
Page 1 of 20 of DA01777259 

- . 

OO*-~- D. lnlwnet Address 

Dale Received for Clearance Prows8 
(MMIDOPP() o a / o l / o 6  

.- l'k 
A Informalion Calegory 

OM 0 Joumal Arlide 

0 summw 0 internet 
[7 visual Aid Softwan 

[XI Full Paper 0 RePMl 

INFORMATION CLEARANCE FORM 

8. OoeumenlNumber DOE-0310-FP Rev  0 

C. TiUe 
HANFORD GROUNDWATER REMEDIATION 

15. Release Level? @ Pubb 0 LLnitad 

F. Complete for a Joumal M d e  

If Ye8 0 NO 0 yes ~ ~ i f d  
ADC Required (Prini and Sign) 

2. E x p l  Conlmlled Informah @NOOYE~ 

3. TiUe d Joumal 

@ No 0 Ye8 If Yesw, Ma Appmpdale LegendwNofiws. 

c Copydghta? @ NO 0 Yes If Yea'. Attach Permisrbn. 

d. Trademarks? @ No 0 Ye8 If Yes-, ldmlify in Document 

4. Is Information requiring submission lo OSn7 @ No 0 Yes 

G. Complele for a Presentalion 

WASTE MANAGEMENT 2006 C o n f e r e n c e  Topic R 1 . l l :  C l e a n u p  and Waste 
1. Title for Conference or Meebg 

2. ~ r w p ~ p o n h n g  WM SYMPOSIA, INC 

5. Will lnfomlion be Published in Pmwedings? 0 No @Yes 6. WU Material be Handed OUI?~ @ yo 0 Yes 

H. hnU&Requesior Responsible Manager 

eth Bowers 
(Ptint and Sin) (Print and Sin) 

Appmval by Dired Repod lo FH Presidenl (SpeechlAnkles Only) P A  
(Prinl and Sin) 

I. Reviewen Yes Print Signabm Public Y/N (If N, complete J 

General Counsel Edward Hiskes, DOE-RL 

omm of ~ ~ - 1  A l b e r t  Hawkins, DOE-RL 

WE-RL 

omM Use Only 
0 Other (Specify) 

A-6001-401(07/05) 



Page 2 of 20 of DA01777259 

- -  - -  - 

I b. Informalion Raa,ived in CmRdenw, Such as Pwtietary W o r  
Invenllons? 

>ate Received for Clearanm Process 
:MMIDWYY) 

o I 1 3 0  j 0 6  
A. Information Category 

3 Abslrad Journal M d e  

7 summary lntemei 

3 Visual Aid 0 Sofhvue 

FUU paper Report 

INFORMATION CLEARANCE FORM 
P o E - o S / O - F P  

8. boMnenl Number - P v4ev. 0 
C. Title 
Hanford Groundwater Remediation 

I. Title of Journal 

7 Other 
D. Internet Address 

E. Required Information 3. Does Information Contaln the Following: (MANDATORY) 
3. Is document potentialbClassiiied? @ NO-0 yes W m m R Y )  I a. New or lRtmbw Subied @ NO 0 yes 

If Yes 0 No 0 Yes Claaikd 
ADC Required (Print and Sign) 

2. Erporl Conmiled Informalion @NO O ~ e s  

G. cmplele for a Presentation 

@ No 0 Yes If %sg. Affix Appropiale LegendJMotim. 

e CopydgMr? @ No 0 Yes If 'Yes'. Attach Permission. 

d. Trademarks? @ NO 0 yes 11 ~ e s * ,  Idenliw in 0ocumml. 

4. Is lnformation requirinp submiidon to OSTI? 0 No @ Yes 

5. Release Level? @ Public 0 Llmiled 

I. Title for Conferenw w Meeting Ma*** Mnn;lncrr.ant 7@06 

F. Complete for a Journal Arlide 

2. Group Sponsoring 

9. Date of CoMerenw Feb 2GMar 4. City6tate Tuc.son, Arizona 

5. Wlll Informalion k Published h Pmceedinas? 0 No @Yes 6. Wfl Material be H-Oul? @ No Yes n 

Responsible Manag C AulhorlRequestcf 

d Other T7 b. A a d d a l  T 3 /ST& 
1. If information lndudes SansiWe Infomath and is not to be released lo  the ~ublic%d';ldicale calegoy below. Informatio~ 

U Orcicial Use Only I 

Olher (Specify) 

K. l Additional Comments. Please AItach Separate Shee' 



Page 3 of 20 of DA01777259 

- - -- . . . 

DOE-031 0-FP 
Revision 0 

I 
I 

Hanford Groundwater 
Remediation 

Prepared for the U.S. Department of Energy 
Assistant Secretary for Environmental Management 

United States 
epartrnent of Energy 

P.O. Box 550 
Rlchland, Washington 99352 

Approved for Public Release; 
Further ~i&ination Unlimited 



Page 4 of 20 of DA01777259 

DOE-031 0-FP 
Revision 0 

Hanford Groundwater Remediation 

B. L. Charboneau 
K. M. Thompson 
Department of  Energy - Richland Operations Oflice 

M. S. Gerber 
R. T. Wilde 
Fluor Hanford 

Date Published 
February 2006 

To Be Presented at 
Waste Management ZOO6 

Waste Management Symposia. Inc. 
Tucson. Arizona 

February 26March 2,2006 

Published in 
Waste Management 2008 Syrnporjm Proceedings 

Prepared for the U.S. Department of Energy 
Assistant Secretary for Environmental Management 

!nited States 
epartment of Energy 

RO. Box 550 
Richland, Wash ing ton  99352 

Copyright Ucenso 
By acceptance of this article. the pubfisher andlor recipienl acknowledges the US. Gwernmenl's right to retain a 
nonexdusive, royalty-free license in and lo any copyright covering thin paper. 

Approved for Public Release; 
o t  Further Dissemination l~nlimited 



Page 5 of 20 of DA01777259 

- 

LEGAL DISCLAIMER 
This repolt was prepared as an account of work sponsored by 
an agency of the Unled States Government Neilher the United 
Stater Government nor any agency thereof, nor any of their 
employees, nor any of their contradon, SubconIradon or their 
employees, makes any wanantf, express or implied, or 
assumes any legal liability or responsibility for the accuracy. 
compleleness, or any third partfa use or the resuns of such use 
of any information, apparatus, produd, or process disclosed, or 
represents that its use would not infringe privately owned rights. 
Reference herein to any specifz commercial produd. process. 
or service by trade name, trademark. rnanufadurer, or 
otherwise, does not necessarily wnstiute or imply b 
endorsement, recommendation, or favoring by the United 
Stater Government or any agency hereof or L contradon or 
subcontradon. The views and ophions of authon expressed 
herein do not necessarily state or refbd those of the Uneed 
Stales Government or any agency thereof. 

This documsnt is available to the US. Depamn l  of Energy 
and Rs contradon. In paper from the Omw of Scientfc and 
Technical Information (OSTI). It is available for sale to the 
publ~c from the National Technical Infomalion Service (NTIS). 

This report has been reproduced horn the best available copy. 
Available in paper copy. 

DOE-0310-FP 
Revision 0 



Page 6 of 20 of DA01777259 

WMY06 Conference, Febnrary 26-March 2,2006, Tucson, AZ 

Hanford Groundwater Remediation 
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U.S. Department of Energy, Richland Opcrations Office 

825 Jadwin Avenue, Richland, WA 99352 

Richard Wilde, Bruce Ford, Michcle Gerber 
Fluor Hanford 
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ABSTRACT 

By 1990 nearly 50 years of producing plutonium put approximately 1.70E + 12 liters (450 billion 
gallons) of liquid wastcs into the soil of the 1,s f 8-square kilomctcr (58Gsquare mile) Hanford 
Site in southeast Washington State. The liquid releases consisted of chemicals used in laboratory 
experiments, manufacturing and rinsing uranium fuel, dissolving that fuel afier irradiation in 
Hanford's nuclear reactors, and in liquefying plutonium scraps needed to feed other plutoniurn- 
processing opcrations. Chemicals were also added to the water used to cool Hanford's reactors ' 
to prevent corrosion in the reactor tubes. In addition, water and acid rinses were used to clean 
plutonium deposits from piping in Hanford's large radiochemical facilities. N I  of these 
chemicals became contaminated with radionuclidcs. 

As Hanford nccd to help win World War II, and then raccd to produce materials for the Cold 
War, these radioactive liquid wastes were released to the Site's sandy soils. Early scientific 
experiments seemed to show that the most highly radioactive components of these liquids would 
bind to the soil just below the surface of the land, thus posing no thrcat to groundwater. Othcr 
experiments predicted that the watcr containing most radionuclides would take hundreds of years 
to seep into groundwater, decaying (or losing) most of its radioactivity before rcaching the 
groundwater or subscqucntly flowing into the Columbia River, although it was known that somc 
contaminants likc tritium would move quickly. 

Evidcnce today, however, shows that many contaminants have reached the Site's groundwater 
and thc Columbia River, with more on its way. Over 259 square kilomctcrs (100 square milcs) 
of groundwater at Hanford have contaminant levels above drinking-water standards. 

Also key to successfully clcaning up thc Site is providing information resources and pubtic- 
involvement opportunities to IIanford's stakeholders. This large, passionate, diverse, and 
gcographically dispersed community is united in its desire to protect the Columbia River and 
have a voice in Iianford's future.. 

This paper presents the challenges, and then discusses the progress and efforts undcrway to 
rcduce the risk posed by contaminated groundwater at Hanford. While Hanford groundwater is 
not a source of drinking water on or off the Site, there are possible near-shore impacts where it 

. Page 1 of15 
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flows into the Columbia River. Therefore, this remediation is critical to the overall efforts to 
clean up the Site, as well as protect a natural resource. 

INTRODUCTION 

The Groundwater Remediation Project (GRP), managed by Fluor Hanford (Fluor), is a cross- 
cutting project that works with scientists h m  the Pacific Northwest National Laboratory 
(PNNL) and other Site contractors and subcontractors to understand and remediate plumes of 
contamination that could afT8ct the Columbia River. 

The GRP has four major tasks: shrink the footprint of contaminated areas; reduce "recharge" (or 
re-supply) of clean or contaminated water that may drive soil contaminants deeper into the 
subsurface; implement final groundwater remedies; and integrate groundwater monitoring needs. 
To accomplish these tasks, the GRP operates seven major pump-and-treat systems at key points 
on the Hanford Site where concentrated plumes of contamination can be intercepted and brought 
to the surface to be cleaned. The Project also operates three test systems in production-reactor 
areas (the 100 D, 100 N and 100 K Areas) that apply new approaches to chemically alter the 
contaminants in groundwater (Figure 1). 

In addition, the GRP decommissions old wells that act as preferential pathways for contaminants 
to move into groundwater more quickly, and it drills new monitoring, extraction and injection 
wells every year. Extensive moIlitoring programs, underground mapping, records searches, and 
investigations of new technologies to provide better remedies for groundwater contamination are 
also vital parts of Hanford's GRP. 

I 
Figure 1. Groundwater contamination is attacked 

across the Hanford Site through multiple strategies. 

TEN YEARS OF ACCOMPLISHMENTS 

The last decade has yielded multiple successes in cleaning up groundwater. Chief among them is 
treating 10 billion liters (2.6 billion gallons) of contaminated groundwater, and eliminating or 
reducing multiple drivers of groundwater contaminants. In 1995, the Hanford Site met a crucial 
milestone in its regulatory agreement among the DOE, the U.S. Environmental Protection 

Page 2 of 15 
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Agency (EPA) and Washington State. Known as the Tri-Party Agreement, this pact has 
governed Site cleanup since 1989. [I] The Site stopped unpcrmitted discharges of liquid waste to 
the soil by starting up major new systcms for collecting and treating liquid eflluent in its 
chemical-processing and fuel-fabrication arcas, as well as its nuclear laboratories. 

Site workers also pumped all of the retrievable liquid from 149 singleshell waste tanks to 
prevent leaks to the groundwater, installed berms around the tank f m s  to prcvent localized 
flooding, and decommissioned water lines that were no longer necdcd in or near h e  tank farms. 
Using a technique called mortar-lining, workers refurbished four miles of aging water lines to 
help prevent leaks that could drive contaminants already in the soil (vadose zone) dceper to 
groundwater. They also rcmovcd six million tons of contaminated soil from waste sites along 
the Columbia River Corridor that have/could contribute to large plumes of contamination. 
Rcmoving this soil, as well as the 2,300 tons of spent nuclear fuel from the K Basins, and 
demolishing buildings in the River Conidor, removed about 65 million curies (Ci) of radioactive 
matcrial from along the Columbia River shoreline. 

Groundwater-protection programs also used a vapor-extraction technique to remove about 
173,000 pounds (78,600 kilograms [kg]) of carbon tetrachloride from soil near the Plutonium 
Finishing Plant. An additional 20,000 pounds (9,120 kg) of carbon tetrachloride was removed 
from the groundwater with a pump-and-treat systcm. Another pump-and-treat systcm in the same 
area was installed to remove uranium (U) and technetium 99 (Tc-99) from groundwater. 

In the Site's reactor-production areas, workers have installed four pump-and-treat systems since 
1995 to trcat and remove hexavalent chromium (Crt6) and strontium 90 (Sr-90). Two of thcsc 
pump-and-treat systems are close to meeting remedial action objectives (RAOs) defined in 
Rccords of Decision for Interim Actions under the 1980 Comprehensive Environmental 
Responsc, Compensation and Liability Act (CERCLA). [2J The heart of the U/Tc-93 plume near 
U Plant in one of the chemical-processing areas has been removcd. Pumping has stopped; the 
area is being monitored for rcbound. This system removed 212 kg (467 pounds) of U, two Ci 
(1 19 grams) of Tc-93, and 27,344 kg (60,000 pounds) of nitrate. In addition, the pump-and-treat 
system at the 100-H Reactor Area is approaching its W, pumping may be suspended in a few 
months. Subscqucnt monitoring will be done for rebound. 

To replace or augment pump-and-treat systems, Hanford's groundwater strategies have deployed 
innovative technologies. Workers installed a chemical barricr that works by in situ (in the 

. groundwater) reduction-oxidation manipulation to help decrease the amount of chromium (Crt6) 
in groundwater that is moving toward the river in the I00 D Area. The banier converts 
hexavalent chromium, which is toxic to fish, into trivalent chromium (Cr+3). Fluor's GRP is 
now testing calcium polysulfide treatment systems for treating Cr+6 in situ, and it is testing 
sequestration technologies to bind mobile contaminants in situ. 

Groundwater protection programs have also installed a cumulative total of 45 monitoring wells 
in the past three ycars, and are currently six months ahead of the Tri-Party Agreement schedule 
for installing wells. They have also decommissioned about 500 wells since 1995, including 250 
high-risk wells that could potentially be a path for contaminants to move to groundwater. 

Page 3 of IS 
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IIUGE ACCOMPLISHIMENTS IN PAST YEAR 

In just the past year- calendar 2005 - Fluor's GRP actions have produced a plcthora of 
achicvcmcnts. These succcsscs include meeting the RAOs for the Umc-99 pump-and-treat 
system in the U Plant region of the chemical processing areas, approaching the RAOs for CrkG at 
the 100-H Reactor Area, upgrading all of the chromium pump-and-treat systems along the 
Columbia River, evaluating the innovative calcium polysulfide treatment technology for CHG, 
and increasing the throughput of the carbon tetrachloride pump-and-treat system near the 
Plutonium Finishing Plant from 719 liters per minute (190 gallons per minute [am]) to 1,041 
liters per minute (275 gpm). 

In addition, 30 new wclls supporting monitoring and remediation have been installed, at least 
116 wells that were potential pathways for aquifer contamination have been decommissioned; 
and 792 meters (2,600 feet) of old, leaking pressurized fresh-water lines have becn lincd. Field 
activities are underway to evaluate a sequestration alternative for a large plume of Sr-90 at the 
100 N Reactor Area, as wcll as options to address thc plume of U in thc fuel-fabrication m a  

100-11 REACTOR AREA PROGRESS 

In mid-2005, the Cr+6 contamination levels in groundwater in the 100-H Reactor Area wcrc 
reduced to below (within) the drinking-water standard for the first timc in nearly 50 yeas. A 
truly hallmark event! Eleven years of pump-and-treat operations in this area reduccd the CrtG 
contamination levels to less than 100 micrograms per liter(pg5) in d l  parts of 100 H Area, and 
to below 50 pgL in all but a small area bctween the 100 H rcactor and the Columbia River. (A 
microgram is a mcasure of parts per billion.) The pump-and-treat prognm in 100 H Arca 
removed over 34 kg (75 pounds) of Crk6. 

Chromiumt6 contaminated the groundwater in Ifanford's 100 Areas during operation of the 
defcnse production reactors. Sodium dichromate was added to filtered river water before it was 
pumped through the reactors to cool them during the irradiation proccss. Thc sodium dichromatc 
was used to prevent the aluminum process tubes in the reactors from corroding. 

Sodium dichromate arrived at the Hanford Site as a solid, and was dissolved in influent water 
being preparcd in the process pump houses at each reactor area. Each earIy Hanford rcactor used 
about 136,078 kg (300,000 pounds) of the chemical per year. That amount rose dramatically as 
rcactor power levels wcrc increased throughout the 1950s and early 1960s. 

Due to the rush of construction, underground piping between the early reactors and their process 
pump houses was susceptible to breaking. In addition, effluent water piping and holding basins 
cracked and leakcd over timc. Thus, a great deal of sodium dichromate reached groundwater. 

Today, with the acceptable standard reached for drinking water, the GRP is continuing to pump 
and trcat the remaining contamination to drivc the level even lowcr. Fluor plans to continue 
pumping in the 100 I i  Area into mid-2006, striving toward the aquatic watcr safety standard (10 
parts per billion [ppb] or 22 pdL) - an even more restrictive level than the human drinking water 
standard of 100 ppb for Cr+6 established by the U.S. EPA. 

Page 4 of 15 
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IIanford's 100 H Area, located near the northcnunost portion of the main Hanford Site borders 
some of the most important and prolific salmon spawning areas in the United Statcs. The 
Hanford Reach of the Columbia Rivcr- the 51-mile stretch of rivcr flowing through the Hanford 
Site - has becn documented as an important habitat for salmon, steelhcad and other fish spccics. 
Fish biologists at PNNL have confimcd that within the Hanford Reach, salmon prefcrcntially 
spawn near the 100 H Area, making watcr clcanup thcre even more important; 

Six extraction wells in the 100-H Area remove contaminated groundwater from the 100 H Area, 
and scnd it to a treatment facility in the nearby 100 D Area when: sodium dithionate is added to 
the watcr to sorb the CH6, cffcctively changing it to Cr+3. Chromium+3 is not harmful to living 
organisms bccausc it is not solubb and doesn't bind to their systcms. Chromiumi-6 is soluble 
and is a carcinogcn. 

The water is then retumcd to the ground under the 100 I3 Area, where it is monitored by four 
compliance wells, 18 monitoring wells, and seven aquifer tubcs. (Aquifer tubcs are shallow 
groundwater sampling tubcs installed in adjacent holes at regularly spaced intervals and are used 
to monitor the concentration of contaminant in near-surface dcpths along the banks of the River.) 

Today, one monitoring well in the 100 H Area shows secondary contaminant levels of tritium, U, 
and nitrates above drinking-water standards; a few wells show Sr-90 concentrations above the 
EPA standard. Sevcn major chromium liquid waste sitcs have already bccn rcmediatcd. All are 
planned to be clcancd up by 2010, as is the mediation and re-vegetation of solid waste sitcs in 
the 100 H Area Further, a major solid waste site betwecn the100 H and 100 D Arcas, whcre 
sodium dichromate drums were crushed and abandoned, has bcen removed and closed. 

I00 DR-5 GROUNDWATER TREATMENT SYSTERI EXPANDS 

At the 100-D Reactor Area, hugging the River's shoreline upstream of the 100 H Area, Fluor's 
GRP has expandcd pump-and-treat systems to remcdiate plumes of contaminated water undcr the 
DR-5 scctor - the ccnter portion - of the ma .  This scctor, just upstream from the "cocooned" D 
and DR Reactors, has plumes with thc highcst concentrations of Crt6 anywhere on the Site. 

Pump-and-treat systems have operated in the 100 D Area for ovcr cight years, processing ncarly 
1.3 billion titers (350 million gallons) of groundwatcr and rcmoving ncarly 272 kg (600 pounds) 
of Crt6. In addition, a passive, undcrgound chemical-barrier system has been trcating 
groundwatcr contaminated with Cr+6 in the 100 D Area since 1999. Groundwater remcdiation 
systems serving the 100 H Area have bccn so successful that next year they may meet the RAO 
of 20 ppb agrccd to by the signatorics of Hanford's Tri-Party Agreement. 

However in 2004, new and more concentrated groundwater plumes- measuring up to 3,000 ppb 
of Cr+6 -were detected northwest of the D and DR Reactors (an area known as the 100-DR-5 
region). Almost immediately, pumping was rampcd up in the 100-D Area. With the addition in 
2005 of another pump-and-treat system that uses more efficient resins to treat the CrKi, the GRP 
is better able to capture the highly concentratcd plume before it reaches the Columbia River. 
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The new resins can be regenerated or cleaned on Site - significantly lowering operating costs. 
Aho, treatment capacity was increased from about 114 liters per minute (30 gprn) to nearly 189 
liters per minute (50gpm) to maintain progress against any movement by this plume. 

A major challenge is finding the source of the new, highly wnccntntcd plume in the 100 D 
Arm. Spills of highly concentrated "stocks" of sodium dichromate, and leakage of coolant water, 
left a messy trail of contaminated groundwater, espccidiy in Hdord's middle reactor areas (K, 
D and H Areas). Now GRP scientists are trying to pinpoint the underground pathways that cause 
the Crt-6 plumes to flow in certain directions and concentrate in specific areas. 

GROUNDWATERTREATABILITY TEST IN 100-K AREA - LUUY SUCCESS 

At the 100 K Reactor Area, about thrce miles west of 100 D Area, an innovative systcm is being 
tested to treat and clean groundwater. The 100-KR-4 treatability test, begun in June 2005, has 
already cut levels of Crt-6 in the groundwater by more than 75 pcrcent at the test site. 

The 100-KR-4 test system consists of an extraction well (199-K-126) approximately 30.4 meters 
(100 fect) dccp, surrounded by four injection wells each located about 30.4 meters (100 feet) 
away. All five wells have wire-wrapped scrcen that provide tiny holes in the bottom arcas 
where they intcract with the groundwater. In the treatment process, groundwater is pumpcd out 
through well 199-K-126, then mixed with calcium polysuIdde in an above-ground tank, and rc- 
introduced into the aquifer through the injcction wells. The calcium polysulfide chemically 
reacts with the Crt.6, reducing it to Crt3, some of which precipitates in the mixing tank. The 
mated water is then filtercd and re-introduced into the aquifer through the injection wells. 

The new calcium polysuldde systcm seems to be working extremely well. Data collected in the 
first four months of the test have rcduccd Crt6 conccntrations from about 70 ppb in groundwatcr 
at the bottom of the extraction well, to less than 10 ppb in groundwater at the test site. 

The 100-KR-4 test was conceived affer an expcrt advisory panel recommended that Fluor 
devclop innovative ways to remediate 100 Area's groundwater. Several members of the GRP 
team worked together, developing and implementing the test plan. The concept was developed, 
approved by DOE and the EPA, the wells drilled, and the test underway all within eight months. 

Some scicntific and physical obstacles have yet to be overcome. The more heterogeneous the 
substrata, the more time it will take to treat all of the C&. In other words, if the underground 
mobility of the water is high, it will take longer to clean up the area.' Therefore, the calcium 
polysulfide technique may not be adaptable to all other Hanford environments. 

In addition, some of the water re-injected into the ground has shown lower concentrations of 
oxygen than desirable for fish The hypo-oxygenation issue may not be a problem because, in 
the current test, the injection wells are scved hundred fect from lhe Columbia River. Natural 
groundwater flow should cause the water to be re-oxygenated by the time it reaches the River. 
IIowever, the hypo-oxygenation issues will be carefully considered in subsequent applications. 
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A report due out this month will document the strengths and drawbacks of the calcium 
polysufide system, and will help guide a decision on whether or not the method will be deployed 
in other parts of Hanford's 100 Areas. 

NEW IDEAS, TECHNIQUES TRIED IN 100-N AREA 

Located between the 100 D and 100 K Reactor areas in north Hanford lays 100 N Area, home to 
the largest production reactor ever built at the Site. The New Production Reactor (or N Reactor), 
built in response to the launch of Sputnik by the former Soviet Union in 1957, took nearly six 
years to build. It operated longer than any of Hanford's other production reactors (23 years), and 
its fuel assemblies were over eight times the size of the fuel used in other Hanford reactors. 

N Reactor also produced electric power, and for most of the 1970s, it irradiated its fuel loads for 
weeks to months longer than fuel is normally irradiated for weapons production. All of these 
factors combined to produce a large plume of Sr-90 in the soil and groundwater in 100 N Area. 
Sr-90 is harmfd to living organisms because it is a bone-seeker, replacing calcium in bones and 
weakening or sickening the animals (including humans) it enters. In 100 N Area, strontium is 
present in groundwater at levels more than one thousand times those allowed in drinking water, 
and is found in river plants and clams. 

The battle to prevent Sr-90 f h m  reaching the River began in 1995. However, pump-and-treat 
systems there have removed far less Sr-90 than is naturally removed by radioactive decay. By 
2003, the DOE deemed 100 N pump-and-treat system ineffective. A sheet-metal barrier system 
was also Cried but the 9.1-meter (30-foot) sheet pilings hit buried boulders in the soil and bent. 

Now, GRP scientists and engineers are implementing a new approach to cleaning up the 
strontium: pump a fonn of calcium phosphate compound into the soil to bind the strontium. The 
calcium compound - which forms an apatite barrier - is similar to that found in tooth enamel. 
Hopefully, a chemical reaction between the Sr-90 and the apatite will bind the strontium in place 
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for decades, keeping it from the rivcr while it radioactively decays. Vetted with stakeholders at a 
workshop this past Fall, the apatite test is underway. Results will be evaluated later this year. 

PLUTONIUIM FINXSIIING PLANT N A  GROUNDWATER TREATMENT SYSTEM 

In the chemical-processing scctor of Hanford referrcd to the 200 West Area, on a plateau 
known as central Hanford, the GRP has also expanded a groundwater extraction and treatment 
system removing carbon tetrachloride from groundwatcr near the Plutonium Finishing Plant 
(PFP). Four new cxtraction wells have been added to a sct of five wells that have opcratcd for 
the past ninc years to cxtract groundwatcr contaminated with carbon tctrachloride (CC14). 
increasing the pumping capacity from approximately 757 liters per minute (200 gpm) to 
approximately 1,325 liters per minute (350 gpm). 

The four new wells are needed to capture the north end of a plume of CCl4 (2,000 micrograms 
pcr liter [ufl]) belicvcd to have originated from trenches and cribs surrounding PFP. 
Concentrations of CCl4 in groundwater in the plume today sometimes exceed 4,000 u&. 

Thc C C 4  contamination stcms mainly from historical operations at Rccuplex and the Plutonium 
Reclamation Facility (PRF) whcrc plutonium-bearing scraps wcre dissolved in corrosive 
chcmicals (tributyl phosphate dilutcd with CC4 ) to rccovcr the plutonium. Liquid wastcs 
containing CC4 were discharged to the trenches and cribs from 1955 to 1973. 

An intcrim Record of Decision currently in place, agrccd to by the signatories of the Tri-Party 
Agrccmcnt, calls for groundwater conccntrations to be reduced to less than 2,000 u a .  A final 
agreement may set a different standard. The permissible concentration level for CCh in drinking 
water is 5 uglL. 

The CC4 extraction and treatment program in the PFP m a  of Hanford is particularly challenging 
due to the size of the plume and the fact that the highest concentrations are sometimes found 
d e e p  within the aquifcr. 

A full rcmcdial-action feasibility study, a required process under CERCLA, will begin in FY 
2007 and will evaluate multiple technologies and approaches to mitigating the plume of carbon 
tctrachloride. It will also dctexmine the final cnd state, through public participation. . 

For now, expanding the pumpand-treat system for this groundwatcr plume this past year was a 
prudcnt interim mcasure, while awaiting the final CERCLA decision. 

The contaminated water pumped from the five existing wells and the four new wells in the PFP 
area travels through pipelines to a smdl treatment building located nearby. Thcrc, an air-stripper 
tower outside the building removes CC4 from the water. Contaminated air from the tower is 
then routed inside the building and through a hcaterfchillcr that removes moisture, and then 
through a granulated activated carbon (GAC) filter that captures the CC4 from the air. Clean air 
is thcn rcleascd to the cnvironrnent. When the filtcr becomes saturated, it is sent off site to be 
rcgcnentcd by a comrncrcial company. 
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Trcatcd, or clean, groundwater is re-injectcd into the aquifer at points up the hydraulic gradicnt 
from the CC14 plume. In other words, the clcan water is put into the groundwater at points whcre 
it will flow toward the contaminated pIume - helping to dilute the plume and drive it to the 
extraction wells. 

The GRP expects to pump from the nine extraction wells in the PFP area at least through 2008. 
Meanwhile, new technologies such as air sparing and cnhanccd in-situ reductive dechlorination 
will be evaluated to rcrnove CC4 from 13anford's groundwater. 

DECOMR-IISSIONING OLD WELLS AT IWFORD 

A crucial task for Hanford's GRP, and one important to stnkeholders, is idcntifying and 
dccommissioning old wells that have bccn drilled to monitor water levels or groundwater 
contamination, or to inject liquid waste. Many of the old wells can be pathways that allow 
contamination to reach gmundwatcr. 

Decommissioning a well essentially means sealing it, usually with specid ccrncnt callcd grout, 
so it can no longer act as a conduit for contaminants. Where possible, the well casings rue fillcd 
with grout as they we withdrawn from the ground. If the casings cannot be withdrawn, they must 
be pcrfontcd so that grout can be injected undcr pressure through the perforations and can fill 
void spaces in the soil that have developed along the outside of the casings. 

The first task in dccommissioning a well involves sorting through vdous  databases and 
idcntifying which wells actually existcd and wcrc doing rcal damage. Ovcr dccadcs, slightly 
more than 7,000 wells wcrc drillcd on the Site, most of thcm to monitor contaminants. Howcvcr 
they wcre catalogucd in at least seven different databases, lending confusion to current efforts. 

Fluor led an effort to assess the current database for information needed, and thcn initiated field 
inspcctions as appropriate. Fluor teams found many wells had already bccn decommissioned but 
the rcquircd papcnvork had not been filed. In addition, they detcrmincd which entries were for 
sample tracking purposes, not related to conventionally drilled wells. 

Once the numbcr of actual Sitc wells (an ongoing process) was winnowed down, well "owners" 
wcre sought out. Some wells were clearly in use, others were dormant but owned by projects 
still planning to use them, and still others could not be dccommissioncd bccause they arc located 
on Hanford land lcascd by other spccially permitted cntitics not performing DOE missions. 

According to the Washington State Administrative Code "any we11 which is unusable, 
abandoned, or whose use has bccn pcrmancntly discontinued, or which is in such disrepair that 
its continued use is impractical or is an environmental, safety or public health hazard shall be 
dccommissioned." In addition, the code states, "cased water wells that wcre not constnrcted in 
accordance with these regulations, or wells which are dccommissioned to allow the placcmcnt of 
potential sourccs of contamination within one hundred fcct of the well, or for which a drilling 
report rcquired undcr WAC 173-1 60-1 4I is missing, shall be dccommissioned.. . 3 3 ]  
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Today, only about 2,000 Hanford wells in thc well-decommissioning program are potential 
candidates for dccommissioning. Of those, about 1,100 wells may need physical 
dccommissioning, the remainder can be administratively decommissioncd (paperwork process). 

For the GRP, the question then became one of how to set priorities for which Hanford wells 
would be dewmmissioncd first or quickly. Using a decision proccss developed in conjunction 
with the DOE and Washington State, the GRP decided to set priorities based on both risk and 
programmatic critcria The wells with the highest risk iue those closest to waste sites that 
penetrate through the vadose zone and into the groundwater. Such wells can act as direct 
conduits for mobile contaminants. The highest priority, however, must be given to wells that are 
impactcd by Site cleanup project schedules. Fortunately, many of the highest risk wells are 
located within expedited clcanup sites already being workcd by other clcanup projects. 

Such a casc rcccntly occurred when wells near U Plant in the 200 West Area were 
dccommissioncd as part of a larger program to decommission U Plant and its associated liquid- 
waste disposal arcas. Wells that will be undcr the footprints of water infiltration covcrs planned 
for contaminated soil sitcs must be decommissioncd bcfore the covers can be constructed. 

Managing the multiple intcrfaccs and intricate coordination requirements of this program is 
almost more difficult than decommissioning the wells. Detailcd coodination is necdcd so as to 
not interfere with any other projccts, rcspcct facility boundarics, and keep all personnel safe. 
Thc GRP also looks at reIative costs and managcs the work to achieve contracting eflkiencies, as 
some wclls are more difficult to decommission than othcrs. For cach well selected, the GRP 
writcs a "Dccommissioning Profile" and negotiates its approval by Washington State. 

Dccommissioning wells with doubIe or even triple casing provides the most challenging cases, 
bccause explosive devices must be used down insidc the wells to perforate all thc casings. A 
technique called "jet-shot" perforation is used in multiple-cased Hanford wells, and requires 
extensive analysis and assistance from a variety of Site workcrs - safety professionals, industrial 
hygicnists, radiation control personncl, facility managers, security personnel, and othcrs. Notice 
of the planned detonation must be given to everyone within 305 mctcrs (1,000 feet) of the well, 
and to some facilitics f i e r  away that might bc affected. The Laser Intcrfcrometer 
Gravitational Observatory (LEO) - a University of California cxpenmental facility a few miles 
south of central Hanford - must be notilicd about cvcry shot, because its instrumentation is very 
sensitive to shocks. seventy wclls wcre decommissioncd using jet shot techniques in 2005. 

Many, but not all, multiple-cased wells at Hanford are so-called "Webster wells," nmcd for an 
cngincer in the 1980s. Tasked with scaling several wclls, hc pcrforatcd the single casing, and 
thcn ran a smaller-diamctcr casing down the wcll and injected grout into the annulus between the 
two casings. His technique relied on hydrostatic pressure to niove the grout through the holes to 
fill the entire borchole and the void spaces on the outside of the wells. However, significant void 
spaces were not fillcd, and thc wells are now considered a high priority for decommissioning. 

Fluor's GRP also made good progress toward dccommissioning 45 single-cased wells last year 
using mcchanical perforation methods. Along with 146 wclls successfully decommissioned in 
2003 and 2004, the program decommissioned over 260 wclls by the end of 2005. In addition, 
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almost 1,200 previously plugged wells were administratively decommissioned since January 
2003, with the concurrence of Washington State. 

It is clear that Hanford well decommissioning work will be a long-term endeavor, possibly 
lasting for more than 10 years. It is one of the ironies of Hanford history that so many 
holeslwells installed for monitoring groundwater contamination in the past now may be actually 
contributing to the contamination of groundwater. 

Figure 3. A mechanical perforator is ready for use 
in an older Hanford single-cased well. 

PREVENTING RECHARGE OF CONTAMINANTS 

Along with decommissioning old wells, the GRP strives to reduce water recharge into 
con taminated soil areas by re-lining leaky water lines using a process called mortar-lining. Re- 
lining water lines eliminates leaks that drive contaminants downward to the water table. 

While the mortar-lining technique has been used before, and has even won awards at Hanford, 
crews this past summer successllly deployed a different method of scraping out the old piping 
before re-lining. In each case, they opened a port into a pipe and inserted a hard rubber device 
shaped like a rounded torpedo or an extra-large bullet - called a ''pig." They then sealed the port 
in the pipe, and forced the pig through the pipe with pressurized water. As it traveled through 
the pipe, the pig scraped out encrusted material on the inner surface and then flew out the far end 
of the pipe. Pipe ''pigging" prompted jests among workers about "when pigs fly at Hanford." 

ADDITIONAL GRP INVESTIGATIVE WORK 

Additional investigations and in-field tests underway at Hanford include drilling and sampling 
four characterization boreholes in the fuel-fabrication area Just three miles from Richland, the 
fuel-fabrication area has soil and groundwater saturated with uranium powders and plumes. 

In some of the waste-tank areas of central Hanford, the GRP has been conducting in-ground 
sampling for over a year to understand the seepage of contaminants out of leaky tanks. Under 
"T" tank farm (a cluster or "field" of tanks) in the 200 West Area, the oldest radioactive tank 
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farm in the world, the migration of Tc-99 is being mapped. Under "Ayy tank farm in 200 East 
Area, the original farm to receive wastes from the Plutonium-Uranium Extraction Plant, 
investigations are tracking a contamination plumes. Under the "BIC" cribs, just south of the 200 
East Area, an experimental discharge site from the 19509, the GRP is also sampling and 
formulating potential remediation plans. 

WELL DRILLING AT HANFORD 

None of the groundwater protection methods implemented by the GRP at Hanford could be 
successll without a first-class well drilling program. The well-drilling program is the active 
implementation arm of the monitoring programs across the Site. Fluor has drilled 45 wells in 
the last three years, some as deep as122 meters (400 feet). Planning, procurement and drilling 
are already in progress on most of the 15 wells required by the Tri-Party Agreement in CY 2006. 

Fluor well-drilling work is cross-cutting, involving work all over the Site, and support to 
different contractors and different facilities. Contamination control and flow down of Fluor 
safety programs to the multiple subcontractors involved in drilling work is key to success. 

The GRP also drills extraction wells to remove groundwater for treatment. The average well 
depth can vary between 100 and 300 feet, and subsurface conditions also vary widely. 

Fig. 4. Wells are drilled on the central Hanford plateau 
to extract contaminated water. 

SAFETY AND SUBCONTRACTOR MANAGEMENT IN THE GRP 

In addition to the data gathering, pollution prevention, and plume remediation, perhaps the 
GRP's most satisfying achievement has been the dramatic improvement in safety. The project 
recently received a special award at Fluor's President's Zero Accident Council for achieving a 
million safe work hours (hours without a lost time injury). The million hours represents almost 
three years of work in the project, with 21 percent of that work done by subcontractors last year. 

At least 17 subcontractors performed in-field work for the GRP at the Site last year, with Fluor 
requiring each of them to implement a strict safety program prescribed and flowed down by 
Fluor. Because work at Hanford is inherently more risky and contains more potential surprises 
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than other sites where the subcontractors are used to working, the company insisted that they 
must all adhcre to one meticulous safety system. The resdts have been amazing. The recordable 
injury rate for the GRP was 0.55 this past yew, lower than Fluor's Corporate goal of 0.75 and 
lower than the national average for well-drilling and environmental work of nearly 5.9. Last 
month, the GRP submitted its application for recognition in DOE'S Voluntary Protection 
Prognm- safcty prognm modeled on that of the Occupational Safety and Health 
Administration. 

SUMMARY 

In conclusion, the Hanford Groundwater Rcmediation Project is making major strides in finding 
and treating contaminated groundwater, and protecting the Columbia River and its fish. 
Radionuclides and chemicals of long-tcnn concern arc being trackcd, intcrccptcd and trcatcd at 
their most concentrated points and at the places where they most threaten crucial natural 
resources. Innovative chcmical barricrs and treatments, and wcll as more standard purnp-and- 
treat methods are being used as the DOE and Fluor strive to protcct the Iianford region. 
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Attachment 1 
Additional Reading List: IIanford's Groundwater Remediation Program 
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Hartman, M.J., L.F. Momch, and W.D. Webbcr, IIanfordSite Groundwater Monitoring For 
Fiscal 2004, PNNL-15070 (Richland, WA: Pacilic Northwest National Laboratory [PNNL], 
March 2005). 

Mahood, R.O., Fiscal Year 2004 Annual Summary Report for the In Situ Redox Manipulation 
Operations, DOOE/RL2005-39 (Richland, WA: 2005). 

Peterson, RE., E.J. Freeman, P.D. Thome, M.D. Willdms, J.L. Lindbcrg, CJ.  Murray, MJ. 
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Potential Concern in the 300-FF-5 Operable Unit: Expanded Annual Groundwater Report for 
FY 2004, PNNL-15127 (Richland, WA: PNNL, March 2005). 

PNNL, Groundwater Protection Program Science di Technology Summary Descriplion, PNNG 
14092 (Richland, WA: November 2002). 

River Protection Project, Peiformance Objectivesfor Tank Farm Closure Performance 
Assessments, RPP-14283 (Richland, WA: CH2MHill Hanford Group, September 2005). 

Rohay, V.J., Performance Evaluation Report for Soil Vapor Extraction Operations at fhe 200- 
PW-1 Carbon Terrachloride Site, Fiscal Year 2004, WMP-26178 (Richland, WA: U S .  DOE, 
2005). 

U.S. Dcpartmcnt of  Energy, Richland Operations Oflicc (DOENU), Iianford's Groundrvater 
Management Plan: Accelerated Cleanup and Protection, DOWRL-2002-68 (Richland, WA: 
March 2003). 

U S .  DO- Zian ford Site Groundwater Strategy - Protection. Monitoring, Remediation, 
DOEAZL2002-59 (Richlmd, WA: Fcbmruy 2004). 

U.S. DOEM,, Iianford Site Risk-Based End State Vision, DOElX-2005-57 (Richland, WA: 
October 2005). 
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Zachara, J.M., J.A. Davis, J.P. McKinIcy, D.M. Wcllrnan, C. Liu, N. Qafoku, and S.B. Yabusaki, 
Uranium Geochemistv in Vadose Zone and Aquifer Sedimentsfiont the 300 Area Uranium 
Plume, PNNL1512 1 (Richland, WA: PNNL, July 2005). 

Table I 
EPA Aquatic and Drinking Water Standards for Contaminants of Interest 

*Drinking Water Standard - u& (rnicrognms per litcr) 
*Drinking Watcr Standard - p C i i  (picocurics per litcr) 
*Aquatic Standard - ug& (micrograms per litcr) 
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