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EXECUTIVE SUMMARY

The Washington State Department of Ecology (lead agency) and the U.S. Environmental
Protection Agency (support agency) recommended that the U.S. Department of Energy
perfc 1 an expedited response action (ERA) for the Sodium Dichromate Barrel Disposal

Landfill.

The ERA goal is to reduce the potential for any contaminant migration from the landfill to
the soil column, groundwater, and the Columbia River. Because the Sodium Dichromate
Barrel Disposal Landfill is the only waste site within the operable unit, this removal action is

the final remediation of the 100-IU-4 Operable Unit.

The Sodium Dichromate Barrel Disposal Landfill is located in a small depression between the
100-D and 100-H Areas. The landfill was used in 1945 for disposal of crushed, empty,
sodium dichromate barrels. The 100-IU-4 Operable Unit is a source operable unit; the

groundwater beneath it is included in the 100-HR-3 Operable Unit.

This ERA process started in March 1992. The ERA proposal went through a parallel review
process with Westinghouse Hanford Company; the U.S. Department of Energy, Richland
Operations Office; the Environmental Protection Agency; Washington State Department of
Ecology; and a 30-day public comment period. The Washington State Department of
Ecology and Environmental Protection Agency issued an Action Memorandum in March

1993. The memorandum directed excavation of all anomalies and disposal of the collected
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materials at the Hanford Site Central Landfill. Primary field activities were completed by
the end of April 1993. Final waste disposal of a minor quantity of hazardous waste was

completed in July 1993.

A total of 144 anomalies and 11 subsurface zones were inspected and excavated. Various
homestead debris (wire fencing, wooden posts, and other miscellaneous debris) and about

5,000 crushed barrels were removed and transported to the Hanford Central Landfill.

Besides containing crushed drums, four zones included some loose asbestos, one crushed
drum full of asbestos, two 5-gal roofing tar cans, a 12-volt vehicle battery, one empty paint
can, and used oil and grease containers (about 0.5 gal total). These materials were placed in
three 55-gal drums and sent to an offsite hazardous waste disposal facility permitted to
receive hazardous materials. The loose asbestos and asbestos drum went to the Hanford
Central Landfill asbestos disposal section. Because the cleanup activities removed all

hazardous substances, the site is clean and available for unrestricted land use.

The field screening and offsite laboratory results did not identify any chromium(VI) and total

chromium levels that constituted a hazardous condition.

The "Model Toxics Control Act" (Washington Administrative Code 173-340-740) Method A
chromium cleanup level for soils is 100 mg/kg or 100 ppm. Because sample results are
below regulatory cleanup limits, a risk assessment is not necessary. All suspected hazardous

substances above cleanup standars have been removed from the site and there is no
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significant risk to the public health or the environment. This meets the requirement for "No
Further Action" under Comprehensive Environmental Response, Compensation, and Liability

Act guidance.
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1.0 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) and the Washington State Department of
Ecology (Ecology) recommended that the U.S. Department of Energy (DOE) perform an
expedited response action (ERA) for the Sodium Dichromate Barrel Disposal Landfill. The
ERA lead regulatory agency is Ecology and EPA is the support agency. The ERA was
conducted in accordance with the applicable sections of Title 40, Code of Federal
Regulations, Part 300, Subpart E (EPA 1990), the Hanford Federal Facility Agreement and
Consent Order (Part 3, Article XIII, Section 38) (Ecology et al. 1991), the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), the Resource
Conservation and Recovery Act (RCRA), and the Washington Model Toxics Control Act
MT™V).

The ERA was categorized as nontime-critical (Ecology et al. 1991), which required
preparation of an engineering evaluation and cost analysis (EE/CA). The EE/CA, which was
included in the proposal, is a rapid, focused evaluation of available technologies using
specific screening factors to assess feasibility, appropriateness, and cost.

The ERA goal is to reduce the potential for any contaminant migration from the landfill to
the soil column, groundwater, and the Columbia River. Because the Sodium Dichromate
Barrel Disposal Landfill is the only waste site within the operable unit, the removal action is
the final remediation of the 100-IU-4 Operable Unit.

This RA process started in March 1992. The ERA proposal went through a parallel review
process with Westinghouse Hanford Company (WHC), DOE Richland Operations Office
(RL), EPA, Ecology, and a 30-day public comment period. Ecology and EPA issued an
Action Agreement Memorandum in March 1993 (Appendix A). The memorandum directed
excavation of all anomalies and disposal of the collected materials at the Hanford Site Central
Lanc 1l. Primary field activities were completed by the end of April 1993. Final disposal
of a minor quantity of hazardous waste was completed in July 1993.

2.0 REMEDIATION DESCRIPTION

2.1 LOCATION AND PHYSICAL DESCRIPTION

The 100-IU-4 Operable Unit consists of the Sodium Dichromate Barrel Disposal Landfill
located in a small depression between the 100-D and 100-H Areas (Figure 1). The landfill
was used in 1945 for disposal of crushed, empty, sodium dichromate barrels. The 100-IU-
Operable Unit is a source operable unit; <~ groundwater beneath it is included in the 100-
HR-3 Operable Unit.
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Figure 1. Sodium Dichromate I'-—el Landfill Site Map.
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Historical documentation for the site (dimensions, disposal records, and waste volume) is not
available. The Waste Information Data System (WIDS) (WHC 1991) assumes that the
crushed barrels contained 1% residual sodium dichromate at burial time and that only
crushed barrels are buried at the site. Burial depth is shallow; visual inspection reveals
barrel debris on the surface.

Limited character” tion activities (DOE-RL 1993) confirmed the presence of the barrels. A
variety of homestead debris (tin cans and wire) was also found on the site. The overall area
of immediate concern is approximately 1,540 by 300 ft. Site geophysical characterization
identified approximately 144 isolated anomalies plus 11 major anomalies referred to as zones.
These zones have a pc* 1tial for high concentrations of buried debris (Figure 2).

2.2 CONTAMINANTS OF CONCERN

Based on site radiological surveys, the work area is considered nonradioactive. From the
WIDS, the primary hazardous constituents of concern are chromium(VI) and total chromium.
Site sample data from limited characterization do not indicate elevated levels of chromium
above regulatory cleanup levels.

During removal activities, small quantities of asbestos, waste oil and grease containers, a
paint can, roofing tar, and a discarded battery were found. These were disposed of as
hazardous waste.

2.3 ACTION MEMORANDUM

The Action Memorandum (Appendix A) required excavation of all anomalies and disposal of
the materials at the Central Landfill (Alternative C).

2.4 HAZARD REMOVAL ACTIVITIES

Anomaly excavation activities began on March 17, 1993, and ended April 26, 1993.
Conventional earthmoving equipment (trackhoe, small backhoe, water truck, and dump truck)
were used to exhume the landfill and transport the excavated debris to the Central Landfill.

A total of 144 surface anomalies and 11 subsurface zones (identified by ground penetrating
radar) were inspected and excavated. A small backhoe excavated the 144 anomalies. The 11
zones were excavated by a large trackhoe. Geological formations (compacted gravel and
cobble layers) and homestead debris were found at seven of the zones (A, B, F, H, I, J and
K), and at 118 anomalies.
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Four zones (C, D, E, and G) and twenty-six anomalies contained crushed, empty sodium
dichromate barrels. The zones were excavated to a 7-ft depth before undisturbed soil was
found. Buried drums were scattered throughout the zones. The typical anomaly depth did
not exceed 4 ft and usually consisted of one or two buried drums. Various homestead debris
(wire fencing, wooden posts, and other miscellaneous debris) and about 5,000 crushed
barrels were removed and transported to the Hanford Central Landfill.

Besides containing crushed drums, the four zones included some loose asbestos, one crushed
drum full of asbestos, two 5-gal roofing tar cans, one empty paint can, a discarded 12-volt
vehicle battery, and used oil and grease containers (about 0.5 gal total). These hazardous
materials were placed in three 55-gal drums and sent to an offsite hazardous materials
disposal facility. The loose asbestos and a drum of asbestos went to the H ~“ord Central
SR T for ;

Soil samples collected during the cleanup activities were analyzed for chromium(VI) and to
chromium. The zone sample locations used a 30- by 30-ft grid with samples collected at the
excavation bottom. Zone samples were collected from about the center of the backhoe
bucket for excavated sites (>4 ft deep). The anomaly soil samples were collected directly
underneath the barrel(s). Each soil sample collection was homogenized in a clean, stainless-
steel bowl before its placement in sample bottles.

3.0 SAMPLE RESULTS

The soil samples were analyzed by a variety of screening methods and offsite laboratory
methods for chromium(VI) and total chromium. The objective of using a variety of methods
was to demonstrate the effectiveness and response time of screening methods relative to
offsite laboratory analysis and to provide a basis for comparison of the various methods.
Normally, offsite laboratory analysis results are not available for at least a month after

samj : collection. Demonstrating the effectiveness and accuracy of field screening methods
would allow for timely field activity adjustments to changing conditions.

3.1 FIELD SCREENING

Several field screening analytical methods were used. One method was carried out onsite
immediately after sample collection, and others were carried out at various onsite laboratories
on a fast-turnaround basis. Each method is briefly summarized below. Results of each
method are summarized in Tables 1 and 2 (QA spikes), and Figures 3 through 6.
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3.1.1 Screening Method A: Fast Turnaround for Chromium(VI)

This method uses a modification of the EPA toxicity leach procedure (EPA 1986, Method
1310) followed by colorimetric determination of chromium(VI) in solution by the
diphenylcarbazide method. The colorimetric determination is a modification of EPA Method
7196. First, a 10-g aliquot of soil was weighed out and added to 160-mL of water in a glass
jar. The sample was acitated and the pH was checked. If the pH was >5, 0.5-N acetic acid
was added dropwise tc ittain a pH of 5. The pH was checked at intervals for 6 hr and
carefully adjusted to 5 _s necessary. After a total agitation time of 16 hr, the leachate was
filtered through a 0.45-« filter, and the diphenylcarbazide reagent was added to a 25-mL
aliquot. After a 5-mir olor development time, chromium(VI) content was determined using
a spectrophotometer to measure absorbance at 540-nm, following the manufacturer’s
procedures.

~1.2 ¢ ] Fast T 1 for C*~omium(VI)

In this method, 1 g of ->il was added to 100 mL of water and placed in an ultrasonic bath
for 2 hr. The sample as allowed to stand for an addi-tional 2 hr before filtration with a
0.45-p filter. Acid anu diphenylcarbaz-zide were added. After a 10-min color development
period, chromium(VI) concentration in the extract was determined with a spectrophotometer.

3.1.3 Screening Met )d C: Water Leach for Soluble Chromium(VI) in Soil

WHC developed this method specifically for onsite determination of water-soluble
chromium(VI) in soils. It is intended as a field screening method for sites where sodium
dichromate is listed as the contaminant of concern.

A 20-g aliquot soil sar--le was weighed out in "as-received" condition and added to 40-mL
of water in a 2-0z, wi -mouth glass jar. A Teflon'-coated stir bar was added and the jar
was placed on a hotplate/stirrer unit with the heat set at "low" and stir set at "high" for 15
min. At the end of the 15-min extraction period, the soil/water mixture was allowed to settle
for a few minutes and then filtered with a 0.45-u filter. In a disposable beaker, 10-mL of
the resulting filtrate was added to deionized water to a total volume of 25-mL. A reagent
(diphenylcarbazide with buffer) pillow was added and the mixture was stirred well with a
disposable plastic stir rod. After a 10-min color development period, the solution was
analyzed using a filter photometer. The result obtained with the filter photometer was
corrected to account for dilution and reported as parts per million chromium(VI).

'Teflon is a tradename of E.I. du Pont de Nemours & Company.

6
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»uble 2. Sodium Dichromate ERA Cleanup Activity
QA Spike Data Table.

Chromium(VI), ppm

Sample
Sample Value Method A Method B Method C

S10 0.5 0.49 0.24 0.2
S11 0 0 0.146 0
S12 0.25 0.21 - 0.273 0.2
S13 2.50 2.3 0.788 1.2
S14 1.00 0.98 0.433 0.6

5 5.00 4.7 1.67 4.0
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Figure 5. Field mononasw Chromium(VI) Spiked Sample Results.
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Figure 6. Total Chromium Sampling Comparison.
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3.1.4 Screening Method D: Chromium(VI)

In this method, 1 g of soil and 1-mL of demineralized water were placed in an ultrasonic
bath for 10 min. Following the ultrasonic mixing, the sample was centrifuged for 10 min.
A 100-uL ali 10t was transferred to a polypropyl-ene film and evaporated to dryness. The
sample was then analyzed for total chrome by x-ray fluorescence (XRF). The assumption is
that only soluble chromium(VI) will be transferred to the film.

3.1.5 Screening Method E: Total Chromium

The soil samples were processed and analyzed by XRF spectroscopy. Five hundred
milligrams of the as-received sample were air dried, ground to about 300 mesh, and mounted
in 35-mm slide holders between two sheets of 0.25-mil polypropylene for XRF. Total
chromium was  =rmined usi iron and zirconium secondary targets.

3.2 OFFSITE LABORATORY ANALYSIS

In addition to the above chromium(VI) and total chromium field screening and rapid
turnaround analyses, confirmatory samples were submitted to offsite laboratories for analysis
using EPA Method 7179 for chromium(VI) and EPA Contract Laboratory Program (CLP)
protocols for total chromium (see Table 1).

A composite sample of all collected waste oil was analyzed for waste designation purposes
using CERCLA CLP inductively coupled plasma (ICP) metals (e.g., lead, selenium, arsenic,
and mercury) and polychlorinated biphenyls.

The paint material was analyzed for ICP metals (including lead, selenium, arsenic, and
mercury).

3.3 SAMPLING CONCLUSIONS

The field screening and offsite laboratory results did not identify any chromium(VI) and total
chromium levels that constituted a hazardous condition.

An acceptable field screening method should be cost effective and accurate and should
provide timely response in expediting cleanup actions.An accurate comparison of the various
screening methods is not possible because the chromium(VI) levels were at or below
instrumentation detection limits.

The MTCA Method A chromium cleanup level for soils is 100 mg/kg or 100 ppm. Because
s~—-le results are below regulatory cleanup limits, a risk assessment is not necessary; health
risk at the limit is neg gible.

14
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The waste oil and paint results were used to designate the hazardous waste disposal process
required to dispose of the three hazardous waste drums filled during excavation activities.

4.0 COST ANALYSIS

Table 3 compares the total ERA project budgeted costs to actual costs with net savings. The
net savings is $214,000.

5.0 RECOMM....\DATION

The 100-IU-4 Operable Unit is ready for unrestricted land use. This meets the requirement
for "No Further Action" under CERCLA guidance.

Table 3. Sodium Dichromate ERA Cost Analysis.

ERA Activity Budget Costs Actual Costs Net Savings
(thousands) (thousands) (thousands)
Site Characterization
| Labor $132.0 $102.9 $19.1
Materials and Supplies 18.5 1.7 16.8
Administration 206.4 95.0 111.4
Analytical Services 10.0 12.5 _ "3
Subtotal 366.9 212.1 144.8
ERA Proposal
Labor 64.5 40.3 24.2
Materials and Supplies 10.5 5.0 5.5
Administration 66.3 42.7 23.8
Subtotal 141.3 88.0 53.5
Cleanup Implementation
Labor 146.3 138.8 7.5
Materials and Supplies 21.4 22.9 - 1.5
Administration 163.7 167.8 -4.1
Analytical Services 72.1 57.7 14.4
Waste Disposal 18.1 18.1 0.0
Subtotal 421.6 405.3 16.3
Total 929.8 705.4 214.6

15
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In addition to Sodium Dichromate Barrels, ths site alsa includes
homestead surface debris, barbed and fencing wira, scove pipes. and
various tin cans. The site may have been used &s a general lapdfill.
Burial dapth is shallow sinece visual Inspection finds large amounts of
barrel debris on the surface. The limfted f£ield investigation also
proved the dapth of burial (s arcund 6.5 feet. The site is rectangular
{u shape, and Ls abour 1,500 feet long by 300 feet wide. Tha fimmediate
area surrounding tha site still shows avidance of its ozriginsl
agriculrural usge; f£ileld rows are noticeable on the west perimecar.

Chroemium (Cr) exists in che 100-HR-3 Opersbla Unit area groundwacer, bu:z
this site is met the suspected source. Groundwater sarples from the
site’'s monitoring well (699-93-46) do not report detactable levels of
chromium. The groundwat - dapcth £s 29 feat. Site radiacion survey

" 7" Te that radlatiou levelsg ara not {n axcess of the natural

..... . dund levels, e site cor bara pacches (most in
cizcular shape with diametsrs £rom anocuc ovne foot to tan feet)
surrounded by “healthy" cheat grass. A Harford S{i+ survey ideantified
areas containing this “natural phenomena® at several other localicies.

B. te Chs zeriszac

Sice characTerizacion sctivicies included tvo geophysical, nonintzusive,
ground-penetrating radar and alectromagmatic induction surveys., suriace
debris collection, sampla trenches, szample pit, and soil sampling.

Tha first geophysical survey identified many subsurface anomalous zones.
Tha survay l{dentifiad the need te remove tha surface debris (about 4l
bazrels and homestead dabris) vhich interfersd with the survey. Field
sereening and offsice laboratory analysis sample collection cecurzed
during surface dabris cleamup. The second geophysical survey provided
moze detail, cleazear anomaly delineation, and dztection of abouz: lés
small and large anomalies. The survey {ncerpreted most of these as
.metallic debris. 3Based on survey rasulcts, limited field investigations
vers carried out.

Two sample treaches and one sampla pit were dug zo confizn the survey
findings. Numersus czrushed drums were found Te a depth of about 6.5
feat in both the treaches. A ‘crushed drum with the wording "Sodium
Dichromate Crystals™ still legible vas discovearad in trench 2.

Soil samples were collacted from the surface, Two test trenches, and one
tegt pirt. Also during surface debzis clsanup, surface samples wers
¢btained for analysis, The samples were sither field screenad for Cr+6
and total Cr or sent €0 ao offsita laberatory. for analysis for Cr, Cr+é

&nd gamca emitting radiomuclides.
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All samplas were field su:ve)ed for tadiation. The field instruments
did not detact any radiation levels and showed detectable Cr+6 levels of
less than five ppm. Laboratory analysis shows & maxfzua concentzation
of total Cr at 56.3 ppm and 15.6 ppm of Cr+6.

IIX. THEREAT T0 PUBLIC HEALTH OR WELFARE OR THE ENVIRORMENT

A. Pxegent Condizions

Limived fle! {uvestigations were carried cut in the Scdium Dichroma:
Barzel lLandfill. Th' ) sre abour | anomalias, . full scale
iovestigation of a large number ¢f these anomalies 1 yeT To da cs .ed
out te determine all che contents of these anomalies. Historical
documentation for ~: site (usaga d weste type, waste volume) {s not
avallabla., WIDS 1992, assumes that che crushed barrel contained 1X
reslidual sodfunm dichremate 3t the burial time and that only erushed
barrel were buried at che sitse. This assumption seems to be correcT as
evidenced from ths limfted field invastigation of excavation of two test
trenches, vhich revealed numerous crushed drums in the trenches. Only
one crushed drum with che wordirg "Sodium Dichromate Crysctals® still
legible was discovered in trench No. 2. However, the entvire site camnot
ba assuzed to be the saze dasad on this limitved flald i{nvestigaticn.

Tha sample analysis results are well below the Model Contrel Toxic Act
(HTCA) Residentisl Soil Clean-up chrom{um standaxrd aof 100 ppm. However,

"ic is teo early to cencluds that cheres is no ¢’ ~3at or danger to the

public health or environmenc frem contaminants &t the site without full
investigation of all the ancmalies. The ERA's goal is to achieve clean
closuze and unrestricted use of land. Public comments ara im faver of
complecte removal of these drums £rom the sice.

and ro Requirements

The ERA will be conducted in gecordance with 40 CFR 300, Subogrt E; th
Hanfopd Federal Fac{lisv Arreement and Cornsasnt Order (Part 3, Arcticle
XIII, Sectiocn 38); the rehepsive EZnvi tal Response Co at
and Lir>*7¢"v_Act of 1980 (CERCLA), and the State of Washington MXodel

Toxigg - -———7l Agt (MICA, Chaptar 173.340 WAC).
IV. ZPROPOSED ACTION AND ESTIMATED CQS$TS

Westinghouse Hanford Company (WHC), zs che USDOE contracter, prapared an
engineering evaluation/cost analysis (EE/CA) concerning techmologies
that wers applicable to the Sodium Dichromatns Barrel Landfill. The
propossal was submitted to the EPA d Vashingron Stata Department of
Eeology (Ecology) by USDQOE for parallel review, and was alsc Jade
available for public comment for the period of thirty (30) 4ays. The
EE/CA propesad thrae rezedial action alternatives. They are: Ne-Action
Alternazive, Sample All Anomalies, and Excavate and Dispose AT Centzal
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Landfill, Ten (10) public commeats were rezeived, Iincluding comments
fzor Confederated Tribes and Bands of the Yakimas Indian Nation. Ome
public comment gupported 1 "me actfon alternative," while the majoricy
(sbout 70% of che total response) opted for total excavation and remeval
of barrels from the site. The rest of the public comments were deemed
net relevant. The folloving proposed altermatives were evaluatsd.

A. No Actiop - The very limited nature of the fiald sctivicy doss not
Justify the action. Also, the existing sampling data is not sufficient
for Ecolegy ragulacrsrs to support this alcternacive.

B. =mple "°° ‘~omalies - The purpose of sa=zpling all anomalias (about
144) is To ryztaer eo ~° . that the slte contalns no regulated hazardous
vaste. Sample collec v'il require small backhoe and dust control
devices. All excavated debris will be reburied where i1, The 3T
type will be visually idenciffed at each anemaly locacion. If the
anomaly is & crushed drnum(s), sample collection will be for fleld
screening and offsite laboratory analysis. If the anomaly is homestaad
debris, no sample collection will occur. UWhen all the analysis rasults
are received and show that ths site is contaminant free, all maps will
be upgraded. A nots will be added that the site contained burfad
crushed drums and that Gr and Cr+6 levels are vithin background lavels.
Reseeding of the disturbed sample arsas will be done. The torsl cost
for this alterative 1s estcimated at $288,990.

This altsrnacive will confimm whether che sita contains any ragulated
bazardous vaste. The sampling will also require total screening for
mectals and organics, and analysis for salscced sazples. Ths cost is much
.higher than the third alternativa of total excavarion and removal.

Alse, this option does not address future problem(s) that may ariss.

The public comments are against this optfon. This option does not maet
the original intant of the ZRA, vhich is clean closure of the sites.

C. Excavate and Digpose AL Gentpal Lapndfill - Thiz altermative involves

axcavatien of xll anomalies, placing the debris in dump crucks and
disposal at the central landfill., Sample collection will occur if
discolored gell or debris other than crushed drums or homestead types
appear during the excavations. Area stabilization and reseeding will
follov excavatfon. The total cost ig estimatsd at $192,140. The
cleanup activity will take about six (8) weeks, depending on weather
conditic

This altermative i{s technfcally fecasible and cost effective. It will be
effnctivg in meeting the FRA goal by zemoving all potential

contd “aation. Thia aecidén {3 also the preferred alternmative by the
public, and may allow unrsascricted use of the land. Confirmztory
sarpling must occur to shevw cthac the sgita is clean.
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Iz entatie
Laber................... Ceeerea §45,400
Materials and Supplies............ 5,000
Anglytical Services............... 15,400
Equipment Leasing................. 18,000
Central Tandf{l]......... Ceereeeae 54,000
Engineering and Admiafscracien.... 10,000
S ] §'T """
34 R P eecasonencsananns
TOTAL .............. feeraeeearaan 2432140

V. RECOM —IDATION

This decision document recommends the excavation of all amomalfes and
disposal of the naterizls at the cenctral landfi{ll (Opticn C) far the
Sod{um Dichromate Barrel Landfill of the USDOE Hanford Sfce in Richland,
WA. This decigion vas developed in accordance wich CERCLA as amended by

the Super? Ame d Rezuthoz t! (SARA), and to the
extent practicable, the Ngriopal Copgingegey P . This decislen

is based on the adminiscrazive racord for this projaet, Because
copditions at the si{te meet the NCP section 300.415(b)(2) criteria for
action, It is recommended that the preferred alternmative be approved.

If you have any further gquestiecns, please contact Dave Nylande. ac

(509)736 3000.

Randall F. Smith, Director

Roge¥ Scanley, Program Man
Prograz Hazardous Wasts Divisien Waste

Nuclear & Mixed Waste .
Washington State Depc. Ecolegy Y. S. Environmental Protection
Agency, Region 10

RS:2

it Roberxt K. Stewart, USDOE
2aul Day, EPA
Paul Beaver, EPA
Dave Jansen, Ecology
Dave Ny~ der, Ecology
Darel Teel, Ecolegy
Dibd Goswami, Ecology
Adainistracive Record (Sodium Dichromate ERA)"
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