used to dispose of uranium-
contaminated sediment from the pond. The site has been backfilled with fly
ash from the ash pits and covered with fill.

Other waste sites shown on Figure 1-2 include: the retired backwash
filter pond, ash pits, and filter backwash pond. These are classified as no-
— hazard sites (DOE-RL 1993a).

A more detailed description of the 300-FF-1 Operable Unit is included in
the Remedial Investigation/Feasibility Study Work Plan for the 300-FF-1

EE% Operable Unit, Hanford Site, Richland, Washington (DOE-RL 1990) and the
e Phase I Remedial Investigation Report for the 300-FF-1 Operable Unit (DOE-RL
i 1993c).

¥

1.2 WASTE STREAM DESCRIPTION

Phase I RI field activities to characterize the 300-FF-1 Operable Unit
waste sites were completed February 1992. Soils investigations included
surface radiation surveys and analysis of samples collected from boreholes and
test pits. Results of these investigations are reported by DOE (DOE-RL
1993c).

1.2.1 Performance Levels and Risk Drivers

In these soil investigations and the risk assessment presented in the
Phase I RI report (DOE-RL 1993c), uranium was found to be the primary
contaminant of concern for 300-FF-1 Operable Unit. Uranium-238 and -235 pose
the highest 11 :time incremental cancer risk (ICR) (2E-03 and 1E-03,
respectively [DOE-RL 1993c]). Cobalt-60 is also an important contaminant with
a lifetime cancer risk of 2E-04.

Uranium-238, uranium-235, and .cobalt-60 are the only contaminants in the
operable unit .with ICRs over 1E-04. According to the National 0il and
Hazardous Substances Contingency Plan (40 CFR 300.430[c][2][i][A][2]) and
Hanford Site Baseline Risk Assessment Methodology (DOE-RL 1993d), acceptable
exposure levels are generally concentration Tevels that represent an ICR of
between 1E-04 and 1E-06. It is noted that a radioactive contaminant
concentration level associated with an ICR of 1E-04 or less is small enough to
ensure satisfaction of any current radiation protection standards (e.g., DOE
Order 5400.5) pertinent to the Hanford Site (DOE-RL 1993d).

The highest ICR posed by inorganic contaminants is due to chromium

(2E-05); this risk is two orders of magnitude less than that for uranium-238,
and assumes all chromium detected is hexavalent chromium (chromium remaining

1-5
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X-ray diffraction (XRD) tests (Dennison et al. 1989) show that the
mineralogical composition of the sediment is typical of sediments found
throughout the Pasco Basin that consist predominantly of quartz and feldspar
with small amounts of clay and mica.

Soil samples collected from the north process pond as part of Phase I RI
for the 300-FF-1 Operable Unit were dry sieved and analyzed by Serne et al.
(1992) to determine soil particle size distribution and contaminant distr u-
tion. Results, summarized in Tables 1-1, 1-2, and 1-3, show that the highest
conc 1tration of contaminants is in the fine soil partic’ ;. Based on perfor-
mance levels specified in the test plan for this test, physical separation
with water only and without the use of chemical additives at a size fraction
of 0.425 mm may reduce the amount of contaminated soil in the north process
pond by 90% (by weight) or more. A greater reduction in the amount of

" 1inal | soils will be reali: | if soils can't varal | <0.477 mm.

1.3 REMEDIAL TECHNOLOGY DESCRIPTION

In this document, physical separation refers to a simple and compara-
tively Tow-cost water-based technology to separate soil particles by size
fraction without the use of chemical processes so that the coarse fraction of
soil will meet cleanup Timits (test performance levels for the treatability
test) and the amount of contaminated soils is significantly reduced.

Physical separation processes for soils are used extensively in the
mining and mineral industries to assist in the recovery of valuable
constituents. These physical separation processes have been demonstrated by
the EPA Superfund Innovative Technology Evaluation Program for Hazardous Waste
Remediation (EPA 1989) and used by the Defense Nuclear Agency to remediate
radiologically contaminated coral sands (Kochen 1986). The technology was

ccessfully applied in September 1993 to remediate chromium-contaminated
soils at the King of Prussia Superfund Site in WinsTlow County, New Jersey
(Rubin 1993).

A typical physical separations system includes: processes to separate
coarse soils by particle size or density; additional processes to separate
and/or scrub sand and sometimes silt-size particles; dewatering processes for
each solids stream; and in-line water treatment processes to recycle and reuse
water and thereby minimize the amount of contaminated water generated in the
process. Following processing, contaminated soils (typically the fine
fraction of soils) and water are disposed of or further treated, and those
soils that meet regulatory cleanup limits are returned to the site.

Additional information on physical separation processes is provided by

EPA in Technological Approaches to the Cleanup of Radiologically Contaminated
Superfund Sites (EPA 1988).

1-7










D(C 'RL-93-96, Rev. 0

Many physical separations systi : are commercially available, but were
not used because services and equipment could not be obtained in a timely
manner to meet the Tri-Party Agreement milestone for the test. Therefore, a
system was designed and assembled by WHC personnel (Figure 1-3) composed.of
modified EPA equipment and components available on the Hanford Site. The
sy¢ 2m was not designed for lTong-term use, or as a well-integrated system.

The system consisted of the following:
e 150-mm bar screen (grizzly) to separate out material >150 mm

e hopper and 25-mm vibrating screen with water sprays to separate
material >25 mm

e belt conveyor to move <25-mm size particles from hopper to a
trommel

o trommel with water knives to wash >2-mm soils and screen material
<2 mm in diameter

e second vibrating screen with a U.S. National Bureau of Standards
#40 (0.425-mm) or #70 (0.212-mm) wire mesh screen to separate
particles

o fractionation tanks to contain effluent and fines <0.425 mm and
serve as settling tanks

e off-1ine water treatment process
e fresh water supply tanks filled by truck

e B-25, Tow specific activity (LSA) boxes to contain <0.425-mm
particles (per 49 CFR 173.403).

[t is estimated that contaminated soil volumes in the 300 Area at
Hanford could be reduced by 90% or more by separating coarse “clean" soils
from contaminated soils (Serne et al. 1992). The "clean fractions" that meet
cleanup or release limits (to be determined by EPA and Ecology) would be
ret 'ned to their original locations. Less than 10% of the soil residuals
would require add1t1ona1 treatment/d1sposa1 It is estimated that there are
over 600,000 yd> of contaminated soils in the 300-FF-1 Operable Unit alone
(DOE-RL 1993a)
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2.0 TEST OBJECTIVES AND RATIONALE

2.1 OB A

The objective of these tests was to evaluate the use of water-based
physical separations systems as a means of concentrating chemical and radio-
chemical contaminants into fine soil fractions and thereby minimizing the
amount of contaminated soils.

To date, no specific applicable, relevant, or appropriate requirements
(ARAR) have been established for radioactive soils in the 300-FF-1 Operable

Unit at Hanford. Therefore, DOE orc WHC control manual standards were

ust .« minir 1 gt “s for the test. [l y potential ARAR for soils that is

chemical-specitic 1s the Model Toxics | 1 Act (MTCA) (RCW 70.105D), but no
wp leve™ have been es” "~ Ned fi 1s in the 300-FF-1 Operable Unit
wnford. 'r agre 1ent | v DOE od ‘ations TIE-RL), EPA,

Ecology (documented in February 2/, 1992, 3UU-tF-1 meeting minutes), MTCA,
Method C, industrial levels were selected as test performance levels. The
test performance levels established as a goal for the test and background
levels for contaminants identified in the test plan (DOE-RL 1993b) are shown
in Table 2-1. These contaminants were determined to include the primary risk
¢ ivers identified in Phase I RI (DOE-RL 1993c).

Minimum goals for the tfeatabi]ity test included:

90% or greater wéight'feductibn of contaminated soils (based on
Serne et al. 1992).

The clean fraction (90%) must meet test performance levels shown
in Table 2-1. Test performance levels are less than or equal to:

- <20 pR/hr above background radioactivity (DOE 1990)

-  The Residual Radioactivity (RESRAD) Program, Version 4.0,
<25 mrem/hr (Gilbert et al. 1989).

- WHC radioactive threshold concentrations for accessible
soils (WHC 1991) -

-  MTCA, Method C, industrial levels.

- These test performance levels should not be considered as
cleanup levels, which are yet to be established for Hanford
soils.

Perform analyses consistent with applicable EPA methods (EPA 1990)
and test plan requirements.

2-1
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Water treatment was a secondary objective for the test. The primary
goal of water treatment tests was to treat processed effluent to meet purge-
water acceptance standards (Appendix A) so that water can be recycled in a
full-scale system, and process water generated during the tests can be handled
as purgewater (DOE-RL 1993b). The reason for selecting purgewater standards
as test performance levels for treated water was that these levels were
required by WHC personnel to discharge treated water to solar evaporation
units onsite. The purgewater act itance Tevels were also a reasonable and
convenient criteria to recycle and reuse water in the soil treatment process.
Purgewater acceptance standards are mostly 10 times drinking water criteria
(maximum contaminant levels [MCL]) (WHC 1991). There is no regulatory
requirement for selecting this as a test performance level.

" 2 POTENTIAL ARARS

Table | ' lists potent” ~ ¢~ ' , = :ation- , ot oa-sy ife
ARARs to the soil treatability test. A final set of ARAKs w11l pe identiried
in the 300-FF-1 Operable Unit Phase III FS to be written at a later date.

2.3 DATA QUALITY OBJECTIVES
The primary sampling and analysis data quality objectives (DQ0) were to:
e ( .ermine physical characteristics of soils

e determine the distribution and concentration of contaminants in
the soils before and after a physical separation is made between
the coarse material and the fine material

¢ evaluate separat ) efficiencies in relation to process parameters

e after processing, determine the concentration of contaminants of
concern in the process water, both suspended and dissolved, and
evaluate the effectiveness of water treatment methods

o obtain samples and analytical results of sufficient quality to
document performance of the system or systems tested and determine
if cleanup criteria can be met.

Samples collected during the test were analyzed using: EPA methods (EPA
1990), approved radioanalytical procedures, and the American Society for
Testing and Materials (ASTM) procedures for measuring physical parameters.
This meets EPA Level III DQO. Additional DQO for this test are defined in the
300-FF-1 Operable Unit work plan (DOE-RL 1990).
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Table 2-2. Potential ARARs for the Soil Treatability Test.
(Sheet 1 of 2)

Regulation 17 Citation I Applicability
FEDERAL
Safe Drinking Water Act 40 CFR 141 Potentially Relevant
and Appropriate
F  ral Water Pollution Control 33 USC 1251 et seq. Potentially Relevant
ACT (FWPCA), as amended by the and Appropriate
Clean Water Act of 1977
Wild and Scenic Rivers PL 100-605 Applicable
Clean Air Act 42 USC 7401 et seq. Applicable
National Ambient Air Quality 40 CFR 50 Applicable
Standards
National Emissions Standards 40 CFR 61 Applicable

for Hazardous Air Pollutants

Nt Sources Performance 40 CFR 60 Potentially Relevant
btandard§ and Appropriate
Toxic tances Control Act 15 USC 2601 et seq. Potentially Relevant
and Appropriate
PCB Restrictions 40 CFR 761 . Potentially Relevant
and Appropriate
Atomic Energy Act 42 USC 2011 et seq. Potentially Relevant
and Appropriate
The Uranium Mill Tailings PL 95-604, as amended Potentially Relevant
Control Act of 1978 and Appropriate
Environmental Standards for 40 CFR 193 Applicable

Management, Storage and
Disoosal of Low Level
‘oactive Waste

Radiation Protection of the DOE Order 5400.5 To Be Considered
Public and the Environment ‘

Radioactive Waste Management DOE Order 5820.2A To Be Considered
Safety Requirements for the DOE Order 5480.3 To Be Considered

Packaging of Fissile and Other
Radioactive Materials

Radiation Protection for DOE Order 5480.11 To Be Considered

! pational Workers

National Historic Preservation 16 USC 470 et seq. Applicable

Act

Endangered Species Act 16 USC 1531 et seg. Potentially Relevant

and Appropriate

Solid Waste Disposal Act as 42 USC 6901 et seq. Applicable
& ded by the Resource
€ ervation and Recovery

Act (RCRA)
STA
Dangerous Waste Regulations Ch. 173-303 WAC Applicable
MTCA Cleanup Regulations Ch. 173-340 WAC Applicable
Minimum Functional Standards Ch. 173-304 WAC Applicabie
for Solid Waste Handling
Water Pollution Control Ch. 90.48 RCW Applicable
State Waste Discharge Permit | 173-216 WAC Applicable
Program
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(Sheet 2 of 2)

ar

*TE? (Cont.)

Regulation | Citation ‘Applicability

Water Quality Standards for Ch. 173-201 WAC Applicable

the State of Washington

Ambient Air Quality Standards Ch. 173-4i WAC Applicable

and Emission Limits for
Radionucl ides

a n Protection - Air Ch. 246-247 WAC Applicable
cms ns
Toxic Air Pollutants Ch. 173-460 WAC Applicable
Washington Clean Air Act Ch. 70.94 RCW Applicable

Q

The primary data users include:

DOE, EPA, and Ecology remedial project managers
DOE, EPA and Ecology unit managers

e RI and FS coordinators
e technical contributors.
Data will be used to support final remediation deﬁisions in FS. Evalu-

ations and decisions will include the following categories:

e site characterization

e occupational health and safety

e risk assessments

e evaluating alternatives

e design of alternatives

e monitoring during remedial actions.

The following questions were answered by the treatability tests.
(applicable sections that Idress these areas are in parentheses):

1. Are agglomerates completely dispersed during processing? If not,
what means are necessary to separate agglomerated material
adequately? (Sections 6.4 and 7.2)

2. Al the coarse fractions cleanly separated from the fines?
(Sections 6.2.1 and 7.2.1)

3. What, if 1y, treatment is required for large materials? (Sections
6.1 and 7.1)

4. What are the operating costs (Section 14.0)
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To what extent do soluble contaminants build up in the recycle
water? (This is key to determining what water treatment will be
required for internal water recycle streams and for the reject
water stream.) (Sections 6.2, 7.2 and 8.0)

How much will it cost to purchase and operate a full-scale
(>100 t/hr) plant? (Sections 14.0 and 15.0)

As a preliminary assessment only, is there any possibility that
indicator analytes, such as uranium-238, uranium-235, and/or
specif : inorganic constituents could be used during final

remedi .ion to verify cleanup standards are met, thus eliminating
the need and cost to analyze for all contaminants of concern?
(Section 15.0)
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4.3.3 25- to 2-mm Material

Two 300-mL samples were taken from each of 16 locations. One sample
frc each location was sent to an onsite laboratory. Onsite samples were
composited, weighed, and wet-sieved. Each fraction was then dried, weighed,
and mixed with similar sized material from other process piles and analyzed
for metals (9.5 mm and smaller) and radionuclides. The other 16 samples were
sent offsite for chemical and radiochemical analysis.

4.3.4 2- to 0.425-mm terial

Two 300-mL samples were taken from each of 16 Tocations. One sample
fri each location was sent to an onsite laboratory for analytical screening.
Samples were composited, weighed, and wet-sieved. Each fraction was then
dried, weighed, and mixed with similar sized material from other process piles
and analyzed for metals (9.5 mm and smaller) and radionuclides. The other 16
samples were sent offsite for chemical and radiochemical analysis.

4,3.5 <0.42! m Material

A11 samples of this material were taken during processing (see
Section 4.2).

4.4 ANALYSES AND VALIDATION

EPA analytical Level III and Level V analyses (EPA 1990) were performed
by offsite laboratories in accordance with the test plan. Samples were
analyzed for metals using EPA methods, for total uranium using fluorimetry,
and for other radionuclides using gamma spectrometry. Water samples were
analyzed for these constituents and volatile organic compounds VOC) using the
EPA methods (1990).

Per agreement between DOE-RL, EPA, and Ecology documented in March 4,
1993 meeting minutes, all offsite sample analyses except TCLP were validated
using WHC Level B Resource Conservation and Recovery Act (RCRA) data
validation procedures (WHC 1990). Review requirements included:

requesi | versus reported analyses

analyses holding t s

matrix spike/matrix spike duplicate analysis
surrogate recoveries

duplicate analysis

analytical blank analysis.

Samples sent to onsite laboratories were sieved and analyzed by size
fraction using EPA Level IT  The following sieve sizes (mm) were used: 25,
13.2, 9.5, 2, 1, 0.425, 0.: 2, 0.150, and 0.075. After being wet-sieved and
air-dried, each size fraction was analyzed for metals using x-ray fluorescence
(XRF) and for radionuclides using gamma spectrometry. Additional discussion
of onsite sample analy: ; is provided by Serne et al. (1993).
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Random samples were taken to estimate or measure physical properties
such as approximate flow rates, percent solids, percent moisture, and ¢ jree
of separation. Dry sieving in the laboratory of soils separated by the system
during this test indicated 96% by weight of 25- to 0.212-mm fraction of soils
was >0.212 mm. Based on these results, equipment settings were selected to
achieve the best size separation at an acceptable throughput rate. These are
the baseline operating parameters used for Test #1 and Test #2.

An added benefit of the pre-test was the opportunity for close
observation by WHC and RL management of the system in operation. This was not
possible during Test #1 and Test #2 because these tests were conducted in a
surface contamination area where the closest observation point was over 50 m
from the system.

A more detailed description of the pre-test including operation,
measurements, and sampling is provided by McGuire (1993). In general, the
objectives of the pre-test were met. Operators gained experience operating
the soil-washing system, ope' :ing parameters were ;tablished, system repairs
were made, and the system was readied for the tests with contaminated soi”
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Processing occurred on June 23, 24, 25, and 29, 1993. The feed soils
that were processed each day were all very similar. As a result, the
analytical results for sampling done on the various days are combined in this
report. Minor differences in soil characteristics and contaminant composition
exist; however, the primary differences each day are in the problems with the
system and adjustments that were made.

Prior to the beginning of processing for each day, plastic liners were
laid down for each process stream to ensure that processed material was not
mixed with any of the existing material or with previously processed material.

Soils for processing were excavated from the southwest corner of the
north process pond near the inlet end of the ponds (see Figure 1-2). Phase I
RI characterization data (DOE-I 1993c¢c) show that this is the most contami-
nated portion of the pond. So1ls were excavated within 1.0 m of the surface
in an attempt to avoid the higher concentrations of uranium, which were
characterized by a greenish appearance (green material). Based on Dennison et
al. (1989) and the RI Phase I report (DOE-RL 1993c), this material was
be’ | tol confined to a thin layer about 1.5 m beneath the ground
sur

However, during excavation of the feed material, it was discovered that
green material was distributed throughout the soils in this particular area.
Associated with the g1 'n particles are white-colored particles. The white
particles are assumed to be from the whitish layer visible directly above the
green layer where cuts have been made through undisturbed portions of the
material. Rarely is one seen without the other being present. The green
material always exhibited higher levels of activity than the white material
and appears to be the major contributor of uranium contamination in the pond.
In this report, ‘een mai -ial refers to the green and white particles, unless
specifically notled. -

A field decision was made on June 23 to process the green material to
determine what system modifications, if any, would be needed to meet test
performance levels.

Soils were not processed continuously, as in the pre-test run, to ensure
minimal dust exposure. The procedure was as follows. Soils to be processed
were wetted down thoroughly prior to excavation. Soi® were fed to the
grizzly and separi :d by tI 25-mm vibrating sci :n unti1l the primary hopper
was full. After the hopper was full, the conveyor system to the trommel was
turned on and the trommel started.

This operating approach (noncontinuous operation and heavy wetting of
the soils) resulted in sev ‘al processing problems including less control in
dumping material from the backhoe bucket, overloading of the primary sc' n
res ting in insuf cient washing of the oversize material, and clogging of
the primary conveyor.

In addition, problems with the system occurred such as the discovery of
bla : plates inserted between the valves and the tank on the fractionation
tanks, discharge chutes too flat to flow freely, and the collapse of the
mid e section of one of the discharge chutes. These were all un ;ted parts
of the system that could not be refined during the pre-test.
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This completed the processing for Test #1. In spite of the problems and
concerns associated with Test #1, an estimated 17.5 tons of material was
processed. HEIS numbers of soil and effluent samples taken during Test #1 are
shown in Table 4-1.

The following is a description and summary of data analyses obtained as
part of Test #1. Complete data analyses results are included in Appendix B.l
and the PNL sediment characterization report (Serne et al. 1993).

6.1 FEED SOILS AND FRESH WATER

6.1.1 Particle Size Distribution

Samples (Table 4-1) were sent to offsite analytical laboratories for
chemical and radiochemical analyses and to onsite laboratories for sieve
analysis and chemical and radiochemical analysis of soils in each size

~raction after sieving.

The particle size distribution of the feed soils processed in Test #1 is
shown in Table 6-3 and . /gure 6-2a. Figure 6-2b shows the percent of the
total processed material reporting to each process pile. The soils were
located near the pond inlet and within 0.5 m of the ground surface.

Therefore, they contain more fine particles than anticipated based on the RI
Phase I studies and previous characterization of soils conducted by Serne et
al. (1992). However, as shown in Figure 6-la, a 90% reduction by weight could
still be achieved if soils are successfully separated with particles >0.212 mm
meeting established performance levels.

6.1.2 Analytical Results

Field measurements using a GM'probe showed that feed soils contained up
to 35,000 dpm above background (500 dpm). These were the hottest soils found
in the north pond using the hand-held GM probes.

The average concentration and standard deviation for offsite chemical
and radiochemical contaminants in feed soils <25 mm are shown in Table 6-4.
These data show that prior to processing, only uranium concentrations were
greater than the p formance levels for contaminants specified in the test
plan (see Table 2-1). The radionuclides other than uranium are of low enough
concentrations that their actual detection could be questioned. Some are
decay products in tl uranium chain and some were detected in the Phase I RI
characterization work, but all are of low enough concentrations that they are
not of concern. This is true of all of the gamma spectrometer radionuclide
analyses presented in this report. PCBs were not analyzed for in Test #1 due
to miscommunication with the analytical laboratories.

Also shown in Table 6-4 are the average concentration and standard
deviation for chemical and radiochemical contaminants in the feed water.
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Table 6-5. Composition of Green and White Sediment in the
300-FF-1 North Pond (Weight Percent).
(Serne et al. 1993)

Constituents® (2€&$épnm0 (9.SG€§e2 mm) | (2 ¥21§emm) (9.?2;3% mm)
Na, 0.31 1.21 1.12 0.71
MgO 3.04 4.19 0.70 0.12
A1,0, 31.21 24.80 50.59 56.94
5i0, 7.71 20.43 12.00 5.41
K,0 0.16 0.33 0.18 0.06
Ca0 7.50 9.00 2.49 1.28
Ti0, 0.05 0.14 0.05 0.02
Cr,0, 0.16 0.25 0.02 0.00
pan 0.06 0.06 0.01 0.00
o 0.57 2.33 0 0.12
NiO 0.28 0.36 0.02 0.00
Cuo 7.68 . 4.99 0.16 0.03
Zn0 0.03 0.05 0.01 0.00
Sro 0.03 0.04 0.02 0.00
PbO 0.03 0.04 0.01 0.00
Ir0, 1.72 2.62 0.06 0.01
Ag,0 0.02 0.03 0.00 0.00
SN0, 0.05 0.05 0.01 0.00
Ba0 0.03 0.05 0.02 0.00
vo, 1.97 1.89 0.18 0.08
Ce,0, 0.0 0 0.02 0.00 0.00

b 37.42 25.92 32.02 33.22

*The percent concentration of constituents in the sediment are
given as oxides such that columns add to 100%. However, the constituents
were not in the form of oxides.

PLoss on ignition to 900°C of carbonate and bound waters.
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Table 6-7. Summary of GM Probe Field Radioactivity

Measurements.
n Radioactivity,
Size Fraction (dpm/100 cm® above
background)?

Feed Soils 2,000 to 35,000
>150 mm 2,000 to 40,000
150 to 25 mm 3,000 to 6.000
25 to 2 mm i 1,500 to 25,000
2 to 0.425 mm 6,500 to 20,000
[ <0.425 mm (s0ils) 3,000 to 6,000

®Background about 500 dpm.

Data in Table 6-8 show that all the constituents in all the process
streams were below t! test performance Timits :cept uranium. This was also
true of the feed soils prior to processing (see lable 6-4). In addition,
unfiltered laboratory analyses of process effluent show significant uranium
concentrations (Table 6-8).

Analysis confirmed that VOCs dre not contaminants that need to be
addressed in the north pond area. VOCs found were near purgewater limits.

Offsite analytical laboratories did not provide data for filtered
samples.

TCLP analyses (Appendix B.1) showed that all constituents analyzed for
were significantly below regulatory Timits (40 CFR Part 261.24).

Soil and effluent samples (Table 4-1) were also sent to an onsite
laboratory for analytical screening by size fraction. This was done to assess
the effectiveness of this system to physically separate and concentrate the
contaminants in the fines.

After wet-sieving and determining the size fraction of soils in each of
the iles, soils from the same size fractions were composited for XRF measure-
meni> and counting gamma activity levels. The results (Table 6-9) show that
contaminants were primarily partitioned to the fine soil particles in each of
the fractions, and contaminants were below performance Tevels specified in the
test plan in the soil fractions >0.212 mm. Therefore, laboratory analysis of
processed material showed that at a cutpoint of 0.425 mm, >87% by weight met
the test performance levels, and at a cutpoint of 0.212 mm, >93% by weight of
the soils met test performance levels.
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Table 6-8. Test #1 Analyses for Each of the Process Streams and

Unfiltered Effluent (Appendix B.1).

U = undetected; NA

3constituents analyzed in the laboratory for information, but not identified in Table 2-1. -

Schematics showing the distribution of uranium-238, uranium-235, and
coba’ -60 by particle size are given in Figures 6-3a, 6-4a, and 6-5a, respec-
tively. Calculated concentrations of uranium-238, uranium-235, and cobalt-60

= not analyzed.

Constituent » J:L;ilnn ? t°<2&3§5 " <°E§5§)“" Eng:l#:eE:eg)
(pCi/ag) (pCi/g) (pCi/g) (pCi/L)
Cobalt-60 0.02 0.03 0.01 3.36
Cesium-137 0.06 0.10 0.20 7.69
(ng/L) (ng/L) (ng/L) (eg/L)
Uranium (total) 791 650 329 39,886
(mg/kg) (mg/kg) (mg/kg) (mg/L)
Silver 4.39 1.1 1.3 0.53
Aluminum 11,694 16,000 8,214 562
Arsenic 0.92 1.44 1.4 0.02
Beryllium 0.1 0.04 0.1 0.01
Cadmium 0.07 0.08 0.0 0.0
Chromium 62.5 122 39.1 5.77
Curium 1,318 2,025 330 52.2
Iron 17,275 17,333 14,571 155
Mercury 0.54 1.18 0.2 0.09
Manganese 225 241 184 3.52
Nickel 104 176 32.7 4.99
Lead 17.6 32.83 15.6 1.36
Antimony 0.45 0.93 0.7 0.0
Zinc 51.2 64.25 39.6 1.74
(Water only)
Chloroform NA NA NA 0.01
Methyl ethyl ketone? NA NA NA 0.05
Tetrachloroethylene NA NA NA 0.002
Tetrahydrofurana NA NA NA u
Trichloroethylene NA NA NA 0.007

in 1 of the process piles are shown in Figures 6-3b, 6-4b, and 6-5b.

Values shown were calculated consider 1g the activity levels in each fraction
of soils (Table 6-9) and the distribution of soils for each process pile

(Table 6-6).
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Although test performance levels were met in the coarse soil fraction,
uranium concentrations were still as high as 284 pCi/g in material up to 2 mm
in diameter and as high as 149 pCi/g in the 9.5- to 2-mm fraction of material.
This is most 1ikely the result of the green material not breaking down
completely.

Process effluent samples were filtered using a 0.45-um filter and
analyzed by an onsite 1iboratory. These results are shown in Table 6-10.
Results are shown for the two main processing periods in Test #1 and are
comparable. The values for uranium-238 in filtered effluent (24.2 and
34.4 mg/L) indicate a potential solubility problem that could affect the
treatment of water for recycling.

Most contaminants were removed from the water after filtering, but
uranium concentrations were still as high as 34 mg/L (purgewater acceptance
standards are 0.59 mg/L for total uranium). This indicated that in spite of
previous laboratory tests where uranium was not found in the water
(Gerber ¢ al. 1991), in this field test some of the uranium could not be
fil 2red out of the process effluent. Therefore, precipitation or ion
exchange water may be required.

6.3 JUNE 29 PROCESSING RESULTS

A final run for Test #1 was made on June 29, 1993, in which about .
0.5 ton of soil was processed to clean out the hopper and trommel. Prior to
processing, the trommel angle was lowered to 0 deg to increase the retention
time in the trommel. 1In this run, there was progress made in breaking up the
green material. A few flakes of green material remained in the 25- to 2-mm
process stream, but it was greatly reduced from previous runs. The 2- to
0.425-mm soils still contained radioactivity in the range shown in Table 6-7.
Samples from this run were collected, and particle size analyses were per-
formed by an onsite laboratory. No other analyses were performed for this
run.

Increasing trommel retention time resulted in better breakdown of
particles in the trommel, as shown by <0.10% of the particles <2 mm in the
25- to 2-mm pile (Table 6-11), as compared 1.1% (Table 6-6). Also seen was an
increase in the amount of fines in the 2- to 0.425-mm pile, where over 25% of
the particles were smaller than 0.425 mm.

The green material was not completely broken down. In the 25- to 2-mm
fraction, it was possible to visually identify and physically separate the
green material that did not break down in the trommel from the individual
pieces of gravel. When this was done in the field, the resulting gravels
showed radioactivity levels below background levels (500 dpm) and activity
levels for the green material by itself were in the ranges shown in Table 6-7.

Adc tion of water sprays to flush the 0.425-mm screen or decreasing the
screen angle may be needed to break down green particles between 2 and
0.425 mm in size. About 7% of the <0.425-mm material going to the
fractionation tanks was slightly larger than the desired size fraction.
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Table 6-11. Test #1, June 29 Run, Wet-Sieved Analyses
for Processed Soil Fractions (Percent
by Weight). (Serne et al. 1993)

Fraction (mm) 25 to 2 mm | 2 to 0.425 mm
25 to 13 92.45 0.00
13 to 9.5 5.76 0.00
9.5 to 2 1.69 0.75
2 to 1 0.05 12.33
1 to 0.425 0.01 62.50
0.425 to 0.212 0.01 22.80
0.212 to 0.150 0.00 1.11
0.150 to 0.075 0.00 0.52
_ <0.075 0.03 1.31

Bold indicates size fraction that should be in the piie.

6.4 ATTRITION SCRUBBING

Attrition scrubbing Taboratory tests were conducted to determine the
viability of using this process to further break down the green particles.
Tests were conducted using a laboratory-scale attrition scrubber that
simulates a commercial unit (Freeman et al. 1993). It has countercurrent
impellers that rotate at a selected speed and time to determine energy input
requirements. Based on 100 Area tests, additional fines are created in the
attrition scrubbing process.

Table 6-12 compares particle size distribution for three tests conducted
using soil samples collected from the 2 to 0.425-mm processed material. These
are dry-screened, wet-screened, and attrition-scrubbed followed by wet screen-
ing. Table 6-12 shows significantly more fine soils after attrition scrubbing
and less coarse material than for the wet- or dry-sieved material, indicating
that particles were broken down using the scrubber.

Table 6-13 and Figures 6-6a, 6-7a, and 6-8a show that following
scrubbir contaminant concentrations were much lower in each of the wet-
sieved si1ze fractions above 0.212 mm. Calculated concentrations of
uranium-238, uranium-235, and cobalt-60 representative of each process pile
are shown in Figures 6-6b, 6-7b, and 6-8b. Values shown were calculated
considering the activity levels in each fraction of soils before and after
attrition scrubbing (Tables 6-13) and the size distribution of soils for each
process pile (Table 6-6).

The results of the attrition scrubbing test conducted in the laboratory
indicate that the addition of a commercial attrition scrubber to the soil
washing system would provide the sufficient energy to treat the 2- to 0.425-mm
material such that it would meet the test objectives for soils containing the
green material. Modifications to the trommel and the secondary screen in
Test #2 provided additional information regarding treatment of soils con-
taining the green material.

6-20



i

e

DOE/RL-93-96, Rev. 0

Table 6-12. Test #1 Size Distribution of Dry-Sieved, Wet-Sieved,
and Attrition-Scrubbed/Wet-Sieved Soil Samples from
the 2- to 0.425-mm Process Pile (Percent
by Weight). (Serne et al. 1993)

Fraction (mm) Wet Sieved Dry Sieved Attrition/Wet Sieved
f
>50.8 0.00 0.00 0.00
50.8 to 25.4 0.00 0.00 0.00
25.4 to 12.7 0.00 0.00 0.00
0.00
12.5 to 9.5 0.00 0.00 0.41
9.5 to 2 2.53 0.65 9.91
2 to 1 20.27 10.87 62.0
| 13.08
[ 0.49
20.38 0.43
0.70 13.68
0.53
0.83

Bold indicates size fraction that should be in the pile.

Table 6-13. Size Distribution of Radiochemical Isotopes
After Attrition Scrubbing, Test #1 (Serne et al 1993).

Fraction (mm) Uranium-238 Uranium-235 Cobalt-60 Cesium-137

(pCi/g) (pCi/qg) (pCi/g) (pCi/9)

9.5 to 2 33.7 4.1 5.37 5.05

2 tol 28.1 2.8 0.97 0.70

1 to 0.425 50.8 6.3 0.90 0.46

0.425 to 0.212 35.4 3.8 1.54 1.68

0.212 to 0.15 75.2 10.4 6.68 3.92

0.15 to 0.075 190 14.0 19.9 14.9

<0.075 777 103 8.82 7.47

1 areas of the pond where the green layer is intact and undisturbed, it
may be appropriate to selectively extract this material and send it directly
to disposal. Since it is already concentrated in a distinct Tayer, volume
reduction of this material is less Tikely by processing it in a full-scale
system. '
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Figure 6-6a. Test #1 Distribution of Uranium-238 by Particle Size,

E "oy and After Attrition Scrubbing. (Serne et al. 1993).
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Figure 6-7a. Test #1 Distribution of Uranium-235 by Particle Size.
Before and After Attrition scrubbing. (Serne et al. 1993).
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Figure 6-8a. Test #1 Distribution of Cobalt-60 by Particle Size,
Before and After Attrition Scrubbing. (Serne et al. 1993)
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6.5 DATA DISCREPANCIES

Some differences between offsite laboratory results and onsite PNL gamma
spectrometry and XRF results should be mentioned here. Almost without excep-
tion, offsite laboratory analysis of metals and radionuclides in the feed
soils and in the processed streams showed higher concentrations than gamma
spectrometry or XRF analyses conducted onsite for the same constituents. In
both analytical Taboratories, instruments were calibrated daily to a known
standard.

One explar .ion for the differences may be that processed soils were wet
sieved in the PNL laboratories and more of the uranium contaminants solubil-
ized into the water used for wet sieving. Another potential explanation may
be that in spite of efforts to obtain representative samples and duplicate
samples for the laboratories, there was a spatial variability in the samples.
A third possible explanation is that the samples sent to offsite Taboratories

biasr * because the full- ize 1 ge of material may not fit into the
sampie botties. As a result, oversize material that had been excluded was not
accounted for. This is particularity true for the feed soils.

Another difference noticed was between activity levels for uranium-238
calculated from XRF measurements and uranium-238 analyses using gamma spec-
trometry. The value derived through XRF analysis is 2.2 times higher than that
from gamma spectrometry. Because XRF analyses are closer to offsite
laboratory results and because uranium is primarily an alpha emitter with
gamma emissions and gamma measurements are less sensitive, XRF is 1ikely the
more accurate of the two. Investigations into these discrepancies are further
addressed by Serne et al. (1993).

Another noted discrepancy in the data was that the concentration of
uranium isotopes in feed soils was higher than the concentration in the
processed soil fractions. The reason for this was that much of the uranium
remained in the effluent. A rough mass balance illustrates this.

The concentration of uranium (Table 6-8) was 791 pCi/g in the 25- to
2-mm fraction, 650 pCi/g in the 2- to 0.425-mm fraction, and 329 pCi/g for
soils <0.425 mm. A weighted average of these comes out to 625 pCi/g based on
the stribution in Figure 6-2b. The concentration of uranium in the
<25-mm feed soils was 1,802 pCi/g (Table 6-4). The difference between feed
soils and processed soils is 1,177 pCi/g, rounded to 1,200 pCi/g. Since
approximately 4.3 tons of <2-mm soil was processed in Test #1 (Figure 6-1),
this gives a total radioactivity level of 5.26E09 pCi that is not accounted
for and that should have accumulated in the process effluent.

Approximately 91,000 L of effluent was processed in Test #1. After
processing, unfiltered effluent contained approximately 40,000 pCi/L of
uranium activity (Table 6-8). Multiplied, this is 3.6E09 pCi of uranium,
which is within the same order of magnitude as the difference in soil activity

avels before and after processing.
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6.6 RECOMMENDATIONS FOR TEST #2

Based'on the activities of Test #1 and evaluation of the results of
sampling done during the test, the following items were considered before the
start of Test #2.

1. The original scope of this test as defined in the test plan was to
treat soils that were not contaminated with the green material.
These soils represent the majority of the soils in the 300-FF-1
Operable Unit and must be processed during Test #2.

2. The system needs to be modified so it can be fed with smaller
equipment. This will provide better control of the material going
onto the primary screen allowing for higher screen efficiency and
better rinsing of the oversize material.

3. The system needs to be modified such that it can be operated
continuously. This will be accomplished by the modification for
the use of smaller feed equipment and adequate dust control
measures.

_ 4. The operating parameters for the trommel need to be modified to

- better treat soils containing the green material. As with Test
T #1, the slope of the trommel should remain at 0 deg for soils wi
the green material. The speed should be increased from 5 to 7
rpm. These modifications are proposed to promote the breakdown of
the green particles.

5. The secondary screen and its operating parameters need to be
modified in an attempt to effectively treat soils containing the
green material. The system modifications include installation of
sprays over the secondary screen. The slope of the secondary
screen should be changed to increase the retention time of
oversize material on the screen. The speed of the secondary
screen should be slowed down to also increase the retention time.
These changes are proposed to increase the efficiency of the
screen and to enhance the breakdown of the green particles.
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7.0 TEST #2

Test #2 was conducted September 8 and 9, 1993. The purpose of Test #2
was to process soils free of the green material and to assess system modifica-
tions recommended in Section 6.6. Soils processed on September 8 were col-
lected from three different areas of the north pond (see Figure 1-2). Soils
processed on September 9 were collected from piles on the southwest portion of
the north pond, near the location for Test #1. A summary of Test #2
activities is shown in Table 7-1.

Table 7-1. Summary of Test #2 Activities.

Tor Approximate
Date Material Process ]
Processed Time (min)
09/08/93 15 Contaminated soils free of 135
any visible green particles
09/09/93 5 Soils contaminated with 60
green particles

Prior to conducting Test #2, field radiological measurements were made
using a GM probe to identify those locations in the ponds without the green
material. Green material was found in each of the soil piles along the west
side of the north process pond, with radioactivity levels ranging from 150 to
1,200 dpm above background (500 dpm). No green material was observed on the
north-central end and along the east side of the north process pond. Radio-
activity of these soils was measured at near-background Tevels (500 dpm) and
were chosen for the September 8 feed. A front-end loader was used to
stockpile these soils prior to processing.

Field measurements of soils processed on September 8 showed that
radioactivity levels were near background and well below test performance
levels. Therefore, the goal of processing the soils was not to meet test per-
formance Tevels, but to determine if, or by how much, radioactivity and metal
concentrations could be reduced using the modified EPA system. RI Phase I
investic .ions (DOE-RL 1993c) indicate that the soils processed are repre-
sentative of about 75% of the contaminated soils in the north and south
process ponds. :

The system was modified for Test #2 so a small front-end Toader could be
used to feed it. Modifications involved mounting the 150-mm grizzly on a
shorter, smaller hopper and adding a conveyor to move soils from this hopper
to the 25-mm screen (Figure 7-1). With these modifications, Tess water was
required for dust control and the system operated continuously.
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Figure 7-1. System Configuration/Material Balance for Test #2.
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As was to be expected with untested components in the system, several
problems were encountered that had to be worked out. The head pulley on the
conveyor was adjusted to tighten the belt. The new operator was unfamiliar
with the system and had trouble feeding the material without jamming the
conveyor, and the chain drive on the conveyor came off. After these problems
were resolved, the system ran smoothly.

Although the system was modified to operate continuously, travel and
feed time for the front-end loader and limitations on the feed rate of the 25-
mm shaker screen contributed to lower feed rates. It was not possible to
improve the feed rate in a timely manner. However, except for limiting the
amount of material processed, this did not impact the test results.

The system configuration and a mass balance for September 8 processing
are shown in Figure 7-1. Operating parameters and flow measurements are shown
in Table 7-2. HEIS numbers of soil and effluent samples taken on September 8
are shown in Table 4-2. Sections 7.1 and 7.2 are results from processing on

£ September 8 only.

e On September 9, additional testing was performed on soils containing the
ST green material. Several of the operating parameters were changed in an effort
N to enhance the breakdown of the green material. However, the changes resulted
- in Timited success, and no samples or analyses except for field measurements
= were obtained.

7.1 FEED SOILS AND FRESH WATER

7.1.1 Particle Size Distribution

The particle size distribution of feed soils used in Test #2 is shown in
Table 7-3 and Figure 7-2a. The corresponding percent of soils expected in
each process pile is shown in Figure 7-2b. More than 96% of the soil
particles were >0.425 mm. This was more coarse material than in Test #1 where
about 88% of the soil particles were >0.425 mm (see Figure 6- ).

7.1.2 Analytical Results

Laboratory analyses showing the average concentration and standard
deviation for chemical and radiochemical contaminants for feed soils and water
are shown in Table 7-4. As expected based on RI Phase I data (DOE-RL 1993c),
chemical and radiochemical constituents in feed soils for Test #2 were below
test performance levels prior to processing. TCLP analyses (Appendix B.2)
were also below regulatory levels of concern.

Clean water fed to the system was analyzed for comparison with process
effluent.
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Size Fraction (mm) % by Wt
>50.8 63.2
50.8 to 25 16.8
25 to 2 15.7
2 to 0.425 2.9
0.425 to 0.212 0.45
0.212 to 0.15 0.10
0.15 to 0.075 0.15
o <0.075 0.85
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ible 7-3. Test #2, We: iieved Size Distribution
of Feed Soils. (Serne et al. 1993).

7.2 PROCESSED SOILS AND EFFLUENT

7.2.1 Separation Efficiency

Samples collected from each of the process piles were sieved onsite.
Sieve analyses for each of the process piles in Test #2 (Table 7-5) show that
the three screening units in the system performed well within normal operating
parameters for this equipment.

Defining separation efficiency as the percent of material that actually
passes through a screen compared to the amount available to pass through it,
the following separation efficiencies for the various screens were calculated.

The 25-mm primary screen operated at almost 99% efficiency. The trommel
efficiency for Test #2 was about 90%, slightly lower than it was for Test #1.
The difference was due to the much higher percentage of fines in Test #I as
compared to Test #2 (56% and 22%, respectively).

The 0.425-mm secondary screen operated at 85% efficiency for Test #2.
This is slightly higher than for Test #1. The increased efficiency is
attributed to addition of water spray to help improve the separation made by
this screen. This screen experienced a certain amount of blinding off that
reduced the unit's efficiency. Full-scale operations will require either a
different process for separating soil particles <0.425 mm (i.e., hydrocyclones
or countercurrent columns) or additional vibrating screens to facilitate a
sche 1le for the shutdown for cleaning without interrupting the processing.

Based on Tables 7-5 and 7-3, after processing in the field,
approximately 98% of the soils were .in the 150- to 25-mm, 25- to 2-mm, and 2-
to 0.« j-mm process piles. Only about 2% of the soil particles were in the
<0. 'b-mm stream sent to the fractionation tanks.
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Table 7-4. Test #2, September 8, Chemical and Radiochemical Analyses
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of Feed Soils <25 mm® and Feed Water (Appendix B.2).

Feed Soils Water
Sample
Avg | S Avg S
Contami -~~~ (pCi/g) (pCi/g) (pCi/L) (pCi/L)
Cobal. wu 0.116 0.102 2.809 U 2.144
Cesium-137 0.062 0.020 3.075 U 1.112
Lead-12 b 0.591 0.058 NA NA
Lead-214 b 0.475 0.027 NA NA
Radium-zzlob 0.5%94 0.058 NA NA
Radium-226 b 0.440 0.065 NA NA
Ruthenium-10g 0.040 U 0.120 u u
Antimony-125 0.009 U 0.030 u u
(ng/L) (ug/L)
total) 5.506 L 1A2 0.95 \
(mg/kg) (mg/kg) (mg/L) (mg/L)
3.6 0.92 0.002 0.
11, 2,282 0.00 0.uu
—— 117.2 22.82 0.031 0.005
Beryllium 0.33 0.10 0.00 0.00
Calcium 7,880 1,038 28.3 5.76
Cadmiug 0.00 0.00 0.00 0.00
Cobalt 12.6 1.02 0.00 0.00
Chromium 19.8 3.66 0.00 0.003
Copper 238 80.6 0.03 0.031
Iron 32,600 1,625 0.79 0.671
Mercury b 0.17 0.15 0.00 0.00
Potassium 1,294 368 2.20 0.51
Magnesium 6,340 779 6.45 1.46
Mangangse 498 73.1 0.028 0.025
Sodium 446 17.4 5.80 2.18
Nickel 28.8 4.79 0.00 0.00
Lead 5.68 1.32 0.012 0.015
Antﬂ',mony 4,82 2.46 0.00 0.00
Tin 0.00 | 0.00 0.00 0.00
Vanadium 88.2 1.72 0.0013 0.002
Zinc 70.6 4.76 0.010 0.009
Organics b (mg/L) (mg/L)
1,1,1-trichloroethaneb NA NA 0.008U 0.0012v
1,1,2-trichloroethgne NA NA u u
1,1-dichloroethane NA NA u u
1,2-dichloroethane b NA NA u u
1,4-dich lgrobenzene NA NA u u
1-butanol b NA NA u u
A-methyé-z-pentanone NA NA u U
Acetone NA NA u U
Benzene b NA NA u U
Carbon disulfide b NA NA u u
Carbon tetBachloride NA NA u u
Chloroform b NA NA 0.0014U 0.0029u
Ethyl cyanide b NA NA u u
Methyl ethyl ketone NA NA 0.005u 0.015u
Methylene chloride NA NA u U
Tetrachloroethage NA NA u u
Tetrahygrofuran NA NA 0.0094U 0.0123u
Toluene b NA NA u u
Trichloroetheng NA NA 0.0001UV 0.0003u
vinyl chloride b NA NA u u
Xylenes (total) NA NA u u

S = standard deviation; U = undetected; NA = not analyzed.

aMaterial. >25 mm is not able to be handled by the laboratory. Material between 25 and

2 mm was crushed to 2 mm or less and then analyzed.

b
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Table 7-5. Sieve Analyses for Soil Fractions Processed in
Test #2 (Percent by Weight). (Serne et al 1993).

| Fraction (mm) 150 to 25 to 2 to <0.425 mm
25 mm 2 mm 0.425 mm
>50.8 95.42 0.00 0.00 0.00
50.8 to 25.4 4.26 0.00 0.00 0.00
25.4 to 12.7 0.00 14.46 0.00 0.00
12.7 to 9.5 0.00 18.78 0.00 0.00
9.5 to 2 0.02 63.79 1.21 0.03
2 to 1 0.01 2.92 27.32 1.28
1 to 0.425 0.05 0.02 62.86 2.65
0.425 to 0.212 0.03 0.01 5.86 51.78
0.212 to 0.15 0.01 0.00 0.08 - 9.58
0.15 to 0.075 0.02 0.02 0.09 11.07
<0.075 0.17 0.01 2.58 23.61

Bold indicates size fractidn that should be in the pile.

7.2.2 Analytical Results

During processing and after processing was completed, soil and effluent
samples were collected and sent offsite for analyses to assess which contami-
nants were in each of the process streams and to determine what water treat-
ment, if any, would be required for effluent to meet purgewater acceptance
standards. A summary of laboratory results is shown in Table 7-6. Additional
data are included in Appendix B.2.

Offsite analyses (Table 7-6) show that all the constituents in all the
soil streams were below the performance 1imits for the test, and the highest
concentrations of uranium and chromium were in the fine soil particles. The
average activity of uranium in soils processed was 1.4 pCi/g in the 25- to
2-mm process pile, 12.1 pCi/g in the 2- to 0.425-mm pile, and 93.6 pCi/g in
soi particles <0.425 mm. This confirmed that the system tested effectively
separated soils such that the concentration of uranium was significantly
reduced in the more coarse soil fractions. A similar reduction in concentra-
tions was seen for chromium.

Process effluent from Test #2 was filtered in the field using a
0.45-pym filter. Analyses showed that only 178 pg/L of the uranium was found
in the filtered effluent (Table 7-6). As noted by Serne et al. (1993), this
may have been due to a short contact time as compared with Test #1 (where
effluent was not filtered in the field), or to lower concentrations of uranium
in the soils and little or no green material in the soils processed. Regard-
less of the reason, these data indicate that flocculation of particles and
fil 2ring may be sufficient to treat process effluent to meet purgewater
acceptance standards such that it can be recycled in a soil treatment system.
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Table 7-6. Test #2 Laboratory Analyses for Each of the
Process Piles (Appendix B.2).

25 to 2 mm | 2 to 0.425 mm <0.425 mm Filtered

Sample (avg) (avg) (avg) Water (ava)
Cont  nant (pCi/g) (pCi/g) (pCi/9) (pCi/L)
Cobalt-60 0.106 0.260 0.242 U
Cesjum-137 0.118 0.256 0.273 U
Lead-212 0.568 0.671 1.049 -
Lead-214 0.506 0.438 0.681 -
Radium-224 0.572 0.675 1.051 -
Radium-226 0.491 0.417 0.632 -
Ruthenium-106 U U U U
Antimony-125 U U ] 4.2
. _ (kg/L)
- Uranium (total) 1.432 12.05 93.63 177.8
— (mg/kg) (mg/kg) (mg/kg) (mg/L)
ot
R Silver 0.91 4.00 4.73 0.0014
= Al rinum 4,292 7,567 7,867 0.06
- Barium 70.0 , 93.1 220 0.04
Beryllium 0.22 0.35 0.04 0.0004
Calcium 5,450 7,083 5,067 23.7
Cadmium 0.00 0.00 0.00 0.00
Cobalt 9.08 : 11.8 7.80 0.00
Chromium A 4.18 18.8 41.3 0.0022
Copper 158 644 580 0.029
Iron 24,583 33,750 24,333 0.064
Mercury 0.00 0.22 0.25 0.00
Potassium 309 . 569 683 2.13
Magnesium 3,492 5,533 4,167 4.77
Manganese 267 406 287 0.0134
Sodium 328 478 367 7.83
Nickel 9.19 31.3 38.3 0.00
Lead 1.93 4.93 13.0 0.0006
Antimony 1.70 2.25 0.00 0.00
Tin 0.00 0.00 6.83 0.00
Vanadium 63.9 98.5 70.7 0.00
Zinc 51.3 : 106 75.7 0.0022

U = undetected.
Bold indicates constituent was detected in only one sample.

Analysis for VOCs was performed on the fresh water stream and the
process water stream in Test #1 and Test #2. VOCs for Test #2 were undetected
except for laboratory additions 1nc1ud1ng 1,1,1-trichloroethane, methyl ethyl
ketone, and tetrahydrofuran.

Aroclor-1248 was the only PCB detected. It was detected below test

performance levels (2,200 ppb) in all soil samples that were taken. The high-
est concentrations were found in three slurry soil samples with the highest
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being 970 ppb. It was found in five of eight process effluent samples. Using
zero for the nondetects, the average concentration found in the effluent was
0.35 ppb with a high of 1.3 ppb. In comparison, the purgewater acceptance
standard for mixed PCBs is 1 ppb.

Soil particles of the same size fraction were composited from each of
the rocess streams (e.g., the 2- to 0.425-mm fraction of materials in each
process streams). The composited soils were analyzed in onsite laboratories
for metals and radionuclides. As was the case with offsite analyses of
process streams (Table 7-6), the results (Table 7-7) show that the highest
concentrations of uranium and chromium were in the fine soil particles. In
the sieved soils (Table 7-7), the concentration of uranium-238 in soil
particles <0.425-mm was 26.9 pCi/g compared to 6.8 pCi/g in the 2- to 0.425-mm
size fraction. The concentration of uranium-238 in particles <0.075 mm was 54
pCi/g compared to 35 pCi/g for particles between 0.15 and 0.075 mm and 23.3
pCi/g for particles between 0.212 and 0.15 mm.

The distribution of uranium-238, uranium-235, and cobalt-60 in each of
the sieved size fractions is s° in in Figures 7-3a, 7-4a, and 7-F r¢ )ec-
tively. Estimated concentrations of uranium-238, uraniur '35, and cobait-60
in each process pile are shown in Figu . 7-3b, 7-4b, and 7-5b. Values shown
- were calculated considering the measured radioactivity levels in each fraction
of soils (Table 7-7) and the distribution of soils for each process pile
(Table 7-5). As in Test #1, uranium-238 was the primary contaminant.

A weighted average of the size distribution of soils in each process
stream (Figure 7-2b) with uranium-238 analytical data (Figure 7-3b) shows that
by separating soil in the field at a cutpoint of 0.425-mm uranium-238 concen-
trations were reduced by a factor of 45 and the fraction of soils was reduced
by 98% (by weight).

7.3 SEPTEMBER 9 TESTING

In addition to tests on September 8, 1993, soils containing green
material were processed on September 9, 1993 to see if slight equipment
modifications recommended (Section 6.0) would result in a better, more
successful treatment process. Changes were made to the trommel angle and
speed to increase retention time and energy input. Sprays were added to the
0.425-mm screen, and speed of the screen vibration was reduced to enhance
particle separation. Other equipment parameters are specified in Table 7-2.
This test was made using green material from one of the piles on the west side
of the trench. The trommel speed was increased to 7 rpm to provide more
energy to separate soils. The radioactivity of the field soils was measured
at 6,000 to 13,000 dpm with an average of 9,000 dpm. Approximately 5 tons of
soil were processed. After processing, no green particles >3 mm in diameter
were detected in the trommel oversize material. This could be for one of two
reasons: (1) feed material did not contain Targer particles of the green
material, which seems unlikely; or (2) the increased trommel speed provided
enough additional energy to break down the larger green particles more than in
Test #1. Increasing the speed of the trommel to 9 or 10 rpm would likely
provide the required energy to remove green particles from the trommel
oversize stream (>2 mm).
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Figure 7-4a. Test #2, Wet-Sieved Size Distribution of Processed Soils,
Uranium-235 Gamma Spectrometry. (Serne et al. 1993).
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Figure 7-5a. Test #2, Wet-Sieved Size Distribution of Processed Soils,
Cobalt-60 Gamma Spectrometry. (Serne et al. 1993)
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8.0 WATER TREATMENT

8. | 0ACH

Preoperational testing of the water treatment unit was performed during
the month of September to ensure that all equipment was operating appropri-
ately. M or modifications/repairs were made based on this test. During the
week of September 20, 1993, the clarification portion of the system was
transported to the north process pond and prepared to treat the process
effluent in the fractionation tanks from Test #1 and Test #2.

Water treatment tests began the first week of November. The tests were
« ducted sing a skid-mounted clarifier obtained from the EPA and renovated
tor the test. Renovations included replacing pumps, adding pressur gages and
water flow gages, and-plumbing.

In spite of previous laboratory indications to the contrary, in Test #1
uranium activity (likely due to the green material) was measured in the
process eff lent (Tables 6-8 and 6-10). Therefore, based on laboratory stir
tests, a commercial flocculant was selected to enhance particle settling
rates, and ferric chloride was added to precipitate uranium from the effluent.
Effluent was to be treated to remove suspended solids and reduce the
concentration of constituents in the effluent to purgewater acceptance levels
(Appendix A). In additionto the clarifier, a skid-mounted ion exchange unit
was ma @ available, if needed. - A schematic of the clarifier and ion exchange
system 1s shown in Figure 8-1. B '

During the physical separatijons test, process effluent was redistributed
between three fractionation tanks. Most of the effluent was initially pumped
into tank #1; therefore, the greatest fraction of sediment is in this tank.
When more volume was needed in tank #1, effluent was pumped to tanks #2 and
#3. Process effluent was redistribu | between the three tanks as needed.
Although about 151,000 L of effluent trom Test #1 (Figure 6-1) and Test #2
(Figure 7-1) were put in the fractionation tanks, when the water treatment
test started, there was approximately 121,000 L of effluent distributed
between the three tanks. The difference was due to evaporation during the
period between Test #1 and Test #2.

In a full-scale system, process effluent would be treated in-line and
recycled. This would reduce the volume of water used in the system. Final
treatment or disposal of process water would not generally occur until soil
processir is completed.

Samples shown in Table 8-1 were collected before (influent) and after
treatment (effluent). One set of samples was collected about midmorning and
another at midafternoon. Samples were only collected for offsite analyses on
those days when the field supervisor determined that the system was operating
g qu ely. ,

Samples were sent to offsite laboratories for EPA Level III chemical
analyses and Level V radiochemical analyses (EPA 1990). Samples sent to
onsite laboratories received EPA level II analyses using inductively coupled
plasma/mass spectrometry (ICP/MS).

8-1









JE/RL-93-96, Rev. 0

A sample screening trailer was set up in the field to obtain quick
analyses to assess system performance. Chromium concentrations were measured
in the screening trailer using a Hach kit (a tradename of Hach Company).
Turbidity measurements were so made to determine suspended »lids
concer ‘ations.

8.2 RESULTS

Water treatment operations started on November 2, 1993. The first day
of operation consisted primarily of filling the clarification system and
establishing constant flow conditions. Process effluent from tank #2 was
pumped into the treatment system (about 30,300 L). After treatment, effluent
was returned to tank #2. Initial testing began by processing the wastewater
at 132 L/min. At this flow rate, ferric chloride was added to the wastewater
at a rate of 35 mg/L of water. This was added to the waste stream in the
flash mix tank. Next, a cationic polymer was added to the stream leaving the
mix tank at a rate of 2 mg/L of water. Judging from the turbidity of the
effluent and visual observation inside the tank, few solids remained in
tank #2 after one treatment cycle. The water treatment flow rates were

L/min wt 1 filling tI  clarif  :, and 151 L/min during s° dy- :a
processing.

The water treatment system did not operate on November 3, 1993 because
repairs were required on the flocculator mixer, which had not worked well the
first day of the test. Water treatment operations restarted on November 4.
During the morning, process effluent was fed from tank #2. By about
1:00 p.m., tank #2 was empty, so water was fed from tank #1. That afternoon,
the ferric chloride feed pump was found to be out of order, so operators began
adding ferric chloride by bucket. Water treatment was stopped on November 5
because the concentrated ferric chloride splution attached to the stainless
steel pump seal and ruined the ferric chloride feed pump.

Field measurements from the first 2 days of sampling indicated that the
flocculation process was working. However, problems with the ferric chloride
feed pump prevented optimization of the flocculation process. In addition, it
was determined that an in-line filter was needed after the clarifier to remove
suspended solids. These problems resulted in 2 wk of downtime.

Water treatment operations restarted November 16. A 10-p filter was
installed after the clarifier. Ferric chloride was added by a Masterflex
peristaltic pump, which did not have any corrosion problems and worked much
better for this application. The pump delivered ferric chloride solution to
the system at a rate of 10.5 L/hr. Most of the day, pumping pressure was use
to open flow channels in the frozen pipes and treatment system. Water was
pumped from tank #1 to the treatment system and treated water was returned to
tank #1. Only 3 hr of steady-state flow were achieved. Ferric chloride and
polyr * were added, but suspended particles did not flocculate.

Over the 3 days when treatment occurred, approximately half of the

effluent in the fractionation tanks was processed in a single cycle through
the clarifier skid.
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Several bench-scale tests were performed during the operation of the
rstem in an attempt to optimize the process chemistry. The results of these
tests indicated that controlling the amount of ferric chloride is crucial. If

more than twice the concentration is added, no settling will occur. The
volur of cationic polymer added is not as crucial, however. Large overdoses
of polymer only slow the rate of flocculent formation and settling.

At this time, the outside temperature was dropping below 0°C during the
nighttime hours. Several attempts were made to continue operations, but the
effectiveness of the ferric chloride diminishes significantly at these lower
temperatures. It was determined by field operators and engineers that
modifications were required for the ferric chloride and flocculents to work
effectively in the cold weather. As a result of processing problems caused by
the freezing temperatures and to protect the environment from potential leaks
caused by freezing of the system, operations were terminated just before
Thank”"‘“‘ng Effluent was pumped from the water treatment system into the
fract ;ion tanks, and the fractionation tanks were winterized by wrapping
the vaives with electrical heat tape. Tests are not expected to resume until
spring at the earliest.

Analytical results of the tests completed in November 1993 (Table 8-1
and Appendix B.3) indicate that the bulk of uranium was removed from the
effluent during the treatment process. Validation reports for the offsite
water treatment analyses are in progress and will be included in future

revisions of this document
!

Based on the testS‘%n_ ,"_1),3. : : 3 optimization of
the flocculation process is expecte™ to be si Le +u ticating the effluent
in the fractionation tanks when ®8s.. resume. 1ts of future treatment

will be reported in future revisions of this uuiument.
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9.0 RESIDUALS MANAGEMENT

Treatability tests were conducted in a surface contamination area.
Therefore, after processing was completed, in accordance with the test plan,
soils in each of the process piles were flattened and blended into the
surrounding landscape to be remediated in accordance with the record of
decision (ROD) for the 300-FF-1 Operable Unit.

Fine soils (<0.425 mm) in the process slurry were gravity-fed to the
fractionation tanks. Approximately 32,000 gal of process effluent and asso-
ciated fines from Test #1 and Test #2 were in the three 75,000-L fractionation
tanks at the time water treatment tests started.

The intent of water treatment tests was to cycle effluent through the
1 1tment system back to the fractionation tanks until enough sol ; were
v » | from the fractionat™ | tanks ai ~ effluent was treated to meet
purgewater acceptance standards (Appendix A). However, because water
treatment tests were interrupted due to cold weather, only one cycle was
comp1eted for about half of the water. When water treatment tests resume, it
is anticipated that cycling of the effluent from the tanks through the water
treatment system will continue.

Solids separated from the effluent in the water treatment process were
pumped to a B-25, LSA box located near the fractionation tanks. To date,
approx1mate1y 2 yd of fimnrenile haun been removed from the tanks and placed

in the B-25 LSA box. ' Ad 5 w7 "Te for when tests resume.

The LSA t es are expect i vwuw OF the north process pond
according vo the waste ¢ i} ial remediation begins, when they
will be dispo: [ of with ... _.... __J-1:1-. JUperable Unit wastes in accordance

with an R ' when it is completed.

Treated effluent was contained in the fractionation tanks. Disposition
of the effluent at the conclusion of water treatment tests will be in
accordance with the waste control plan. At this time, it is expected that the
effluent will be evaporated. The Washington Department of Health was notified
of this intent.
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10.0 DATA MANAGEMENT

A11 data collected during this study was managed in accordance with WHC
environmental investigation instructions (EII) (WHC 1988) and the 300-FF-1
Data Management Plan (DOE-RL 1990, Attachment 4).

Samples were assigned a HEIS computer code number, and information
associated with the samples will be entered into the HEIS database. Copies of
data obtained were forwarded to the Environmental Data Management Center to be
placed in the administrative record and/or project records, as applicable.

A field logbook was maintained recording test times, personnel
participating, pre-job safety and tailgate meetings, and occurrences during
tests. The logbook, currently in use to record water treatment field
acttvities, will be issued and entered into tlI administrative record on
completion.

Samples were managed in accordance with WHC chain-of-custody procedures
(WHC 1988, EII 5.1).
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11.0 QUALITY ASSURANCE/QUALITY CONTROL

Ar  ytical samples and other investigation activities were subject to
in-process quality control (QC) measures and performed in accordance with
manuals and procedures specified in the Remedial Investigation/Feasibility
Study Work Plan for the 300-FF-1 Operable Unit (DOE-RL 1990) in both the field
and laboratory. QA samples for tests included duplicates and trip blanks
shown in Tables 4-1 and 4-2 and in Appendix B.

Ana ytical methods, analytical levels, detection limits, precision and
accuracy requirements for data receiving Level III and Level V analysis at an
offsite laboratory and presented in Appendix B are specified in Table 11-1.

A1l of the samples receiving Level III chemical a1 “ysis and Level V
radiochemical analysis were validated using WHC Level B KURA data validatinn
procedures i required in Section 5.0 of the test plan (DOE-RL 1997 .
two data validation reports, oi for Test #1 and one for Test #2, are inciuded
as part of Appendix B.1 and B.2 of this report.

11.1 DATA QUALIFIERS AND FLAGS
( ‘tain.qualifiers and flags have been added to the data by the
laboratory or as the result of the data validation. The following qualifiers

and flags accompany data in this report.

e (Qualifiers added by the laboratory .

U Indicates that this constituent was analyzed for but
undetected. :

L  Indicates that the value is less than the contract required
detection limit (CRDL) and above the maximum detection Timit
(MDL).

B Laboratory blanks exceeded acceptable criteria.

XYZ Indicates that matrix interference was encountered causing
higher detection limits and false results in the gamma scan
analysis.

o F 1gs added as a result of data validation

Q Data can be used qualitatively, but regulatory decisions
should not be made on a single flagged data point.

H Indicates holding time missed. Data can be used

qualitatively, but regulatory decisions should not be made
on a single flagged data point.
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The XYZ qualifier attached by the laboratory was the result of matrix
interference being encountered. This resulted in the laboratory being unable
to meet the CRDL and also caused the total error for the analysis to increase.
This increase in the error and the Tow level of the measurements raises the
question as to whether or not the analytes were actually detected.

Q flags were given to data for two reasons. These reasons are discussed
in the data validation report and include: the relative percent difference
between matrix duplicates exceeds 25% and blanks exceeding two times the MDL
(this results in a Q flag on all samples of that matrix taken the same day as
the blank).

There were no data received from the laboratory with a B qualifier. No
data were rejected during the data validation process. Details of what data
were flagged and why are given in the data validation reports in Appendix B.2.
Flagged data are presented in the tables in this report and were u 1 to
¢ culate averages, but at no time was a single piece of flagged d 1 used to
make a recommendation and, in most cases, trends in contaminant concentrations
seen in flagged data were confirmed by onsite laboratory analysis.

11.2 SUMMARY OF PARCC PARAMETERS

11.2.1 Precision

The data validation reports evaluated the precision in field duplicates.
In Test #1, this evaluation resulted in a total of 30 individual constituents
among eight different samples being flagged with a Q flag. In Test #2, a
total of 22 individual constituents among four different samples were given a
Q flag. This meets test criteria.

11.2.2 Accuracy

Accuracy is addressed in Part E of the data validation reports. As
discussed above and in the data validation reports, other than the gamma scan
data in Test #1 that has an XYZ qualifier, no data were found to have matrix
spike, matrix spike duplicate, or surrogate samples met laboratory acceptance
criteria as detailed in Table 11-1.

11.2.3 Representativeness

11.2.3.1 Sampling Methods. Representativeness was achieved by using
standardized sampling procedures for collection of samples as detailed in the
WHC EIIs (WHC 1988, Section 5.2) and by following the sample plan detailed in
the test plan (DOE-RL 1993b).

11.2.3.2 Analytical Methods, Reporting Units, and Detection Limits. Repre-
sentativeness of analysis, reporting, and detection 1imits was achieved by the
use of standard analytical methods (Level II and III) and the use of
recognized analytical techniques (Level II and V) for determination of
radionuclide constituents.
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Results were reported in units that are appropriate for comparison
purposes with historical and current analytical data.

Detection Timits were met with the exception of those variances
discussed in the data validation reports.

11.2.4 Completeness

As discussed in the data validation reports, completeness is calculated
by the number of unflagged data divided by the total number of data expressed
as a percentage. .

For Test #1 soils, there are 1,256 unflagged data and 1,302 total data
giving a calculated completeness of 96%. For Test #1 water, there are 421
unflagged data and 578 total data giving a completeness of 73%. For Test #2
soils, there are 918 unflagged data and 1,122 total data giving a calculated
completeness of 82%. For Test #2 water, there are 639 unflagged data and 683
total data giving a completeness of 93%.

Therefore, completeness for the overall test for soils is 90% and for
water is 84%. These meet the 80% criteria used in the data validation report.
Water treatment data are not included at this time.

11.2.5 Comparability

Comparability of data sets was facilitated by the proper reporting of
results in correct units and by the analysis of duplicate samples. Results
for duplicate samples were acceptable with the exception of the results
identified in the data validation reports and Section 11.2.1.

11.3 SURVEILLA :ES
Environmental QA surveillances of field activities, including sampling,
verified that activities examined were performed acceptably in accordance with

governing documents.

Offsite laboratory activities are subject to Environmental QA
surveillances and appropriate laboratory corrective actions if required.
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13.0 DEVIATIONS FROM THE TEST PLAN

Many of the deviations from the test plan were discussed with RL, EPA,
and Ecology, and verbal approval was given to proceed prior to implementing

changes.

These changes and other field changes agreed to by the field team

leader and project engineer are identified in this section.

Deviations to the test plan included the following:

MTCA, Method C, industrial minimum (test) performance levels in
Table 3-1 of the test plan (DOE-RL 1993b) were revised per updates
by Ecology (1993). The revised levels are generally higher than
those in the test plan.

In Tests #1 and #2, about half the material discussed in the test
plan was processed. This was due to two factors. First, the
system used was designed and built under a very tight schedule and
only available equipment could be used; consequently, there were
many breakdowns and delays resulting in the processing of less
material.. Second, in Test #1 it was obvious early on from field
measurements that radioactivity was present in each of the
processed piles of soil; consequently, nothing would have been
gained by processing more material.

Green materii  v-~5 prdces d " = ° "7, while the test [ an
states that ‘it w..41d not ve " hs for this were
given in Section 6.0.

The test plan schedulc siunS 1 would be performed the

first 2 wk of June and Test #2 the last 2 wk. Due to additional
testing and analyses of the green material and significant
modifications to equipment, Test #2 was not completed until
September.

Laboratory attrition scrubbing tests were not identified in the
test plan. These were necessary because the trommel and screens
did not adequately break down material in Test #1. Laboratory
attrition tests were conducted in accordance with 100 Area Soil
Washing Bench-Scale Test Procedures (Freeman et al. 1993).

Sample numbers and times for the runs varied from the test plan.
Fewer effluent samples were taken than anticipated because of
shorter processing periods. Effluent samples were collected at
approximately 1-hr intervals. Also, two sets of samples were
collected during June rather than one; one set on June 23 and
another June 25. Additional samples were also collected from the
0.425- to 2-mm and 2- to 25-mm process piles after a final short
run on June 29. One set of soil and water samples was collected
in September for Test #2.

The 0.425-mm screen was used in Test #2 as opposed to the
0.212-mm screen, and feed soils were obtained from new locations
in the north process pond to avoid the green material. Reasons
for these changes are discussed in Section 6.0.
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14.0 COST

This section looks at the potential costs that might be expected for a
full-scale operation. These estimates were based on knowledge gained during
this test and address only the operating costs.

» following assumptions were made regarding full-scale oper .ion:
e Processing rate is 100 tons/hr.

¢ Single shift of processing/day.

¢ Hours of processing/shift is 5 hr.

e  Number of processing days/year is 250 days.

e A1l preventive maintenance occurs during an off shift.

¢ Fresh water to feed the plant and for dust control will be
supplied by pipeline.

e Electrical power will be supplied by lines.

] Numérou§ samples .will be taken during the shift for field
screening to control the process.

e Two additional samples will be taken évery process day (one for
clean materiz , one for waste material). The clean samples will
be composited for 1 wk to make one sample, which will be analyzed
using EPA Level IIT and .Level V analytical methods (EPA 1990).
The same will be done with the waste sample.

e 20% of the samples receiving EPA Level III analysis will be
validated (the number validated for 300-FF-1 characterization
work) .

When feasible, work will be performed by onsite employees.

Five factors were looked at in developing these costs. They were labor,
materials and consumables, utilities, analytical costs, and maintenance costs.
Overhead costs are not included. In addition, a 20% contingency was added.

14.1 LABOR

Labor is composed of two groups: those directly involved with the
operation of the plant and the support labor necessary for the day-to-day
operation. Table 14-1 details the expected direct labor personnel
requirements, and Table 14-2 details the anticipated requirements for support
Tabor.
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Two maintenance people will be required to perform preventive mainte-
nance on the plant and the equipment when they are shut down. These two
maintenance FTEs will also cover any electrical work required. The fuel truck
driver is included to fuel the equipment and to serve as a third maintenance
person.

14.2 MATERIALS AND CONSUMABLES

This section estimates the amount of materials and consumables that will
be used by a full-scale operation. Table 14-3 details the items considered in
this section.

Table 14-3. Materials and Consumables Costs.

Item '“EBE{:”{“'
Water for makeup ;Bd dJst control 7,000
Water treatment f]occuléﬁts 62,000
Laundry : 66,000
Safety equipment and supplies - 5,000
Signs, ropes, fences, etc. 5,000
Dust control equipment and supplies v 5,000
Tools 1,000
Garbage . 5,000
Miscellaneous materials (steel, timber, 10,000
etc.)

Total 161.—600 T

It is estimated that a full-scale plant that recycles its water will
require 265 L/min to feed the system. This is based on the amount of water
lost to the various piles during the test and adjusted for a 100-ton/hr
system. It is substantiated by the fact that during a visit to see the soil-
washing plant at the King of Prussia Site in New Jersey, site personnel stated
that their 25-ton/hr plant required approximately 76 L/min of feed water.

Based on the work done during the test, it is estimated that
approximately 189 L/ton of material processed will be required for dust
control. Some of this water goes on the material to be washed and some goes
onto the roadway where the equipment is traveling. That amounts to 314 L/min
for dust control.

Total water required to feed the plant would be 579 L/min. This amounts

to 42.58 million L/yr and will cost about $7,000 at city of Richland water
costs.
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The estimates used to establish the baseline operating parameters for
the water treatment system processing the water from the test give a cost of
approximately $0.50/ton of material processed for flocculents to treat water.

Laundry will cost approximately $6/person to dress out one time ($2/1b,
3 1b/set of whites). There are 14.5 FTEs, but not all will dress out every
day. Assuming that an average of 11 dress out four times per day for 250
days, that amounts to 11,000 sets/yr or $66,000/yr for laundry.

An estimate of $5,000/yr was made for safety equipment and supplies.
This covers ear plugs, safety glasses, hard hats, face shields, plastic pants
and coats, safety harnesses, instruments required by the site safety officer,
first aid kits, eye wash units, showers, etc.

A total of $5,000/yr was included for signs, ropes, and fences. This
may be higher for the first year and less after that, but $5,000/yr is
estimated.

For dust control, a sprinkler system would be =% up to pre-wet the
excavation area and roadways prior to the beginning or work. A total of
$5,000 wi incluc | to wer this mp s i, wh™ 11 T1ld lay on © ) of t
ground.

Garbage disposal costs for tape, paper, plastics, etc., are estimated to
be $5,000/yr.

For the operators to make adjustments to the equipment from time to time
and to clean the equipment as requ1red, a set of tools will be required. A
total of $1,000 is included.

As is the case with any operation, there are numerous miscellaneous
jtems that are not covered elsewhere. Therefore, $10,000 has been included
here for those items.

14.3 UTILITIES

This section addresses the costs related to the utilities that will be
needed during full-scale operation. Table 14-4 details these costs.

It is estimated that a full-scale system based on the plant utilized for
the test could require 260 kW in various motors. These would include
conveyors, vibrating screens, pumps, trommels, autogenous grinders, attrition
scrubbers, etc. The total estimated power required would be 260 kW/hr for
7 hr/day with a demand of approximately 260 kW for any 15-min period. A
figure of $0.035/kW-hr is used for the usage cost, plus $5,000 additional for
the demand cost for a total of $21,000/yr.
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14.5 MAINTENANCE COSTS
Maintenance costs anticipated for a full-scale operation are provided in

Tat 2 14-6.

Table 14-6. Maintenance Costs.

- Total Annual
[tem Cost, §
Parts 100,000
Tools 1,000 |
Miscellaneous (lubricants, solvents, |
rags, etc.) 20,000
lotal | 121,000

Parts for this co: analys: include conveyor belts, Toader tires,
replacement screens, belts, filters, hoses, pump impellers, and all other
miscellaneous parts that will be required to operate and maintain the plant
and associated equipment. This cost is strictly an estimate, since the test
did not Tast long enough to establish any baseline numbers. A figure of
$100,000/yr will be used.

A figure of $1,000/yr is included for tools. This is in addition to the
$1,000/yr for tools for e operators.

Another miscellaneous category includes lubricants and solvents. An
estimate of $20,000/yr is used.

14.6 COST SUMMARY

Combining individual costs, the entire cost for operating a full-scale
plant was determined. Table 14-7 shows a summary of this.

As can be seen from the costs in Table 14-7, the anticipated operating
cost for the full-scale soil-washing plant is $13.92/ton of material
processed. This is believed to be a conservatively high cost based on the
assumptions made and added contingencies. It is also anticipated that this
cost could be reduced by increasing the processing rate, increasing the numbs
of days of operation, and/or increasing the number of shifts worked per day.

It should be noted that there are additional costs for a project that
are not included in the operating costs. These include the capital costs
involved with the purchase, mobilization, and construction of the plant; the
cost for installation of electrical and water lines; costs associated with
hat ing and disposal of process wastes; and overhead costs for various
organizations involved. These items will need to be assessed in comparing
soi washing with other remedial alternatives.
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Activities, WHC-SD-EN-QAPP-001, Westinghouse Hanford Company, Richland,
Washington.
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APPENDIX A

PURGEWATER ACCEPTANCE STANDARDS
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DATA QUALIFIERS FOR ANALYTICAL DATA

Indicates that this constituent was analyzed for but undetected.

Indicates the value is less than the Contract Required Detection Limit
(CRDL) and above the Method Detection Limit (MDL).

Data can be used qualitatively, but regulatory decisions should not be
made on a single flagged data point.

Indicates holding time missed. Data can be used qualitatively, but
regulatory decisions should not be made on a single flagged data point.

ir **cates matrix interferent was encountered causing higher detection
Timts ~d false results in tne gamma scan analysis.
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000369

- TMA Inc. “CPORT Work Order # A3-06-092
ceived: 06/30/93 Resultz by Sample
4PLE 10 BOBNMNXO FRACTION C1C TEST CODE TCH1 NAME TCLP Herbicides Forw 1
Date & Time Collected 06/24/93 Category
gL 7 - T omes CIOES .
Sample Matrix (soil/water): WATER Lab File ID: AG12012
Leachate vol (mL): 100 TCLP Extraction Date: 07/07/93
Date Received: 06/30/93 Date Leachate Extracted: 07/09/93
Conc.Extract Vol.(mL): ~© Date Analyzed: 07/13/93
Injection Volume (ul): 1 ' Diluticn Factor: -5
Column [D: 0B-60F
— i
l RESULT PQL
CAS No. COMPOUND (mg/L) (mg/L)
94-75-7 | 2,470 | vo | 0.010
93-72-1 | 2,4,5-1p | NO | 0.0010

% RECOVERY SURROGATE COMPOUND

DCAA 93

FORM !
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Westinghouse Inter il
Hanford Company Memo
From: Geochemistry & Hydrochemistry

Phone: 376-3324

Date: December 3, 1993

Subject: DATA VALIDATION OF 300-FF-1 SOIL WASHING COLLECTED JUNE 1993

To: R. D. Belden

cc: J. C. Johnston
D. G. Horton

This report is to document the validation of 300-FF-1 Soil
Washing data collected during JUNE 1993. The validation was
based on WHC-CM-7-8 manual "Environmental Engineering and
Geotechnology Function Procedures” (WHC 1992) and the
"Annual Report for RCRA Groundwater Monitoring Projects at
Hanford Site Facilities for 1992" Append1x B DOE/RL-93-09
(DOE-RL, 1993a).

The data were collected, analyzed and processed in a similar
manner as the Resource Conservation and Recovery Act (RCRA)
groundwater monitoring projects. The analytical
laboratories utilized were Datachem Laboratory, Salt Lake
City Utah and International Technc )gy Analytical Services,
Richland, Washington. Data validation was performed by Ms.
P.B. Freeman, RCRA Sampling and Analysis Task Leader. A
electronic copy of the data is provide in both paradox and
lotus format. Hardcopies of data were provided prior to
this report.

Data validation consisted of seven parts:

a. 100% verification that requested data were received.
b. 100% verification that holding times wer meet.

c. 100% evaluation of precision with field duplicates

d 100% evaluation of potential sample contamination with

field blank data.

e. 100% evaluation of laboratory MS/MSD and surrogate data
through laboratory incident reports.

f. 100% evaluation of laboratory blanks.

g. 100% evaluation of data completeness.

The outcome of the validation:

Part a: All data requested were not received. Sample
numbers BO7C86 and BO7C87 were not received. These were for
VOA analyses only as they were Trip blank # 3 and Trip blank
# 4, respectfully.

Part b: All analytical holding times were not met. VOA
analyses for tI following sampies numbers exceeded required
holding times. These data have been flagged with "H"
validation flag. The H-flagged data can be used

Hanford Operations and Engineering Contractor for the US Department of Energy
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qualitatively, but no regulatory decisions should be made
based on a sii le flagged analytical result. The samnle
numbers are Bu,c77, B07C79, B07C80, BO7C81, BO7CB2, _J7CB3,
BO7C71.

Part c: s .
Evaluation of Duplicate data was performed using procedure
2.1 "Evaluation of RCRA Groundwater Field Duplicate and
Blank Sample Data" (WHC 1992) and using Appendix B (DOE-RL
1993).

There were two water matrix and three soil matrix duplicate
pairs evaluated. The water matrix paired : nple numbers are
BO7C71 with B07C72 and B07C76 with B0O7C85, respectfully.

The evaluation identifies constituents which exceeded a
required 25% relative percentage difference (WHC 1992) and
was above the 1imit of detection as defined in Appendix B
(DOE-RL 1993).

The evaluation of B0O7C71 and B0O7C72 identified one
constituent. The constituent is chloroform which was
analyzed by method SW-846 8240.

The evaluation of B07C76 and BO7C85 identified one
constituent. The constituent is barium which was analyzed
by method SW-846 6010. :

The soil matrix paired sample numbers are B07C31 with B07C68
B07C97 with BO7CB1 and BO7C11 with BO7C67, respectfully.

The evaluation of B07C31 and BO7C68 identifiéd four
constituents. The constituents are tin which was analyzed
by method SW-846 6010; Arsenic which was analyzed by method
SW-846 7060; uranium and radium-224 which were analyzed by
International Technology Analytical Services inhouse
methods.

The evaluation of BO7C97 and BO7CB1 identified ten
constituents. The constituents are aluminum, barium,
calcium, chromium, copper, nickel, sodium which were
analyzed by method SW-846 6010; lead which is analyzed by
method SW-846 7421; arsenic which is analyzed by method SW-
846 7060 and uranium which was analyzed by International
Technology Analytical Services inhouse method.

The evaluation of BO7C11 and BO7C67 identified nine
constituents. The constituents are antimony, barium,
chromium, copper, tin which were analyzed by method SW-846
6010; and uranium, cesium-137, lead-212, radium-224 which
were analyzed by International Technology Analytical
Services inhouse methods.

As a result of this evaluation all data associated with
these sample numbers and constituents are flagged with a
validation flag of Q. The Q-flagged data can be used
qualitatively, but not regulatory decisions should be made
based on a single flagged data point.
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Part d: Evaluation of field blank data was performed using
procedure 2.1 "Evaluation of RCRA Groundwater Field
Duplicate and Blank Sample Data" (WHC 1992)

and using Appendix B (DOE-RL 1993).

There were six water blanks collected during the June 1993
sampling. Results from two blanks were not received (see
part a). The blanks exceeding two times the method
detection 1imit (MDL) were flagged with a @ (WHC 1992). MDL
are defined in Appendix B (DOE-RL 1993). The sample numbers
for the water blanks are B07C73, B07C74, B0O7CB2, | 7CB3,
BO7C86 and B0O7C87. Only samples B07CB2 and BO7CB3 had one
constituent exceed two times the MDL. The constituent was
the same for each sample number and was methylene chloride
which is analyzed by method SW-846 8240.

As a result of this evaluation the above constituents
associated with the collect and analyze dates of - ese
sample numbers and constituents are flagged with a
validation flag of Q. The Q-flagged data can be used
qualitatively, but not reqgulatory decisions should be made
based on a single flagged data point.

Part e: There were three laboratory incident reports for
this data. One incident report consisted of a sa le
analyzed by v ong uranium in-house method and was reanalyzed
properly and reported without comment code. The other two
reports described matrix interference which caused higher
detection limits and false results in the gamma scan
analysis. The effected samples for the gamma scan are
flagged with a XYZ in the comment code. All the incident
reports are attached for information. Otherwise, no data
was found to have matrix spike, matrix spike duplicate or
surrogate samples exceeding laboratory acceptance criteria.

Part f: There were no "B" qualifiers associated with these
data, therefore no laboratory blanks exceeded laboratory
acceptance criteria.

Part g: The data completeness is determined after data
validation is completed and is calculated by the 1 mber of
unflagged divided by the total number of validated data
expressed as a percentage. The RCRA using a 80% acceptance
guidance. The )tal number of soil data are 1302
constituents and water data are 578 constituents. The total
unflagged soil data are 1256 constituents and water data are
421 constituents. The calculated completeness for soil and
water data are 96.5% and 73%, respectfully. The soil data
is within acceptable completeness criteria. The water data
is below accentable completeness criteria and may need to be
evaluated fun her for its regulatory uses.
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B.2 ANALYTICAL DATA FOR TEST #2
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Westinghouse Internal
Hanford Company Memo
From: Geochemistry & Hydrochemistry

Phone: 376-3324

Date: December 1, 1993

Subject: DATA VALIDATION OF 300-FF-1 SOIL WASHING COLLECTED SEPTEMBER 1993
To: R. D. Belden

cc: J. C. Johnston
D. G. Horton

This report is to document the validation of 300-FF-1 Soil
Washing data collected during September 1993. The
validation was based on WHC-CM-7-8 manual "Environmental
Engineering and Geotechnology Function Procedures” (WHC
1992) and the "Annual Report for RCRA Groundwater Monitoring
Projects at Hant 'd Site Facilities for 1992" Appendix B
DOE/RL-93-09 (DOt-RL, 1993a).

The data were collected, analyzed and processed in a similar
manner as the Resource Conservation and Recovery Act (RCRA)
groundwater monitoring projects. The analytical
laboratories utilized were Datachem Laboratory, Salt Lake
City Utah and International Technology Analytical Services,
Richland, Washington. Data validation was performed by Ms.
P.B. Freeman, RCRA Sampling and Analysis Task Leader. A
electronic copy of the data is provide in both paradox and
lotus format. Hardcopies of data were provided prior to
this report.

Data validation consisted of seven parts:

a. 100% verification that requested data were received..

b. 100% verification that holding times were meet.

C. 100% evaluation of precision with field duplicates

d 100% evaluation of potential sample contamination with

field blank data.

e. 100% evaluation of laboratory MS/MSD and surrogate data
, through laboratory incident reports.

f. 100% evaluation of laboratory blanks.

g. 100% evaluation of data completeness.

The outcome of the validation:
Part a: All data requested were received.
Part b: All analytical holding times were meet.

Part c:

Evaluation of Duplicate data was performed using procedure
2.1 "Evaluation of RCRA Groundwater Field Duplicate and
Blank Sample Data" (WHC 1992) and using Appendix B (DOE-RL
1993). :

Hanford Operations and Engineering Contractor for the US Department of Energy
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There were two duplicate pairs evaluated. The paired sample
numbers are BO7DX9 with B07DQ5 and B07DX8 with B07DQ4,
respectfully. The evaluation of BO7DX9 and BO7DQ5 resulted
in three constituents which exceeded a required 25% relative
percentage difference (WHC 1992) and were above the limit of
detection as defined in Appendix B (DOE-RL 1993). The three
constituents are copper, potassium and silver. All of these
were analyzed by ICP metal method SW-846 6010.

The evaluation of B0O7DX8 and B07DQ4 resulted in twelve
constituents which exceeded a required 25% relative
percentage difference (WHC 1992) and were above the limit of
detection as defined in Appendix B (DOE-RL 1993). The
twelve constituents are: total uranium, tetrahydrofuran,
barium, calcium, copper, magnesium, manganese, potassium,
silver, sodium, zinc and lead. Uranium was analyzed by an
inhouse method. Tetrahydrofuran was analyzed by method SW-
"7 8240. Lead was analyzed by method SW-846 7421 and the
it v e anal, " by method SW-i 1 6010.

As a result of this evaluation all data associated with
these sample numbers and constituents are flagged with a
validation flag of Q. The Q-flagged data can be used
qualitatively, but not regulatory decisions should be made
based on a single flagged data point.

Part d: Evaluation of field blank data was performed using
procedure 2.1 "Evaluation of RCRA Groundwater Field.
Duplicate and Blank Sample Data" (WHC 1992)

and using Appendix B (DOE-RL 1993).

There were two water blanks and two soil blanks collected
during the September 1993 sampling. The blanks exceeding
two times the method detection 1imit (MDL) were flagged with
a Q (WHC 1992). MDL are defined in Appendix B (DOE-RL
1993). The sample numbers for the water blanks are BO7DY0
and BO7DY1. Each sample had one the same constituent exceed
two times the MDL. The constituent was barium which is
analyzed by method SW-846 6010. The sample numbers for the
soil blanks are B07DY5 and BO7DY6. Each sample had the same
six constituents exceed two times the MDL. The constituents
were aluminum, iron, magnesium, manganese, barium and
calcium. These constituents were analyzed by method SW-846
6010.

As a result of this evaluation the above constituents
associated with the collect and analyze dates of these
sample numbers and constituents are flagged with a
validation flag of Q. The Q-flagged data can be used
qualitatively, but not regulatory decisions should be made
based on a single flagged data point.

Part e: There were not laboratory incident reports for this
data. Therefore, no matrix spike, matrix spike duplicate or
surrogate samples associated with these samples exceeded
laboratory acceptance criteria.

B.2-17



DOE/RL-93-96, Rev. 0

Part f: There were no "B" qualifiers associated with these
data, therefore no laboratory blanks exceeded laboratory
acceptance criteria.

Part g: The data completeness is determined after data
validation is completed and is calculated by the number of
unflagged divided by the total number of validated data
expressed as a percentage. The RCRA using a 80% acceptance
guidance. The total number of soil data are 1122
constituents and water data are 683 constituents. The total
unflagged soil data are 918 constituents and water data are
639 constituents. The calculated completeness for soil and
water data are 82% and 93%, respectfully. These data are
within acceptable completeness criteria.

References:

DOE-RL, 1993, Annual Report for RCRA Groundwater monitoring
Projects at Hanford Site Facilities for 1992, DOE/RL-
93-09, U.S. Department of Energy, Richland Operations
Office, R" "I 1d, Washington.

WHC, 1992, Environmental Engineering and Geotechnology

Function Procedures, WHC-CM-78, vol. 4, Westin 1iouse
Hanford Company, Richland, Washington.

P. B. Freeman
RCRA Sampling and Analysis Task Team Leader
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B.3 ANALYTICAL DATA FOR WATER TREATMENT
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DATA QUALIFIERS FOR ANALYTICAL DATA
FOR WATER TREATMENT SAMPLES

Indicates that this constituent was analyzed for but
undetected.

Indicates there is greater than 25% differ: ce for
detected concentrations between the two Gas
Chromatagraph columns. The lower value is
reported.

Indicates the result reported is below the
contract quantitation limit.
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