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WELDON SPRING SITE REMEDIAL ACTION PROJECT-SECOND FIVE-YEAR REVIEW DEf30m

EXECUTIVE SUMMARY

. The second five-year review of the Weldon Spring Site Remedial Action Project in St
! : Charles, Missouri was completed in June 2001, The results of the five-year review indicate that
: ' the remedies are expected to be protective of human health and the environment. Overall, the
remedies at the four operable units at the Weldon Spring Site Remedial Action Project are
functioning as intended. The four operable units include (1) the Guarty Bulk Waste Operable
Unit, (2) the Chemical Plant Operable Unit, (3) the Quarry Residuals Ope:rable Unit, and (4) the
‘Groundwater Operable Unit.

Quarry Bulk Waste Operable Unit; The remedy for the Quarry Bulk Waste Operable Unit is

protective of human health and the environment. This remedial action was completed in June
1996. The action consisted of excavating the bulk waste from the quarry and placing them in
controlled temporary storage pending a final decision on waste disposal as documented by the
Chemical Plant ROD (Ref. 8). Excavating the wastes from the quarty and placing it in

3 controlled storage mitigated the potetitial for exposure through direct contact with the waste

Al materiat and removed the source of ongoing contaminant migration to groundwater. The final
remedy for the quarry including groundwater is being addressed through the Quarry Residual
Operable Umt

Chemical Plant Operable Unit: The ROD for the Chemical Plant Operable Unit was issued in
September 1993. The remedy for the Chemicai Plant Operable Unit consisted of the following ..

main components:

» Dredge sludge from the raffinate pits; excavate sediment from Frog Pond and Ash Pond; and
excavate soil from specific locations on site and vicinily properties off site;

» Dispose of material stored at the temporary facilities on site (including bulk waste excavated
from the quarry and chemical plant area, and building material from the chemical plant area);

o Treat raffinate pit materials by chemical stabilization/solidification (C88};

» Dispose of treated and untreated contaminated materials in facility designed and cnnstruoted
specifically for the Weldon Spring Site wastes.

The Chemical Plant Operable Unit rernedial action is substantially complets, The source
areas have all been remediated and cenfirmed to cleanup criteria which support smticipated land -
use. The disposal cefl was closed on June 5, 2001, and the only field activities remaining are
completion of the cell cap and final grading and seeding. Long term monitoring of the cell and
the site will be conducted as described in the Long Term Monitoring and Maintenance Plan for
the Weldon Spring Site (Ref. 67). The remedy for the Chemical Plant Operable Unit is expected
to be protective of human health and the environment.
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Quarry Residusls Operable Unit: The ROD for the Quarry Residuals Operable Unit was issued
in September 1998, This response action follows up the Quarry Bulk Waste remedial action and
constitutes the finai remedy for the Quarry area. Residval contaminated soil has been removed
from the quarry proper and backfilling of the quarry is vnderway, eliminating any remaining

. potential for exposure through direct contact with soil or waste material. Final reclamation of the

auarry will be completed in 2002. In conjunction with this action, assessments were performed

to evaluate the risks associated with potential exposure to contaminated surface water, sediments,
and groundwater in the vicinity of the quarry. The results indicate that residual conditions in the
quarry area are protective of public health and the environment under current and reasonably

" anticipated Tuture uses, - Although not a threat under existing-conditions, the contaminated

groundwater is in proximity to a drinking water source, and long-terrn momnitoring will be
performed to assure conditions remain protective. The rauwdy is expected to be protective.of
hurnan health and the environment.

Groundwater Dnerable Unit: The fina! remedy for the Groundwater Operable Unit has not been

~gelected at this time. The interim ROD for the Groundwater Operable Unit was issued in

September 2000 and only addressed the active remediation of the trichloroethylene impacted
groundwater at the chemical plant. This remedial action is in the design stages, with actual field
work planned to begin in the fall of 2001. To support the final GWOU RCOD, studies of pump
tests, including some with artificial recharge, were conducted in the Spring/Summer of 2001.
The results of these studies wﬁl lead to the final ROD for the groundwater operable unit.

The putenttal threats to public health are based on hypothetical exposure through usage of

| grdundwater as drinking water. -The groundiwater is expected to be protective of human health

and the environment under current and expected use. If contaminants remain in the groundwater
shove health-based levels, use will be testricted and long-term monitoring and surveillance will
be conducted. -
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ABSTRACT

: The second five-year review of the Weldon Spring Site Remedial Action Project in 51,
Charles, Missouri was completed in June 2001. The results of the five-year review indicate that -
the remedies are expected to be protective of human health and the environment. Overall, the
remedies at the four aperable units at the Weldon Spring Site Remedial Action Project are :
functioning as imtended. The four operable units include (1) the Quarry Bulk Waste Operable -
Unit, (2) the Chemical Plant Operable Unit, (3) the Quarry Residuals Operable Unit, and (4) the
Groundwater Operable Urit. '
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WELDON SPRING SITE REMEDIAL ACTION FROJECT SECOND FIVE-YEAR REVIEW

1. INTRODUCTION

1.1 Authorify Statement and Purpose

The U.S. Department of Energy (DOE) has conducted a second five-year review of the
. remedial actions implemented at the Weldon Spring Site Remedial Action Project (WSSRAP) in
St. Charles County, Missouri, This review was conducted from January 2001 through June
2001. This report documents the results of the review and has been prepared in accordance with
the Environmental Protection Agency (EPA) draft guidance document, Comprehensive Five-
Year Review Guidance, (Ref. 1). '

The first five-year review, The U.S. Department of Energp Five-Year Review (Type la)
(Ref. 5) was completed in June 1996. This was the initial review to ensure that the remediai
actions established in the Record of Decision for Management of Bulk Wastes ai the Weldon
Spring Quarry (Quarry Bulk Waste RODY) (Ref. 6} and Record of Decision for the Remedial
Action at the Chemical Plant Area of the Weldon Spring Site (Chemical Plant ROD) (Ref. 8)
remained protective of human health and the environment. As directed by the EPA gnidance
existing at that titne, it was designated as a Type la review, applicable to a site at which a
response was ongoing. The above-referenced draft guidance eliminated the system of review
levels presented in previous five-year directives.

This five-year review encompasses all four operablé units that have been designated part
of the remedial action at the WSSRAP. This includes (1) the Quarry Bulk Waste Operable Unit
which had its ROD issued in September 1990, (2) the Chemical Plant Operable Unit, which had
its ROD issued in September 1993, (3) the Quarry Residuals Operable Unit (QROU), which had
its ROD issued in September 1998, and (4) the Groundwater Operable Unit (GWOU), which had

an interim ROD issued in September 2000. Although the remediel actions for the QROU and the
GWOU have not been operational for five years, they are included in this five-year review. The
- draft EPA guidance states that “Fwe-year reviews should address all-operable units (GUs} and
remedial actions for which there is a ROD or Action Memorandum™ and “An entire site is
subject to a statitory review if any of its remedia} actions is subject to a statutory review.” Also,
for organizational and practical reasons, it is logical to conduct the five-year review on the four
operable units at the same time.

The purpose of five-year reviews is to detetining whether the remedy at a site is expected
to be protective of human health and the environment. Where a site has remedial actions that are
still under construction or ongoing, a five-year review should confirm that immediate threats
have been addressed and that the remedy will be protective when complete. The main purpose
of the five-year review is nos to reconsider decisions made during the selection of a remedy, but
1o evaluate the implementation and performance of the selected remedy. The methods, findings,
and conclusions of reviews are documented in five-year review reports. In addition, five-year
review reports identify deficiencies found during the review, if any, and recommendations to
address them,
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Five-year reviews are required by statute. They must be implemented consistent with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). CERCLA Section
121(c), as amended, states: )

If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such remedial
action no iess often than each five years after the initiation of such remedial action to
ensure that human health and the environment are being protected by the remedial action
being implemented. '

The NCP Part 300.430(f)(4)(ii) of the Code of Federal Regulations (CFR) states:

If a remedial action is selected that resuls in hazardous substances, pollutants, or
contaminants remaining at the site above levels that allow for unlimited use and
unrestricted exposure, the lead agency shall review such action no less often than every -
five years after the initiation of the selected remedial action.
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WELDON SPRING SITE REMEDIAL ACTION PROJECT SECOND FIVE-YEAR REVIEW

2. CHRONOLOGY

Following is a chronclogy of the Weldon Spring Site Remedial Action Project.

EVENT - ' DAIE

Army ordrance works begins operations _ 1841
Army begins burring waate and dumping rubble 1942
Army erdnance works ends aperstiong _ 1945
‘Majority of ordnance works property fransfemed to Stale of Missour 1848
Army stops quarry activity ' 1848
Chemical plant site fransferred to AEC ' 1966
Uranium fzed materials plant operations begin I 4958
AEC acquires quarry fille ' 1958
AEC begins waste dispossl In guamy 1963
Uranium fesd materials plant operations end 19656
Chemical plant site transferred o Army 1867
AEC stops waste disposal af quamy _ 1967
#nmy staris waste disposal at quamy ]
Amny begins damntammntmg buildings and remnwirg sguipment at chemical plant 1988
AEC siops waste disposal in quamy 1868

| Army transfers raffinate pite to AEC 117
DOE desipnates Weldon Spring Site Remedial Aclion Project as a Major ijact 1885

| The Prime Management Contracter {PMC} is selectad 211886
DOE and PMC establish site office 711986
| PMC assumes site contral_ | 10/1688 |
GQuaity s placed on ths NPL 711987
WSERAP deslgnsted 2s a Major Systems Acguisition 571988
Chemical plant and raffinate plts added ta the NPL 1988
Remedial invesfigation for the quarry bulk waste complete 1271969
Feasibility study for the quany bulk waste complste 21990
Record of Decision for management of the bulk waste at the Weldon Sphing Qusarry complete 91990
Quarry bulk waste excavation support begins g/1891

 Building dismantlement begins ' 002 |
Hemedial investigationfeasibitty study for chemical plant complete 111882
First bateh of water digcharged from quatry water trestment plant 11883
Cuarry bulk waste excavation begins 51883
First batch of water discharged from site water treatment plant 51993
Record of Decision for remedial aclion at the chemical plant area of the Walden Spring stte compluts 91993
Remedial design work plan for the chamical plant complete 111954
| CSE pilot piant testing 1885
Emﬂmg dismartlement is completed 1/1995

. Remedial action werk plan for the chemical plant complete 111995
Quarry bufk waste excavation completa 17/1995
Hemedial action report for the quamy bulk waste complete aHoagy
Remedial investigation for groundwater operable unit complate- THog7
Remedial investigation for quarry residuals complete ' 2998
Feasibility study for quarry residials complete 31908
First load of wasta placed in disposal call Hoees
Chemical stabilization/sokdification (CSS) plant begins operation THB08
| Record of Decision for quarry residuals complate e
=5 plant completed operations 11/153/68
Feasibility study for groundwaler operable unit complete - 1271008

Supplemental feasibility study for groundwater operable unit complete 61899

DOEMORI21 548.801, Rev. 0 3
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EVENT DATE .
| Remedial designiremedial action work plan for the quarry residuals’ completa 172006 ]
Demolition of site water treatment plant completed T16/2000
| interim Record of Decision for groundwatar cpsrabls unit compiste /2000
Confirrration of charmical plani soil complated : ar2o01
Lemalition of quamy water treatment plant completed ' S2001
Disposal cell closed - - ' ' 62001

opn s
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3. BACKGROUND

3.1 Site Description

The Weldon Spring site is in southern St. Charles County, Missouri, approximaiely 30 mi
west of St. Louis, as shown in Figure 3-1. The chemical plant site consists of two main areas,
the Weldon Spring Chemicat Plant and raffinate pits and the Weldon Spring Quarry, both located
along Missouri State Route 94. Access 1o both the chamcal plant site and quamy is restncwd by
locked chain-link fences with {)n-sn:e security.

The Weldon Spring Chemical Piant is a 226-acre area that operated as the Weldon Spnng
Uranium Feed Materials Plant (WSUFMP) until 1966. Buildings were contaminated with
asbestos, hazardous chemical substances, uranium, and thorium. (Building dismantiement was
completed in 1994) Radiclogical and chemical (polychlorinated biphenyls [PCBS],
nitroaromatic compounds, metals and inorganic ions) contaminants were found in the soil in
many areas around the site. The raffinate pits consisted of four sefiling basing that covered
approximately 26 acres as shown in Figure 3-2. These pits were characterized as being
contaminated with uraniurm and thorium residues and chemical contaminants including nitrate,
fluoride, PCBs, and various heav}f metals (Ref. 2). The two largest pits were ramedmtad and
backfilled in 1999, and the remaining two were remediated in 2000,

The Weldon Spring Quarry is a former 9-acre limestone quarry south-southwest of the
chemical plant area (Figure 3-3). The quarry is essentially a closed basin; surface water within
the rim flows to the quarry floor and into a sump. Backfilling of the sump has begun to eliminate
ponding and mitigate physical hazards. Removal of the bulk waste from the quarry was
completed in 1995, This waste contained radiological and chemical contaminants including
wanium, radium, thodum, metals, nitrates, PCBs, scmivolatile organic compounds,
nitroaromatics, and asbestos (Ref, 3).

3.2 Site History

From 1941 to 1945, the U.S. Department of the Army produced trinitrotoluene (TNT)
and dinitrotoluene (DNT) at the Weldon Spring Ordnance Works, which covered 17,233 acres of
land that now includes the Weldon Spring site. Two hundred five acres of the former crdnance
works property were transferred in May 1955 to the Atomic Energy Commission (AEC) for
construction of the Weldon Spring Uranium Feed Materials Plant (WSUFMP), now referred to
as the Weldon Spring Chemical Plant. Considerable explosives decontamination was performed
by Atlas Powder Company and the Army prior to construction of the WSUFMP.

From 1958 until 1966, the WSUFMP converted processed uranium ore concentrates to
pure vranium trioxide, intenmediate compounds, and uranium metal. A small amount of thorhum

DOE/OR/ZT548-891, Rev, 0 : . 5
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“was also processed. Wastes generated during these operations were stored in the raffinate pits,
These pits were radiologically contaminated with uranium and thorium residues and chemically
confaminated with nitrate, fluoride, PCBs, and various heavy metals. The buildings were
contaminated with ashestes, hazardous chemical substances, and small quantities of uranium and

- thorizm. Radiological and chemical contaminants (PCBs, nitroaromatic compounds, metals, and
inorganic ions) were also found in the soil at many locations.

Prior to 1942, limestone aggregate was extracted from the quarry for use in comstruction
of the ordnance works. After 1942, the Army used the quarry for buming wastes produced
during manufacture of TNT and DNT and for disposal of TNT-contazinated rubble. In. 1958,
- the AEC acquired title to the quarry and used it from 1963 to 1969 as a disposal area for building
rubble and soils from the demotlition of a uranium ore processing facility in St. Louis and from
the chemical plant. Other wastes disposed of in the quarry included drummed radioactive
materials, uncontained wastes, and contaminated prpcess equipment. The bulk waste contained
radiological and chemical contaminants including uranivm, radivm, thorium, metals, nitrates,
- PCBs, semivolatile organic compounds, nitroaromatics, and asbesios.

The chemical plant site was in caretaker stams from 1967 through 1985, In 1985, the
11.S. Department of Energy (DOE) designated control and decontamination of the chemical
plant, raffinate pits, and quarry as a major peoject. The Project Management Contractor for the
Weldon Spring Site Remedial Action Project (WSSRAP) was selected in February 1986. In July
1986, a DOE project office was established on site, and the PMC, MK-Ferguson Company and
Tacobs Engineering Group, Inc., assumed control of the site on October 1, 1986. The quarry was
placed on the Environmental Protection Agency’s National Priorities List (NPL) in July 1987,
The DOE redesignated the site as a Major System Acquisition in May 1988, The chemical plant
and raffinate pits were added to the NPL in March 1989,

In 1986, the Environmental Protection Agency (EPA) and DOE entered into a Federal
Facilities Agreement {FFA). This agrezment has since heen amended and is consistent with the
Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA),
Sectton 120, The amended FFA inchides agreements to ensure that the environmental impacts
associated with past and present activities at the Weldon Spring site are theroughly investigated
and that appropriate remedial aciion is taken, as necessary, to protect public health and the
environment. This FFA also facilitates the exchange of information among the EFA, DOE, and
the State of Missouwr1 and contazins procedures for resolving disputes, assigning penalties for
nonconformance, and ensuring public participation in the remedial action decision-making
process.

For purpeses of CERCLA compliance, the WSSRAP has been broken into four operable
units (OUs). The quarry is addressed by the Quarry Bulk Waste OU, which included excavation,
transportation, and temporary storage of bulk waste materials; and the Quarry Residuals OU,
which will address any comamipation remaining in the quarty area following bulk waste
removal. The Chemical Plant OU addresses the final disposal of the quarry bulk waste, chemical
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plant, and vicinity property materialsin an engineered land disposal facility. The Groundwater
OU addresses contamination in the groundwater of the area swrrounding the chemical plant site.

- 3.3 Current and Future Land and Resource Use
3.13.1 Cwirent Land Use

The Weldon Spring site is in St. Charles County which in 2000 had a population of
approximately 283,833, The largest city in the county is St. Charles, which is approximately .15
. mi northeast of the site and has-a population of about 58,156, The two cornmunities closest to
the site are Weldon Spring and Weldon Spring Heights, about 2 miles to the northeast. The
combined population of these two communiiies in 2040 was 5,349. '

Adjacent to the chemical plant area, portions of the Weldon Spring Training Area that are
within the ordnance works area are currently used for field training and outdoor maneuvers by
the U.S. Army reserve, the Missouri Army National Guard, and other military and police units.
An estimated 3,300 local Army reservists and 3,400 other reserve troops use the training area
each year. The Department of the Army intends to continue using the area for training activities.

A large portion of the ordnance works area has been converted into conservation areas,
The August A. Busch Memorial Conservation Area and the Weldon Spring Conservation Area
(see Figure 3-4) are managed by the Missouri Departtment of Conservation and are open
throughout the year for recreational use. These areas receive an estimated 1.2 million visitors
cach year. '

A state highway maintenance facility just east of the chemical plant area employs eleven
full-time employees. The former staff housing complex for the ordnance works, which lies
southeast of the intersection of State Route 94 and U.S. Route 40/61, is currently a private
housing development know as Weldon Spring Heights; it has about 80 residents.

Francis Howell High School, about 0.6 mi east of the chemical plant area, employs
approximately 150 faculty and staff (including employses at the Francis Howell Administration
Annex) and is attended by about 1,500 students (Ref. 4).

The Weldon Spring quarry is located within the Weldon Spring Conservation Area,
which occupies 7,356 acres and is managed for recreational use by the Missouri Department of
Conservation. The August A. Busch Memorial Conservation Area and the Howell Isiand
Conservation Area are north and east of the quarry, respectively. Katy Traif State Park traverses
the Weldon Spring Conservation Area along the route of an abandoned railroad bed that runs
adjacent to the southern margin of the quarry. This trail, which was established by the Missouri

DOE/OR/Z1B48-851, Rav. 0 14
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Department of Natural Resources, is used annually by several thousand people from the lacal
area. The town of Deflance is about 3 mi from the quanry with a population of 100,

3.3.2 Future Land Use

The 217-acre chemical plant area is expected to remain vader control and ownsrship of
the DOE. As currently planned, only three buildings will remain within the chemical plant

. proper after project completion and site closure.

The access control building may contain the DOE mainienance equipment storage. atea
and the Weldon Spring site interpretative center. The center is expected to be a place where the
public can obtain information about the site after the project office closes.

The disposal facility, which covers approximately 60 acres of the chemical plant area,
will be maintained and monitored by the DOE. A small water treatment enclosure will be
located near the leachate sump. The land outside the disposal cell perimeter road will remain
under DOE control.

The training area will continue to.be used for field training. The Missouri Department of
Conservation will continue t¢ maintain the remaining surrounding areas for recreational use
{Ref. 4).

' 3.33 Current Groundwater and Spring Water Use

Groundwater under the chermical plant and raffinate pits area is pot currently used for
drinking or other domestic purposes. Most of the residents in the nearby communitics are
supplied with municipal water.

Several springs and seeps that receive groundwater discharge are present near the -
chemical plant area. Burgermeister Spring, ! mi northwest of the chemical plant area, is a major
discharpe point for groundwater migrating from the chemical plant area. Recreational visitorsto -
the August Busch Memarial Conservation Area have access to this spring. Groundwater south of
the groundwater divide at the chemical plant area primarily flows toward the Southeast Drainage.
This drainageway is also accessible to recreational visitors in the area (Ref, 4).

3.3.4 Potential Future Groumdwater and Spring Waier Use

A municipal water supply is currently available to serve the houschold needs of the area
communities. Thus, for the foreseeable fufure, it is unlikely that the impacted groundwater

" beneath the chemical plant area would be used for household purposes. In addition, the impacted

shallow portion of the aquifer is characterized by low yields. The deeper, unaffected higher
vielding aguifers would more likely serve as a groundwater source in.the unlikely event
groundwater use were ever to occur, Despite the unlikelihood of the impacted groundwater

CIOE/CORI21546-801, Rev. O 12
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actually ever being used for household purposes, in accordance with EPA guidelings and for

-purposes of making the rememal action dch&nnmatmn, this shallow groundwater is a potentialiy
usable resource.

Access to spring water will remain similar to current conditions, - consistent w1t]1
recreational land use (Ref. 4),

3.4 Interim Respense Actiens

Initial remedial activities at the cherical plant site consisted of a series of Interim
Response Actions (IRAs) authorized through the use of Engineering Evaluation/Cost Analysis
{EE/CA) reports. Table 3-1 is a list of these [RAs. Elecirical transformers, electrical poles and

“lines, and overhead piping and asbestos were removed by IRAs because they presented an
immediate threat to workers and the environment. An isolation dike was built to divert munoff
around the Ash Pond area to reduce the concentration of contaminants going off site in surface
water, The Debris Consolidation IRA consistedt of detailed characterization of on-site- debris,
separation of radiological and nonradictogical debris, and transport of the meaterials to designated
staging areas for interim storage. A separate [RA addressed handling, stabilizing, tra.nspartmg
and mspusmg of the hazardous and nonhazardous chemicals.

Two major activities addressed by IRAs were treatment of water and dismantlement of
the chemical plant buildings, Separate EE/CAs were prepared for the site and quarry water
treatiment plants. The first batch of water from the quarry water treatment plant was discharged
in January 1993, The first batch from the site water treatment plant was discharged in May of
the same year. Water was treated at both sites to remove chemical and radiological
contaminants. The water was tested prior to batch discharge, and released. Two hundred
seventy-six million gallons of water meeting National Pollutant Discharge Elimination System
(NPDES) discharge criteria were treated and released, Dewatering of the four raffinate pits was
completed in September 1999. Demolition of the site water treatment plant was cnmplctcd on
Fuly 6, 2000, and the quarry water treatment plant demolition was completed in May 2[](}1

(Ref 4).

Another on-site activity consisted of dismantiing the 44 chemical plant buildings thrc-ugh
four IRA=. Each of these actions consisted of:

» Mamzal removal of radioactive comtamination from surfaces (e.g., by aggressively
vacuuming and/or wiping equipment exteriots ard building interiors and exteriors).

* Removal of all PCB-contaminated material, with transport of all nonradiologically
PCB-contaminated material i0 an approved commercial treatment/disposal facility
(radiologically contaminated PCB wastes were shipped to the Oak Ridge Toxic
Substance Control Act (TSCA) incinerator in 1996),

DOEfOR/Z1548-801, Rev. 0 13
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» Isolation of asbestos containing material with storage on site pending final disposal in
the disposal cell.

+ Follow-on decontamination of structural surfaces, as appropriate, to remove loose
radioactive contamination.

+ Dismantlement of structures, with further decontamination of previously inaccessible
surfaces.

s Placement of material in a controlled area for temporary storage.

Table 3-1 W3SRAP Interim Regponsa Actions

NUMBER DESCRIPIION STATUS
1 Elecrical Transfonmar Removal - Closed
2 Ash Pond Diversion Dike : Closed
3 MSA Moved to IRA 15) Cancefled
4 Arrmry Property 7 Clogad
5 Busch Wildife Areas 3, 4, 5, 8 Cancehed
B Overhead Piping/Asbestos Removal Closed
7 Containerized Chamicals Complete
8 Electricat Pole/Overhead Line Removal ) Closed
g Consolidaie Locss Yard Debils : Closed
10 Buikiing 409 Dismantiemant . Closed
11 Budiding 401 Dismantiement Closed
12 Conetruct a dike on SE Drainage Cancelled
13 Amy Reserve Properties 1, 2,3, 7 Cancafiad
14 Non-Process Building Dismantiement (Moved fo IRA 15-18) GCangwlied
15 Non-Process Buiding Dismantiement ' Closed
16 Non-Process Building Dismantiement (Moved to IRA-18) | Cancelled

DOEMORZ1548.891, Rev. 0 i4
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Tahie 3-1 WSSRAP Interim Response Actlons {Continued)

NUMEER RESCRIPTION STATUS
17 Non-Process Building Dismamtiement (Moved to IRA 18} Cancaled
18 Procers Building Dismantement. Closed
19 Decontamination Faclity Cancelled
20 Site Water Treatment Piant Camplate
21 Quany Water Treatment Prant Completa
22 Quarry Construction Staging Area {ncom. into Bulk Wiaste RODY) Canteled
- B Southeast Drainage Sod Removal Closed

Closed = Final Closure Report has been cormpleted.
Complete = The action kas been completed but the Closure Report has not been finalized.

Two IRAs addressed off-site activities: [RA-4 for Vicinity Pmpe.rty 7. included ¢leanup
of approximately 1.5 cu yd of radiologically contaminated soils in 1988.
Drmnagﬂ EE/CA, which addressed hot-spot cleanup in a drainage leavmg the chemical plant site,

is discussed in Sect:mn 42473,

The Southeast

DOE/CR2T548-891, Rav. 0 15
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4, REMEDIAL ACTIONS

This five-year review encompasses all four operable units that have been designated part
of the remedial action, This includes (1) the Quarry Bulk Waste Operable Unit, which had its
Record of Decision (ROD) issued in September 1990, (2) the Chemical Plant Operable Unit,
which had its ROD issued in September 1993, (3} the Quarry Residuals Operable Unit, which -
had its ROD issued in September 1998, and (4) the Groundwater Operable Unit, which had an
interitn RO issued in September 2000

4.1 Quarry Bulk Wastes Op erable Unit

The three major components listed in the Record of Decision for the Management of Bulk
Wastes at the Weldon Spring Quarry (Ref. 6) were:

s Removing bulk wastes from the quarry using standard equipment and procedures.
+ Transporting the bulk wastes along a dedicated haul road to the chemical plant area.
¢ Placing the bulk wastes in controlled storage in an engineered temporary storage area.

The actions related to this operable unit were substantially complete and docunrented at
the time of the previous five-vear review. Prior to completion of the five-year review,
characterization performed as part of the remedial investigation for the Quarry Residuals
Operable Unit detected a pocket of radiologically contaminated soils along the northeast 1im of -
the quarry. To remediate this arez, which threatened to recontaminate the quarry proper, the U.S.
Department of Engrgy (DOE) requested an extension of the Quarry Bulk Waste Operable Unit
completion date from March 31, 1996, to July 15, 1996. Removal of contaminated soils began
on May I3 and was completed May 21, 1996. In this campaign 561 cu yd of soil were
excavated. Reclamation activities were completed on June 7, 1996, The excavated materials
were ransported via the haul road to the temporary storage area. The Quarry Bulk Waste

. Excavation Remedial Action Report {Ref. 7) documents completion of this operable unit. Final
disposition of the excavated bulk waste was determined by fhe Record of Decision for Remedial
Action at the Chemical Plant Area of the Weldon Spring Site (Chemical Plarg ROD) (Ref. 8).
The waste was disposed of in the on-site disposal cell. Final disposition of the quarry and
vicinity groundwater is being addressed through the Quarry Residuals Operabie Unit.

4.2 Chemical Plant Operable Unit

According to the Chemical Plant ROD (Ref. 8), the major components of the Chemical
Plant Operable Unit remedial action were:

s Dredge sludge from the raffinate pits; excavate sediment from Frog Pond, Ash Pond,
and three off-gite lakes; and excavate soil from specific locations (including two former

DOEMORIZ1548-821, Rey. 16
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dump areas adjacent to the chemica! plant buildings on site, and 10 vicinity properties
off site)} using standard construction equipment and procedures. -

e Remove material stored at the temporary facilities on site (including bulk waste
- excavated from the quarry and the chemical plant area, and building material from the
chemical plant aren) using standard construction equipment and procedures. -

s Treat certain contaminated materials such as the raffinate pit sludges and-portions of
quarry. soil on site by chemical stabilization/solidification (CSS). Dispose of treated
- and untreated materials in a facility designed and constructed specifically for th
Weldon Spring site wastes. :

¢ ~Contimue to evaluate vitrification as a contingency treatment option {Ref. 8).
4.2.1 Chemical Stabilization S olidification

Raffinate sludges, which were a waste product from the uraniwm refining process, were
determined to require treatment to form a structurally stable product before the sludges could be
placed in the disposal cell. During development of the Chemical Plant ROD, on-site chemical
stabilization/solidification (CSS) was identified as the most effective technology for treatment of
the contaminated sludges. In this process, fly ash and portland cement were mixed with the
sludge to produce a grout product that was suitable for permanent placement in the disposal cell.

To provide design data for the full-scale CSS plant, a pilot-scale facility was constructed
in 1994 and a testing program, including dredging, was implemented in 1995. The pilot testing
data and related conclusions and recommendations were used to design the full-scale CSS plant.

Construction’ of the plant began in May 1997 and was completed in February 1998,
Commissioning and functional testing took place from March to June 1998, and full-scale
operations began in July 1998. The plant resembled a concrete plant engineered to efficiently
handle sludge and binder to produce grout while controlling particulate and radon emissions.
(Figure 4-1) The sludge contained U-238, Th-232 and asseciated decay products. On November
13, 1998, the CSS plant: completed dredging and processing siudge from Raffinate Pit 3.
Approximately 122,000 cu yd of sludge was treated and piped directly to the cell as grout. More
than 75 mitlion gallons of water with average 8% to 10% solids was pumped throngh the dredge.
The sludge was screened for oversized materials, then thickened with polymer before it was
blended with binder materials and transferred to the disposal cell.

The total volume of CSS grout produced (from June 24, 1998 the contractual operations
start date), was 188,443 cu yd. The total volume of Pit 3 raffinate treated from June 24, 1998,
was 159,990 cu yd. A total of 63,259 short tons of binder was used to stabilize the thickened
raffinate. This consisted of 37,915 tons of fly ash and 25,341 tons of cement. _

DOE/OR?21543-831, Rev. O 17
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The C38 grout product exceeded the Chemical Plant ROD minimum design criteria of 50
psi unconfined compressive strength (UCS) at 28 days. The average UCS for the 514 cylinders,
representing the 256 grout samples taken for TUCS testing, was 216.7 psi. A total of 843 grout
samples taken for unit weight testing had an average density of 86.2 [b/cu ft. A total of 813 grout
samples taken for percent solids testing had an average percent selids value of 43.3%.

UCS testing was performed on 3 in. by 6 in. grout ¢ylinders thet were formed in plastic
molds, Eight cylinders were molded from each sampie and stored in curing tanks inside the
cylinder storage shed, This shed was heated and air conditioned with thermostatic controls that
allowed the cylinders to be cured under controlied conditions. Of the eight cylinders that were
molded for each sample, one was broken at 3 days, the next at 7 days, the next at 14 days, and
another at 21 days. Two were broken at 28 days, and two were saved as archive specimens. The
cylinders were stripped from the plastic mold using a commercial cylinder stripping tool. The
ends were trued using a jig developed for this purpose and a large knife.

The cylinders were broken in the Geo-Test multi-loader in the CS8 (JC Laboratory. They
were loaded, and readings on the digital display were taken at 0.005-in. increments of travel.
The data were recorded on a worksheet and then transferred into a computer spreadsheet which
assembled the data into a two page report which inclwded. a stress/strain graph. :

Ten cylinders failed to achieve the 28-day 50 psi UCS strength required by design, CSS
process engineering provided justification for these failures with concurrence from Project
Management Contractor (PMC) engineering. Two of the cylinders broke as they were removed
from the mold. This operation could be challenging because the plastic of the molds did not
always separate easily from the cured grout. . The previous breaks, i.e., 7-day, 14-day, etc., had
occurred above 50 psi, and this provided the basis for acceptance. Two cylinders were deemed
acceptable by averaging the results with the other 28-day cylinders. The remaining six cylinders
were made from three samples that were taken when the plant was undergoing routine cleaning
or plant system upsets that lasted less than 15 minutes.

The Operations Plan for the Chemical S’mb:l:zanan and Sahdy‘imnﬂn Production
Facility (CSS Ops Plan) (Ref. 9) required slump test resuits to be between 5 in. and 10 in, It was
apparent during commissioning of the plant that exceeding this slump requirement did not
indicate that the grout would fail the 28-day UCS criteria. The slump of the CSS grout product
was affected by the lower than expected percent solids from the thickener underflow. The design
of the full scale CS8 facility was based on 25.1% solids by weight from the thickener underflow
stream. This condition was not reproducible in full scale operations. On average, the thickener.
produced approximately 20.5% solids. Due to binder having less plastic fines than raffinate
solids, the resulting CSS grout product had a higher slump than the pilot plant produced. Th:s
did not affect the ultimate UCS strength of the product.

The CSS plant was ciesig;ned and constructed to Resource Conservation Recovery Act
(RCRA) standards, but in accordance with a nonsignificant change to the ROD dated October 30,

DOE/DR/21548-891, Rev. O 19
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1997, the CS8 was not required to ineet the operational requirements of RCRA. The basis of this
change was the determination that the raffinate pit sludge was not a hazardous waste based on
further characterization and additional examination of the data presented in the report, H’SSRAP
Raffinate Pit Studge Characterization Report (Ref. 10),

During review of the draft CSS Ops Plan the Mlssnun Departmeni of Natural Resources
(MDNR) requested that the CSS grout, oversize material, and sand filter material be sampled for
toxicity characteristic leaching procedure {TCLP) parameters. The CS8 grout was sampled
based on the following schedule, which was coordinated with the MDNR through- cﬂmmentsf’
responses to the CSS Cps Plan,

s 15t Week: Once per shift - All TCLP parameters
s 2nd Week: Once per day - TCLP metal parameters
¢ 3rd Week to End of Operations: Once per week - TCLP metal parameters

The results of the analysis indicated that TCLP constituents were well below the
regulatory level for hazardous waste. Table 4-1 summarizes the TCLP metal results for each
sample.

The CSS oversize material sampling plan included in the CSS Ops Plax required that the
first 10 boxas be sampled for the compiete TCLP list, The resuits were well below the RCRA
TCLP levels; therefore, it was determined that firther sampling was not necessary. The TCLP
metal results are in Table 4-2. The sand filter results, also well below TCLP, are summarized in
Table 4-3.

Field work for demolition of the CSS plant was inifiated on April 23, 1999, and
demolition and demobilization activities were completed in late June 1999. Most of the plant
compenents were contaminated radictogically, but some of the items located outside the
controlled area of the plant, such as the fly ash and cement storage tanks, were not contaminated
and were removed for salvage.

4.2.2 Mixed Waste Treatment

The Federal Facility Comypliance Act, signed on October 6, 1992, waived sovereign
immunity for fines and penalties for RCRA violations at Federal facilities; however, the Act
postponed the waiver for three years for Land Disposal Restriction (LDR) storage prohibition
violations for the DOE mixed wastes and reguired the DOE to prepare plans for developing the
required treatment capacity fot its mixed waste at each site at which it stored or generated mixed
waste. Fach plan was required to be approved by the State or EPA by October 1995, The Site
Treatment Plan for the Weldon Spring Site (Ref. 68) was completed and approved by the
required deadline.

DOE/ORI21545-891, Rev, O 20
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Tabie 4-3 C8S Sand Filter TGLP Data

' Box 1
Conatituent {myll} : " TCLP Levels (mgll}
SHver e . 80 .
Arsenic 0144 50
Barlum .296__ . 100.0
Cadmium D015 1.0
Chromium 0021 . 5.0
Lead G020 5.0
Mercury ' . ND _ 0.2
Selenium 0126 1.0

The mixed waste inventory that was the subject of the Site Treatmers Plan, included
reactives, oxidizers, organic liquids and sludges, PCB contaminated wastes, soils, wastewaters,
liquid mercury, toxic metal contaminated wastes, aqueous liquids, and debris. The quantity
inclnded 902 drums; three 96-cu yd containers; ninety-two 20-cu yd containers; ten 3-cu y&, 4-cu
yd, and 10-cu yd containers; 4,600 gal of bulk wastewater, and 4,700 cu yd of soil.

Several different technologies were utilized to treat the wastes, including amalgamation;
chemical precipitation, carbon absorption, neutralization, stabilization, chemical oxidation,
macroencapsulation and Selvated Electron Technology which were. all.conducted. on, gite. . Frior -
to treatment, extensive bench testing took place, and a detailed treatment procedure was
developed for each technology. After extensive discussions with the State of Tennessee and the
K-25 Oak Ridge Incinerator, most of the organic liquids and sludges were shipped to the Oak
Ridge K-25 Incinerator for treatment. Small quantities of organic liquids were also shipped for -
treatment to Diversified Scientific Services, Inc. {(DSSI), a commercial facility licensed for
radioactive wastes which is located in Kingston, Tennessee. ' '

Table 4-4 summarizes the types and quantities of wastes, treatment technologies;
milestones, and treatment dates.

Treatment of the mixed waste inventory identified in. the Site Trearment Plan was
completed in October 1998,

4.2.3 Vicinity Properties

In 1985, Oak Ridge Associated Universities (ORAU) conducted a comprehensive
radiological survey of all areas cutside the. chemical plant boundary. and within the ordnance
works area. The purpose of the study was to assess the extent and lévels of off-site radiological
contamination resulting from operation of the uranium feed materials plant. Radiolegically
contaminated areas outside the boundaries of the chemical plant and quarry areas were defined
by ORAU as vicinity properties. Vicinity properties that required remedial action are shown in
Figure 4-2. The study examined surface and subsurface soils, water, and sediment on the
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properties adjacent to the chemicai plant site. Background levels and baseline concentrations
were taken of each matrix in the vicinity of the area. These levels and concentrations were used
to determine the extent of radiclogical contamination within a surveyed area. ORAU used the
following concentrations to determine radioactively contaminated zoil: Ra-226 and Th-232 were
5 pCi/g averaged over the first 6 in. of soil depth or 15 pCi/g if more than 6 in. deep. U-238 was
60 pCi/g averaged over the suspect area. The results of the study revealed soils in small areas in
the chemical plant area, and the Missouri Department of Conservation (MDOC) consérvation
areas containing generally low levels of radicactivity as a result of previous site activities. In
total ORAU identified 17 vicinity praperties, seven of which were in the Weldon Spring
Training Area (DA-1, DA-2, DA-3, DA-4, DA.5, DA-6, and DA-7) and 10 in the MDOC
wildlife areas (MDC-1, MDC-2, MDC-3, MDC-4, MDC-5, MDC-6, MDC-7, MDC-8, MDC-9,
MDC-10). The properties and descriptions are listed in Table 4-5. The MDOC properties have
also been referred to as DOC-1 through DOC-10. The Chemical Plamt ROD is the remedial
_action decision document for most of the vicinity properties, Specific cleanup decisions for
DA-7, MDC-8, and the Southeast Drainage (DA-4, and MDC-7) were addressed either before or
after the ROD was signed under the following documentation (Ref. 11):

e DA7 Interim Response Action 4 (IRA-4) Army Property No. 7

» MDC-8 Engineering . Evaluation/Cost  Analysis  for the. Propgsed
Management of Cortamingted Water in the Weldon Spring (uarry
(Ref. 12)

s  DA-AMDC-7 Engineering Evaluation /Cost Analysis for the Proposed Removal
Action at the Southeast Drainage near the Weldon Spring Site,
Weldon Spring, Missouri (Ref. 13}
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| Table 4-5 Vicinity Proparties
Vicinity ROD =
Property Designation - De=grigtion
DA-1 Al Located on approximetely 7 acres of wooded field, the contarinated area consiats of

a soli-coversd mound ‘and surmpunding area, an approximately 1.2 m wide ditch
adjacent to a rafroad track east of the weooded figld and & dralnage ditcdr flowtng
narthwest. _ _
DA-2 A2 Located adjacent to a railread track in a grass field approximatsly 122 m north of the

: Waldon Spring Training Area entrance road and about 1,169 m from the entrance off - -
Hwy. 84. The arga is rectangular measuring 21.4 m by 78.3 m.
DA-3 &3 Wooden loading dock, approximately 75 m to the south of the Weldon Spring
Training Area enfrance road end 1280 m from the entrance off Hwy 94. The dock
riges approximately 4.8 m above an sbandonied raliroad thack.

DA-4 . A4 Short segment of Southeast Drainags running from the Imhoff Tanks within the
Waldon Spring Chemical Plant to the Missour River.

DA-5 AB Surface drainage ditch leading west from raffinate piis across a part of the vweidon
Spring Training Area te drainage ditch No. 4. .

DAG AB About Z01 m of a drainage ditch beginning at Ash Pond which crasses a portion of
the Waldon Spring Training Area.

DA-7 AT Isolated ares about 1 m north of the YWeldon Spring Tralning Area entrance road

about 1,156 m from tha entranca off Hwy, 84, The araa is rectangdar measuring
roughly 2.1 m by 1.5m.

DOC-1 Bi An area of sof approximately 167 m* on the west side of Hwy. 94 just north of the
entrance to the Missouri Highway Department property, .-

DOG-2 B2 Small pieca of pipe on e suriace approximately 1 m oif Hwy 94 to the sastand — - .

: gboul 3, 488.4 m from Hwy 40/51
DOC-3 B3 Two small isciated areas of contamination south of Highway D at the 7 482.1 m i
_ raference marker. T

DOC-4 B4 Shuated near an access raad io the radio tower (Road G) and the DA- property ta
parimeter fence. Conslstz of mounds of soll and miscellansonus wood, metal and ;
other dabris.

DOC-E B5 Located 471 m from the mtsmsection of Highway D and Hwy 94 and isin a
drainagewsy along an eroded gravet road. Congists of abandoned drums and
adjacent soil.
— DGCH | BE An isolated spot of contaminaticn ad;acant to-the quarry parimeter fenoa Conslsts of

an area of soit approxdmately 1 .

ooe-T - B7 The main Southeast Drainage area running from the Department of Conservation
perimeter fanca through the Weldon Spring Wildkfe Area to the Missourd River.

BOC-8 B3 Threa isclated spots near a railroad bridge spanning tha Littls Femme Csage Creek:
e measuring 0.5 m?, two measuring 1

DOC-9 BS | ocgted betwaan the abandoned Mbﬁuun—Kansas—Taxas Rafiroad and the Femme
Osage Slough, south of the YWelden Spring Guarry.

DOC-10 B1D Old DA disposal area along Highway D adjacent to an access road leading to Busch

vildlife Area Laks 21. Isolated area of soil agtimated to ba 0.15 m”

MDC-1 was remediated in accordance with Formerly Ultilized Sites Remedial Action
Program {FUSRAP) protocol prior to ROD signatwre. MDC-2. wag remediated prior to ROD
signature by QORAU during the initial identification campaign.
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- 42,31 DA-1, DA-2, DA-3, and DA-S

Remediation of DA-1, DA-2, DA-3, and DA-3 began on December 16, 1997, and was
completed on July 9, 1998, The remediation was performed under WP«458 (Army Properties 1,
2, 3, 5 and MDC-4 remediatior). Contaminated soil, root balls, and miscellaneous materials
were excavated and transported to the Ash Pond storage area, the chipped wood storage area, or
the material staging area, respectively. Temporary access roads leading to and from the vicinity
- properties were constructed and maintained during these activities. Surface water and erosion
control systems were built to prevent uncontaminated water from entering the excavation zones
and becorming contaminated.  Any area exceeding 1.5 times backpground radicactivity was
excavated until the batkground activity fell below this-criteria. - Afier contaminated soil within
the vicinity property had been excavated, the PMC performed confirmation sampling to verify
that the contaminants exceeding Chemical Plant ROD cleanup criteria levels had been femoved. -
A discussion on the confirmation sampling process and cleanup criteria levels is included in
Section 4.2.4.3. Compete details of the remediation are m Closeout Report for Vicinity
Properties DA-1, DA-2, DA-3, DA-5, and DA-7 (Ref, 14).

4.2.3.2 DA-6

Vicinity Property DA-6 consists-of a-losing stream reach of the Ash Pond drainage S
extending approximately 1,132 ft west of the U.8, Departmnent of Energy (DOE) fence line.

The extent of this drainage was initially characterized to provide data regarding potential
contamination of surface and shallow subsurface sediments and soils. Results of the soil
sampling indicated the presence of U-238 above as low as reasonably achievable (ALARA) at
the westernmost sampling location.

Based upon this data, a walkover/hotspot sampling effort was conducted along the length

- - of-the drainage extending northward to the Busch Lake 35 inlet, as well as south to the

previously remediated portion of Vicinity Property DA-5. Walkover surveys and hotspot
sampling were also performed in DYA-6 proper to verify 1-238 levels. Both the Department of
Energy and the Oak Ridge Institute for Science and Education (ORISE} conducted these surveys.

Data results ndicated al U-238 concentrations within the extended drainage were below
or at the surface ALARA goal of 30 pCi/g. U-238 concentrations within the DA-6 drainage
proper were below or at the surface criteria level of 120 pCi/g.

Th-230 was analyzed in the sediment samples obtained after a contaminated surface
water discharge into the drainage. Results showed that levels of Th-230 were below the surface
ALARA goal of 5.0 pCi/g.

No remediation was required for DA-6 based on the additional characterization
performéd on the vicinity property. This was a decision determined by the As Low As

DOE/OR/21548-851, Rev. O 28
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Eeasonably Achievable (ALARA) commitice. The analﬁcal tesults are documented: in
Analytical Data Results for Engineering Characterization of Vicinity Pmper{y DA-6; A.i'k Pond
Dirainage (Ref. 15),

4.2.3.3 MDC-3, MDC-4, MDC-5, and MDC-10

Remediation of MDC-3, MDC-4, MDC-5, and MDC-16 began on October 26, 1997, and
was completed on June 22, 1998, as a part of WP-458. Contaminated soils were transported to
the Ash Pond storage area, root balls to the chipped wood storage arca, and miscellansous ..
- materials to the material staging area. Temporary access.roads leading.to.and from the vicinity
properties were constructed and maintained during the activities. Surface water and erosion.
control systems were built to prevent uncontaminated water from entering the excavation zone
and becoming contaminated. Any area exceeding 1.5 times background radioactivity was .
excavated until the background activity fell below these criteria. After contamipated soi} within -
the vicinity property had been excavated, the PMC performed confirmation sampling t¢ verify
that the contaminants exceeding Chemical Plant ROD cleanup criteria levels had been removed.
Compete details of the remediation are in Closeout Repart for Vicinity Pmpernes MDC-3,
MDC-4, MDC-5, and MDC-10 (Ref. 16).

4,2.3.4 MDC-6

Remediation of MDC-6 was comnducted in November 1993 as part of bulk waste removal
from the quarry. The work was performed under WP-186 and began on November 11, 1993,
Once remedial activities commenced, the area of contaminated soil removal increased from
approximately 1 m? to 200 m? based upon Nal 2x2 readings obtained during walkover of the
excavation, The depth of the excavation ranged from 6 in. to 12 in. with an approximate total
soil volume between 109 cu yd and 219 cu yid. The quarty perimeter fence was taken down and
excavated soils were placed inside the fence line on the inner rim of the quarry. The soit was
then grouped. with additional contaminated soil within the quarry and dispositioned per the
Record of Decision for the Management of the Bulk Wastes at the Weldon Spring Quarry {(Bef.
£9). The scil was removed at & later date and transported to the temporary storage area to await.
fina! disposal in the cell. ' '

402’-315 MDC"‘Q

Remediation of MDC-9 began on January 4, 1996, and was completed on Febrary 29,
1996, The remediation was performed under WP-461. Roadways were developed pricr to. soil
removal by adding gravel to, and grading of, the Katy Trail and the access road to the quarry
area. Haul trucks used a route from MIIC-9 over the Katy Trail to Gate F at the gnarry near the
water treatment plant. The trucks then followed the quarry haul road to the chemical plant site
and off-loaded at either the Ash Pond storage area or chipped wood storage area.

COE/OR21 548501, Rev. 0 29



WELDON SPRING SITE REMEDIAL ACTION PROJECT SECOND FIVE-YEAR REVIEW Ha/30/

Because local surface water bodies and shallow groundwater could interfere with
excavation, excavation activities were scheduled to maximize safe access to soils. Trees wete
cleared and grubbed and the vegetative debris was hauled to the chipped wood storage area.
Surface water and rmmoff control structures were constructed to prevent uncontaminated water

" from entering the excavation zone and becoming contaminated. A soil berm was cunstrucﬁed

from the Katy Trail to the Femme Osage Slough to divert surface water runoff,

Vicinity Property MDC-9 consisted of three work zones. Soit excavated to the depth
defined in the work package, plus additional soil excavated on the basis of radiological walkover
surveys, was transported to the Ash Pond storage area. Any area where radioactivity exceeded
1.5 times background activity was excavatad until the background zctivity was well below this
criterion. The soil was removed in 3-fi lifis to a peint approximately 6 in. above the groundwater
level. Approximately 4,450 bank cu yd was removed and transpotted o the storage area to await
placement in the cell. Depending on the resulis of the walkover surveys, final excavation depths
ranged from 1 ft to the capillary fringe (approximately 5 ft to 6 ft). No building foundations,
- utilities, or other potentially contaminated materials were located. Hanling was completed on
February 15, 1996, Clean soil from the Lost Valley area (Drainage 5100, northwest of the
quarry} was used as backfill material after confirmation sampling had been completed and the
sampling results permitted unrestricted release of the property. Resseding was completed on -
February 22, 1996, and the subcontractor completed demobilization of equipment on February
28, 1996.

Compete details of the remediation of MDC-6 and MDC-9 are in Closeout Report for
Vicinity Properties MDC-6 and MDC-9 (Ref. 17). '

4.2.3.6 MDC-3

The remediation of the quarry construction staging area, including vicinity property
MDC-8, was performed under WP-157. The start date was August 8, 1990, with a completion
date of February 24, 1992, In 1990, cach zone of contaminated soil was éxcavated using a
backhoe and dump truck, The excavated soil was placed in a soils pile within the fenced inner
quarry area. Soil removed from the quarry construction staging area and vicinity property
MDC-8 was not specifically separated or identified once placed in the inner quarry area. Afier
soil removal, each zone was confirmed clean. Complete details of the remediation of MDC-B are
included in the Ficinity Property DOC-8 Close-Out Report (Ref. 18). '
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4,2.3.7 Southeast Drainage

The Southeast Drainage is a natural drainage area with intermittent flow that traverses
both the Army property and the Weldon Spring Conservation Area from the chemical plant site
to the Missouri River (Figure 4-3). Both the Army and the ‘Atomic Energy Commission (AEC)
used the drainage to discharge water from sanitary and process sewers to the Missouri River. As
a result, sediments and soils in the Southeast Drainage were contaminated. Radioactive
contaminants of concern were U-238, Ra-226, Th-232, and Th-230.

The DOE decided to address remedial actions for the Southeast Drainage as a separate
action under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA). The Engineering Evaluation/Cost Analysis for the Proposed Removal Action at the
Southeast Drainoge near the Weldon Spring Site, Weldon Spring, Missouri (Ref. 13) was
prepared in August 1996 to evaluate the uman and ecological health risks within the drainage.
The EE/CA recommended that selected sediment in aceessible areas of the drainage would be
removed with track-mounted equipment and transported by off-road haul trucks to the chemical
plant area. The excavated materials would be stored teraporarily at an on-site storage area with
final disposal in the disposal cell. On the basis of stability testing previously performed for
related wastes, the waste material from the excavations would not be treated before disposal.

Soil removal was performed under WP-470 and WP-470A, Work completed under WP-
470 included: o

e Constructing temporary unsurfaced and gravel surfaced access roads.
+ Constructing protection for an underground petroleum crossing {Explorer Pipeline
Co.}. '

Further contract negotiations for soii removal were unresolved and a second coniract was
issued and identified as WP-470A. Work conducted under this contract included:

(learing trees from the extended pioneered path and grading.
Placing aggregate on designated haul road. '
Constructing haul road turnouts.

Reinforcing haul road overpass above the Explorer pipeline.
Improving Hamburg Quarry Road/Highway 94 intersection.
Removing contaminated soil.

Grading soil removal areas with surrounding soil.

Restoring the Katy Trail, '

a & » % &% & & =
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Construction began in November 1997 and was completed on February 19, 1998, A total
of 1,531 bank cn yd of soil was excavated in accordance with engineering design. Restoration. of
the Katy Trail was completed in August 1998,

Post-remediation so0il sampling was conducted at Southeast Drainage locations after the
soil was excavated. The purpose of this sampling was to determine the remaining radiologicat
concentrations within the soil and sediment and to calculate the risk reduction achieved from soil-
removal, Sampling was conducted in accordance with Pns:—Remedmnon Sampling Plan for ﬂ:e
Southeast Drainage (Ref. 19).

Sixty-six samples were collected from the 535 remediated locations and analyzed for
1J-238, Ra-226, Ra-228, and Th-230. All post-remedietion data results were used by Argonne
National Laboratory to calculate risk reduction achieved by the removal action. Risk calculations
were performed using the same methodology used in the EE/CA and were estimated for both the
current hunter and hypothetical future child scenarios. The exposure rowies evaluated included
incidental ingestion of sediment and external irradiation. Post-cleanup- data for each segment
were aggregated with data from locations in each segment that were not targeted for cleanup. At
locations where more than one sample was collected, the data were averaged to obtain a
representative concentration for that location prior te aggregating the data for each segment. ... .

Although significant risk reduction was achieved, upon evaluation, a decision was rmade
to remove additional volumes of seil from two sample areas due to elevated Th-23G levels. The
PMC conducted a follow-up investigation and evaluation to determine the potential hazard of the
two areas. It was determined that even though the drainage satisfactorily met the risk reduction
criteria, the two areas wonld be remediated under a limited removal effort conducted under
WP-505, Task J. :

Approximaiety 22.5 cu yd total of contaminated soil was removed from the twe locations
and trangported to the disposal cell. The soil was sampled immediately after excavation was
completed at each location. Sampling began on April 19, 1999, and was completed on Apzil 29,
1999. The results showed a significant reduction in radiological contamination. The data were
used to evaluate post-cleanup rizks and detetinine the amount of risk reduction achieved by both
WP-470A and WP-505].

Complete details of the remediation as well as the post-cleanup risk assessment of the
Scutheast Drainage are in Southeast Draingge Closeout Report Vicinity Properties DA-4 and
MDC-7 (Ref, 20}

4.2.3.8 Frog Pond Drainage Area
The following information was incorporated from the Closeout Report for the Frog Pond

Drainage (Ref. 76). The Frog Pond drainage begins in the Frog Pond area within the chemical
plant site and ends at Busch Lake 36. Frog Pond was a2 man-made pond excavated out of an
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existing drainage at some time during operation of the feed materials plant. The pond received
precipitation runoff from the northeast cornet-of the chemical plant and from the plant storm
sewer system, Ewven though charactetization of Frog Pond showed radiological contamination,
there is no known record of contaminated matetial being stored or buried in this area. '

The Frog Pond drainage area can be broken into three separate sections. The first section -
consists of the area from Frog Pond on the chemical plant site to the perimeter fence. The
second section runs from the chemical plant perimeter fence to the south side of Missouri County
Highway D. This section is on MDOC property and henceforth is referred to as the Frog Pond
drainage, - The last section consists of the drainage north.of Highway D running into Lake 36,
This section is also part of the MDOC property and is referred to-as the Frog Pond outlet.

During the vicinity property study conducted by ORAL in 1983, the Frog Pond areas
were sampled. Flevated levels of U-238 were identified within the Frog Pond drainage;
however, the levels did not exceed DOE residual contamination criteria for classification as a
contaminated MDOC vicinity property. Therefore, they were not 1nclus:led in the Chemical Plant
ROD as a vicinity property.

In 1997 and 1998 an engineering characterization was performed on all three sections of
the Frog Pond drainage area (the Frog Pond area, the Frog Pond drainage, and the Frog Pond
outlet). The Frog Pond area was characterized from October 1997 to January 1998 under the -
Frog Pond Characterization Sampiing Plan (Ref. 21). The pond was drained prior to sampling.
Samples were collected from 15 locations within the Frog Pond area and 18 locations
surrounding the pond. Samples were collected at 1-ft intervals to a depth of 12 £ for inner Frog
Pond samples and to a depth of 16 & at locations outside the pond. Analysis reveated that five
locations exhibited elevated concentrations for a single ROD chemical constituent.  Eighteen.
other locations exhibited elevated concentrations for multiple ROD chemical constituents,
radioactive constituents, or both. Additional information may be found in the Analyfical Data
Results for the Frog Pond Characterization Sampling Plan (Ref. 22). '

The Frog Pond drainage was sampled from Cetober 30, 1998, to November 4, 1998, in
accordance with the Engineering Soils Sampling Plan for drmy and MDOC Vicinity Properiies
Addendum 4 Soil Sampling at Frog Pond Drainage Outlet and MDC-6 (Ref. 23). Sixty-three
samples from 32 locations were generated during this characterization., Biased sampie locations
were determined in the field on the basis of both walkever survey results greater than two times
background levels and relevant geomorphic principles of sediment deposition such as point.bar
deposits. Walkover survey results revealed, however, that no location was greater than two
- times background. Hence, biased samples consisted solely of sediment deposition arcas along
the drainage. Sixteen biased sample locations, 12 unbiased sample locations, and four areas
within the twin ¢ulverts on both the north and south sides of Highway D were taken.

Analysis revealed that no sample location along the Frog Pond drainage exceeded ROD
cleanup criteria levels for any radiological parameter. FElevated concentrations of U-238
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exceeded ALARA levels (30 pCi/g) at 10 out of the 32 locations. Ra-226, Ra-228, Th-230,
Th-232, arsenic, chromium, lead, thallium, 2,4,6-TNT, and PCB concentrations were all below
ALARA levels. Additional details of the results of this sampling activity may be found in the
Closwure Report for Soil Sampling at Frog Pond Dratnage Outlet and MDC-6 Addendum 4 of the
Engineering Soil Sampling Plan for Army and MDOC Vicinity Properties (Ref. 24).

in April of 1998, the Frog Pond outlet was originally sampled for radiological
characterization in accordance with the Engineering Soils Sampling Plan for Army and MDC
Vicinity Properties: Addendum 4: Soil Sampling at Frog Pond Drainage Outlet And MDC-6
(Ref 23). Discrete soil samples were collected at 1-ft intervals from the drainage surface to-the
origina} stream base (approximately 2.5 ft to 4 fi below ground surface). Analysis of samples
from the 15 locations revealed that numerous locations exceeded the ROD U.238 c!eanup
criteria level of 120 pCifg.

The Frog Pond outlet sample locations were re-sampled from September 29, 1998,
through October 2, 1998, to obtain additional information on contaminant depth and potential
chemical contaminants. Samples were coliected using a power auger and split spoon sampler at
1-ft intervals. Depﬂ'ls that had been previously characterized were excluded, Analysis revealed
that samples from nine of the 15 sample locations exceeded cleanup criteria tevels for 11-238-at
either one of muitiple depth intervals. Every sample location exceeded the U-238 ALARA level
{30 pCifg) at either one or multiple depth intervals. . Chemical . characterization. for RO
contaminants of concern performed at four locations revealed that all four sample locations were
belew both ROD cleanup criteria and ALARA levels. Specific details of this sampling activity.
* can be found in the Closure Report for Soil Sampling at Frog Pond Drainage Outlet and MDC-6
Addendum 4 of the Engmeering Sail Sampling Plan for Army and MDOC Vicinity Properiies

(Ref. 24).

Based on the data from the three separate engineering characterization activities,
remediation was required in the Frog Pond area and the Frog Fond outlet. Remediation was not
required in the Frog Pond drainage becanse no samples taken exceeded ROD cleanup criteria.

Remediation of the Frog Pond area began on July 29, 1998, and was completed on
September 12, 1998. Remediation was performed under WP-437. Contaminated sediment and
soil were excavated and transported directly to the disposal cell. Any area exceeding 1.5 times
background activity was excavated until the background activity fell befow this criterion. The
volume of contaminated materiai removed increased from the original engineering estimate of
10,500 cu vd to 16,292 cu yd. The increase was a result of both Nal 2x2 walkovers and high
levels of polyeyelic aromatic kydrocarbons (PAHs) which required additional excavatien of the
area. Upon successful completion of confirmation sampling and unrestricted release of the area,
the excavation was backfilled. Approximately 16,140 cu vd of clean common fill was returned
to the excavated area and sloped so that the pond was eliminated.
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. Remediation of the Frog Pond outlet began on July 7, 1999, and was completed on _'
Qctobar 7, 1999 under WP-505F. Contaminated soil and root balls were excavated and

transported directly to the disposal cell. A temporary access road mnning along County Hwy D
to an area across from Gate D of the chemical plant site was constructed and maintained during
the remediation. The road was removed and the area seeded after completion of backfill
activities. :

Once remediation commenced, the volume of contaminated material removed increased
from an estimate of 1,634 cu yd to 2,864 cu yd. Radiological surveys obtained during walkover
of the excavation revealed that contaminated material extended beyond the designed excavation
limits in tweo locations. The first focation was under the two 60-in. culveris running from:the
Frog Pond drainage, under Highway D, and into the castern end of the outlet. The second

location was under the 42-in. culvert leading from the western end of the outlet into Lake 36, In -

both situations, it was decided to excavate or “chase” the contamination.

Approximately 20 fi of both 60-in. culverts and 293 cu yd of soil were removed from the
eastern end of the outlet. Radiological measurements revealed that remaining soils under the
culverts continued to exhibit elevated levels (500 to 800 counts per minute). The additional
excavated area was within ¢lose proximity to the MDOT right-of-way. As a result of discussions
with the DOE on August 26, 1999, excavation ceased at the eastern end of the Frog Pond outlet.
Samples were taken of the soil vnder both culverts, and the edge of the excavation was surveyed
for future reference. Soil sampling was conducted under the Engineering Soils Sampling Pian
for Army and MDC Vicinity Properties: Addendum 6. Engineering Characterization Sampiing at

Frog Pond Outlet (Soil Beneath Twin 60-inch Culverts) (Ref. 70). After the samples had been

taken, 70-in. diameter extenszions were fit over the 60 in. culverts and entombed with concrete at
the culvert joints, The area was then backfilled to the original topography.

Analysis ﬁf the samples revealed the that soil under the sasternmost cuivert was above

the ROD cleanup criterion for U-238 with a concentration of 310 pCi/g, The soil was below the .

Th-230 cleanup criterion of 16.2 pCifg; however, it did exceed the Th-230 ALARA level of 5.0
pCi/g. Soil under the westernmost culvert was below U-238 cleanup criteria but did exceed the
ALARA level {30 pCi/g). Further details on this sampling may be found in the Closure Report
Jor Soil Sampling of the Frog Pond Ohatlet, Addendum 6 of the Engineering Soil Sampling Plan
Jor Army and MDC Vicinity Properiies. (Ref. 71).- The ALARA committes met on March 23,
2000, to discuss the results of sampling under the two culverts.

The depth of contaminated soil under the 42-in. culvert ranged from 2 ft to 5 ft. The
cnivert was removed and a small berm of soil between the iake and the outlet was maintained so
that water from the lake would not run into the excavation area. The excavation extended
approximately § fi into the lakebed. It was 12 ft wide and 2 ft below the bottom of the lake.
This was bevond the contract established excavation boundary and it was decided to stop
excavating along the lake. It was decided that a detailed characterization of the area would be
performed at a later date. The excavated area was backfilled with ¢lay material to act as a dam.
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Rain was forecast, and it was impemtive that rainwater be prevented from flowing ﬂ'jmugh the
contaminated area into Lake 36, and that lake water was prevented from seeping into the outtet.

On September 1, 1999, the PMC received a letter from the MDOC requesting that the
area from-the 42 in. culvert at the Lake 36 inlet to the-first rock jetty be “thoroughly tested™ to
ensure that all contaminznts had been removed. In response, the PMC generated the Sampiing
Plan for Radiological Characterization of Sediments and Soil Within the Soutkeasr Corner of
Busch Lake 36 (Ref. 25) and sampled the area in accordance with this plan.

Additional sampling along the edge and within Lake 36 was conducted in accordance
with the Sampling Plan for Radiological Characterization of Sediments and Soil Within the
Southeast Corner of Busch Luke 36 (Ref. 25). Sample locations weré established by creating a
20-ft by 20-ft grid encompassing 40,000 sq ft. Grid intersections were identified as potential
sample locations. Numerous sample locations were then eliminated because they were at a
higher elevation, and surface water and sediment runoff from the chemical plant site would not
flow to them. It was determined that 38 locations would be sufficient to characterize the
southeast end of the lake. Exiensive sampling was conducted in the southeast comer of the l&ke
where the excavation was discontinued.

Analytical results generated from the sampling revealed that none of the 106 samples
exceeded the 30 pCi/g ALARA level for U-238, let alone the 120 pCifg ROD cleanup criterion,
Additional details of the sampling activity are in the Closure. Report for Radiclogical:
Characterization of Sediments and Soil within the Southeast Corner of Busch Lake 36 Sampling
Plan (Ref, 72).

4.2.3.9 Busch Lakes

Busch Lakes 34 and 35 are man-made bodies in the eastern portion of the August A.
Busch Memorial Conservation Area. Lake 34 covers 33-acres, and Lake 35 covers 60-acres.
Both were constructed in the 1960s when the feed materials plant was in operation.

Lake 35 is part of the Schote Creck surface water drainage, which collects storm water
runoff from the chemical plant site. -Contaminants in this lake are likely the direct result of
runoff from the chemical plant. Lake 34 is in & surface water diainage that receives no direct
runoff from the chemical plant, but does receive groundwater that originates from the chemical
plant and discharges from Burgermeister Spring. Contaminants are likely transported to Lake 34
from the Burgermeister Spring drainage.

When the sediments in these lakes was. characterized in 1989, it was determined that the
nature of radiolegical contamination in them was limited to U-238.

Sampling was performed in accordance with the Sampling Plan for Sampling Sediments
at Busch Lakes 34 and 35 (Ref. 26). Because the lakes were not drained prior to sampling, a
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radiological survey of t.hr: sediment surface could not be performed. Sampling lﬂnattnns were
12id out on a 50-m by 50-m sampling grid with sample points at the corners and center of each
erid square. This was done to cbtain an adequaxe density of sampling points to support
characterization and potential design. The grid spacing resulba:i in 124 sampling locations in
Lake 34, and 195 in Lake 35.

Sediment in Lake 34 was sampled beginning' July 29, 1998, and ending on August 13,
1998. Sampling was atternpied at 117 of the 124 locations, Sediment was retrieved from 49
locations, resulting in 59 samples being collected. Samples could not be collected from 68
locations due to inability to retrieve sediment. o

Sediment in Lake 35 was sampled beginning on June 25, 1998, and ending on Juiy 24,
1998, Sampling was attempted at each of the 195 locations. Sediment was retrieved from 143
locations, resulting in 240 samples being collected. Samples could not be collected frem 50
locations due to inahility to retrieve sediment, which accounted for 21% of the attempted
locations. '

None of the samples obtained from either lake indicated U-238 resulis greater than 120
pCi/g, which is the cleanup criterion for U-238. Based on the data, it was determined that-
remediation of the sediments in these lakes was not warranted; therefore, no further action was

. required, Additional details may be found in the Completion Report for Sediment Sampling at

Busch Lakes 34 and 35 (Ref. 27).

~ Busch Lake 36 is a 15,5 acre man-made lake in the southeast portion of the August A,
Busch Memorial Conservation Area immediately north of State Highway D and approximately
1 mi west of Francis Howell High School. Water flows to the lake via a natural drainage from
the chemical plant site, From the lake, the water flows through an overflow structure inio
another drainage that flows into Lake 35, Lake 36 was constructed while the chemical plant was
in operation, -From January through Febmary 1997, the DOE sampled the sediments in this lake
after it had been drained by the MDOC for scheduled restoration. Sampling was performed in -
accordance with the Engineering Design and Characterization Sampling Plan for Soils and
Sediments from Busch Lake 36 (Ref., 28), Per the sampling plan, gamma walkover surveys {2 in.

'x 2 in. Nal) were performed on every accessible area within the lake bed. Areas covered with

water could not be surveyed. Sediment samples were then collected using a hollow-stem, split- -

'spoon auger driven either mechanically or by hand.

The characterization results indicated approximately 10,000 bank cu yd of sedirnent
within the lake bed was sbove the ALARA goal (30 pCi/g) but below the cleanup criterion (120¢-
pCi/g). Of 136 samples taken at 58 separate locations, only 12 were above the U-238 post-
remediation ALARA goal of 30 pCi/g. Details of characterization results are provided in the
Busch Lake 36 Summary Closeout Report (Ref, 29). .
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See Section 4.2.3.8 for the dlscussmn of Frog Pond outlet (inlet to Lake 36} sampling and
remediation.

4.2.4 Site Remediation

After six years and 100,000 analyses, confirmation at the chemical plant was completed
on March 5, 2001. Following is & detailed description of the confirmation process and how it
was developed and implemented, a summary of the confirmation units and final data, and a
discussion of the ALARA Committes,

4.2.4.1 Development of the Con firmation Attainment Plan

The confirmation process was developed to provide statistically defensible evidence that
remediation efforts were complete to the extent required by the Chemical Plant ROD (Ref. 8).
This ROD established two different sets of cleanup standards: protective risk-based cleamup
criteria and more restrictive ALARA goals. A detailed discussion of cieanup criteria and’
ALARA goal development is in the Feasibility Study for Remedial Action af the Chemical Plant
Area of the Weldon Spring Site (Ref. 30).

. Development of the confirmation plan began in 1994. Input was obtained from outside
agencies, including Argomnne National Laboratories (ANL), the EPA and the MDNR. . The final -
‘product was the Chemical Plant Area Cleanup Attainment Confirmation Pian (Attainment Plan)
(Ref. 31) that detailed the requiremenis for confirmation, including clean up standards (ALARA.
goals and cleanup criteria), sampling methods, sampling frequency, analytical parameters, and
the statistical evalaation to be performed to accomplish this detenmnanan This plan created
discrete areas known as confirmation units (CUs). A CU was a 2,000 m” area for which a
decision was made as to whether or not remediation was complete. Decisions in regard to-each
CU were based upon the data collected.

4.2.4.2 Design

The ALARA goal discussed above represented the level that couid reasonably be
achieved during field implementation. With only a few exceptions, most contaminated soil
excavations were designed to remove all soils where contaminant concentrations were in excess
‘of the ALARA gnals

Exceptions to this dsmgn principte occurred in Raffinate Pits 3 and 4. The decision to
design to subsurface criteria in these arcas was based on locations that contained deeper
contamination with significant ¢clean material above. This decision was not contradictory to the
ROD since all areas would remain more than 6 in. below final grade. The decision was based on
the cost vs. benefit of excavating this material. The areas not targeted for remediation that
exceeded ALARA are best described by the associated characterization data and will be
discussed in the post remedial action reports specific to those areas.
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4,2.4.3 Confirmation Process

Using the guidelines in the A#taiiiment Plan (Ref. 31}, work package confirmation
sampling plans were developed which detaited confirmation units, sampling locations, - and
parameters specific to the areas being excavated. The confirmation process began immediately
after excavation of contaminated soil to design depth. The radiological and chemical
contaminants of concem, cleanup criteria, and ALARA goals for the chemical plant area are
identified in Table 4-6. The confirmation process is 1llustrated in Figure 4-4.

For radiological contaminants, surface scans for gamma activity were performed over
each 100 m® grid within all confirmation units after soil excavation was completed. Any
locations of elevated direct gamma radiation exceeding 1.5 times ambient site background leveis
were further excavated. Once readings were less than 1.5 times background, soil samples were
collected. Confirmation samples were analyzed only for the contaminants that were known to
exist in the area, not for all contaminants of concern over the entire site.

Sample results were reviewed and compared to the ALARA goals, Additional
excavation and/or sampling was conducted upon identification of hot spots. Results exceeding
criteria were considered hot spots and were handled in one of two ways: autematic excavation or
size determination. - (1} Automatic excavation: If a hot spot result exceeded three times critesia, it
was automatically excavated, another walkover was performed, and an additional confinmation
sample was collected. (2) Size Determination: If a result ranged between criteria and 3 timss
criteria, localized gamma scans were performed to determine the lateral extent of the elevated
activity - (radiclogical contaminants} or additional samplm% was conducted (chemical -
contaminants). If the area was determined to exceed 25 m”, additional temediation was
performed (as discussed above). If the area was less than 25 m?, the size of the anomaly,
together with analytical data, were used to determine whether hot spot cleanup geals were met
based on the calculation: '

Maximum Concentration = (cleanup criteria) x (100/4)'%,
A=Area of the hotspot.

If the hot spot met the above condition, it was not excavated.

Once a CU met the foliowing criteria: (1) all averages less than ALARA, (2) any
remaining results exceeding criteria meet the hot spot rule, and (3) all 106-m” averages less than
criterta, a disposition release form was completed and the CU was determined to meet final
cleanup criteria, If averages exceeded ALARA, an ALARA Commiftee meeting was called to
determine whether the CU could be determined to meet final cleanup criteria or if additional
excavation was warranted. ALARA Committee megtings are discussed later in this sectioh.
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_ A summary of remedial activities, walkover information, confirmation data and
identification of hot spots encountered during the process were provided in a post remedial
action report for each work package. Details were also provided if any additions or deviations

- from the sampling plan occurred.

Table 4-6 Radionuclide and Chemical Contaminant Cleanup Standards

_ SURFACE™ . SUBSURFACE'™
Radlonuclide (pClig) _ ALARA Criteria ALARA Criteria
Radium-226/ 5 _ 50 82 . 50 182
Radium-22a8'e 50 6.2 ' 5.0 162 .
Thotium-220' ' 5.0 8.2 5.0 16.2
Thorium-232® 5.0 B2 8.0 ' 16.2 -
Uranium 238 300 120 30 120
Chamlcal (mgfkg) _ _ : . —
Arsenic 45 75 o T3 750
Ghromium (total) =0 110 110 ' 1.1jD
Chrommium (VD _ 80 100 - 100 : 1,000
{ gad . 240 450 450 . 4,500
Thatlium 15 20 20 20“
PAH="® 0.44 58 B6 5]
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Tabla 4-6 Radionuclide and Chemical Contaminant Cleanup Standards (Continued)
SURFACE™ SUBSURFACE™
Chamical {mgfkyg) ALARA Critaria ALARA Critaria
.PCEGm ' 0.65 8 8 80
TNT 14 140 140 1,400

B | poth Th-230 and Ra-228, ar both The232 and Ra-226, am prasent and not In sacular squilikium, the claanup crtterion applies for

. the: radionucide with tha highss concantration,
At tocations where both Ra-226 6nd Ra-228 are prosert, the ceanup criterion of 5.2 pCig (nchading background) In thatop & in_of
goil, and 16.2 pCif {inciuding backgrourd) it each 6-in. layer of soil more than 6-in. belgw the surface, applles ta the sum of the.
concanirations of thesze tvo radlonuckdes, .
values llsted for surface sails apply to contamination within the upper & in. of the sl column.
Valies for subsurface apply I conterninetion in soils below & In. unless athamwise noted,
Benz{ajanfhracans, berueitiiuoranthens, banzolkiusranthens, benzo{alpytene, chiysans, and ideno (1,2 3-od)pyrens.
Arcolor 1248, Arockor 1254, Anxclor 1260,

[

L]
]
L]
"

Sourca:  Fecord of Dacision fov Remedisf Action & e Chamizal Flani Ares of the Waldon Spring Site {(Ref. 8)

4.2.4.4 Confirmation Statistics

Since 1995, more than 400 confirmation units have been confinmed to meet final cleanup
criteria. Table 4-7 identifies the work packages and the confirmation units associated with each
package. Figure 4-5 identifies the confirmation units, except those at the quarry and vicinity

properiies.

Table 4-7 Summary of Confirmation Remedial Unita/Confirmation Lnits

Remedial Unit
(RL} Confirmation Unit {CU) Area Dascription
o1 001 - 002 WP-390 — Norfhwest of ASA
0oz2 003 ¥wP-399 — Southeast of Frog Pond
ooa o04 WP-599 — West of Ash Pand
(04 005 =018 WP-265 — GMSA
005 018 WP-253 — CHSA
006 020 — 050, 157 - 168 WP-420 - York Zone 1
007 051 — 077 WP-420 - Work Zona 2
¢ D78 =083 WP-420 — Wark Zone 3
oog 0B4 — 122, 142 VWP—420 — Work Zone 4
o0 123-138 WP-420 — Work Zone 5
011 13§ - 140 WP-481 - VP8
012 141 Vicinity Property MDG-6
013 143 — 158, 158 - 161 WP-471 - N. Rafinate Fit 4
014 162 - 169 WP-458 - VP DA, 2, 3, 8 5/MDGC-3, 4, 5 8 10
0is 382, 366 — 300, 905, 308 — 290, 414 | WP-437 — Admiristration 'Work Zong
o016 357 — 3648, 387 — 389 WP-437 — Frog Pond Work Zona
017 272 - 216 WP-437 — ASA Work Zong
018 170 — 186, 306 WP-437 — MSA Work Zone

. DOESORS21548-881, Rev. 0
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Table 4-7 Summary of Confirmation Remedial Lnite/Confirmation Unite (Continued)

Remedtal Unit
(R} Confirmation Unit {CU) _ Araa Description
079 360, 408 — 409 WE-A37 — GMSA Work Zofie
g20 277 - 337 WF-437 — Ash Fond Work Zone
g2 221271, 391 - 364 WP-437 - Raffinata Pils Work Zona -
022 189 - 220 WP-437 — TSA Work Zone
023 370-377. 284 WP-437 — C5S Wark Zane
024 _ 338-256 WP-437 - SWTF Wark Zone
025 a7a — 351, 400 - 405, 410 WP-437 - Disposet Cell Work Zone
028 397 WTP Equalization Basin
027 380 Frog Pond Qutist
28" £11 —413, 416 - 420 Cuamy Proper

U383 and CU445 — These CU numbers were nol used,

U363 had bean DA-B, which was not remediated.

U415 became part of CL389.

*  This RU covers quany proper confirmation being conducted under the Record of Decision for Remedial Action
for the Quarry Residuals Operabls Unif at the Waldon Spring Site (Querry Residuals OL) {Ref. 32).

.o+ Table 4-8 summarizes the final confirmation results, -As..cén be seen in this table, 99%
were less. than ALARA.

Table 4—3 Final Confirmation Statistics

ALARA

. Parameter No. of Samples Ho. < ALARA Range Average Goal
Arsanic {mg/kg) 2782 2781 048 - 123 .10 45
Chromium {mg/kg) 3030 3080 C14-762 17.27 50
Lead {mg/xg) 2689 2681 18817 18.22 240
Thalkium {mgfkg) 1084 1082 012-.203 1.78 16
U238 (pCify) 9198 a115 6.07 — 228 281 30 5
Ra-226 (pL/g) BO11 6006 0.125-165 1.04 5 i
Ra-228 [pLig) 5733 E730 0.16-6.6 104 5
Th-230 (pClig) 6184 6059 608 -231 1.56 5
FAH {:g/kg) 2718 2568 G~ 14100 gB.07 440
FCB {ngkg) 3113 3065 0 -~ 6400 4657 650
TNT {mg/kg) 1516 1513 0.003 34 017 14

Figure 4-6 identifies which CUs were confirmed using subsurface criteria. The CUs
confirmed using these criteria accounted for approximately 5% of the total mmmber released.
Most of these CUs were in the northern portion of Raffinate Pit 4, which was designed to
subsurface criteria.
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4.2.4.5 ALARA Comnmaittee

: An ATLARA Committee was formed to ensure that contaminant congentrations remaining
in soil in the chemical plant area after remediation met the intent of the ROD. This committee’s
five positions were held by the Deputy Project Director Operations, the Deputy Project Director
Environmental, the Environmental Safety and Health Department Manager (committee
chairman), the Environmensal Protection Group Supervisor, and a DOE Project
Manager/Engineer. This committee held 37 meetings to discuss cenfirmation and remediation
‘topics. Approximately half of these meetings were .called to determine. whether CUs. having
averages greater than ALARA couid be confirmed to meet final cleanup criteria or:additional
excavation was reqmred These decisions were based on the number- of confirmation resulis for
the contaminant in question that were collected to date and the number that were. less than
ALARA. If the number was greater than 50%, the CU was confirmed. This was frue of all cases
where the ALARA committee met to make this determination, If the number was less than 50%,

the CU was re-excavated and re-sampled. Table 4-9 lists the meetings, but does not include
those held only for ClUs with averages exceeding ALARA. .

Table 4-9 ALARA Committes Meatings

Date

Tapic(s)

060611855

Process Sewer Pipe Baneath Army Read

0725/18886

Hauiling Material from WP-420 to CMSA, YWP-420 utllfies, ORISE het apot in CU034, and OC Hﬂpl&&

- 08/ Mo05

Busch Lake 38 sadiments

1041 6/15906

Re-visit of QC sample issle, surface vs. subsurface releases

- 104301996

OrrrHeeT

F-420 slockpiles, hotspo! identified in CUG2S5 area, CUOB4 gramage, and averview of polygons

08/ 111987

Vicinity Property MD(-10, Busch Lake 36 sedmment placement, Gedimentaticn Basins 1 and &
sediment placement, and designing to ALARA

0R/02A087 |

WP-471 — Design excavation using subzurface ciiterla

127151997

CU150 - Partial release with & hot spot

01/28M908

[Raffinate Pit 4 - 2one (3 and cut areas in subsurface Cls

D501 /1905

Vicinity Froperty DA-S

04/15/1980

SA hot spots

O5M1118988

Characterization results ai HR1 (whhin Frog Pond drainage off site}

05261988

Usze of subsurfaca critaria

B6/A7/8E0

Use of subsuface critara In Ash Pond work zone (<2 t)

O7/08/1688

C385 Mod 11 foundatian

OB/20/1580

Corhrmation walkovers at rafinate pis, XRE/vicnity Properly MDC-5, and Vicinity Property DAB _ ..

WP-471MVP-427 final grade

1110118060

Administration stomm sewars

2072000

Vicinity Property DA-6

0372372000

Frog Fond ouwtlet contaminaticn remaining under the cutvarts

(872372000

CU411 — NE slope at the quany
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4.2.4.6 Independent Verification By ORISE

The Oak Ridge Institute for Science and Education {ORISE) was contracted by the DOE

_ to verify confirmation soil sampling in the chemical plant area. Verification activities included
independent walkover radiological surveys and collection and analysis of soil samples to verify

-~ proper disposition of CUs. Field verification activities were conducted in accordance with the
ORISE final survey plan. To date, ORISE verification reporis have agreed with the PMC post
Temedial action reports that the remedial action objectives have been met, ie., that.soil
contaminant levels range between cleanup criteria and the ALARA goals, reaching the goals in -
maost cases ' '

4.2.5 Disposal Cell

A wmajor component of the Chemical Plant Operable Unit remedial action was the

- construction of the disposal facility, or “cell,” where tnaterial resulting from the chemical plant
remediation would be placed, Construction of the disposal facility began on April 24, 1997, with
a ceremonial groundbreaking. The facility is in the area formerly occupied by the chemical plant
production buildings and will provide long-term containment and management of the waste

materials. It covers about 45 acres in.an area that has been tested to confirm its geclogical
suitability for this use. At its apex the cell will be approximately 75 feet high and will contain
approximately 1.48 million ¢u yd of contaminated material.

The cell consists of four primary systems: the base liner with leachate-collection and
removal systems, the disposed wastes, the clean-fill dike and the cover systems,

The base liner is designed to prevent leachate from migrating vertically from the bottom
of the cell. The liner is composed of a 3-ft low-permeability clay liner, a secondary cemposite
liner, a secondary leachate collection and removal system, a primary liner, and a primary
leachate collection and removal system. The primary liner is composed of a flexible membrane
and a geosynthetic clay liner with leak-sealing capability. The flexible membrane in the
secondary liner is paired with a compacted clay liner than can absork or reduce many of the
radionuclides and heavy metals that may be present in the leachate. The composite liners cover
the bottom, excavation sidewalls, and interior slopes of the perimeter clean-fill dike.

The basal liner system contains bath primary and secondary leachate collection systems
{LCES}. The primary system collects leachate and directs it to the leachate collection sump.
The secondary system provides redundant leachate coliection and also directs the collected
leachate 1o the sump. The primaty LCRS consists of an 8-in. layer of filter sand overlying an
-in. gravel drain layer in which a 4-in, diameter high density polyethylene (HDPE) perforated
piping system is embedded. The final layer of the primary LCRS consists of a 160-mil
protective geotextile liner. The secondary LCRS system consists of a gravel drainage layer
cotitaining 4-in, diameter HDPE perforated piping between two 250 mil geonet liners,
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A geochemical barrier was installed above the basal liner material and below the bettom
of the waste, This barrier is | ft deep and is composed of low-level radioactivity scils and peat
mixed in a 3:1 volurnetric ratio. The barrier attenuvates contaminants in the leachate as the liquid
migrates through the barrier into the prisnary LCRS.

The clean-fill dike is constructed of compacted clay scil and surrounds the disposal
facility. Its function is to resist erosion, limit infiltration of moisture into the waste, minimize
radon emissions, reduce long-term maintenance, discourage animal and human intrusions inte
the waste, and reduce risk to buman health and the environment.

Wastes have been placed and stabilized within the disposal facility in a controlled and
engineered manner 50 as minimize settling, minimize volume, and retard radon emissions. Metal
and concrete wastes are spread in layers and covered with soil in a manner to eliminate voids.

The cover system serves the saime purpose as the clean-fill dike in regard to storm water
rznoff, infiltration, and intrusion. It consists of multiple layers including (from bottom to top) an
infiltration/radon barrier of low permeability clay, a geomembrane and geosynthetic clay liner,
drainage (gravel) and filter (sand) layers, a bedding layer, and a biciatrusion layer of rock.

Quality Assurance (QA) assessments and surveillance and Quality Control- (QC)
inspections and testing were performed during design and construction of the disposal facility.
- Quality Assurance oversight was maintained over project management groups, design agencies,
suppliers, and subcontractors. Quality Control activities were conducted in accordance with the
Remedial Action Inspection and Test Plan for Disposal Cell Consiruction, Work Puckage 437
{(Ref. 33). All aspects of cell construction were included in the Tesr Plan, from field density and
moisture control testing, quality requirements for riprap and aggregate materials, to inspections
of the geosynthetic clay liners.

Quality Control personnel developed material checklists for each type of material placed
in or on the cell. Test plans and daily checklists - delineated  the contract specification
requirements for each type of material. While subcontractors were used for QC inspections of
non-critical work packages, PMC QC personnel performed these inspections and tests for critical
work packages utilizing an on-site laboratory. Vendors and subcontractors were required to
develop their own quality programs, which were then approved by the PMC, '

Because the PMC implemented both the construction management and direct hire
contracts for construction of the disposal cell, the DOE subcontracted an-independent oversight
group 0 oversee all QA/QC activities performed by the PMC and Direct Hire Organization.
This independent oversight was initiated in the spring of 1997.

The disposal facility is 100% filled with 1.48 cu yd of waste deposited. Cell cap
construction is underway, and the cell will be completed and capped by December 2001.
4.2.6 Borrow Area ' '
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On June 9, 1993, the Missouri Department of Conservation approved a plan atlowing the
Department of Energy at the WSSRAP to excavate nearly 2 million cu yd of clay material from .
land in the Weldon Spring Conservation Area. This borrow area is approximately one-half mile
southeast of the site and one-quarter mile east of Francis Howell High School across Highway
94. The clay soil is being used to construct the disposal cell. Clay soil was chosen because it has
very low permeability when compacted. Exiensive testing showed that the proper quality: and
quantity of material was located in the borrow area. .The excavated clay.is being nsed for
foundation backfill, clay liners, and clean fill perimeter dikes, and for regrading excavated areas.

The borrow area easement was surveyed to determnine whether soil removal would disturb -

- any archeological or historical sites. The land was also assessed from an ecological standpoint to

check for threatened or endangered species and wetland aveas. The DOE signed a separate
agreement with the MDOC to mitigate any loss of wetlands in the area. The agreement
authorized the crzation of a wetlands area in the August A, Busch Memorial Conservation to

- provide aquatic habitat to replace areas disturbed during work at the chemical plant site.

The borrow area comprises more than 213 acres of land including 150 acres for bortaw

" development and operations. The remaining acreage was used to construct a haul road leading.

from the borrow source to aa entrance at the north side of the chemical plant area. The haulroad
is dedicated to borrow operations in order to separate project vehicles and equipment from public
roadway users. The DOE reached an agreement with the Missour: Highway. and Transportation
Department, Francis Howell School District, and the MDOC which pemmitted a portion of
Highway 94 to be realigned to allow for a grade separation crossing. The separation routes
borrow traffic through an underpass at Highway 94. Construction of the grade separation in
1996 included reduction of two dangercus curves in Highway 94 that had been the scene of
numerons accidents,

After borrow operations are complete, the area will be restored per consultation with the
MDOC. Mulch and seed will be added to restore groundcover,

4,2.7 Changes to the Chemica] Piant ROD
The Changes to the Chemical Plant ROD (Ref. 8) which have been identified since the

previous five-year review are listed in Table 4-10. These changes were all considered “non-
significant.™
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!
. Table 4-10 Changes to the Chemisal Plant ROD
CHANGE NO. DATE - DESCRIPTION
T 618 | T3A rubble will be washed ard transportad to Ash Pone for stockpifing and rock
cnishing. _
] 7717726 | PGB soils will bs stored at the TSA under a tarp or in tight boxes.
g 7/21/86 | Water from the chamical pfant will Do transperted o the QWTP for freatment.
] B/30/06 | Placement of tanks and secondary cum:armmnt at the TSA for temporary
storage of RCRA bring wastes, -
T 121296 | An area of toluense contaminaticn was dmwerad during foundaticns removal: -

Toluene was not a contaminant of concarm in the ROD. Cleanup levels were
developed using the same mathods as us=d for the chemical plant OU, and the
contaminated area was remediatad congistent with techniques used fur the

. chemical ptant remediation.

12 B/20457 An area of hexane contemination was discovered durng scil removal in
prapatation for dispasat cell construction. Hexane was not a contaminant of
cancem in the ROD. As a precaution and part of routine waste management,
the contaminated area was remediated consisient with techniques used for the
chemical plant remadial action. Contaminated soil was remaved tohexane
kvets wel betow the Preliminary Remadiation Goa! (PRE) recommended by
EPA Region Vil. '

13 TO/30/7 | The ROD siates, "Chemical stebilzation/solidification will be the treatment
mathod used for contaminated sludge, certain quamy soit and sediment, and
cortain other contaminated aoil from the chemiical plant shte (such as soil taken
from beneath the raffinate pitz.)”- The change was to carify that the only . .
material that would be trasted by the CES faclty would be the raffinate sludge.
Tha nitroarometis sails from the quarmy wers ko be traated by an in ik procass.
14 10/30/7 | The ROD siates, “Two new faciiities would be constructed on site to support
thie altermative: one for CSS...and ancther for physical treatment (the volume
reduction faciity).” During planning for the disposal cell, it was determined that :
using conventional means {e.g., mechanical shears) woukd be sufficient for "
sizing material. Thersfore, the volume reduction facility was eliminated. "4
15 10/30/37 | The ROD states, “Tha CS5 grout maienal resuiling from the mixing of rafinata &
sludge and binder agents wauld be.. fransported by truck to the disposal far.alrty
for grouting of voids in dismantiemant dabris or be further mixed with
contaminated solls to produce a ©85 soil-lke preduct” 1t was datermined that
the grout would be pumped by pipe instead of trucked, Pumping was chosen
ta reduce traffic safaty Bsues and mirimize the amaunt of decentamination and
waste. Also it was detarmined to pour the grout as a monolith and to fill the
voids with sol.

16 10730/67 | The ROD siates, " The HGRA requirements are appAcabie to the following
faciliies as they are usad to freat, store, or dispose of RCRA wastea or were
dasigned In accordance with RCRA requisements and were construtied sfier
1980, the chamical stablization/solidification facility. .. Afthough designed to
RGRA-smndards. the CSS plant will not be required to mest the operatlonal
requiremants of 40 CFR 264, The raffinate pit sludge is not a RCRA material,
_ therefore, RCRA is not applicable to the G55 operation. _
17 16/30/27 [ The ROD states, “The bormow area action will comply with the redamation
standards and will register with the commiasion”. On 11/2/84 the WESRAP
contacted the Mining Reclamation Offlce of the MONR io clarify the applicabilty
of the Mining Rec. Regulations. They stated that a permit was not requirac, the
reguiations wera not applicable o the borow ares, the MOOC requirements for
this oparation woudld be more stripgent then the mining reclamation
requiternants, and thare was no need o further coordinate with the Mining
Reclamation Office. Therefore, tha borrow arsa action will not ba registered
with the Land Redlamation Commiselan.
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Table 4-10 Changes to the Chamical Plant RDD {Gonﬂnuadj |

CHANGE NQ.

DATE

18

103067

 DESCRIPTION

The RCD states, “Included as part of the permit process is a Yvater Polimion

Preventian #lamn, which will be preparad for the borrow area and which will :
inchide preventativa measures for erosion control." The State of Missour does
not require a Pelhdion Prevention Plarr. Although, g specific plan hag not haen
wriften, erosion-control and pollufion prevention are addressad in specifications -

“for all work packages. - In addition-erosion control-is addressed in accordanca .

with the WSRRAF Chemical Plant Surface Water and Erosion Contrel Report.
Storm water permitiing for the borrow ames Is addressed through-the St. Chaﬂes-
County Parmit.

14

8l4f08

Previcusly unidentified contamination detected in the Frog Pond outlet area will -
ba ramediated using the gukialines in the ROD for vicinity properties. This area.
was not previowsly identified as contaminated or in need of remedigiion. This
area was addressed as though it werg 2 vicinity properly. Radlalogleal surface
scans and soft sampling defected elevated uranium and thordum levels in tha
draihage cuthst laading fram the Freg Pond. Soil charactarization resulis
indicated cantamination abeve the uranium criteria {120 pCifg) and Th-230

(8.2 pCilg)

20

10/22/38

The RGO states, “Siudge would ke removed from the raffinate pits with &
floating dredge and then pumpead as a slurry to an adjacent treatment facility.”
It was determined thai instead of processing 21 the shidge in the CS8 plant, a
batch or in sitt process would be vsed b chamically stabilizeSsalidify
approximately 15,000 cu yd of sludge in the scuthern portion of Raffinate Fit 4.
An additionat 5,000 cu yd of a dry and dense shudge/soil mixture from Reffinate
Pit 4 wilt be placed directly in the cell.

2

F23590

A listed hazardous waste, waste coda FOOZ, was Inadvertently generated as a
rasult of on site decontamination-achivities. Delisting a hazardous waste for. _
CERGLA rgmadial reaponse acions is sccomplished by documenting -
compliance with the substantive requirements of RCRA g5 cullined in 40 CFR
280.20 and 260.22. Hazardous wastes containing low concentrations of
hezardous constituants and that pose no threat 19 the ervironmsnt should ba
considered as candidates for delisting. Delisting raquires a demonstration that
& listet RCRA hazandous wasta na longer meats any of the criteria under which
the waste was kisted. The supporling decumentation was attachad to the

change

4.3 Quarry Residuals Operabie Unit

4.3.1 Introduction

The Quarry Residuals Operable Unit (Quarry Residuals OU) is the second of twe
operable units established for the quarry area. The Quarry Residuals OU addresses residual
conditions at the quarry. including {1} residual soil contamination at the quarry proper retnaining
after completion of bulk waste respoval, (2) surface water and sediment contamination in the
Femme Osage Slough and nearby creeks, and (3) contaminated groundwater north of the Femme

Ozage Slough.
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The Record of Decision for Remedial Action for the Quarry Residuals Operable Unit at
the Weldon Spring Site (Ref. 32) was signed by the U.8. Environmental Protection Agency and
the U.8, Department of Energy on September 30, 1998. The Quarry Residuals OU ROD
presents the selected remedial action for the OU following the requirements of CERCLA, The
selected action stipulates long-term monitoring of groundwater to énsure-continued protection-of -
human health and the environment. Institutional controls will also be-implemented to prevent
groundwater usage inconsistent with recreation uses, or uses that would adversely affect
contaminant migration. Field studies will collect data to verlf}' the existing conceptual fate and
transport model for the quarry.

4.3.2 Components of the Quarry

The guarry residuals project can be divided into two tasks: (1) implementation of the -
Quarry Residuals OU ROD and (2) final reclamation of the quarry area. Implementanon of both
projects is necessary to attain final closure of the quarry area, and both impact the final
configuraticn of the quarry area.

4.3.2.1 Quarry Residuals Operable Unit

Components of this operable unit include soil in the quarry proper, surface water-and.
sediments in the slough and nearby crecks, and contaminated groundwater north of the-slough.
Each of these components was investigated during the remedial investigation phase to determine
the nature and extent of contamination resulting frotn quarry mspﬂsal activities or the migration
of contaminants in groundwater and surface water. '

4,3.2.1.1 Soil in the Quarry Proper

At the quarry proper, soil at the rims and slopes was sampled, and sediment was sampled
from the wall and floor fractures and from the ramp and floor of the quarry sump. Due to poor
access, two areas, the northeast slope and the ditch area near the transfer station, were not
completely characterized prior to the Quarry Residuals OU ROD.  The ROD specified
performance of a risk assessment after completion of the additional characterization to determine
if excavation of residually contaminated soils from the two areas was warranted due to
unacceptable risk. Review of the additional characterization data indicated no increase in the
risk levels within the quarry proper. Radiological and chemical. resuits from the remedial
investigation samples, as well as subsequent characterization samples form the northeast slope
and the ditch area, indicated that under a recreational scenario, potential exposures are be:tow to
within the acceptable risk range of 10 to 10 (Ref 35). _ .

Becanse coniaminated materials were being removed during the early stages of quarry
restoration, removal of seme soil from several areas in the quarry proper was included in the
restoration projection. Excavation limits were based on the ¢leanup criteria for radionuclides
presented in the Chemical Plant ROD (Ref. B).
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A summary of the radiologically ¢ontaminated soil removal performed under this
operable unit is in Table 4-11. itially, scil in three areas of the quarry proper (northeast slope
area, ditch area, and snake pit area) were to be excavated as contaminated. A confirmation plan
was developed to address verification of removal of soils to the pre-selected release criteria
Confirmation of the utility lines associated with contaminated facilities used during bulk waste
removal was added to the plan since 2 1-ft envelope of soils was being removed as.contaminated.
The soils beneath the clarifier pad were added based on initial walkovers after removal of the
concrete pad, which was removed as contaminated. Each confirmation unit was released in
accordance with the Quarry Praper Confirmation Plan (Ref. 35).

Table 4-11 Contaminated Soll Removal Summary for the Quarry Regiduale OU

Location Reloase Volume Naotes
Critsria Removed |
Mortheast Surface 764 GU YD | The area had a Th-230 average excasding surface criteria.
Slopa Also, the area contained more than five hat speta for Th-220
and two exceedad thras times criteria. Defared to ALARA
committes — declslon was that no additionad RA was medguired,
and the area waz backfilled. It was decided that while tha
cisanup concentrations were not obitained, the ALARA principle
L was et during thie action. _
Ditch Area Subsurface 241 cuyd | Additional excavation bagad on initial confimation gampling
Snake Pit Subsurface 322 cu yd Kohe
LIty Line Subsurfacs 283 cuyd Partial releaga — segment near EQP berwath water jine to be
{Sump o removed during QWTP demolition.
. EQE)
Clarifier Pad Subsurface None

An addendum to the Quarry Proper Confirmation Plan (Ref. 35} was prepared to address
three radiologically contaminated soil areas associated with demolition of the quarry water
treatment plant.

4,3.2.1.2 Surface Water and Sedim ent in the Slough and Nearby Creeks

Surface water and sediment from the upper and lower reaches of the Femume Osage
Slough, the Little Femme Osage Creek, and downstream portions of the Femme Osage Creek
were characterized for radiological and chemical contamination. Fish from the slough were
collected and analyzed to investigate potential impacts from site contaminants.

Radiological and chemical resuits from the surface water and sediment samples indicated
that under a recreational scenario the potential risks estimated for the slough and creeks are
within the acceptable range of 10°¢ to 10™ (Ref. 32). The cument levels of contamination in
surface water and sediments from the siough and the Little Femme Osage Creek do not appear to
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have affected ecological resources at these. habitats and do not pose a future risk to biota. The
results from the rigk assessment indicated that no action was warranted for the surface water and
sediments in the slough and nearby creeks, ' :

4,3.2.1.3 Groundwater North of the Slough

Groundwater from the well field south of the slough is used for residential purposes, and
monitoring data indicate that uranjum levels in this area are similar to background levels. The
contaminated quarry groundwater is not accessible to either current or future recreationat users.
For informational purposes, risk estimates for groundwater were calculated for a hypothetical
residential user. " At some locations north of the slough, the potential estimated risk is greafer
than the acceptable risk 1ange of 10°® to 107 (Ref. 32).

Because source removal was accomplished under & previous action, no additional
contaminants to the groundwater system should be introduced. However, because of the
presence of significant levels of usanium in groundwater north of the slough, it was considered
prudent to continue an evaluation through field studies of the effectiveness and benefit of
reducing the levels of uranium in the groundwater in the quarry area. The available hydrological
and geochemical information, as well as water quality data, support the conclusion that site
contaminants will not measurably affect the aquifer of the Missouri River alluvium south of the
slough. However, piven the reliance -on natural systems to preciude. potentially significant
impacts to this aquifer, alternatives addressing groundwater remediation were evaluated in.the
Feasibility Study for Remedial Action for the Quarry Residuals Operable Unit af the Weldon
Spring Site, Weldon Spring, Missouri (Ref. 36).

Long-term groundwater monitoring with institutional controls on grouridwater usage in
"the area of impact was presented as the selected action -in the Quarry, Residuals OU ROD-(Ref..
32). The selected action addresses groundwater contamination by monitoring to provide data for
verifying that conditions in the quarry area and the well field will remain protective of human
health and the environment. This determination wilt be made based on the collection of
groundwater data from strategically selected monitoring wells, both nside and outside the area
of groundwater impact. This data will also document any cantinued effects of source removal
from the quarry and natural processes on contaminant concentrations within the area.

This action will be designed to provide for long-term rmonitoring of gromdwater,
including the groundwater in the Missouri River alluvium. Existing wells, with the possible
addition of several new monitoring wells, will be utilized in this network. If long-term
monitoring identifies a trend or change in monitoring wells south of the slough resulting in
increased levels of uranium approaching a trigget level of 30 pCifi, the potential for significant
impacts to the well field and the alluvial aquifer will be re-evaluated.

Chemical- and action-specific applicable or relevant and appropriaie requirements
(ARARS) for the selected action are discussed in the Quarry Residuals OU ROD (Ref. 32).
Chernical specific ARARs set concentration limits or ranges in various environmental media for
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specific hazardous substances, pollutants, and contaminants of concern. Missouri water guality
standards in groundwater for nitrobenzene {17 pg), 2,4-DNT (0.11 pg), and 1,3-DNB (1.0 pg)
are chemical-specific ARARs for quarry groundwater. Currently only a few locations exceed the
Missonri water quality standards for groundwater. It is projected that these ARARs are likely to
be met within a reasonable period of time and that long-term mnmtonng of the groundwater wilt
confirm compliance with these limits.

The standard for uranium in groundwater outtined in 40 CFR 192.02 was considered as a
- potential ARAR for this action during development of the Quarry Residuals OU Feasibility

© Study (Ref. 36)-and Proposed Plan for Remedial Actior at the Quarry Residuals Operable Uit
at the Weldon Spring Site (Ref. 37). The groundwater north of the slough is impacted; however,
it is not considered to be a usable groundwater source, Conversely, the Missouri River alluviu
south of the slough is currently not impacted and is presently being used as a potable water
source. Because groundwater north of the slough is not a useable source, 40 CFR 192.02 is not
considered an ARAR for that groundwater. However, 40 CFR. 192.02 would likely be an ARAR
for any remedial action considered for the useable groundwater source south of the slough in the
unlikely event of contaminant migration from north of the slough. While 40 CFR 192.02
cwrrently appears to be the only groundwater standard that would be considered as a potential
ARAR for any future remedial action, other standards in place at the time of any future action
would zlso be considered in the ARAR analys]s

Ipstitutional controls will be necessary to prevent uses inconsistent with recreational use
or uses that would adversely affect contaminant migration. [n ¢oordination with the Missouri
Department of Natural Resources and the Missowri Department of Conservation (affected
landowners), a written agreement, such as a license agreement, memorandum of understanding,
or deed attachment, outlining and agreeing to the terms .of the institutional controls will be
established. Terms may include limiting access to groundwater north of the slough for purposes
of imrigation, consumption, etc. The terms of the agreement will be evaluated periodically hased
on the results of the long-term monitoring program and changed as appropriate.

During bulk waste removal, the DOE developed the Well Field Contingency Plan (Ref.
38) to ensure the continued availability of a safe and reliable public water supply for St. Charles
County. Specific activities undertaken as part of this plan were:

o Centinued water quality monitoring to detect trends or abrupt ¢hanges in contaminant
levels near the wetl fietd.

« Contaminant transpert calculations and numerical modeling of the Weldon Spring
Quarry and St. Charles County well field hydrogeologic system to erhance the
understanding of processes controlling groundwater flow and contaminant migration.

» Definitions of action levels and response actions.
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» Preparation of a plan for hydrogeological characterization to support development of
a replacement well ficld. '

e Development of design criteria fél_‘ design and construction of a replacement well
field.

The monitoring portion of the Well Field Contingency Plan has been integrated into the
long-term monitoring program for this operable unif. The monitoring program outlined in the
Plan may be modified based on specifics discussed in the Quarry Residuals QU ROD (Ref. 323
The contingencies ouflined will be re-gvaluated based on cwrent data and understandings and
they mayv be updated and summarized in a revision of the Plaw,

Field studies are planned in response to significant levels of contamination in gquarry
groundwater north of the slough, which is in close proximity to the St. Charles County well field,
- and the reliance on natural systems to limit potential exposure. The following studies wili be
conducted to support the selected action described in the Quarry Residuals OU ROD (Ref. 32):

o Studies to support the evaluation presented in the Quarry Residuals OU Feasibility
Study’ (Ref. 36) regarding the need for, :and -effectiveness -of, pgroundwater
remediation, which includes an interceptor trench.

¢ Field sampling to further characterize conditions controlling the fate and transport of
uranium in the shallow aqguifer.

4.3.2.1.3.1 Quarry Interceptor Trench Field Study

Several configurations of an interceptor trenich were evaluated in the Quarry Residuals
OU Feasibility Stutly (Ref. 36). The most effective configuration was determined to be a trench
near the center of the uranium plume. This configuration could result in expedited removal of
the highest uranium concentrations. Groundwater modeling using analytical methods have
indicated that this extraction system had the potential to reduce the mass of uranium in
aroundwater north of the slough by 8% to 10% over a 2-year operating period. This removal
would constitute a small reduction of the total uranium contamination present and would not
provide a tmeasurable increase in protectiveness over the foreseeable future.

The objective of the field study is to confirm the predictive model on uyranium removal
from the shallow aquifer using actual field data. If the performance of the trench is less effective
or within the specified performance goals (< 10% of the mass of uranium removed within the 2-
year testing period), further evaluation of the groundwater will not be necessary. If the
performance of the trench exceeds the specified goals (> 10% of the mass of uranium removed
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within the 2-year testing period), ﬂle effen:twenﬁss of g:ruundwater extraction will be re-
evaluated. '

- The trench will be monitored to determine {1} the efficiency of the uranium removal from
the aquifer and (2) the area of influence of the trench. Levels of nitroaromatic compounds will
also be monitored. Effluent from the trench, groundwater samples, and measurement of the
static water levels in the vicinity of the trench will be used to assess the performance of the.
trench system,

The system will be evaluated and monitored for up to 2 years. Data will be collected .
from the trench (i.e., volume of water extracted and uranium and nitroaromatic compound levels}
and from observation wells instalied in the area of influence of the trench, This data wili be
combined with other data collected as part of the hydrogeologic field data to evaluaie the
effectiveness of the trench versus predicted performance goals. '

Operation of the interceptor trench started on April 27, 2000. Sampling of the trench and
nearby monitoring wells has been performed as outlined in the Sampling Plan for the QROU
Interceptor Trench Field Study (Rr.f 39). The following is a summary ﬁ'um April 27, 2000
throngh March 31, 2001.

As of April 27, 2001, a total 407,644 gal of water had been pumped from the trench A
summary of the production from each sump is in Table 4-12.

Table 4-12 Quarry intemepfur Trench Froduction (gal) Summary

Sump Production o Dats
3004 220 :
3104 36,562
3204 25532
3304 . 345,010
Total AD7 644

Samples have been collected from the operating pumps on a daily basis for on-site
analysis of uranium and weekly for off-site analysis of uranium and nitroaromatic cumpounds
Analytical data for the trench are summarized in Tables 4-13 and 4-14.
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Table 4-13 Summary of Uranium Data™ fram the Intercaptor Trench
Uranlum {pSil)
Sump Avarage Maximum Minimtm
3004 1,308 s =
304 2,768 3,100 1,680
3204 2.268 2,820 1,880
3304 1227 5173 55
(a) Linfiltered data.
Table 4-14 Summary of Nitroaromatic Compound Data from the Intercaptor Trench
. Sum
Nitroaromatic Compaunds 3004 3104 Fs75 3904,
1.3,5TNE | # Detectst Samples 1] 214 1/3 11423
Averags (o) NS™ 78 1.30 0.38
Maximum (ug) NS 12.0 — 27
Minimum NS iz — < .03
1.3-ONB | # Detects/# Samples 0 274 143 2723
- Average (ugfl) NS 0.58 047 0.08
Mauirmum (pgd) NS 1.60 - 042 -
Minimum {agi) NS 0,085 — <0.08
2.4,86-TNT | # Datectef? Samples [ 2/4 143 13123
Average (ugf) NS 1.66 0.28 0.13
Maximum NS 2.70 = (.48
- | Minimum {ug/) NS 0.52 - <603
2 4-0ONT | # Dotectsf# Samples 4] 214 173 15423
Avarage (LoA) N5 0.30 ND (= 0.2} 0.10
Maximum (gl NS 0.55 — 0.25
Minimum (g} NS 0.053 — <0.03
2,6-DNT | # Detectsi# Samples 0 274 173 15123
Averaos (ug) NS .40 ND (< 0.2} 017
| Maximurn {ugf) N5 0.64 —_ 0.55
Minimum (ugi) NS 015 — <0.01

NS not sampled

_ The total mass of uranium removed from the shallow aguifer is 3.6 kg. A summary of
the mass removed in each sump is in Table 4-15. A graph of the mass removed each day and the

curnulative mass removed is in Figure 4-7.
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Table 4-15 Quarry Interceptor Trench Uranium Mass Remaval Summary

Dassom

Sump Mass Removed to Dats {g)
a4 1.4

3104 558

2204 245

3304 2,824

Tolal 3.628

Nearby monitoring wells were sampled weekly in the first 3 months of the field study for
uranium, nitroaromatic compounds, and geochemical parameters. After the first 3 months, the
six OW-series monitoring wells have been sampled bi-weekly for on-site analysis of uranium
and monthly for off-site amalysis of uramium, nitroaromatic compounds, and geochemical
parameters. The remainder of the neatby tonitoring wells has been on the monthly sampling
frequency. A summary of the data for wanjum and nitroaromatic compounds this reporting

period is provided in Tables 4-16 and 4-17,

Table 4-16 Summary of Liranium Data™ for Monitoring Wells

O 0O B

Detectable concentrations reparted
ND = Not detected
N& = Notsampled

. Uraniu (pCif)

Location Average Maxigum{P Minimum
W01 196 255 B
D2 207 511 45
OWWO3 531 1,300 17
OWd4 2,220 2,740 1,480
QW5 57 1.040 0.77
OVW08 135 630 0.75
1008 2,470 4,480 260
1008 57 75 .21
1618 856 718 449
1014 628 B1Z 371
1031 43 61 27
1032 1,190 1,520 QE2
1047 4.5 3% (0.27)
1048 466 672 385 _
1048 18 12 0.03)

Unfilterad data
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Tabls 4-17 Summary of Nitroaromatic Compourd (pgf) Data for Monitoring Wells
Location 1,35-TNB 1,3-DNB 24,5~ THT 2.4-DNT 2,6-DNT
W1 | # Detects'¥ Samples 0rg & 116 178 o/6
Average - - — — —
Maximum — —_ [.052 0.063 —
Minimum — — - - —_
OWO2Z_| # Detectsi¥ Samples 078 078 078" 078 578
oWo3 | # Detactsi Samples 0/6 d/8 a/5 . Df6 g/8
COW0d | # Detacts# Samples 0/G O/6 078 0/6 0/8
OW05 | # Detects® Samples 0/ o/e Ora nfg 0f8
OWOG | # Detects/# Samples 0/8 0/6 0/8 0/8 0/8 -
1008 | # Detects/# Samples 0/6.: u/B /8 076 146
Averags — — - - —
Maximum — — — 0.0024)
Minimum — -— — —- .
1009 | # Detects/ Samples 077 ik 077 077 D77
1013 | # Detectef# Samplez o/y ary 017 17 017
Average - — = = -- -
Maximum — - —- 0.052 -
Minimum — - — —
1014 | # Detects# Samplas or7 or/v 957 ory /7
- 103 # Detactai# Samplas 01 6/1 /1 071 0/
1032 | # Detecis& Samples of7 ofv ni7 27 0i7
Avar —_ — — 0.03 —
Maximum — — 0.08 —
Minimum —_ — - < 0.03 T =
1047 | # Detects/# Samples 074 074 a7 éd 074 0/4
1048 | # Detecia/¥ Samples Gry 07 077 0/7 077
1048 | # Detactsif Samples 0/7 Di/7 QIT o/7 0f7
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4.3.2.1.3.2 Hydrogeological Field Studies

Geologic, hydrologic, and peochemical field studies will be performed to provide data
from within the area north of the slough where uranium has been detected in the groundwater.
This site-specific data will be used- to supplement and verify the current meodel of the
hydrogeologic and geochemical site characteristics that dictate fate and transport and potential -
remediation of uranivm in this area.

The objectives of the hydrogeologic characterizaston is to:

Further define the lateral and vertical distribution of the differing ﬁne—gralned
materials north of the slough.

Provide a detailed description of the undertying Decorah Group.
Provide information for stratigraphic correlation of hydrologic and geochemical

characteristics from-characterized portions- of the shallow aquifer to the remaining
portions north of the slough. :

Determine the variation in aguifer parameters due to the heterogeneity of the fine-
grained alluvium.

Identify zones within the bedrock that facilitate migration of uranium-contaminated_
groundwater. '

. Assess the natural conditions of the aquifer system, w]]mh attenuates uranium in

groundwater north of the slough.

Estimate distribution m&ﬁiciems for differing locations and material types north of
the slough. '

Characterize the oxidation potential within the aguifer.

Provide additiona) supporting evidence fot the presence of a reduction zone north of
ihe slough.

DOE/ORI21548-891, Rev. O 63



T TR R T

e TR R L - 1D v T A N NPT f

WELDQHN SPRING SITE REMEDIAL ACTION PROJELT SECOND FIVE-YEAR REVIEW ety |

4.3,2.2 Quarry Reclamation

Components of reclamation of the quarry area include restoration of the quarry proper,
demolition of the quarry water treatment plant, removal of the interceptor trench system {field -
study), and dismantlement of facilities utilized during bulk waste removal. Reclamation of the
quarry area is planned as a project.

The quarry proper restoration design plan includes backfilling the quarry with seil to:

o Reduce fall hazards.

« Eliminate ponding of surface water.

+ Force groundwater flow around the inner quarry.

¢ Reduce infiltration of precipitation through the backfill.

» Prevent mobilization to the surface of residual contamination in fractures through
erosion and/or freeze/thaw action, '

The facilities used during bulk waste removal have already been dismantled.. This
included removal of:

+ Decontamination facility.
Transfer station.

Fuel station.

Associated piping.

Ancillary structures.

Quarry water treatment plant.

. % & »

Final reclamation of the quarry area will be performed at the completion of the
interceptor trench field stady. Reclamation will include:

¢ Dismantlement of the intercepior trench.

» Grading of the treatment plant and interceptor trench areas to conditions that are as
close as possible to natural contours.
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4.4 Chemical Plant Groundwater Operable Unit

The Groundwater Operable Unit (Groundwater OUY} is the second of two operable units
established for the chemical plant area of the Weldon Spring site. The Chemical Plant Operable
Unit, which was the first operable unit, addressed the. treatment of sludges, excavation of seil,
and placement of these materials and the quarry bulk wastes, treated sludge, contaminated soils,
buildings, drums, process equipment, and debris in the disposal cell. The Groundwater OU
addresses contaminated groundwater and springs in the chemical plant area.

4.4.1 Environmental Dnmmentaﬁnn

It was decided in 1993 to prepare separate environmental documeniation regarding
remediation of groundwater heneath the chemical plant site. It was also decided at that time that
the U.S. Department of Energy and the U.S. Department of the Army would work jointly to
address the groundwater issues for both sites. The remedial investigation was conducted in 1995
and included a joint sampling effort by the DOE and the Corps of Engineers of all wells in the
- chemical plant area. The Remedial Investigation for the Groundwater Operable Units at the

Chemical Plant Area and the Ordnance Works Area, Weldon Spring, Missouri (Ref, 40) and the

Baseline Risk Assessment for the Groundwater Operable Units at the Chemical Plant and the

Ordnance Works Area, Weldon Spring, Missouri (Ref. 41) were finalized in July 1997. The

contaminants of potential concern were identified as nitrate, sulfate, chloride, fithiun,

molybderum, nitroaromatic compounds, uranium, trichloroethylens (TCE}, and 12-DCE {Ref.

40). Contamination in groundwater is generally confined to the shallow, weathered portion of
' the uppermost bedrock unit, the Burlington-Keokuk Limestone.

The feasibility study for remedial action for the groundwater operable unit at the
chemical plant area and ordnance works area was initiated in 1997 (Ref. 42). This study
evaiuated potential options for addressing groundwater contamination at both the chemical plant
site and the former ordnance works grea. The preferred alternative was long-term monitoting of
groundwater in conjunction with in situ treatment of portions of the shallow aguifer impacted by
TCE. In.1998, a long-term pumping test was performed at the chemical plant to evaluate
potential groundwater remediation methods for TCE contaminated groundwater. Resulis
indicated that the iransmissivity of the aquifer in the area of TCE impact was higher than
expected, but due to the geology in the area, dewatering of the aquifer accurted. Ewvaluation of
conventional pump-and-treat technologies indicated that this might not be the most effective
method for possible remediation of this area. These data were evaluated in the Supplemental
Feasibility Study for Remedial Action for the Groundwater Operable Unit af the Chemical Plant
Area of the Weldon Spring Site (Ref. 43) and utilized in preparation of the Proposed Plan for
Remedial Action for the Groundwater Operable Unit at the Chemical Plant Area of the Weldon
Spring Site (Groundwater OU Proposed Plan) (Ref. 44}. .

The Groundwater OU Proposed Plan was submitted to the public and the regulatory
agencies on August 3, 1999, A first public comment period was from August 3 through
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September 1999. After a public meeting on August 25, 1999, at the Weldon Spring site, the
comment period was extended from November 2, 1999, tlm‘:-ugh January 6, 2000, in response 1o
public requests.

When the plan was issued, the MDNR provided comments taking issue with certain
aspects of it. To resclve these issues, the EPA, the DOE, and the MDNR mutually agreed to
engage in a defined issue-resolution process similar to the dispute process provided for under the
Federal Facilities Agreement. In addition, the public comment period was further extended to
run concurrent with the dispute process. .

At the request of the EPA Regmn VII chmnal Administrator, Dr. JEIJIIEE Williams,
Birector, MDNR-DGLS, was tasked to review the Complefion Report for the Pilot Pimping Test
for the GWOU (Ref. 45) with respect to his views on necessary testing and to make
recommendations for additional tests, if necessary. The MDNR-DGLS, DOE, and EPA met on
Febrnary 9, 2000, to discuss the feasibility of groundwater pump-and-treat with injection at the
chemical plant site and to provide additional information to Dr, Williams to assist in his review
of additional testing. The DOE received a letter outlining Dr. William’s position on March 10,
2000. This letter stated that it was the MDNR-DGLS opinion thst the DOE had not shown. that
extraction of a meaningful amount of contaminated groundwater is infeasible. It was
recommended that pilot studies should be performed to determine what quantities of
contaminants could be extracted under different pumping and artificial recharge scenarios.

In May, 2000, the EPA recommendad that the DOE agree to perform a pilot-scale study
designed to further define the evel of application and effectiveness of groundwater pump-and-
reat, consistent with the recommendation of the MDNR. The EPA concluded that a sufficient
body of information existed to form the basis for a final decision on an appropriate groundwater
rémiedy. The EPA further concluded that this existing-information strengly. indicated that there is
a low probability that an appropriate measure of effectiveness could be achieved through
proundwater extraction.techniques. The EPA recommended that the DOE move forward with a
final Record of Decision based on the existing Groumndwater OU Proposed Plan,

Following the conclusion of the dispute process, the plan was reissued for public
comment. On June 12, 2000, the DOE announced that there would be an additional public
comment period so that the public could have another opportunity to review the plan along with
-the documents generated during the issue resolution. This additional public comment period was
originally scheduled to end on July 14, 2000, but was later extended through August 15, 2000, in
response to requests for additional time. Numerous public comment letters were received that
expressed concern over the proposal not to actively treat all the groundwater contaminants of
concern. In response to these commenits, the DOE reconsidered the initial decision to move
forward to.a final ROD and decided to postpone the final groundwater decision and final
groundwater ROD.
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The DOE proposed active remediation 'of the TCE impacted groundwater at the chemical
plant site as presented in the proposed plan and to conduct further field studies to re-examine the
effectiveness and practicability of further active remediation for the remaining contaminants of
concern. An interim ROD relating to the remediation of TCE contaminated groundwater at the
chemical plant site was signed by the DOE and EPA on September 29, 2000. This Inferim
Record of Decision for Remedial Action for the Groundwater Operable Unit at the Chemical
Plant Area of the Weldon Spring Site (Ref. 5) authorizes treatment of TCE in groundwater
utilizing in situ chemical oxidation methods. '

A final ROD for the remainder of-the groundwater 4t the chemical plant will be delayed

until the DOE addresses concerns received during the recent public comment pericd. Te do this,
the DOE is planning to conduct additional studies of the feasibility of extracting groundwater as
a means of treating the remaining contaminants of concern.

4.4.2 Additional Groundwater Field Studies

Additional groundwater field studies are being performed to obtain data to be used in
deciding whether enhancement of a conventional purp-and-treat system through artificial

recharge or modification of the configuration of the system by using angled extraction wells can- -

significantly improve contaminant removal rates as compared to a conventional system. The
study consists of six stages designed to compare the methods used to improve a pump-and-treat
option for remediation of groundwater in Zone !, The study was started in March of 2001 and is
scheduled to be completed in late 2001.

Stage 1 was initially started on March 9, 2001, After 72 hours of operation, the pump in.
MW-3028 failed mechanicaily. This stage was restarted on March 14, 2001, A total of 295,283
gal of water had been pumped from MW-3028 as of March 31, 2001; Extraction rates ranged
from 8.7 gpm to 15 gpm. The sustainable yield has not been established.

Samples have been collected daily and submitted for off-site analysis of TCE, nitrate,
nitroaromatic compounds, and uranium, Analytical data are summarized in Table 4-18.
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‘Table 4-18 Summary of Analytical Data for Mw-3028°

PARAMETER — AVERAGE MAXIMUM ] IHIHUH_' ]
Nitrate {mg/l) 222 274 148
TCE 352 470 274
2.4-DNT (pgf} 0.14 019 C.08-
Liranium {pCim) 1.068 1.10 1.03

{2} Data from March 9 through March 31, 2004

Observation wells and nearby monitoring wells were SHIﬂplEd prior to the start of the
study to establish baseline levels. A summary of the basehne data is in Table 4-19.

Table 4-19 Baseline Data for the Pumping, Obsarvation, arﬂ Monltering Wells

FARAMETERS

LOCATION Nitrate (mgll} TCE (ugil} 2,4-DNT (jigh) Uranium {pCH), |
2036 2.8 ND ND 075
2037 2293 660 ND 165
2038 8565 36 0.27 172
3003 313 ND 0.08 243
3025 72 83 ND 130
3027 3 (0.45) ND 0.68
3028 195 470 0.08 0.95
3029 238 450 0.08 1.16
3030 117 220 0.79 51.8
anat 3.3 ND ND 350
3032 20.2 15 0.06 157
033 52.2 3 0.08 0.74
3034 378 780 0.18 2.45
3035 72 B3 ND 13
3036 §18 0.7 1) ND 2.02
4001 446 5.8 ND ND
4027 228 2.5 ND 1.1
4028 4z 340 0.07 0.2
4029 554 520 011 0.83
4031 172 170 0.11 1.05
4002 231 70 .07 1.08
5021 127 110 4,17 142

Water level measurements are obtained on a frequent basis to evaluate the effects of
groundwater extraction on the shallow aquifer in Zone 1, The water level was measured prior to
the start of the study to establish the natural petentiometric surface (Figure 4-8). Extraction of
groundwater from MW-3028 has resulted in a groundwater depression and uhanges in flow

direetion around this location (Figure 4-9).
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4.4.3 In Sitn Chemical Oxidation of TCE in Groundwater

The GWOU futerim Record of Decision (Ref. 5) relating to remediation of TCE
contaminated groundwater at the chemical plant site was signed by the DOE and EPA on
September 29, 2000. This ROD authorized the treatment of TCE in groundwater utilizing in situ
chenical oxidation methods, This process will be performed to reduce the levels of TCE in
groundwater to the maximum contarainant level (MCL) of 5 pg/l.

The DOE has prepared a work plar to provide the transition from the environments)
documentation phase to final design and implementation of the interim remedial action.. The
Remedial Design/Remedial Action Work Plan for the Iierim Remedial Action fﬂr the
Groundwater Operable Unit (Ref. 46) will be used s the primary document in defining the
design and implementation of the selected interim remedial dction for this operable unit. The
work plan also provides a summary of the major deliverables that will define the design and -
construction activities of the selected remedy and the overall schedule and general eosts.- The
‘draft version of this work plan was submitted to the regulatory agencies on February-14, 2001 .
and the draft final version was submitted on May 11, 2001, '

Activities associated with in situ chemical oxidation of TCE in groundwater are bench-
geale testing, pilot-scale tésting, and full-scale mlplemantauﬂn The bench-scale portion of this
work was performed by several specialty subcontractors in order to evaluate the different
oxidation methods available. Results of this testing indicate. that use of either permanganate or
Fenton’s reagents would result in the reduction of TCE in the shallow aqulfer at the chemical
plant site.

The pilot-scale and fuli- sc:ale portions of this project will be performed under WR-550, In
Situ Chemical Oxidation of TCE in Groundwater. This work package has been prepared as.
performance based specifications that define the requirements the specialty subcontractor must
incorporate into the design and operation of pﬂnt—scale testing and full scale implementation. Tt

R ,'W,WWWW T

is expected that field activities will be initiated in late 2001 after campleuﬂn of the additional - .

groundwater field studies.
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5. ENVIRONMENTAL MONITORING INFORMATION

The information provided in this section iy incorporated from the Weldon Spring Site
Environmental Report for Calendar Year 2000 (Ref. 47). T

.5.1 Radon Gas Monitoring Program
5.1.1 Program Overview

Both U-238 and Th-232 are naturaily occurring radionuclides in soil and rock.  Radon
gases (ie., Rn-222, radon and Rn-220, thoron) are naturally occurring radioactive gases in the
J-238 and Th-232 decay series. A fraction of the radon produced from radicactive decay of
1J-238 and Th-232 diffuses from soil and rock into the atmosphere, accounting for natural
background airborne radon concentrations. Radon and thoron gases are produced at the Weldon
Spring site from these natural sources as well as from the contaminated waste matetials present.

Airborne radon and thoron concentrations are governed by source strength and dilution
factors, both of which are strongly affected by meteorological conditions. The soil surface
constitutes the largest source of radon and thoron, although secondary contributors include
oceans, natural gas, geothermal fluids, volcanic gases, ventilation from caves and mines, and
coal combustion. Radon and thoron levels in the atmosphere have been observed to vary with
height above the ground, season, time of day, and location. The chief meteorological parameter
governing airborne radon and thoron concentrations is atmospheric stability; however, the arpest
variations in atmospheric radon and thoron occur spatialty (Ref. 48).

Two types of alpha track detectors are used at the Weldon Spring Site Remedial Action
" Project (WSSRAP) to- measure -ambient levels-of radon-gas: standard “F-type" detectors, which
measure a combination of radon and thoron gas (results are termed "integrated"), and modified
"M-type” detectors, which indirectly indicate ambient levels of thoron only. F-type and M-type
alpha track detectors are iised in conjunction to distinguish radon and thoron concentrations by
analyzing the relative response of paired sets of these detectors at each monitoring location
where they are deploved.

The following information pertains to the year 2000 data monitoring and informatien and
is inctuded to demonstrate the current status of radon gas monitoring., Specific detailed data for
1996-1999 may be found in the respective annual site environmental reporis. A S-year
comparative discussion and graph is included in Section 5.1.4.4.

In 2009, a pair of standard F-type alpha track detectors was deployed quarterly at each of .
19 permanent monitoring locations: seven at the chemical plant site perimeter, two at the Weldon
Spring Quarry perimeter, three inside the chemical plant site boundary, and seven at off-site
locations. Alpha track monitering locations are identified with an "RD" prefix in Figures 5-1
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throungh 5-4, Two nf the three locations inside the chemlcal plant site boundary were
discontinued after the first quarter. :

'Monitoring locations are distributed arcsund the chemical plant, and quarry perimeters to

. ensure adequate detection of. radon and thoron. under varying meteorological conditions.

Locations RD-4005 and RI4009 menitor background radon and thoron concentrations. .

Paired M-type alpha track detectors were deployed quarterly at 17 monitoring locations:
six ai the chemical plani site perimeter, one at the quarry perimeter, three inside the chemical
plant site boundary, and seven at off-site locations (including two backpround. locations,
RD-4005 and RD-4009). Two of the three locations inside the chemical plant site boundary
were discontinued after the first quarter. Specific locations ase identified on Figures 5-1 through
5-4. These detectors were placed in conjunction with F-type. alpha teack detectors to distinguish
radon from thoron concentrations. Using Pearson's method (Ref. 48) separate concentrations of
radon and thoron were calculated for these stations.

The WSSRAP radon monitoring program also used electret detectors, which provided
more timely data (bi-weekly) than the alpha track detectors {quarteﬂ}r} Like alpha track
detectors, electret detectors prowde a passive means of meusuring . radon and thoron gas
concentrations in air. The main purpose for the ¢lectret program was to assess short-term trends
in radon and thoron gas concentrations in work areas. By May 2000, when most areas had been
remediated, and raden and thoron concentration in those areas had returned to near background
levels, the electret program was discontinued. There was no longer & need for a large network of
radon monitors to demonstrate compliance with DOE Order 5400.5. During the first quarter and
half of the second quarter, 13 pairs of electret detectors that measure radon only were placed at
the following monitoring locations: 10 in the chemical plant area (including six along
perimeter), and three off site. ' Eight pairs of-electrets that indicate thoron coacentrations were
deployed at the following locations: five in the chemical plant area, and three off site. The
electrets were exchanged and read bi-weekly. These locations, designated by an “ET” prefix, are
shown in Figures 5-1 through 5-5.

5.1.2 Applicable Standards

As established by DOE Order 5400.5, the US. Depariment of Energy (DOE) anmual
public dose equivalent limit is 100 mmrem {1 mSv) total effective dose equivalent (TEDE}.
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Dose limits for inhalation of radon and thoron progeny and gas ar¢ based on working
levels and concentrations in air, and are addressed independently in the Grder. The Derived
Concentration Guide (DCG), specified by DOE 5400.5 is a reference value for airborne
concenteations of specific radienuclides. The DCG reference value for radon and thoron is
3pCifl in nnrestricted (off-site) areas. '

5.1.3 Monitoring Results

Table 5-1 summarizes quarterly and annual average inteprated radon concenitrations as
measured by F-type alpha track detectors. Since radon is naturally eccurring, concentrations
measured at each monitoring location were compared to measured background concentrations to
determine whether any significant differences existed at the  93% confidence level. Only
perimeter locations with integrated radon concentrations statistically greater than background -
were compared to the DCG for radon by subiracting the average anmual background
concentration from the gross annual average concentration measured at a given location.

The results obtained from the pair of F-type alpha track detectors at each location were
averaged io determine the gquarterly average integrated radon concentration. These averages
- were then used to calcuiate the annual average integrated radon concentration, The. annual.
standard deviation reported reflects the error propagated by taking the sampte standard deviation
of the mean of each of the quarterly results. :

The annual F-type alpha tack background concentration was caloulated using the
arithmetic average of the two background locations. The data yielded an annual background
average integrated radon concentration in 2000 of 0.3 pCi/l. This result is consistent with results
in previous years. |

. Based on measuremenits from F-type and M-type alpha track detectors at locations where
the potential for a combined release of radon and thoron was suspected, thoron concentrations
were estimated using Pearson’s method (Ref. 49). Results ate presented in Table 5-2.

The annual thoron background concentration was determined to be 0.1 pCi/l and was
calculated using the arithmetic average of the two backgroundlocations, This result is consistent
with results in previous years.

Concentrations measured by the electret monitors ranged from 0 pCi/l to 0.89 pCif for
radon and from 0 pCi/l to 2.44 pCi/l for thoron. The highest results measured for both radon and
_thoron occurred at station CE07, which is on top of the disposal cell. Becanse electret resuits
were obtained bi-weekly rather than quarterly {as with the alpha track detectors), they were used -
primarily as advance indicators of trends in radon/thoron levels at a given monitoring location.
Therefore, alpha track results, rather than electret results, are used in performing off-site dose
calenlations.

" DOE/OR/21548-881, Rev. O 79
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5.1.4 Data Analysis

Statistical analysis of the alpha track radon results indicated that at the 95% confidence
level the measured concentration at one of the 19 monitoring locations was greater than the
combined background result. This station, RD-CE(7, was on top of the disposal cell. The
results for other stations were not statistically distinguishable from background levels. -

Statistical anatysis of alpha track thoron results indicated that at the 95% confidence level
the anmal average concentration at 1 of the 17 monitoring locations exceeded background
levels. This station, RD-CE07, is at the disposal cell. Results for-all -other stations were
statistically indistinguishable from background leveis. :

5.1.4.1 Chemical Plant and Raffinate Pits

Statistical analysis of one radon alpha track monitoring lecation, RD-CEC7, indicated 2
result preater than background. The annual average concentration for this station excezded
background by 0.25 pC/l. With the exception of the immediate vicinity of the disposal cell,
tadon results in most areas were lower than in previous years, and are likely to remain low
because most of the contaminated materials have been removed to the disposal cell. The
quarterly measured radon concentrations for all stations ranged from ¢.1 pCi/l to 0.7 pCil..

Statistical analysis of one thoron track etch monitoring location, RD-CE07, indicated an
annual average result greater than the background level. The annual average concentration for
this station exceeded the annual average background by 0.25 pCifl. The quarterly thoron
measurements for all stations ranged from 0 pCi/l to 0.4 pCl. Just as with the integrated radon
results, these vesults are lower than in previous years due to the removal of most contaminated
material to the disposal cell.

5.1.4.2 Quarry

" Statistical analysis of track etch radon and thoron monitoring results from the two quarry
stations indicated that at the 95% confidence leve! these results did not exceed background
levels. The quarterly measured resuits for integrated radon from both quarry stations ranged
from 0.2 pCi/ to 0.5 pCil. Quarterly Rn-220 results at the quarry station ranged from § pCiflto
0.3 pCi/l.

5.1.4.3 Off-Site Locations

Statistical analysis of both track etch integrated radon and thoron monitoring results from
off-site locations (shown in Figure 5-3) indicated that there was no reason at the 95% confidence
level to suspect that measnred concentrations at any of the stations were groater than background
levels. The quarterly integrated radon concentration measurements at off-site locations ranped

DOEMOR/Z1548-831, Rev, 0 83
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from 0.1 pCifl to 0.4 pCi/l. Quarterly results for thoron at the off-site stations ranged from 0--
pCifl to 0.2 pCis/l. These results are similar to results obtained in previous years. :

5.1.4.4 Five-Year Trend Analysis of Integrated Radon Gas

Figure 5-6 shows 5 years of annual average alpha track integrated radon concentrations
for the monitoring stations at the quarty, chemical plant, raffinate pits, and off-site locations.
These monitoring resnits include natural background radon concentrations. Radon levels in the
raffinate pits area reached a maximum in 1997 due to excavation of residual studge pockets in
Raffinate Pit 4. However, all results were well below the DCG of 3 pCi/l for radon and thoron
gas.

5.2 Gamma Radiation Monitoring
5.2.1 Program Overview

(Gamma radistion is emitted from natural, cosmic, and man-made sources. The earth
naturally contains gamma radiation-emitting substances, such as wranium, thorium, and
" potassivin (K-40). Cosmic radiatiororiginates in outer space and filters through the atmosphere.
to the earth. Together, these two sources comprise most natural gamma background radiation.-

The National Council on Radiation Protection and Measurements (NCRP) estimates the typical . -

gamma radiation dose is 28 mrem/year from terrestrial sources and 27 mrem/year from cosmic -
sources (Ref. 50). The total estimated background radiation dose equivalent due to gamma
exposure is thus 35 mrem/year. '

The following information pertains to the year 2000 data monitoring and information and
is in¢luded to demonstrate the -current status of gamma radiation monitoring.. Specific detailed
data for 1996-1999 may be found in the respective annual site envitonmental reports. A S5-year
comparative discussion and graph is included in Section 5.2.4.4.

Gamma radiation was monitored in 2000 using thermoluminescent dosimeters (TLDs) at
13 monitoring stations: five at the chemical plant site perimeter, one at the quarry perimeter, and
seven off site. The locations are denoted by a "TD" prefix on Figures 5-1 through 5-5, Stations
TD-4005 and TD-4009 measure natural background at locations unaffected by the site. The
TLDs are exchanged and read every calendar quarter.

5.2.2 Applicable Standards

No specific standard for gamma radiation is stated in the.DOE orders. However, DOE Order
5400.5 specifies that members of the public shall receive less than 100 mrem/year total effective
dose equivalent {TEDE) from DOE operations for all exposure pathways, excluding exposure to
natural background radiation.

COE/OR/21548-891, Rev. O a4
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5.2.3 Monitoring Resulis

Table 5-3 summarizes quarterly and annual total gamma radiatton monitoring results.
The table includes quarterly resuits, annual totals, and the annual sample standard deviation for
each statior, and indicates whether a station's annual monitoring results are statisticaily
-distinguishable from background levels as determined-by a one-tailed Student's t-test at the 95%
confidence level.

Gamma background levels for 2000 were: determined by averaging the annual. total
* - measuremient from the two background -stations. - The-annuai-average tesult from these stations
was 54.2 mrem/year with a standard deviation of 3 mrem/year. This average backgmund is
within 10% of the NCRP 94 estitnate of 55 mrem/year (Ref. 50).

Table 5-3 2000 Environmental TLD Resyie®

s

1at 2nd ard 4th Annugl Annual | Annual
Location | Quarter Quarter Quartsr Quarter Total .ﬁwraqa Standard Statistically
- 10 | (mrem) (b) | mram) () | (mrem) (b} { (mrem) (b) {mrmrm‘” _(pCifM) Deviation Elgnlﬂﬂnt[}l{]'
Quarry Stations -
ToO100Z | 14.2 | 122 [ 182 [ 76 | 482 | 124 [ 822 ]
Chemicat Plant Parimatar Stations
(TD-2004 17.4 14.9 18.2 128 831 158 2.36
TU-2006 14.8 12.8 15.4 74 50.4 125 364
 TD-2025 165.4 14.3 187 85 55.9 14.0 3.80
TD-3001 158 | 125 174 7.5 532 13.3 4.37
TD-3003 16.9 - - - — 16.0 n/a
OfF-Site Stations _
TD-4001 148 1 128 164 7.2 51.2 128 401
[TDA00Z 134 12 156 74 48.1 12.0 360__
TD-4003 128 1.1 144 7.1 45.4 i14 3.14
| TD-4005 (d) 148 1243 16.2 10 53,3 133 2.74
(TD-4007 15.4 133 6.1 6.8 54.1 13.5 2.56
(TD-4009 (d) 15 | 128 16.3 108 550 3.8 2.41
TD-4013 158 14.1 17.7 7.6 56,3 138 440

fa) Resuits indude natural background gamma radiation.

{h) To convert from mrem to mSy, divide by 100

(c} Statistical significance is detenmined by compardng the annuel average concertration for @ monitoring
lacation with the 1-year background average concentration using a Student's f-tesl at the 95% confidence
leval,

{d} Background location. {Average = 13.54 mrem (0.14 mSv}
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5.2.4 Daia Analysis

- Statistical analysis of TLD results revealed that at the 95% confidence level no stations
“had annual results greater than background levels. As a comparison, two stations had annual
results greater than background in 1999 and four were greater than background in 1998,

5.2.4.1 Chemical Plant/Rafficate Pits

_ The annual effective dose equivalent from external gamma radiation measured by TLDs

at the chemical plant and raffinate pits area ranged from 50.4 mrem to 63.1 mrem. . These results
are lower than previous vears due to completion of remediation of most of the chemical plant
area.

5.2.4.2 Quarry

The annual effective dose equivalent from external garama radiation measured by TLDs
at the quarry was 48.2 mrem. This result is lower than previous years and essentially represents
background. '

5.2.4.3 OfI-Site Locations

The annual effective dose equivalent from external gamma radiation measured by TLDs |
at off-site locations ranged from 45.4 mrem to 55.3 mrem. Background concentrations ranged
from 53.3 mrem to 55.0 mrem.  These results are lower than previous years and essentially

represent background.
5.2.4.4 Five-Year Trend Analysis of TLDs

Gamma radiation exposure monitoring results for the last 5 years are depicted in
Figure 5-7. The graph shows yearly totals for the chemical plant area, raffinate pits ares, quarry
area, and off-site locations, The results include the natural background dose rate. The indicate a
downward trend around the raffinate pits due to compietion of most of the remediation work in

. this area. Year 200¢ gamma radiation exposure is essentiaily at background levels.

5.3 Radivoactive Air Particnlate Monitoring
5.3.1 Program Overview

Radioactive air particulates are airbomne dust particles that contain radioactive
' contaminants. Background concentrations of radioactive air particulates are affected by the soil
concentrations of naturally occurring radionuclides, soil moismre content, meteorological
conditions, and geological conditions. Increased airborne radicactive particulaie emissions from

COEMOR/21548-891, Rav. D ' 87 .
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. the chemical plant site can result-from wind erosion of contaminated soils piles or remedial work
activities, such as moving equipment and vehicles in contaminated areas.

The following information pertains to the year 2000 data inanitnring and information and
is included to demonstrate the current status of air particulate monitoring. Specific detailed data
for 1996-1999 may be found in the respective annual site environmental reports.

In 2000, the WSSRAP menitored radioactive -air particulates weekly at 18 continous
permanent low volume air sampling stations: nine at the chemical plant perimeter, two at the
quarry, and seven at off-site locations, These locations are denoted by an. "AP" prefix on
Figures 4-1, 5-2, 5-3, and 5-4. Additional low volume air monitoring samplers may be deployed
on a temporary basis when current activities warrant their use. The low volume samplers collect
aitbome particulates by drawing ambient air at a flow rate of approximately 40 V/min (1 A4 cfm)
through mixed cellulose ester filters with a 0.80-micron pore size. The filters are then counted
using a gas flow proportional counter to determine the amount of long-lived gross alpha activity
in the particutates on the filter surface. '

The WSSRAP also monitored specific airborne radionuclides (j.¢., total uranium, Ra-226,
Ra-228, Th-228, Th-230, and Th-232) as part of the National Emission Standards jor Hazardous
Air Pollutants (NESHAP) program to demonstrate compliance with 40 CFR 61, Subpart H,
National Emission Standards for Emissions of Radionuclides other than Radon from Depariment
of Energy Facilities. Details of NESHAP monitoring are in Section 6. :

5.3.2 Applicable Standards

The Weldon Spring site is contaminated with a combination of alpha-emitting
radionuclides, including isotopes of uranium, thorium, and their decay products. The gross alpha
concentrations measured by the low-volume samplers thus include contributions from a wide
array of alpha emitters. The DCGs for inhalation of the radionuclides found at the WSSRKAP are
listed in Chapter III of DOE Order 5400.5.

5.3.3 Monitoring Resulis

The annual average long-lived gross alpha concentrations and standard deviations for the

18 permanent low volume stations are summarized in Table 5-4. - Annual averages were
calculated using uncensored weekly air particulate analytical results. Uncensored data refers to
all results, including those near or below the minimum detectable concentration (MDC). The
DOE Environmental Regulatory Guide for Radiological Efftuent Monitoring and Environmental
Surveillance (Ref. 51) requires the use of uncensored data to minimize any bias in arithmetic
averages and calculation of standard deviations. Annual results represent the average of up to
52 weeks of data for each monitoring station. '

DOEARIZ1548-891; Rev. 0 89
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Table 5-4 2000 Radioactiva Alr Parficulate Gross Alpha Resuits

ANNUAL AVERAGE NUMBER CF

LONG-LIVED GROSS STANDARD SAMPLESTOTAL [STATISTICALLY
MOMITORING AELPHA CONCENTRATION DEVIATION NUMBER GF SIGNIFICANT
STATION 1D {XE-15 pClmiyferd (XE-16 pGifml) WEEKS o
| DN SPRING QUARRY
AP-1009 1.33 0.4 52162
AP-1017 1.39 0.44 52/52
. WELDON SPRING CHEMICAL PLANT/RAFFINATE PIT PERIMETER
AP-2001 1.3 0.44 52/52
AP-2002 - 142 0432 - B2
. F-2005 1.25 0.4 52152
AP-2008 13 0.30 G262
AP-2012 1.27 0.32 15/62
AP-2025 144 043 53152 X
AP-3003 1.19 0.38 44752
AP-3004 113 1.33 22152
W F-3014 1.27 _ 032 3752
- OFF SITE _
[AP-4D0E" 1.28 03¢ 50/52
AP-4007 1.25 0.4 52152
A P-4008 1.35 0.42 52/52
AP-4011 1.32 044 £2/52
. pP-4012™ 127 0.41 51/52
. P03 115 0.38 52/52
P-4014 1.25 0.36 4552
(a) Indicates background monitoring station. Background concentration Is based on 1 year of data.
{h) The annual average gross alpha congenirations inciude background an¢ were calculated using
uncensored data, which includes results tess than reparted minimum detectable concentrations.
=) Statigticai significance is determined by compaering the annual average concentration for a

monitoring location with tha 1-year {52-week) background average concentration, using a ona-tafled
Student’s t-test at the 5% confidence leved, '

{6 - To convert from pCHiml to Bgfml, mulliply by 57,000

(=} includas resulte from two colocated monitors.

The typical MDC for low volume air particulate sampling at the WSSRAF is
2,0E-16 pCi/ml, This MDC is low enough to allow detection of Th-232, which has the lowest
DCG at the site of 7.08-15 pCi/m!. If an individua} inhales airborne contaminants at the DCG
for 1 year, the resulting committed effective dose equivalent is 100 mrem. Thus, this MDC
allows the WSSRAP 10 demonstrate compliance with the DOE Order 5400.5 limit of 100 mrem.

5.3.4 Thata Analysis

Statistical analysis of the annual results from the low volume airborne particulate
samplers indicated that one monitoring station was greater than the 52-week background

DOEARIZ1548-891, Rev. o0
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concentrations. Station AP-4012 mdmatad an amnual average background concentration of
1.27E-15 pCi/m] .

5.3.4.1 Chemical Plant/Raffinate Pits

The average annual concentrations at the chemical plant/raffinate pits perimeter ranged
from 1.13E-15 nCi/ml to 1.44E-15 uCi/ml. Statistical analysis of the gross alpha air monitozing
results revealed at the 95% confidence level that one station had an annual average result greater
than the annual background average. The station was-AP-2025, on the northern chemical plant
site perimeter. Resalts for -all other stations were indlstmgl.ushahle from background Jevels and
were similar to those measured n 1999, -

5.3.4.2 Quuarry

The average concentrations at the quarry perimeter ranged from 1.33E-13. p.Cu’ml to
1.39E-15 uCi/ml. These results were mmparahle to those measured in 1999,

5.3.4.3 Ofi-5Site Locations

The average concentrations at off-site locations ranged from 1.15E-15 pCi/finl to 1.35E-

15 pCi/ml. All results were similar to those measured in previous yeats,

5.4 Airborne Asbesios Monitoring

Environmental monitoring for asbestos fibers was conducted during May-June 2000.at
Francis Howell High School (AP-4006) and .at the chemical plant site perimeter (AP-2001, -

AP-2002, and AP-3004). These locations are identified in Figures 5-1 and 5-3. Fiiters were
collected weekly and shipped off site for bi-weekly for analysis,

Two methods are used to analyze ashestos samples. Phased contrast microscopy (FCM)
indicates fibers that have the same géneral size and shape as asbestos; however, this method does
not distinguish between asbestos and nonasbestos fibers. Transmission ¢lectron microscopy
(TEM) measures actnal asbestos fiber concentrations. If a PCM measurement indicates .a
concentration above environmental action level (0.01 fibers per milliliter of air), the sample is
then reanalyzed by the off-site laboratory by the TEM method.

The following information periains to the year 2000 data monitoring and information and
is included to demonstrate the curreni status of airborne asbestos monitoring. Specific detailed
data for 1996-1999 may be found in the respective annual site environmental reports.

The results of environmental samples collected at Francis Howeli High Schoot and the
chemical plant site perimeter are in Table 5-5. A total of 22 PCM samples were collected with

DOEMR/21545-891, Rav. [ a1
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all samples indicating results above the detection limit. The mnge of samples above the
detection limit (generally 7 fibers/mm°) was 0.0002 to 0.0007 fibers per milliliter of air (fml).
Because all PCM results were less than environmental action level, no samples were resubmitted
for TEM analysis. All results of the environmental air samples collected from the chemical plant
site perimeter and Francis Howell High School were below the site environmental action level of
0.0] f/ml. These results indicate that asbestos fibers were effectively contained during the year.

Table 5-5 Summary of Asbestos Air Monitoring Resuits

"~ NUMBER OF -
SAMPLES/SAMPLES
MONITORING ABOVE DETECTION
| LOCATION ID LIIT RANGE {flberiml} AVERAGE {fibarimi)
AP-2001 6 0.0002 — 0.00G3 0.0002
AP-2002 8 0.0002 — 0.0005 0.0004
| AP-3004 B 0.0002 - 0.0007_ 0.0004 ~
AP-4008 4 ~0.0002 — 0.0006 0.0(03

5.5 PM-10 Monitoring
. 5.5.1 Program Overview

PM-10 consists of airbome particulate matier (PM) with an aerodynamic equivalent
diameter of less than 10 um. It is often referred 1o as respirable dust because it is the fraction of
total suspended particuiate matter that can be entrained by the lungs vpen inhalation, thus
causing a potential health concern. :

PM-10 is emitted during many different types of construction activities, such as:

« Pulverization or abrasion of smrface materials by mechanical means (e.g., soil
excavation ot treatment).

e Loading or unioading of bulk dry material {e.g., transfer of fly ash from trucks to

storage silos). :

« Movement of turbulent air cmrrents aver-exposed .surfaces (2.g., wind erosion .of
stockpiles).

» Re-entrainment of road dust due to vehicle or heavy equipment traffic {e.g._', soil
hauling activities).

DOE/ORI21548-801, Rew, O : 92
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.. Cc«ml:nmﬁoﬁ of fossil fuels (e.g., diesei-powered engines).

The following information pertains to the year 2000 data monitoring and information and
is included to demonstrate the current status of PM-10 monitoring. Specific detailed data for
1996-1999 may be found in the respective annnal site environmental reports.

During 2000, the WSSRAP monitored ambient PM-10 levels at the perimeter of both the

chemical plant area and the Borrow Area, along the Borrow Area haul road, and at the Weldon
* Spring Quatry. Portable monitoring stations, consisting of real-time- aerosol monitors (RAMSs)
© fitted with PM-10 impactor heads were used to monitor concurrently upwind and downwind.of .
work activities, The chemical plant area map in Figure 5-8 shows the permanent locations
established to monitor PM-10 emissions from disposal cell operations, These locations are based
on historical prevailing wind patterns, Botrow Area locations were determined each monitoring
period, based on the National Weather Service local 24-hour forecast. Figure 5-9 shows the
cight designated locations along the Borrow Area perimeter where monitors could be placed,
depending on predicted wind directions for the monitoring period. Figure 3-10 shows the
location at the Weldon Spring Quarry where monitors were placed.

- PM-10 monitoring was conducted weekly during the construction season (i.e., March to
Qctober) at both the chemical plant and Borrow Area perimeters, The chemical plant site was
also monitored once during November since construction activities were taking place in and
around the disposal cell, In addition, monthiy measurcmients were made along the haul road
between the Borrow Area and the disposal cell and at the Weldon Spring Quarry, Occasionally,

_severe weather conditions such es high winds, below-freezing temperatures, or significant
precipitation precluded the use of the monitoring equipment, and the affected monitoring period
was skipped. Since this usually coincided with the curtailment of excavation and hauling
‘activities, it is unlikely that any exceedances of action level would have occurred during these
times. :

5.5.2 Applicable Standards

PM-10 monitoring is conducted at the WSSRAP to assess the ambient effects of
construction and remedial activities, as comumitted to in the. Record of Decision for Remedial
Action at the Chemical Plant of the Weldon Spring Site (ROD) (Ref. 8). The ROD states that
although the National Ambient Air Quality Standards (NAAQS) “are not applicable and/or
relevant and appropriate requirements (ARARs), the standards provide a sound technical basis
for ensuring protection of public health and welfare during implementation and will be
considered for components of the remedial action involving potential air releases” (pp. 55-36).

DOE/OR/21548-B81, Rev. 0 a4
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;rable 5-6 2000 PM-10 Data for the Wetdon Spring Site Remedial Acfion Project

NUMBER OF SAMPLING 24-HR. AVERAGE MEASUREL CONCENTRATION
LOCATION EVENTS {igim)
{UPWIND/DOWNWIND) UPWIND 1 DOWNWINLD
WSCP _ .
February 172 - 18 23
March 43 25 31
Al . 24 as 22
May 24 24 20
June 43 21 31
July 22 a7 ]
August 272 15 Pl
September 415 17 14
October 212 18 _ 23
November A 12 NG
HORROW AREA _
February 152 45 [=x]
March 22 15 18
April 2/4 19 22
May 218 27 28
June a5 16 23
July 313 25 22
August 212 30 A
September 33 i) 17
October 17 3 16 24
HAUL ROAD _
Apiil 2 27 /A
May 1 25 MNiA
June 1 5 N/A
July 2 1 MNYA
August 2 25 N/A
_é-e%tembm 2 12 . N/A
[ Oclober 1 33 NiA
QUARRY
Juhe 1 14 MNiA
July 2 14 - NfA
| August 2 29 NIA

M/, Nt applicable
NE Mo data recorded

While not specifically subject to the PM-10 NAAQS, the WSSRAP instituted a voluntary
PM-10 monitoring program in Aprii 1998, based on the resuits of screening models and
discussions with the Missouri Department of Natural Resources (MDNR). The program is
designed to assess the effectiveness of dust control measures and provide a basis for modifying
them as necessary during remedial activities. A site action level of 150 pg/m’ has been
established for 24-hour average concentrations of PM-10 at the WSSRAP perimeter. Any
exceedances of this limit would trigger the actions outlined in Procedure ES&H 1.1.7,
Environmental Daia Review and Above Normal Reporting,

DOEMORIZ15428-821, Rev. O o7
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5.5.3 Monitering Results

Daia loggers attached to the RAMs recorded ambient PM-10 concentrations once per
second. Hourly minimum, maximum, and average, as well as 15-minute STEL values were
calculated and reported for each monitoring pericd. The resulting 24-hour average
concentrations were all below action level of 130 pg/m®, Table 5-6 shows the monthly average
concentrations measured at the chemical plant, borrow, haul road, and guarry areas.

The highest 24-hour average concentrations of PM-10 recorded at the chemical plant area
in 2000 were 57 pg/m’ at the upwind site and 90 pg/m’ at the downwind site. The highest -
24-hour average concentrations at the Borrow Area were 49 pg/m® at the upwind site and
114 pg/m® at the downwind site. The highest haul road concentration was 36 pg/m’. The
highest conceniration at the quarry was 31 g/m’.

5.5.4 Data Analysis

Results of the 2000 PM-10 monitoring program demonstrate that remediation activities
conducted at the WSSRAP have had no significant impact on ambient dust levels. Monitoring
stations near the chemical plant site perimseter have recorded minor fluctuations in PM-10, but all
results have been substantially below the 150-pg/m’ standard for 24-hour average concentrations.

5.6 NESHAP Program

This section provides information on 2000 annual atmospheric emissions of radionnclides
in accordance with the requirements of 40 CFR 61, Subpart H, National Emission Standards for
Emissions of Radionuclides other than Radon from Department of Energy Facilities.
Evaluations presented here include airbome emissions data as well as dose assessment and
compliance information refated to potential sources of radicactive particulate emissions.

The following information pertains to the year 2000 data monitoring and information and
is included to demonstrate the current status of NESHAP monitoring. Specific detailed data for
1996-1999 may be found in the respective annual site environmental reports.

5.6.1 NESHAP Monitoring and Dose Assessment Highlights

« Results of NESHAP monitoring at the seven critical recepior monitoring locations -
indicated that no member of the public received greater than the effective dose equivalent
limit of 10 mrem/yr. '

e The highest dose assessment was for a maximally exposed individual résiding
continuously near the quarry, Results indicated an annual committed effective dose
equivalent (CEDE} of 0.014 mrem in 2000 '

DOEORZ1548-831, Rav, O 0§
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s The NESHAP monitoring progtam was discontinued as of December 31, 2000, smce
there were no longer any sources of radiclogical emissions with the potential to cause an
effective dose equivalent greater than 1% of the 10 mrem/yr standard.

5.6.2 Source Description

The Weldon Spring site is being remediated in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and the Narional
Environmental Policy Act (NEPA). The Weldon Spring Feed Materials Plant ne longer exists
nor do any of the original uranium processing plant sources of radionuclide emissions (i.e.,
stacks, vents, or pipes described in 40 CFR 61, Subpart ). '

' Specific remedial activities that may have contributed to airbome emissions of
radionuclides in 2000 inctuded the following: '

s Excavation and hauliﬁg of contaminated soils from various locations around the
chemical plant site, including the quarry and vicinity properties.

e Placement of contaninated waste matexials in the permanent on-site disposal cell.
« Operation of the chemical plant site and quatry water treatment plants.
» Demolition of the chemical plant sitz water treatment plant.

Radiological and chemical contaminanis {(i.e., polychlotinated biphenyl [PCBs],
nitroaromatic compounds, and metals) were historically found in soil and sludge from several
areas around the chemical plant site. Most of the 226 acres of the chemical plant surface area
had ahove background concentratiens of uranium (>1 pCi/g) prior to remediation. Radionuclide
concentrations measured in site soil and sludge ranged as shown in Table 5-7 (Ref. 52 and Ref.
53). Excavation, hauling, and disposal of these contaminated materials was completed in 2000,

&5.6.3 Air Emission Daia

Most airborne emissions of radionuclides at the Weldon Spring site in 2000 were diffuse
in nature, resulting from wind dispersion of surface soils, re-entrainment of dust and dirt from

DOEMORAZ1545-851, Rev. 0 09
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Table 57 Contamination Leveals in Site Scils and Rafﬁnate. Pit Slﬁdga '

SITE SOIL CONCENTRATIONS (pCig) | - RAFFINATE PIT SLUDGE
. . CONCENTRATIONS (pCifig}
[_CONTAMINANT WIN MAX N : MAX
U238 0.3 2.250 : N7A NFA
Total Uranium N/A N/A <10 3,400
| Ra-226 02 452 <1 1,700
Ra-228 01 155 <4 1,400
Th-228 N/A N/A <3 1,100
| Th-230 0.3 123 <B 34,000
Th-232 NIA N/A <4 1400

MA Mot applicable

temporary waste storage areas, and generation of fugitive dust during remedial actions, The
filter press rooms at the chemical plant site and quarry water treatment plants constituted
potential point sources . of radionuclide emissions other than radon while the plants were in
operation. These sources were controlled using hipgh efficiency particulate air (HEPA) filter
exhaust systems.

The site water treatment plani was decommissioned and dismentled in July 2000. The
quarTy water treatment plant ceased operation in December 2600 and was decommissioned and
dismantled in Spring 2001. Thus, these plants no longer constitute a potential point source of
radionuclide emissions.

Traditional methods of estirnating airborne emissions of radionuclides have been used at
the WSSRAP to support engineering design studies. These methods involve identification of the
. various industrial activities, characterization of the activities by assuming numerous process
3 parameters {c.g., soil characteristics, vehicle characteristics, meteorological conditions, etc.), and
application of empirically-derived emission factors. While this process has been useful for
- evaluating the need for emissions control during planned construction and remedial activities, the
high degree of uncertainty associated with the resulting emissions estimates precludes its use in
obtaining an accurate assessment of effective dose equivalents to maximally exposed members
- of the public.

The WSSRAP uses an alternate method of tracking emissions as allowed by 40 CFR 61,
Subpart H, and approved by U.S. Environmental Protection Agency (EPA) Region VII. A
network of critical recepior monitors has been established to measure airborne radionuctide
concentrations at locations where members of the public have the potential to be impacted by
emissions from remedial activities at the chemical plant site. Background concentrations are also
measured so that the net contribution of emissions from remedial activities and the resulting
effective dose equivalents can be determined. Details of this monitoring program are presented
in the Plan for Monitoring Radionuclide Emissions other than Radon at Weldon Sprmg Site
Critical Receprors (Ref. 73}.

DOEMORIZ1548-621, Rev. O 104
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The design of the critical recepior network is summarized in Table 5-8. Locations of the
* monitors are shown on Figure 3-11.

Table 5-8 Design of Critical Receptor Monitoring Netwark

STALIONID — LOGATION

AP-2001 . Highway Maintenance Facillty
AP-2005 “WSSRAP Adminisiration Building
AP-4008 Francis Howell High Schoo:
AP-A00F - Busch Memorial Consarvation Area
AP-4008 ' Army Resene Training Area
| AP-4011 Nearest Quamy Residence
AP-4012 (background) - Danlel Boone Elemantary School
AP-4013 : Francis Howall High School Annex

. %.6.3.1 Point Sources

Table 5-9 summatizes aitbome effluent control at the chemical plant site water freatment
plant and the quarry water ireatment plant, along with the nearest critical receptor locations,
Because critical receptor monitoring was performed at the WSSRAP, no source-specific effluent
monitoring was required by either 40 CFR 61, Subpart H, or DOE Order 5400.5. Engineering
calculations were performed to estimate releases from the quarry and chemical plant water
treatment plants and resulting dose equivalents to members of the public. These resnlts predicted
an effective dose equivalent of less than 0.1 mrem/yr at the nearest critical receptor Jocation,

5.6.3.2 Grouped Sources
The WSSRAP has not defined any grouped sources.
5.6.3.3 Non-Point Sources

The primary sources of airborne emissions at the WSSRAP in 2000 were diffuse sources
in two general geographic areas: the chemical plant area and the quarsy area. The characteristics
of these sources and the potential for airhome emissions are discussed below,

The quarry diffuse source is a 9-acre limestone quarry approximately 4 mi south-
southwest of the chemical plant area. The quarr