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EXECUTIVE SUMMARY 

The 100-D Area hns received, and will continue to receive, focused anentfon from the 

.S. Department of Energy and stakeholders for reasons that include the following: 

• Recently disco crcd "hot. po "(high-concentration~) in both the vadose zone and 

groundwater. 

• Oroundwaler monitoring r ults that ~t continued discharge of groundwater to the 

Columbia River with bexavalent chromium concentrations >20 µg/L. Thi potential 

impacl to the rivet indicat the need to cnhanec; modify, or upptcmc:nt the ibtcrim 

remedial action that have been in place ince 1997. 

• Groundwater monitoring uggesting that the mass ofbexavalent chromium in the plume 

has not decreased substantially over the past 10 years. These results uggest that 

alternative approaches to enhance, modify or supplement the existing interim actions are 

necessary to achieve cleanup goal and protect the dvcr. 

To address these i sues, three sets of a tions for the l 00-0 Arca arc being considered: 

l . Actions that will address the hot spot areas a quickly as po ,ible. The objective ofth 

actions will be to remove a igmficant portion of the contaminant mass from the vadose 

zone bot spot s) contributing to the groundw ter plume( ). Additionally actions will be 

taken to optimize current pump-and-treat remedial activiti to improve performance and 

address regulatory cone.cm . These ctions can be considc:rcd ncar-tcnn actions. 

2. Acti ns that will protect the ri vcr b 2012. Actions taken to protect the river can be 

considered bort-tenn action . 

3. Action thai will result in achieving substantial cleanup of the hexavalcnt chromium 

plwne by 2020. Such actions again include optimization of current pump-and-treat 

remedial activities and may also include new remedial actions as approprial Actions 

taken to achieve plume cleanup can be co~dered Jong-term actions. 

Remediation proces optimization (RPO) efforts are underway at the l 00-0 Arca to assist with 

addressing these i ues. In particular the RPO efforts have focused on addressing protection of 
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th rivec and achieving plume cleanup. The effort have also looked at reducing cost ilnd 

improving th performance of the existing ystem . Thi t hnical mem randum reports on fi 

of the seven RPO tasks., as follows : 

• Reviewed and swrunarizod the conceptual ite mod 1 (CSM) and d. cussed impli lions 

for ite remediation. 

• Reviewed 1he d ign and performance of the existing 100.D Area ex itu remedial 

systans and treatability actions; identified system or prooes modifications to improve 

performance. 

• Identified and screened in situ and ex situ remedial tcchnologi with lhe potential to 

improve remedial performance at the site. 

• Developed and wnmarized potential remedial action altemativ (RAA ) for the sit 

based on the screened technologi . 

• Developed p~conceptual designs and co ts for tbtce pump-and-treat technologies that 

were identified durin_g the screening proces candidate for inclusion info on or m re 

of the proposed RAAs. 

Th two r aining RPO task will be completed after this document has been aoceptcd by the 

U.S. Department of Energy, Richland Operations Office (RL and will be docwnented in 

ubsequeot documents within the first quarter of 6 cal year 2009 (FY09). Th w remaining 

lo be completed 1lrC listed below: 

• Develop pre-conceptual le 1 designs and costs for th RAA and screen the RAA using 

appropriate decision analysis tools that incorporate the Comprenensi Environmental 

Response. Compensation. and Liability Act of 1980 criteria for evaluation. A decision 

analysis workshop will be held to screen the RAA . Th results wilt be included in 

a final document that will d cribe th overall remedial approach that is recommended 

for the l 00-D Arca. 

• Develop a pro and control optimi7.ation plan for the iterative and continuing 

ptimiz.ation of the existing and potential future 100-D Aru pump-and-treat system . 
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• Perfonn pilot testing of som of th mponents of the preferred RAAs as necessary. 

It · currently cnvi ioned that any pilot testing would be implemented soon as po ible 

in order to enable full- cale implementation of some of the component in FY09/FY10. 

Th e activiti will aJ be clo ly integrated with other ongoing activities including the 
following: 

• Actions that will address the hot spots ( e.g. near the old sodium dichromate transfer 

tationand other areas where sodium dichromate product w handled . Tot objective of 

these actions wilJ be to remove a significant portion of the ntamioant mass from the 

vadosc zone hot pot(s) that are contributit\g to the groundwater plwnc(s). These near

term actions are likely to be iinplemented in.FY09/FYI0. 

• The remedial inv tigati n/fi ibility study (RJ/FS) process. Currently, an integrated 

RI work plan is being developed for 100-D Arca RJ/FS activiti . This proces will lead 

to a final Record of Decision (ROD) for the jte. 

Et.0 .REVIEW CO CEPTUAL SITE MOD L 

Key features of the CSM for the 100-0 Area are as follow : 

• implisticaUy the Ito geology i composed of very coarse and and gravel (including 

cobbl ), but there are om tring of ilt and sands. 

• The average depth of groundwater is 24 m (80 ft) belo groWld surface; therefore, the 

vado zone is r latively 1hlc . 

• The Columbia River tage h a ignificant impact on groundwater le 1 and flow paths. 

During part of the year, th riva- sblgc is higher than adjacent groundwater elevation . 

• Wid prcad discbarg and I of cooling water containing approximately 2 mglL of 

hexcavalent chromiwn, and mounding of groundwater during operations rcsuJted in 

a widespread bexavalent chromium plwne at or below this concentration. 

• Moro localiud releases of ncentrated chromate solutions resulted in higher 

concentration hot spot in me of the ar where these more concentrated solutions 
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were historically handled or transported. Hot pot inch.Id high c.once:ntrations of 

hex.avalent clu-omiwn in porewater in the vado zon 1bese hot po in the vad 

zone and saturated zone likely serve as continued uroes of contamination 10 the 

groundwater plwnc. Not all of th e bot spo ha e been identified, and it may be very 

challcn~g to identify all of them. 

• The hexavalcnt chromium plwnc is divided by a groundwater mound into a nortbem 

phune aod a southern plume as a result ofwatcr leaks from the 182-0 reservoir. 

• Groundwater with hexavalent chromium concentrations >20 µg/L curreotly exists in 

monitoring well clo to the river and likely discharges to the river during part of the 

year at concentrations greater than 20 µg/L. 

• These cooceotratio exist d pite the interim remediation systems that have been in 

operations for over IO years. Although the interim remedjation systems were not 

designed to address the entire plum the persistence of the plum may support th 

conclusion that there arc ongoi.ng primary and/or secondary souroes of hexavalent 

chromium contamination. Enhanced, modified, or supplement.al remedial action may be 

necessary to address the abov~mentioned i sues. 

El.0 R VIEW OF CURRENT EX lT TREATM NT SYSTEMS 

D OPTIMIZATION STUDIES 

The d ign and operational processes of the I 00-HR-3 and the DR-S treatment systems were 

reviewed. and actions to optimize th pcrf onnance and reduce operational CQ were identified. 

Tb r ul of an clcctroco gulation pilot t tudy were al evaluated to determine whether 

this technology should be con idercd as an ahem tiv to ion exchange (lX) at the J 00-0 Area. 

Both the l 00-HR-3 and the DR-S treatment systems havo performed well in terms of total system 

availability, bexavalent chromium removal efficicnci , and effluent be avalent chromium 

concentrations. However, operation and maintenance (O&M) costs could be mluced by 

optimizing these systems. A number of recommendations were developed to optimize the 

operations of each system. Electrocoagulation pilot testing showed that th' technology was 

able to rcduc hexavalent chromium concentrations to <20 µg/L, but only when electrod 
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were clean. Keeping electrod clean was a .significant challen c and in addition. the 

elcctroooagulation unit was unable to operate unattended. A number of operational suggestions 

were made in the event that electr000 gulation is to be pursued further. 

E3.0 TECHNOLOGY EXCHANGE MEETING 

A bexavalent chromium trcattnent technology exchange meeting w initiated so RL and Fluor 

Hanford. Inc. staff could obtain information regarding full-scale remediation of hexavalent 

chromium-contaminated groundwater. The prcscoters aod meeting attendees gcncraUy agreed 

th.al the optimization of the cw:rent pump-and-treat systems and/or incorporation of new IX 

media or treatment technologies may provide cost and performance benefits. However, there 

was also a general consensus that treatment of the hcuvalcnt chromium plume in th· I 00-D 

Area with the In Situ Redo Manipulation treatment woe and pump-and-treat technology alone 

would require long periods of time to achieve remedial action objecti (RAOs). To accelerate 

remediation, a more aggr ive approach that potentially uses both ex situ and in situ 

technologi to address both the groundwater and the vado z.onc was recommended. There 

was particular interest in the in situ reduction ofhe avalent chromium accomplished using either 

chemical or biological approach· • or a combination thereof. Whichever approach or 

combination of approaches i ultimately implemenied, it w recognized that it will be important 

to achi and maintain hydraulic control of in situ treabnent areas to ensure protection of the 

Columbia Ri er and to avoid potential impac e.g. bi<>-fouling) to the pump-and-treat ystems 

that arc currendy in plaoe. 

E4.0 TECHNOLOGY SCREENlNG D DECISION ANALYSIS 

A t.echnology screening meeting was held to identify remedial technologi having the potential 

to accelerate remediation of the 100-0 Area. lbe rnceting involved (1) identifying working 

RAOs that may be formalized in the final ROD for the l 00·0 Area. (2) formulating tccboology 

screening criteria t be used to rank the tcchnologi , (3} brainstorming to create a list of 

potential technologies, (4) screening the potential technologies against the aeening criteria, and 

(S) combining high scoring technologies into RAAs that could potentially achieve I 00-D Area 

RAOs. The r ults of screening are as follows: 
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• The top- coring river protection technologies were biological barrier followed by 

hydraulic ham at the river sparging w II and chemical barrier. 

• 'fop-scoring vad se zone trcabnent tcchnologi were biologi_cal iruiltration, folio ed by 

chemjcal infiltration, remov treat/dispose, and water flushing. 

• Top-scoring groundwater treatment technologies were in itu biological treatment, 

followed by in situ chemical treatment. in , itu biological barrier, and in s tu chemical . 

barrier. 

• Top- ring ex itu groundwater treatment technologies were optimize existing ystems 

followed by extraction of groundwater and re-infiltration with biological amendments. 

ferrous iron reduction, and continue all actions (keep using IX as in the past . 

F.5.0 PRE-CO CEPT AL DESIGN AND CO TS FOR EX SITU 

GROUNDWATER TREATMENT TECHNOLOO~ 

RL is considering upgrading or replacing the cxlstlng -e itu treatment ystems for the I 00-0 

Area part ofth ongoing RPO effon. Design criteria and pre-conceptual d igns and cost 

estimates were presented for three ex situ treatment approaches that may be able to treat 

groundwater more co effectively than the cwrent system . These three ex situ technologi are 

(1 ) IX with offsite regeneration, (2) IX with onsit regeneration, and (3) ferrous chlorid 

treatment. 

AU three technologies will remove bcxJlvalcnt chromium from the groundwater and meet water 

quality criteria for the treated water. The estimated capital co ts of all three technologies were 

very similar, despite differences among th p . Estimated O&M cost was the most 

significant differentiator. The technology with the low estimated O&M cost i lX with onsite 

regeneration, followed by the fmou chi ride process (with estimated O&M co ts approximately 

20% higher). The largest solid astc stream is generated by the ferrous chloride proc , and the 

smallest solid waste stream is generated by IX with offsitc regeneration. 

The process of IX with onsite regeneration uses the least welJ-estabUshed approach to managing 

spent r gcnerant brin and po me technical risk that may be addl1 sed by testing and 

evaluation. The main uncertainties associated with this process are rates and optimum process 
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conditi n for hex alent chromium reduoti n and the rate and completen f fem>u iron 

o idation, to pre cnt injection well foulin by h high i nic-strcogth lutio . Th erro 

chloride process i a proven lechoology that i I t hnically cballengin_g relativ to IX with 

onsite regeneration. Site-specific testin of IX ith onsit< r eneration and ferrou chl rid 

treatment i recommended. 
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J.O INTROD TION 

The J 00-D Area bas rcocived, and will continu to recei e, focused attention from the 
U.S. Department of nergy (DO ) and takebolde for reasons that includ the following: 

• R cently di covered .. bot spots" (h_igh-conccntration areas) in both the adosc zone and 
groundwater. 

• Groundwater monitoring n:sults that suggest continued discharge of groundwater to the 
Columbia River with hcuvalcnt <:hrorniwn oonoentrations >20 µg/L. This potential 
impact to the river indicates the need to enhance modify or supplement the interim 
remedial actions that have been in place incc 1997. 

• Ground ater monitoring resul that uggest that the mass of hexavaleot chromium in the 
plume has not decn:ascd wbstantially over the past IO years. Rctc.nt groundwater 
characterization effons identified higher-than-anticipated hexavalent chromium 
concentration upgradient of existing groundwater interim remedial actions. ln addition, 
re,ccot souroe area surface: remediation efforU have identified areas ofvadosc zon 
oontamination in clo proximity to the ground ter plume location. Th e recent 
di coveri indicate that alternative approaches to enhance, modify, or supplement the 
existing interim actions arc ncccssary to achieve cleanup goal and protect the river. 

To address these issues, three sets of actions or the J 00-0 Arca arc being considered: 

I . Action th will address th hot spot areas .g., near th old sodiwn dichromate transfer 
tation and other where sodium dicbromat product w handled) as qulckly 

po ible. 1ne objective of these action will be to remove a ignificant portion of the 
contaminant m from the adose zone hot spot ) contributing to the groundwater 
plume( ). Additionally, actions will be taken to optimize CWTen1 pump-and-treat 
remedial activities to improve perfonnance and address regul tory concerns. These 
actions can be con idered near-tenn acti ns. 

2. Actions that will protect the river by 2012. Actio taken to protect the river can be 
con idered shon-t nn actions. 

3. Actions that will result in achieving substantial cleanup of the bcxavaltnt chromium 
plum by 2020. Such ctions a8&in include optimization of cwrertt pump-and-treat 
remedial activiti and may also include new remedial actions as appropriate. Actions 
taken to achieve plume cleanup can be considered long-term actions. 

lo fiscal year 2008 (FY08), a Fluor Hanford, In . (FH) team began remedi tion proces 
optimizalion (RPO of the interim remedial actions at the 100-D Area. The RPO is the 
ystematic evaluation and enhancement of iJe remediation processes to foster the achievement 

of the remedial action objccti es (RAOs) for the itc with improved performance and reduoed 
co l The RPO also in olves optimiz.ation of the remedial strategy by re-evaluating the o cra1J 
approach and formulating, if applicable, remedial ·action alternatives (RAAs) that have a higher 
likelihood of achieving RAOs at reduced co l 
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At the 100-D Area, the RPO efforts have focused on addressing protection of the river and 
achieving plume cleanup, well as reducing the rost and improving the performat1 of the 
existing ystem . Addres ing the hot spot areas is bcin addressed by a separate effort, but on 
that i being clo ly coordinated with the RPO effort. 

In addition to the e efforts, FH i undertaking a parallel remedial inve tigation/fcasibility study 
(Rl/FS) process. Currently, an integrated RI work plan i being d veloped for 100-D Area RJ/FS 
activities. These ctivities are occurring concurrently with the RPO activity and will ultimately 
result in a final Record of Dccls.ion (ROD). The RI/PS activities are being closely integrated 
with these RPO activiti . 

To aocomplish the I 00-D Area RPO effort, $0VCJl c.aslc.s were originally identified. Five of those 
tasks have been completed the resul of which are presented in this document. The completed 
RPO las include the following: 

• Review and summarize the oonceptua! site model (CSM) and discuss implication for 
ite remediation. 

• Review the d ign and performance of the e,cisting 100-D Area e:it situ remedial ystem.,; 
and treatability actions; identify system or process modifications to improve 
perfonnan . 

• Identify and screen in situ and ex situ remedial tcclmologies witb 1h potential to improve 
remedial performance at the ite. 

• Us· the preferred tecbnologi to develop a range of potential RAA for the ·1 . The 
RAA pecifically addrcs both protection of the river and plume remediation. 

• Develop pre-conceptual designs and oo ts for thJ'1 pump-and-treat technologi that 
WCR identified during the screening proc as candidat for inclu ion into on or more 
of the propo ed RAAs. 

The two remaining RPO tasks will be completed after tlili document has been a cepted by the 
U. . Department of Energy, Richland Operations Office (RL) and will be documented in 
subsequent docwncn within the first quarter ofFY09. The tasks remaining to be completed are 
descnocd below: 

• Develop p -concq,tua1 level designs and costs for the RAA and screen the RAA using 
appropriate decision analysis tools that incorporate the Comprehensive Environ.menuil 
Response, Compensation. and Uability Act of 1980 (CERCLA) criteria for evaluation. 
These resul will be included in a final document that will descnl>e the overall remedial 
appro ch that is reoommended for the l 00-0 Arca. 

• Develop a pro and control optimization plan for the iterative and continuing 
optimization of the aisting and potential future 100-D Area pump-.and-trcat systems. 

• Pilot testing of some of the components of the preferred alternatives may be necessary. 
It is currently envisioned that any pilot testing would be implemented soon possible 
in order to enable full-scale implementation of some of the romponen in FYOO/FY I 0. 
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l.l REPORT ORG IZA TIO 

Thi document consi t of eight ccti ns and fivs appendi . In addition 10 the introduction, th 
resul of specific k conducted as part of the 100-D Area RPO arc pr ented in thi document 

follow : 

• Section 2.0: Presents a review of the 100-D Area C M. 

• Section 3 .0: Evaluates the performance and operation of the ex situ treatment systems 
that are in use, or that ha been tested, a1 the 100.0 Area. 

• Section 4.0: Summari1,es the results of the he avalcot chromium treatment technology 
exchange meeting conducted in April 2008 to facilitate the identification of promising 
remedial technologies. 

• Section S.O: wnmarizcs the results of a technology screening and decision analysis 
mtetiog. 

• Section 6.0: Summariz.es the pre-oonceptual designs and cost timatcs for three pump-
and-treat technologies. 

• ection 7.0: Summarizes the cooclu ions and recommendation . 

• ection 8.0: P.rovid the tefcrcnocs cited in thi Technical Memorandum. 

• Aru,endix A: Provides the proposed remedial ction ahemati cs. 

• Appendix B: Pro ides a r t of the technology screening meeting attend 

• Appendix·C: lnclud the en iti ity analysis ofth decision ring weights. 

• Appendi D: Pro id th modified groundwater capital 
faciliti • 
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2.0 0 RVJEW OF THE 100-'D AREA CONCEPTUAL SITE MODEL 

ecti n 2.0 presents a review of the CSM for th I 00-0 Area. A detailed uod tanding of the 
CSM, including uncertainti aod data gap , i an important componet1t of any successful RPO 
effort. Thi understanding is facilitated by the intcgrati n of a range of sitc,.spccific data and 
other infonn.ation (e.g., process history, gcol<>gy, hydrology, geochemistry, and impacts of 
ongoing remedi ) into a coherent CSM. The infonnation presented in this section has been 
gleaned, summarized, and sy.nthc:sized from a wide range of published and unpublished data 
'including, but not limited to, infonnation from 100-HR-3 annual reports.previous CSM reviews 
existing and ongoing laboratory and field-based investigations, web sites, and discuS:sionS rith 
technical personnel invol ed in the investigalio11S. Thi ovecview is believed to present an 
accurate summary of the current status of the CSM for the I 00-0 Area that is .suitable tor 
facilitating the sdcction and evaluation of appropriate remedial teclmologics and .RA.As for this 
ite. Thi effort ha . been coordinated with other ongoing systematic planning efforts within the 

100-D Area. 

11le primary objectives of this section are follows: 

I. Present an overview of the 100-D Area M b ed on the results of previous and where 
pos ible, ongoing charactcri7.ation and remediation efforts for the I 00-0 Arca. 

2. Identify ke data gaps and uncertainties in the CSM and integrate with the RI worlc plan. 

3. Facilitate ubscquent identification of potential future remedial actions for the I 00-0 
Area. 

Pursuant to these objectiv • the following information i presented: 

• Sito setting 
• G logic setting 
• Site hydrology 
• Historical site operations and potential sources of contamination 
• atun: and extent ofhexavalent chromium contamination 
• Implications for current and potential future remedial action 
• Conclusion and recommendatio 

2.1 SITE SETTING 

The Hanford 100-0 Area is part ofth<, 100-HR-3 Gtoundwatcr Opcrabl Unit, located adjacent 
to the Columbia River in the northeast corner of the Hanford Site in southeastern Washington 
State (Figure 2-1 ). The 100-D Area encompasses the operating areas of two fonner DOE 
production reactors (the fi rmcr D and DR Reactors}. Wb:il these reactors were operational, 
large volumes of river atcr were treated with sodium dichromate (to inhibit corro ion of the 
reactor piping) and used a coolant for the reactors. After single pass through the reactor and 
before being discharged back to the river, the coolant water was sent to unlined retention basin 
to cool and so the short-lived radioactive contaminants would decay, Thi approach to reactor 
oooling ,led to the introduction of large volwnes of process water contaminated with low 
concentrations ofhexavalent chromium into the vado zone, and ultimately into the 
groundwater aquifer and adjacent Columbia River. In addition, numerous leaks and spill of 
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Active treatment of the 100-0 Area was expanded in 2004 with the addition ofa second IX 
pump-,and-trcat ystcm (hereinafter denoted as the OR-S system). The DR-5 ystem was 
designed to capture hexavalcnt chromium contamination that is located further south in the 
l 00-D Arca plume (and upgradicnt of the ISRM). The extraction wells CWTently operating as 
partofthe DR-S system are J99-DS-20, 199-05-32, 199-05-39, and 199-DS-92 (Figure 2-2). 

Despite the natural flushing of the aquifer that has occw:red .since the reactors were taken off-line 
and the installation and operation oftbc 100-D Arca tn:atrnent systems, elevated concentrations 
of bexavalcnt chromium. have persisted in the groundwater at the t00-0 Area (including some 
areas downgradient of the ISRM). The persistence of the plume over time and the elevated 
cooccntrations provide !IODle evidence that a substantiaJ residual somcc ofhexavalent chromium 
cootin-ues to reside in the vadose zone (and possibly in abandoned infrastructun:) at this site. 
These residual sources aro expected to continue to feed the 100-0 Arca groundwater plum.es with. 
additional hexavalent chromium for the foreseeable future witil vadose zone remedial actions 
currently under develoJ)JJlent are implemented. Both historical and recent monitorin_g activities 
indicate that the RAOs for the I 00-D Arca have not been achieved. The geologic setting of the 
100-D Area and vicinity is discussed below. 

2.2 GEOLOGIC SETTING 

The Columbia Ri er Basalts were extrctnely thick flows that covered an approximately 
207,000 km2 (80,000mi2

) section of eastern Washington. Idaho, and Oregon about 6 to 
16 million years ago. Subsequent to cooling, these basaltic units Jocally ubsidcd. fonning large 
broad basins such as the Pasco Basin. one of several sub-basins within the larger Columbia 
Basin. The Hanford Site is localed within and covers about half of the Pasoo Basin. The 
Columbia River bisects th . Pa.seo Basin and it, or its ancestor, deposited the upper Miocen 
lower Pliocene Ringold Fonnalion between 1.8 to 5 million years ago. Various fluvial, 
glacio-fluvio and aeolian units were deposited after the Ringold Fonnati n. Multiple periods of 
glaciation affected the region and episod of glacial advance and retreat continued until about 
12,000 years ago. 1ne Missoula floods occurred between about 12,000 and 15,000 years ago 
and were the final large-scale flood events affecting the Pasco Basjn (including the Hanford area) 
and resulted in the deposition of the Hanford formation. Since cessation of the'tinal major 
flooding events and a return to normal river volume flows over the last 12,000 years, the ~gion 
has been receiving alluvium, talus. and landslide deposits. The remaining SQils and sediments 
form the rolling hills and fmnland of eastern Washington as seen today. Surface features that 
reflect the catastrophic Missoula floods in the area include giant ripple marks and gravel bars. 

The geology of the 100-D Area is consistent with the regional geological setting and the 
processes descnl>ed above. 1ne two main sedimentary units in the l 00-D Area are the 
Pleistocene Hanford formation and the underlying Ringold Foonation (Figures 2-3 and 2-4). 
The existing river system has a moderate flow with relatively straight stretches ex.cept where the 
river is deflected at a high angle (fonntqg the Hom area) in the vicinity of the White Blufl'B area 
(Figure 2-3). Wdl-dcfined curvilinear channel trace features are vi ible on both sides of the 
existing river, indicating that the river channel bas repeatedly migrated across the valley floor. 
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2.2.l Ringold Formati n 

The late stage catastrophic Hooding that depo itcd the Hanford formation in the l 00-0 ~ 
eroded the upper units of Ringold Fonnation leaving the Ringold Unit E th youngest unit of 
th Ringold Form tion remaining in the 100-D Arca. The remaining Ringold Fonnation in the 
100-D Area is composed primariJy ofpcbbl sized gra el and sand . The Ringold Formation i 
underlain·by th fine-sand, silt and clay-rich o erbank deposi of the Ringold Upper Mud Unit. 

2.3 ITE HYDROLOGY 

The vado wne in the 100-0 Arca generally i composed of the Hanford formation . The 
aquifer system consists primarily of a hallow unconfined aquifer (typicalJy supported by the 
Ringold Unit E) that is underlain by the Ringold Upper Mud. Although the Ringold Upper Mud 
i tura1ed, it has a much lower hydraulic conductivity and is generally considered to be the 
lower boundary for the shallow unconfined aquifer in the l 00-0 Area. Although the shallow 
unconfined aquifer i u ually supported by the Ringold Unit there arc stctions of the I 00-0 
Area where the ca trophic flooding events that deposited the Hanford fonnation eroded 
through mo tor all of the Ringold Unit Eand, in some cases cut channel into the underlying 
Ringold Upper Mud. lo these areas, which include portions of the central I 00-0 Area, the 
Hanford fonnation xtcnd deeper into the section and upports the shallow unconfined aquifer. 
GeoeraUy, the coarse-textured Hanford fonnation e hjbi higher hydraulic conductivities than 
the Ringold Unit , and th~ areas may represent preferential pathways for groundwater 
tran port. 

The nearby Columbi Ri is a discharge boundary for th aquifer system and the aquifer is in 
direct communication with the river along the horeline of the I 00-D Arca (Zone of Int raction 
Betw en Hanford Site Groundwater and Adjacent Columbia Rive.I' [PNNL-13674]). 
Groundwater elevation, gradient, and 0ow velocity at the I 00-D Arca are very responsive to 
chan8 in tag of th Columbia River. AJtbough the Hanford Reach of the Columbia River 
including the section adjacent to the I 00-D Area, i a .free-flowing stream, lhe river stag is 
controlled by discharge from Priest Rapids Dam, located approximately 19 km (12 mi) upstream 
from the I 00-D Area. The Columbia Ri vcr discharge and resulting river tage at the Hanford 
Reacb vary substantially on a seasonal basi and even on a daily and boutly b i , depending on 
the operation of Priest Rapid Dam. 

2.3.1 Groundwater Le el 

'The average ground surfi elevation in the 100·0 Area is about 140 m (460 ft) abo c mean ea 
level, and groundwater is commonly encountered at an average depth of about .24 m (80 ft) 
below ground surface (b ) (Le. groundwater elevation of approximately 119 m [390 ft) above 
mean level) at moat locations in the 100-D Arca. The depth to groundwater i as baUow as 
0 ft bgs in the river shore adjacent to the Columbia River, with the deeper groundwater 
encountered in the inland areas whcr the ground surface rises away from the river. 
Grouodwater•level me urements in the 100-D Arca over the last few years indicate that 
fluctuations by up to 2 m (6 ft) occur on a seasonal basi . Pan of the variation io groundwater 
level i produced by seasonal changes in the stage of the adjacent Columbia River. Figur 2-5 
presents a hydrograph of selected monitoring well and the adjacent Columbia Riv 
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The 182-D reservoir is centrally located within the I 00-D Arca (Figure 2-2) and has been 
a source of groundwater mounding thal has locally affected groundwater compo ition, flow 
direction, and flow velocity. Recent changes in operating practices at the reservoir 
(e.g. , n:duoing the operating water level) ha reduced the magnitude of the underlying mound. 
The effects of thi mound on the nature and e tent of the hexavalenl chromium oontamination 
are discussed in Section 2.4. 

2.3.2 Flow Oirtttiou 

Groundwater in the shallow unconfined aquifer beneath the l 00-D Area flows-gencrall y 
west-northwest toward the Columbia River, which is a discharge boundary for the groundwater 
in the unconfined aquifer. The groundwater flow direction in the 100-0 Area vari seasonally 
and laterally within the aquifer and appears to be affected by the following hydraulic features: 

• Residual mounding of groundwater beneath the 182-0 reservoir. 

• Variations in the swfacc of the Ringold Upper Mud (e.g.., palco-channels) that create 
preferential pathways for groundwater flow, particularly during periods of lo 
groundwater elevation. 

• Variations in the river geofthe Columbia River wbich Cilll reverse flow direction 
(i.e., recharge from the river into the aqwfcr, or accumulation of bank storage} dwing 
periods of rapid andt r su taincd rise in river stage. Transient groundwater flow reversal 
has been observed at locations much as 152 rn (500 ft) inland from the river re. 

Other locations at the 100-D Area may exhibit different directional variability because of their 
po ition relative to hydraulic activiti ( e.g., effec of extraction and reinjection of groundwater 
from the pump-and-treat ystcm). A a result of th interactions and tho effects ofth river 
stage. the flow paths of groundw ter (and consequently h xavalent chromium) discharging from 
the shallow unconfined uifer to the river are believed to be complex. Nevertheless, the 
groundw ter flow direction remains generally toward the Columbia River. 

2.3.3 Flow V~ocltJ 

Oroundwater flow velocili in the shallow unconfined aquifer in the 100-D Area have been 
evaluated in the vicinity ofth lSRM treatment zon using vario m urcments of aquifer 
characteristic including the performance of a natural gradient aquifer tracer test ( / 00-D Area 
.ln Situ kdox Trea1ability Test for Chromate-Contaminated Groundwater [PNNL-13349)). The 
resuJts ofth tests indicated tbal groundwater velocity varied widely as a function of the local 
aquifer lithology, ranging from about 0.3 to 2 m/day ( I to 7 ft/day). Although thi investigation 
w focused on a relatively smaU portion of the aquifer, the highly variable flow velocities~ 
were encountered likely reflect the heterogeneous nature of the Hanford fonnation and Ringold 

nit E presenl in the I 00-D Area a whole. 
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2.4 m >TORJCAL SITE OP RA TIO AND POTENTIAL SOURCES 
OF CONTAMINATION , 

As previously discussed, the I 00-0 Area is the site of two retired plutonium-production reactors, 
the D and DR Reactors. The D Reactor operated from 1944 to I 967, and the DR Reactor 
operated from 19.50 to I 965. The D and DR Reactors were designed to use the oocc-through 
cooling process, .in which cooling water pumped from adjacent Columbia River was processed to 
remove solid and was treated for corrosion resistance before passing through the reactor to cool 
the core. Sodium dichrotnatc salts and aqueous solutions of varying concentrations were 
routinely added to the oooling water tream in order to .reduce the corrosivity of the water. After 
passing through the reactor, the spent cooling water (typically containing approximately 2 m.g/L 
of he avalcnt cbromi um) were discharged to wilincd basins, where it was held for a number of 
hours to allow decay of short-lived activation products before being piped back to the Columbia 
River. A schematic diagram of the reactor cooling system is shown in Figure 2-7. 1ne discharge 
of cooling water to unlined buins at the 100-D Area led to widespread mounding of the aquifer, 
with spent ooolins water containing about 2 mg.IL ofbexavalent chromium. Upon cessation of 
reactor operations in 1967, the cooJjng-water component of the contaminated groundwater bas 
large! y dispersed. 

evertheJess, an extensive hcxavalent chromium plume remains at the site with concentrations 
that are locally much higher than 2 mg/L. This suggests that there have been leaks or pills of 
more concentrated hexavalent chromium solutions that are continuing to contilminatc 100.D 
An:a groundwater. The higher concentration materials that were used at the site include sodium 
dicbromate salt and high- to moderate-concentration sodium dichromate solutions (e.g., 10-/o 
working solutions or 70% stock solutions). These concentrated materials were used as the feed 
and working stock solutions for the production of the 2 mg/L dichromate-amended ooollng 
water. These concentrated m terials were used at the locations and facilities shown in Figun: 2-8 
and listed below: 

Figure 2-7. Oencrali7.cd Schematic Flow Diagram of Hanford Reactor Cooling Water. 

111 ........ 11:, 
Buldlng 

SOURCE: History '1{tiu, P/11,owlu"' P~ Flldll/JU a.t tilt HOJlford Sitt Hworic Dl.fJrl l9'3-1990 (DOEIRL-97· 1047). 
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l.5 TURE D EXTENT OF HEXA VALENT CHROMIUM CO AMINATION 

With the ception of areas affected by tho sodiwn dithionite-b ed I RM the general chcm.i 
of the shallow unconfined aquifer at the 100-D Area groundwater can be dcscnoed moderately 
alk line with di solved oxygen concentrations that are at or near equilibrium with air. The major 
cati nic speci are dominated by sodium, calcium and magnesium and the non-carbonate 
anioni spcci are dominated by sulfate and nitrate. The pH of the groundwater · lightly 
basi typically between 7.5 and 8, and the groundwater approaches saturation with rcspcd to 
c:alcium carbonate. 

Hexavalcnt chromium i widely djstributed within the hallow unconfined aquifer t the 
100-0 Area. There remains considerable uncertainty, bow er, regarding them gnitude and 
distribution ofhexavalcnt chromium contamination within the Ringold ppct Mud. Most of the 
monitoring wells at 100-D Ami are completed within the unconfined aquifer above the Ringold 
Upper Mud and as a result. do not m nitor conditions within the Ringold Upper Mud. 
Monitoring the water-bearing unit(s within the Ringold Upper Mud is mplicated by the 
potential presence of relatively thin and possibly discontinuous sand unit within the fine
textured Ringold Upper Mud and the uncertainty in defining the hydraulic pathways by which 
contaminated water from the overlying unconfined aquifer may move into, and out of, those 
hydraulically active uni within the Ringold Upper Mud. Currently, only one monitoring well 
(l99-08-54A) is screened within the Ringold Upper Mud, and it has relatively low 
conccotration ofhexavalent chromium (generally <30 µg/L). However, it i anticipated that 
hexavalent chromium concentrations in the hallo unconfined aquifer are much higher and far 
m re widespread. The extent of bexavalent chromium contamination in the Ringold Upper Mud 
will b e aluated as part of the upcoming RI. 

As previously di scd, constituents of interest present in the 100-D Arca groundwater include 
strontium-90, tritium. nitrate, and ulfatc. The nitrat sulfate, tritium, and strontium-90 in the 
100-D Area groWtdwatef wd not necessarily originate from the same primary source as the 
bcxavalcnt chromium. however they are in some instances currently oo-located with the 
bexavalent chromjum plumes. The maximum observed 2006 concentrations ofhexavalent 
chromjum and the other constituents are compared in TabJe 2-1 . 

The persistence of elevated concentrations ofh xavalcnt chromium in the 100-0 Area 
groundwater more than 40 years after the reactors were hut down, and after several years of 
pmnp-and-trcat rcmedi tion, indicates that the current distribution ofbcuvalcnt chromium in the 
ground ater at the 100-0 Area is not just a remnant of the historical reactor coolant recharge. 
Rather, it i probable that the groundwater continu to be contaminated by the periodic or steady 
release ofhcxavalent chromium from localized zon of cbromalc contamination within the 
overlying vadose zone. These areas of vadose mne contamination were likely produced by 
numerous inadvertent rel or leaks of sodium dichromatc salt or moderately to highly 
conc.eotrated sodium dichromat.e solutio from pipes, storage areas, and other process faciliti , 
to the ground surf a e or shallow subsurface. 
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Table 2-1. Concentrations of hromium and Other Selected 
Groundwater oostituents at the Hanfonl Site I 00-D Area. . 

Coudtaeet 
Mulaua Coaceatralioa o-Located wta 

Rep,rtecl FaJI 1007 Orffdum? 
Hcxavalenl chromiun 

10,900 flail Not applicable (Cr•") 

Nitrate (NO.1 l 86mg/L Yes . 

Strontium-90 r-90) <9pCi/L No 
Tritium (H-3) - I 2,000 pCi/L No 
Sulfate (S0.-2) 140mg/L Ya 

OURC£: As n:por1cd in Ha,ifo,d Siui Groimdwatcr Monllorlrt for Fiscal i r 1007 
(DOE/lU..-2oog.o I). 

• The pnndpal contaminant of conca:n iii the I 00-D Atta I hcuvalen1 chromium. 
uontiu -90, tritium, and nitrate are 0011Milllalu.of intc:n:tt that. a-e ~vcly mC)nitored but are 

present in con«t1trati chat tfflllt in lo. ccoloiical ri (U"'11~ F1i!ld lwva1igatio11 Rq,onfor 
100-HR-J {00£/lU...93-43]). Sulfite ii ofintcn::St becaldC thclCCOndaty drlnkina Water$1alld&rd 
h been exceeded in !he _ in a limited number of wells. 

The chromium contamination at the 100-0 Area consi ofscparat nonhcm and uthcm 
phones (Figure 2-10). This separati n of the 100-D Area groundwater contamination into 
disa-ct northern and southern plum has been attn outed, in large part, to chronic leakage of 
raw water from the 182-D reservoir, resulting in the fonnation of a discemab1c groundwater 
mound within th overall contaminant footprint of the I 00-D Area. Recent changes in operating 
practi at the reservoir (e.g., .reducing the operating water level) have rcduc«I the magnitud of 
the leakage and the underlying mound. Corulequcntly th xtent of groundwater flow diversion 
and plwnc dilution beneath the reservoir.has been redu ed. Consequently, the southern and 
northern plumes may soon merge, producing a single, large, contiguous plume. 

Currently, both plum are discharging to the Columbia Ri er and potentially impacting the 
river' ecosystem. Hexavalent chromium-<:0ntaminated groundwater i locally upwelling into 
river gravels potentially used for salmon spawning (redds) aod, during low-river stag seeps 
from shoreline springs are discharging to riparian habitat. 

2.5.1 outhern Plum 

The uthem plume appears to originate in the icinity of the railcar transfer station and 
gcnorall y migra to the west, toward the ISRM treabnent zone. Past depictions of the leading 
edge of the southern plume have suggested that relatiY ly Uttle hexavalcnt chromium has been 
able to migrat past the ISRM treatment zone and discharge to the river. More recent 
interpretation incorporates hexavalcnt chromium data for well within the JSRM treatment zone, 
indicating that a northern section of the ISRM barrier is not treating all of the plwne reaching the 
barrier in this area. That portion of the plwne not intercepted by the ISRM treatment wne is 
expected to eventually di charge to the river. 

Although the southern plume has historically had the high t hexavalcnt chromium 
concentratio in the 100-D Area, recent charactcriution activities have sub tantially ina, ed 
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th known extent and conccntratio of hexavaJent chromium in the upgradient part of this 
plume. ln 2007, even borehol (Figure2-I0) were advanced and monitoring wcU wee 
installed in the upgradicnt portion of the uthcm plume part of a urce area inv tigation. 
Two of th e borings ( 199-D5-104 and 199-05-99) were advanced in the vicinity of the fonner 
railcar unloading station where bulk sodium dichromate lutions were hi torically handled. 
1l\eSe two locations yielded groundwater with he avalent chromium concentrations of more th n 
5,000 µg/L in 2007. substantially higher than any concentrations previously observed in the 
I 00-D Area. A groundwater sample collected from 199-DS-99 in March 2008 yielded distinctly 
yellowish groundwater, with bexavalent chromium concentrations appro ching 40 000 µg/L. 
Th new ob crvations trongly support the existence of a source ofhexavalcot chromium in the 
vicinity of these wells (potentially in the vado zone around the intnSfer station). Tl is not 
known, how er, whether these elevated concentrations in the groundwater represent relatively 
recent development or if they simply refl t better characterization of the plum near an ongoing 
long-tcnn release of contamination from the overlying vado zone. A diagram illustrating 
a conceptual model for the po~bl origin of the southern plwne in general, and the hot pot-area 
in particular, i presented in Figure 2-11. 

2.5.2 ortbcrn Plume 

The northern plume is larger and more diffuse than the uthem plume, and it appears to be 
generall migrating from the vicinity of the I 05-0 Building th D Reactor to th north and 
n rthwest (Figure 2-8). Jt has substantially lower maximum concentrations ofbcxavalent 
chromiwn than th uthem plume and i typified by c:onccntratio ofhexavalent chromium 
between I 00 and 1,000 µg/L. The maximum oonccntration of hexavalent chromfom observed in 
thi plume over the last few years w approximately2 500 µg/L in May 2007 in monitoring 
well 199-05-15. Th concentration in this well doclined to 852 µg/L by ovember 2007 
(Calendar Year 2007 Annual Summary Report/or Ille JOO-HR-3. /00-KR-4, and JOO- 'R-1 
Operable Unit Pump--and-Trcat Opera/ions [DOE.IRL-2008-05]). 

The long-tenn persi tence of the be a alent chromium concentrations in the oorthem plume 
sugg that it i al being fed by continuing (perhap vado :zone) i\llCCS. Rel tively '4 
borings and monitoring well are located in the upgra,Ueru portion of then rthem plum and 
there is limited information available to identify and characterize the apparent secondary 
ource(s) in that area. The available data suggest that the source areas for the northern plume~ 

distinct from. and perha more wid ly dispersed than, th source area(s) for the soutbcm plum . 
Additional field characterization will be conducted Wlder the 100 Areas Rl. 
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Figure 2- 10. Di tri buti n fth -D r H aval nt hromium Plum · in pring and Fall 2007. 
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2.6 IMPLICA TIO 'S FOR CURRENT AND POT NTIAL FUT RE 
RE IALACTIO 

Despite the remedial action that have bcco active at the ite for veral years and th relatively 
rapid rate of groundwater flow through the shallow unconfined aquifer, fhe extent and 
concentrations of bexavalent chromium contamination at the site haven t notably diminished. 
This persistence of elevated concentrations ofhexavalcnt chromium in groundwater at the 
100-D Arca uggcsts the presence of continuing sources. Although the potential for continuing 
releases from existing infrastructure should be investigated, there · substantial evidence that at 
least some of the groundwater contamination is being fed by long•tenn secondary sources in the 
vado zone. Consequently successful long-lean remediation of groundwater contamination 
at the l 00-D Arca will not only require the continued elimination of any remaining primary 
sources ( e.g. leaking pipelines), but the continued remediation of secondary sources of 
hexavaleQt chromium in the vad zone will also be ncccssary. It is probable that hexavalcnt 
chromium cxceedances would exist in the aquifer for decades uni the secondary sources in 
the vado e zone are identified and remediated. Decommissioning of reactor area structures and 
cleanup of associated shallow vadose soil (e.g generally to a depth of about 5 m [16 ft] b~) 
has been completed at most locations within l 00.D Area by contractors working under the River 
Corridor Contract and its predecessor, the Eovironmental Restoration Contract. The River 
Corridor Contract contractor is continuing with characterization and remediation activiti at the 
I ()().0 Area. 

The interim remedial action implemented at the l 00·0 Area (i.e. the ISRM t.reat:meot zone at 
th southern plume, and the DR-5 and th 100-HR•J pump.and•trcat s terns to the north were 
primarily desjgned to protect the river by intercepting downgradieol portion of the plum and 
reducing or eliminating the discharge ofhcxavaJent chromium to the river at concentrations 
>20 µg/L. Although the existing ystem.s have reduced the levels of hcxavalent chromium 
discharging to the river, they have not been able to eliminate hcxa alent chromium exceedanocs 
at the ri er, nor have they been able to substantially reduce the concentrations and extent of 
bcuvalcnt chromium contamination in the upgradient areas of the plum . These ystem were 
never intended to address, nor are they capable of addressing. secondary sources in the vado 
zone or to rcmodiate the existing upgradicnt hot spots in a timely fashion. Uni additional 
actions ate taken to accelerate the cleanup of the residual source areas and plume hot spo , it 
wiU likely be ncccssary to operate the existing ystems for decades. 

2.7 CO CL JONS AND RECOMME.NDATIO ·s 

The following conclusions and rcoommeodlltions emerged during the review of the CSM, as it i 
currently understood: 

• The current remedial actions do not appear to sufficiently address the hexavalent 
chromium coolamination in the groundwater of the 1()().0 Area and are not preventing 
groundwater with bcxavalent chromium ex.ceedances from discharging to the Columbia 
River. 

• One potential reason for the failure of the current remedial actions i that they do not 
ufficiently address continuing sources ofbexavalcnt chromium that arc present io the 

vadose zone. 
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• Identification and excavation of localized secondary sources of bexavalcnt cluomium in 
th deep vado e zone may be problematic. In itu treatment should be considered 
a remedial option for areas (if any) wher one or more unjdentified sources of deep 

adose zone contamination are uspected to be present 

• The uthem plume hot spot is likely in the immediate vicinjty of a ubst.antial vado 
zoo source ofbe a alent chromium. 

• The vadosc zone urce area(s) for the northern plwne are not sufficiently charactcriud. 
The northern plume may be sourced by numerous localized zones within the footprint of 
the plume. ldcntification and excavation of numerous muill spills in the vad zone of 
lbc I 00-D Area plume will be problematic. 

• Installation of additional .monitoring wells could be considered in th suspected SO\ll'OC 

areas of the northern plume in order to detcnnin if elevated level ofbexavalcnt 
chromium in the groundwater can be used to confirm the general location( s) of vado 
zone sources. 

• More detailed vodose zone soil characterization has been/should be incorporated into all 
future well drilling acti iti . 
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3.0 REVIEW OF URR.ENT EX SITU TRE TMENT Y T M 
D OP11M1ZA'rl0 TUDI.E 

Consi tent with the task identified fi r the I 00-0 Area RPO effon, thi tion prcsen a system 
and performance cva1uati n for the aboveground components of the ex itu treatment systems 
that have been deployed 100-HR-3 and DR-5) or tested (elcc.trocoagulation) at the 100-D Area. 
Based n the evaluation of these lbn,e system potential ction and recommendation have 
been identified to optimize the existing abov ground treatment systems. Thi section docs not 
ad~ optimization of extraction well perfonnance or optimiution of capture zone 
development for th tern , as th facton will be addressed later in the RPO proces . 

The primary objcct.i v of thi · on as follow : 

• Re iew and valuat ten performance data for the I 00-HR-3 d DR-S treatment 
terns 

• ldentify opcrati nal or design problem or limitations ith these em 

• Make recommendations to improve system d ign and performan of these systems 

• Detenninc whether loctroco gulatioo wouJd be an effective and appropriate alternative 
to the cuuent IX technologies. 

Interim remedial actions for the 100-0 Area were initiated in 1997 when th 100-HR-3 pump
and-trc t ystcm w installed to reduce the levels ofhexavaleot chromium in groundwater 
di chargin to the Columbia River. Betwtcn 2000 and 2003 the I 00-HR-3 ystem w 
augmented by the phased instaUation of the JSRM treatment zone (Figur 2-2 . Alth ugh 

review of tho ISRM barrier is beyond the pe of thi di ·on, this ystem will Ii ly 
remain an important part of the o erall 100-D Arca treatment ystem. An excellent ummary of 
th history, CUJTent status, and proposed optimization efforts for the ISRM i presented in the In 
Situ Redox Man 1J1Ulation (JSRM) Annual Report Fiscal Year 2007 (OOE/RL-200 -10). Activ 
treatment ofth 100-0 Arca w further panded in 2004 with the addition ofa nd IX 
pump-and-treat ystem the DR-5 tem. The DR-S tern was designed to capture h avalent 
chromium contamination that i located in the southern porti n of the northern plum . 

De pite the installation and operation of th tteatmcn ystems, el atcd concentration of 
heu alcnt chromium ha e persisted in the groundw ter at the l 00-D Arca with little evidence o 
a substantial reduction in th plume extent or in hexavalcnt chromium concentrations. 

evertbel ex itu treatment of contaminated groundwater will likely remain an important 
component of any future remedial actions for the I 00-D Area. 

In 2007, a pilot-scale tr ility t of cJectrocoaguJ lion ex situ treatment of bexavaleot 
chromiwn in groundwater was conducted at the 100-0 Area. The primaryobjectiv of the 
trcatabiUty study were (I) to evaluate the cffectivenes ofhcxavalcnt chromium removal and 
implementability of the system, and (2) to de1erminc whether electroco gulation i a potentially 
more robust and cost-effective ahemativc to the current IX technologi employed t the site. 
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3.1 100-HR-3 Y TEM 

Th 100-HR-3 lX tern w designed to remove hexavaJcnt chromium from groundwater 
plumes in the I 00-0 and I 00-H Areas (Figure 2-1 ). The ystem w installed in th 100-H Arca, 
and a pipeline as constructed to transport water from the 100-D Area. Currently ground ter 
from the I 00-0 and 100-H Areas i oombined prior to treatment. Groundwater · collected from 
extraction well al the northern plume in the 100-D Area and from the 100-H Arca. The 
I 00-HR-3 treatment em i housed in the 1713-H Building. A chematic flow diagram of th 
system is bown in Figure 3-1. 

3.J.l D lp Goab/Crlteria 

Original d ign criteria for th I 00-HR-3 ystem includ the following (D ign Criteria and 
De.rign Basis for IM 100-HR-3 and l~KR-4 Pump and Treal System [BHl--00772)): 

• Treat groundwater 111 a maximum 0ow of 1 500 Umin (400 gallon per minute [gpm] 
with flow-weighted a crage influent hcxavalcnt hromium concentration of22S µg/L . 

• Reduce effluent bexavaJent chromium concentration to the maximum extent pnlclicabl . 
Treated groundwater with bexavalent chromium concentration >SO µg/L will not be 
di barged. 

• Operate on an entially continuous basi with minimal impact from resin chang or 
routine maintenance. 

• Operate unattended and uninterrupted with 90% total system availability. 

• Use a modular design to allow inaea.sc: or deer in treatment cap city required. 

3.1.2 Current S tem Configunt:ion 

Tb I 00-HR-3 trcatm t )'Stem uses re in that i regenerated offsit . The tc:m d ign, resin 
type and regeneration procedure at the 100-HR-3 system are similar to all of the other ion 
chromatography ystem in the 100 (with the exception ofth DR-5 ystem). 

The I 00-HR-3 ystem oon ists of three skid-mounted treatment train through which 
groundwater flows in parallel. Although the initial design Oow rate capacity was 1,500 Umin 
(400 gpm) one ofth original four IX trains w relocated to another Hanford groundwater 
treatment facility, reducing the current 100-HR-3 capacity to 1,135 Umin (300 gpm). However, 
the actual flow rat arc limited by the current extraction rates and are generally <750 Umin 
(200 gpm). Any future requirement for increased flow capacity could be addressed by the 
installation of additional train of the same design or, altemativcly, by changing the existing 
ystem design. 
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figure 3-1. 100-HR-3 lon- chang System. 
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3.1.l.1 100-D Area Extraction ystem. W tcr is collected from four c~tracti n ells 
(19 -0 -53, 199-0 -54A., 199-08-6 ,and 199-O8-72)usingsubmersiblepump . The well 
which arc located in the north end of the I 00-0 Arca, intercept the hcxavalent chromium plume 
as it flows towards the northeast and eventually djscllarg 10 the river. W ter i pumped from 
th e wells to a 100-0 Arca transfer tank located at the J 00-D transfer building, from which 
water is pumped o'verland to the 100-HR-'.3 proc ing facility, a di.stance of approximately 
4.0 km (2.5 mi). 

3.l.l.2 100-B Atta Extraction System. Water is currently collected from six traction well 
(J99-H4-3, 199-84-4, 199-H4-12A., 199-H4-15A, 199-H-4-63, and 199-84-64) using 
ubmersible pump . These well are located approximately in a line adjacent to the river. Th 

first 1hree wells intercept groundwater from the area of the former 183-H solar oollectioo basin. 
Groundwater from well l 99-H4-64 i pumped directly to the processing facility. Groundwater 
from the remaining wdls is pumped to the I 00-H transfer building and from there to the 
processing facility, a distance of approximately 0.8 km (0. mi). 

3.1.l.3 Influent Storage Taruc ud Water Trusfi r. Extracted groundwater i collected in an 
11 350-L (3,000-gal) high-density polyethylene (HOPE) tank located inside the processing 
facility ( I 713-H Building). A ulfuric acid injection system reduces groWldwatcr pH . from 
7 .6 to 7.0 to prevent precipitation of calcium carbonate on piping and IX columns. The pH of 
the influent tank i manually adjusted based on the pH values monitored in the effluent tank see 
below). Two proces feed pumps transfer water to the IX column trains. 

3.1.l.4 lo -E chang Train . Th IX columns located in three skid-mounted train with 
four columns in series per train. 1ne cohunn di{UJleter i 1.36 m 4.46 ft) and the cm sectional 
area i 1.45 tn1 (15.6 ft'). Each column nt.ain a re in volume f2.27 m1 

( 0 ft3) and includ 
freeboard and space for bed volume expansion during b ckwash. The four columns in train 
are valved to allow operation in any sequence. The maximum rated flow rate of each train is 
379 Umin 100 gpm)

2 
and th maJtimum allowable prcssw-c drop i 7.01cgtcm2 diffcrcnti.a.1 

(kglcm2-d) (100 IMn. differential [psid]). 

3.1.l.5 R in. The resin i Dowe}( 21 K. 16-20 m h. a Type I strong-base, anion-exchang 
resin in the chloride foon (Dow 200 ). Ith a capacity of 1.2 cquivalcn L and can operat at 
elevated temperatures and over a wide pH range. It i regenerated at a Siemen facility in 
Ro eville, Minnesota. 

3.J.l.6 Effluent tora Tan Treated effluent i oollected in a 11 350-L (3,000-gal HOP 
tank. located inside the processing facility ( 1713-H Building). 

3.1.l. 7 Bac.kwub System. Prior to removal of resin for regeneration, the lead column · 
backwashed with water to remove fines from the resin. Water is cycled through the column 
during each cycle. 

3.1.l.8 Rriojecdon. Treated water is injected into wells 199-H-4. 7, I 99-H4-14, 199-H-4. I 7 
and 199-H4-18. Th wells upgradicnt of the 100-H Area extraction wells. 

i I regiJtc:rcd tnKlc:mark o the Do Chemical Company, M Klland, Miclugan. 
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3.1.l.9 Monitoring. The IX ystem i monitored fi r influent flo rat , effioent pH, s tem 
pressures. and b avalcnt chromium concentrations (influent, effluent, and between oolumns). 
Radioactivity lcv ls are measured on spent resin. prior to their bipmcnt fi rr encration. 

3.1. Bi lorical tem ModJflcations 

Th current 100-liR-3 system re0CC(S everal modificati ru that were implemented io the past: 

• Originally. four treatment trains were used at 100-HR-3. However, because traction 
well production w. lower than e~ed. one of the trains was moved to the l 00-K Area. 

• After initial operations, the system was configured to trcal streams from the 100-D Area 
separately from the 100-H Area bCCIU1.1t t.cchnctium-99 was found in the 100-H Area 
wells. 1n 2005, th waste treams were combfoed to increas process efficiency 
(/00-HR-3 Pump and Treat Design Description [CP-15943]). 

• 1n 2004, the fint column was converted to a sacrificial column, with resin disposed 
at the Environmental RJ t ion Disposal Facility cERDF) because of the build-up 
ofuraniwn in the resin (Calendar Year 2004 Annual Summary Report for Jhe 
100-HR-3. 100-KR-4. and 100-NR-2 Operabl Unit Pump-and-Treal Operations 
[DOE/R.L-2005-181). Resin from the eoorul column was regenerated offsite. After the 
Authoriud Limit Application for tlte Reg nuation of Jon.Exchange Re.sin at 100-HR-3 
and 100-KR-4 Operable Units (FH-070003SA) was approved in 2007 allowing offsite 
hipmeot of resins contaminated with radionuclides, spent resins from the first column 

wcr<: al hipped offi ite for regeneration. 

• nfigurations of 100-H wells were modified during 2005 and 2006. At the 
bcgmning of calendar year 200S CYO ) extraction wells included l 99-H3-2A 
199-H4-7, 199-H4- l l , 199-H4-12A, l99-H4-15A. and 199-H4-6S. The current 
configuration inchJd wells 199-H4-3, l 99-H4-4, 199-H4-l 2A, 199-H4- I 5A 
199-84-63 and 199-H4-64. The previous injection wells indud 199-H3-3, 199-H3-4, 
and 199-HJ-5. The current eon.figuration includes well J 99-H4-7, 199-.84-14, 
199-H4-l 7, and 199-H4-18 (Calendar Year 2005 Annual Summary Re-port for tJ, 
100-HR-3, 100-KR-4. and JOO- 'R-2 Operabl Unit Pump-and-Treat Operations 
fDOE/RL-2006-08); Calendar Year 2006 Annual Summary R port for th 100-HR_J, 
100-KR-4, and JOO- 'R-2 Operable Unit Pump-and-Treat Operatiom 
[DOE/RL-2007-76]). 

3.1.4 stem O~nttion aad Proceu D scription 

In the IX process groundwater is pumped through column containing an anion-exchange resin 
that removes bexavalent chromium. Water flow in the IX ystem is from top to bottom in h 
column and sequentially through four columns (i.e., lead, lag 1, lag 2, and polish). After pent 
resin in the lead column i removed for regeneration (with an eductor system) and replaced, thi 
column becomes the poli bing column, and the remaining columns move up in sequen . lo 
can continue through tbrcc column while resin in the lead column i being changed out. Resin 
are removed for regenerati n when the hex.avalcnt chromium oonc:entration leaving the polisbin 
column exceeds 5 µ!VL 
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After backwashing to remove fin , the resin in the lead column i fed by flow of treated waler 
into two to1es, each having volume of approximately 1.1 m3 (40 ft'). Th tote arc placed in 
a containment area to allow th water to drain. After th tot hav been drained of ex water 
and the in sampled for radioactivity, the totes are shipped offsite. Regenerated resins ar 
returned in th same tot . Based on th volum of regenerated resin in th tot , fresh in i 
added to m e up for any I 

The proces used at the Sicmen facility for regeneration of Do c:x 21 K resin i follow 
(FH-0700035A): 

• Up-flow each tote with 1.1 m3 (40 ft3) with soft water at 114 Umin (30 gpm) to rcmov 
solids 

• Down-flow with 1.1 m3 (40 ft3) of 4% ~ium hydroxide/I 00/4 sodium chloride solution 
t 95 Umin (25 gpm to remove bexavalcnt cbromhlm 

• Down-flow with 3.4 to 4.5 ml {120 to 160 ft3} of8% sodium chloride solution at 
95 Umin (25 gpm) to convert th resin to the chloride form 

• Slow rinse with l. I ml 40 fY) ft water at 95 Umin (25 gpm) 

• Fast rinse with 2.3 m3 (80 ft3
) soft water at 189 Umin (50 gpm). 

Backwash and rinse water except for the final 11 t rinse transferred to a holding tank where 
the pH is reduced to 2.5 to 3.0 with sulfuric acid. odium metabisulfite i added to reduce 
hexavalcnt chromium to trivalent chromium, and lime i ddcd to rai th pH to 9.5 to 10.0 to 
precipitate out trivalent chromium hydroxid . R idual liquid w e i conveyed to a municipal 
wastewater treatment facility, along with the final fast ri water, and the reco ered solids are 

Id for production of high- trcngth concrete. 

During CYOS and CY06, the only ignificant lid w e generated from the I 00-HR-3 system 
w I 95 m3 (6,900 ft3

) ofr in from acrificial columns that w disposed of at the ERDF 
(DOFJRL-20()6...0 DO RL-2007-76). 

Anionic constituents present in the 100-0 and I 00-H Area.,; with the potential to bind to in 
include nitrate and sulfat . Radionoclidcs typically present in anioni form with the potential 
to bind to resin include uranium [ UOi(CO )2 ~ and tecbnetium-99 ( Tc04 "). Th 
constituents are typically present at higher concentrations in the 100-H Area wells located 
downgradient of the former 183-H solar evaporation basin (wells 199-H4-3, 199-H4-4, and 
1 OO-H4- I 2). Extraction well flow rates and average concentration ofhexavalcot chromium 
and other oonstitucnts mcasw-ed during falJ 2006 (DOE/RL-2007-76) an: presented in Table 3·1 . 
For purposes of comparison, flow-weighted a crag nitrate and sulfate conccotnllions in th 
four DR-S extraction well were 26 and 60 mg/L, respectively. Drinking water maximum 
contaminant lcvcls (MCI..&) for nitrate and ulfate arc 45 and 250 mg/L. respectively. The 
MCL.s for uranium and technetium-99 are 30 µg/L and 900 pCi/L, respectively. Uranium and 
technetiwn-99 are not contllminants of concern in the 100-D Area. Sulfate i not a contaminant 
of concern in the 100-H Area. 
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3.1.5 Op«ational Performance 

Th 100-HR-3 tern has been in opcrati n ince 1997. The operational performan of th 
system from January 2004 through December 2007 i ummari2ed in T bl 3-2. Perfonnancc 
d t were obtained from annual summary repo (DOE/R -2005-1 , DO 2006-0 , 
DO -2007-76, DO RL-200 -05). 

During the period Y04 through CY07 1,353 million L (357 million gal) of grouodwater were 
tJUted and 122 kg (269 lb) ofbexavaJent chromium ere extracted. The av ge total 
avail biHty of the ystcm w 97.2o/o. 

Table 3-1 , Flow Rates and Concentrations of Hcxavalent Chromium 
and Other Constituent in 100-HR- traction Wells. 

htncdft 
w 

199-08-53 

199-08-S-4A 
199-08-68 

199-D8•72 

100-D.Atta 

199-84-3 

199-H4-4 

199•H-4-12A 

199-IJ4- l SA 

199-11+63 

199-H4-64 

lot-B Atta 

Ow.nil 

• T«al flow. 
ow"°'"cightcd ava-agc. 

A .. not applicable 

Flow 
Baa..amt 

(Ip•) 
c:.r..lam 

(M1..) 

18.1 95 

)3.7 9-4 

52-.S 107 

17.• 5}4 

111.7" 162.7 

6.6 14 

8.1 18 

9.7 23 

19.9 26 
24. 16 

16.6 20 

15.5" 19-' 
2t7.2' 103.1 

Nitrate lllfate Vruiul 
(mc.'L) (-.,L) (HIL) 

30 NIA NIA 

25 NIA NIA 

36 18 NIA 

'SO 83 NIA 
:w• .,.,~ NIA 

•3 NIA 12.8 

NIA NIA 7.3 

37 NIA 9.8 

NIA NIA 1 

NIA NIA I 

23 N/A 3 

31' NIA ... 
33• N/A 1• 

Tabl 3-2. 100-HR-3 ystem Operational Petfonnance 
Calendar Y 2004 Through 2007). (2 sh ) 

CYt4 CYt5 CY06 

I 00-D An:1 total 0 , million 
,~.2(43 ) I 9.A (S0.04) 229.• (60.61} (milhonpl) 

100:H Ala IOtal Oow, million L 
IS3.S(40.SS) 136.2 (35.98) 16-4.6(•3.49) ( million gal) 

Total rime, hours S,78-4 11,760 8,760 

Planned downtnnc, houn 73 209 60 
Unplanned downtime, hours I 515 16 

Total opc:ntlng time.. hours S,710 8,036 8,614 
Scheduled availability, pm:cllt' 99.99 94.1 99.8 
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S4 

50 
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0 
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170.S (45.05) 

140(38.2) 

B,760 
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T bl 3-2. I 00-HR-3 System Operational Performance 
(Calendar Y 2004 Through 2007). (2 sheets) 

CM CY05 CV06 

Total availablluy, pcrccn? 99.2 91.7 99.1 

Flow !'lie.. Umin (apm) 608 (160.6) 675 (171.•) 756 ( 199.8) 

Flow rile, bed volumc:rJhour 16.1 17.9 20.0 

Vclocny, m/min (ft/mm) OAI (I.JS) 0.15 (0.50) 0.17 (0.S6) 

Heuvalent chromium maa. ka (lb) 33.6(74.1) 33.S (73,9) 33.l (73.0) 

100-D-Arca hc:uvalent chromium 
194 220 L28 concentration, ~&fL 

IOO·H·Ara hen lent cbJomium 2.l.S 30.0 22.0 
c:oaccnlnlion, f4NL 
Ownll influait hcuvalmt chromium 

111 140.S .7 
(OI\CCl'\lf.000, µ.afl. 
Removal efllcieocy, percent 95.2 93.S 93.6 
Efflucnl hc:uvalcot chromium 5.4 9.1 SA conccnlnlion, µ&fl.• 
Rcg,cncntion frequcocy, col~ 36 )0 32 

Rqencmc,d resin installed, m1 ell'> 40.1(1.~l) 63 .4(2.239) 612(2.161) 

New resin installed. m 1 
( fl') 40.I (1,441) •.5 (159) 11.3 (399) 

Rmn .nu:nover, pcrcc:nt4 50.0 6.6 15.6 

H avalmt chromium 0. 93 (2.06) 1.12 (2.46) 1.03 (2.28 muslrcgaicntlon cycle. kg (lb) 

Accumulation rate, all. (lblft1) 0.41 I (0.026) 0.492(0.0Jl) 0.456 (0.028) 

Hcx•valent cbrotnium equival I .o 26.0 26.0 
weight, gnuruJcqwvalcnl 

~achy ........ equtvaleo1$"/L 0.016 0,019 0.018 

Capacity........,.,, cqulvalco1alL 1.20 1.20 1.20 

Capacity rracuon. pcrccn1' 1.32 1.58 1.46 

• Schcduhxhv11Habihty - I 00 ( • !able timo-unplarmcd downtimc)ltotahvai i-. 
• T l o;ajl iii 100 x (IOlal •v11ilablc timo-lOlal downnme t tvai · rim 
• Effluent haavalcru dutimnnn oon«mnUIOII Dumt COllCffltratlOII removal efficicr,q,. 
• Rain tumova- 100 (volume of in lo ledlvolumeoftotal resin installed), 
• Equlvalai are uni or l dl-,e CMied by anions.. 
1 C.,,.Clty ft•cliofl • 100 x (ICtll&I caplCity{ihcorctical caplcity), 

- c:alcndarycar 
gpm - plJom pa- DU 

CY07 

98.9 

607 (160J) 

16.0 

0.14 (0.•5) 

21.8(48.1) 

119 

16.0 

71.7 

95.7 

3.1 

21 

47.6 (1,681) 
0.0 (0.0) 

0.0 

1.04 (2.29) 

0..457 (0.029) 

26.0 

O.OIR 

1.20 
1.47 

The average infiucot hexavalent chromiwn concentration during this period 165 µg/L from 
the 100-D Area and 22.9 µg/L from the 100-H Area. The average removal efficiency~ 
94.So/o, yi lding an average cfflucot concentration of 5.8 µg/L. This reprcscn 96% removal 
efficiency for groundwater from 100-D Area wells and 75% efficiency from 100-H Arca well . 

The averag mass of hexavalent chromiwn regenerated was 1.03 kg (2.3 lb) per regeneration 
cycle. The actual capacity of the resin b ed on the quantity removed prior to decrease in 
perl'onnance is 1.46% of the theoretical capacity. This sugg that there i significant 
competition by anionic peci , especially tho e included in Tabl 3-1 . 
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Since begiMing operations in 1997 the 100-HR-3 sy tern has treated 3 030 million L 
(800 million gal) of grolllldwatcr and rerno ed 323 kg (710 lb) ofhcxavalcnt chromium. During 
the period from Y04 through 07, system operation has ily e ceeded the 90% goal for 
total availability. Effluent hexavalent chromium concentrati os during this period were 
generally below 20 µg/L with nly one sample (in 2004) having a hexavalent chromium 
concentrnti n >SO µg/L (DOE/RL-2005-18). 

The Do 21 K resin been regenerated an average of five tim column, to date, which i 
well within the estimated maximum of30 tim per column. During the period from VOS 
through Y07, 15.9 m3 (560 fY) of new resin wen: installed. The turnover rate (volume of new 

in divided by olume of total n:isin) during that period w 7.4%. 

3.1.6 Pro« Optimhadon tatQ 

A pilot-scale test bed s tern is being set up by FH to ev luate several resin under various 
operating conditions and chanical adju tmeots to evaluate resin loading capaciti . Tb ystem 
will includ rvcral columns that can be operated independently, in parallel, or in series. The 
first proposed optimization test will be an evaluation ofSIR-700, which is a Type l, weak-base 
anion resin designed for removal of hcxa alcnt chromium (SJR-700 muJ SIR-I ZOO Jon-ExcJian 
Resin Tedmical information (R inTecb 2008]1

) with a significantly higher (2.S times greater) 
capacity when the feed pH i apprmcimately 6.0 and lower unit cost than Dowex 21 K resin. Tbc 
U.S. Environmental Protection Agency (EPA) bad promising resul with thi resin at th 
Boomsnub/Ai.rco ite in Vancouver, Washington. Spent resin would be disposed at the ERDF 
rather than being regenerated. Th existing cductor s tcm as de igned to remove the 
spherical, strong-base resin beads that are currently in use. A new cm would lik ly be 
required to fficicntly remove the more irregularly shaped bead typical of thew -b 
bein t ted, hould th ystem be converted to this r in type. 

An altemativ resin being considered i IR-1200, claimed by the manu11 turer to be a I 
c pen ive drop-in replacement for Dowex 21 K resin. Sl-1200 is al a Type l, tron,g-base resin 
pecificalJy designed fi r removal of uranium RcsinTech 2008). 

3.1.7 ummary and R mm ndatioa 

The 100-HR-3 tcm h been in operation since 1997 treating groundw let from the 100-D 
and 100-H Areas. lo recent ycan total availability exceeded 9 %. Hexavalent chromium 
removal cfficienci are approximately 9SYo. Effluent hexavalent chromium conocntrati ar 
generally <20 µg/L Th actual capacity of the resin i approx.imatcl 1.5% of the theoretical 
capacity. FH i constructing a test bed to evaluate Dowex 2 IK and other IX resin under various 
operating paramctcn in an effort to extend resin life and reduce O&M costs. 

Th following recommendations ar made for potential operational improvements to optimize: 
the 100-HR-3 IX facility: 

• Install a pH meter and recycle pump (or mixer} in th influent orage tank and institute 
aut mated pH control with a f eedb ck ntrol loop to remove the two-hour dead time in 
the cum:nt tern. 

· a regittcred tru:mai1c of Resin ech, Inc. Coq,oralion, West Berlin, N Jersey. 
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• Examin r generated in from iemcns for ex ive fin material that would indicate 
in damage during th regeoerati n cycle, shipment. or handling (currently being 

performed). 

• Request that Siemcn rinse virgin IX resin with sodium bicarbonate to eliminate acidic 
cffiuait during the iniriaJ portion of th scrvi cycle currently being performed). 

• In additi n to hcxa alent chromium, monitor sulfate, nitrate, uranium. and chloride in 
inter-colwnn and final effluent amples. Ass the potential effects of chan es in 
groundwater constituent concentrations on IX perfonnancc. 

• In addition to the R ioTech IR-700 w '-b re in that is almldy under con ideration, 
evaluate other w -base anion--exchang resins for potential rq,laccmcnt ofDowcx 21 K 
resin. 

• valuat stJt>ng'-base and wcak-b an.ion-exchange lo pcrfonnance uoder feed pH 
conditions as low approximately 5.0 to detennioe iflowcred pH can ignificantly 
inc:cease bex.avalcnt chromium loading on the resin (testing of this condition is planned). 

• Optimize groWldw ter extraction to maximize m s removal ith minimal hydraulic 
througbl)\lt, taking into account river stage and aquifer rebound effects. This could 
potentially include suspeiuion of extraction from wells with <20 µg/L hexavalcnt 
chromium. 

3.'2 DR..S 10 -EXCHANG 

The DR-5 IX ystem w initially installed in the I 00-0 Arc in July 2004 to treat contaminated 
groundwater contained in the southern part of the northern plume that w oot captured by the 
100-HR-3 pump-and-treat system. The DR-S ystcm differs from other systems in th I 00 Areas 
in th the IX resins arc regenerated within the system instead of being hipped offsite for 
regeneration in an effort to reduce O&M co . 

A schematic of the DR-5 IX ystem i $hown in Figure 3-2 only one of four identical IX 
columns is hown). lt is contained in the 1 6-D pump-and-treat building, which i located 
immediately north of the 182-0 re ervoir and th north end of the JSRM treatment zone 
(Figure 2-2). 

3.2..1 Design Go riteria 

Design criteria for the DR-5 ystcm include the following (Design Basis for tlte 100-DR-5 Pump 
muJ Treat Syst m Design D cription [CP-267101): 

• Treat groundwater at a maximum flow of 1 9 Umin (50 gpm) with inlet bexavalent 
chromium concentration of200 to 4,000 µg/L 

• Generate cffiucnt heuvalent chromium concentrations of <S µgtL 

• Reduce hexavalcnt chromjum to tri alcnt chromium and stabilize tracted hex valent 
chromium and uranium 

• Operate unattended and unintc:rrupted with a 90% total system availability 
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• Operate within a temperature rang of 1.7° to 38° (35°F to 100°F} 

• Operate at a pressure drop of3.16 (±0.70) k.g/cm2-d (45 [±10] psid) aero the treatment 
system. 

3.2.l lnJtial Desip 

TheOR-5 ystem was designed and coilSt.tucted by MR3 Systems (DOE/RL-2005-18 . The IX 
ystcm features include the following (Review of .R.egeneraJJon of Jon Exchange Resins aJ DR-5 

Pump ortd Treat Facility to J,westigote Process Optimization and Waste Reduction Opportunities 
[SGW-36857]): 

• Extraction sy,tgp; Water was originally collected from three extraction weJJs 
( 199-05-20, 199-05-321 and 199-D5-3 7) using submmible J)WnJ)S. Th wells are 
located in the northern phune, northwest of the 186-0 pump-and-treat building 
(Figure 2-2). The pipelin from the welts were individually valved to allow adjustment 
and balance of flows. (Extraction well were subsequently modified.) 

• Influent storag tank: Extracted groundwater i collected in a 11.350-L (3,000-gal) 
HOPE tank located inside lhe 136-0 pump-and-treat building. The tank contains a level 
monitor and level switches to prevent tank overflow while mainlllining pump operation. 
A feed pump transfers water 10 the IX colwnns at a mnimwn rate of 189 Umin 
(50 gpm). 

• IX train: four columns in scri each contain 0.79 ml (26.7 ft.l) of anion-exchange resin 
and nre valved to allow opera ion in any eguence. Bach column i appro imately 0.91 m 
(3 ft) in diameter and 1.52 m (5 ft) high. The resin occupi 80% of the colwnn volwnc. 
At a flow rate of 189 Umin (SO gpm), these dimensions allow for a flow rate of 1 S bed 
volumes/hr aero s each oolumn. 

• Resin: MR3 Systems used a resin. that they referrc,d to as MR HCR-48 
(DOE/RL-2005-18). According to FH, this resin was procured from Purolite and is 
actually A-500, a macroporous, T~ 1, strong-base, arlion-excbange resin that contains 
exchangeable chloride ions (Purolit 2008). It has a maximum capacity of 
1.15 equivalents/L and can operate at elevated temperatures and a wide pH range. 
Review of vendor literature uggests that its properties, including pressure drop, are 
comparable to Dowe 2 I K resin (Oow 2008). 

• R!;inipctjon: Treated water i injected directly from the IX system through well 
199-05-42 which i upgradicnt of the extraction wells and southeast of the 186-D pump
and-treat building (Figure 2-2). 

• Monitoring: 'The IX ystem is monitored for influent flow rates, influent and effluent pH, 
ystan pressures, and he:xavaJent chromiwn ooncentnuions (influent and effluent). 

The re in regeneration system features includ the following (CP-26710): 

• Feed tanks: Regenerant chemicals, sodium chloride, sodium clithionitc, and hydrochloric 
acid are contained in 833- (220•gal) feed tank . 

· a rqistcn:d tndc:matk of The Pwolitc Company. Bala Cynwyd, Pennsylvania. 
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• Preciµjt,tion/neutraliz..ation tank: Precipitation of cbrorniwn and uranium occurs in a 
cone-bottom reactor. The system includes a S7-L (l S-gal) phosphoric acid tank and 
metering pumps 10 supply phosphoric acid and sodium hydroxide. 

• filter press: Solids from the precipitation tank are filtered in a 0.085-m3 (3-ft3) pl t and 
frame filter p s. The pres includ an air- · tcd hydraulic ram and air blow-doW11 
capability. 

• Brine holdjng tank: Liquid streams from the regeneration process are stored in a 5,678-L 
( I ,SOO-gal) brine holding tank prior to discharge. 

3.2.J ystem Modlncatlon1 

The following modifications were made to the DR-5 system during Y0S (DOE/RL-2006-08 : 

• Extraction well 199-05-37 w rcplaood by well 199-DS-92. Toe extraction rate of the 
original well was only 11 .3 llmin (3 gpm). The replacement well extracts groundwater 
from the same area but at a higher rate. The average flow .in CY06 from wctl 199-D5-92 
was 30.7 Umin (8.t gpm) (DOEIRL-2007-76). 

• Monitoring well 199-05-39 was converted to an extraction well to capture groundwater 
from a high h~avalent chromium area south of the I 8-6-D pwnp-and-treat building. 

• Recirculation pumps were added to the IX )'Stem to allow recirculation of reagents 
during resin regeneration and improve rcgencrant di tribution throughout the resin bed. 

• The original 3,407-L (900-gal) precipitati n/oeutralization tank w rcplaood with 
a larger 5 678-L ( 1,500-gal) tank to allow precipitation to be perfonned in a single tep 
rather than in two batches. 

3.2.4 t m Operation and Process Desulpdon 

Groundwater is equentially pumped from top to bottom through three (i.e., lead, lag. and polish) 
of the four columns in th system. One of the four columns i always undergoing regeneration or 
is in tandby mode after regeneration i completed. Each of the four columns contains an anion
exchange resin in which chloride ions (Cl') are replaced by chromat ions (Ct0,2) . The pressure 
drop aero the ystcm is 3.16 to 3.86 kg/an2-d (45 to 55 psid) (SQW-36857) and i a function of 
· ystem configuration well resin type. After treatment, the effluent i either injeclcd into the 
ground, used for milling reagent solutions for regeneration, or used as the final rinse during 
regeneration. Approximately 29,525 L (7 800 gal} of water are used in each regeneration cycle 
(SGW-36857). 

Once a column has been in the lead position for a wcclc. it is taken off-line and rege:ncntcd. The 
weekly frequency of regeneration i based primarily on logistical and operational considerations 
and is not necessvily based on declining resin perfonnance or breakthrough. Column 
regeneration is initiAtcd on Mondays to provide adequate time during the workweek for 
regeneration and waste handling. The remaining columns arc cycled as follows: the lag colwnn 
becomes the lead column, the polish column becomes the lag column, and the previously 
regenerated colwnn that has been in tandby mode beoomcs the new poli h oolum.n. 
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Regeneration i a mutti-i1tep process in which th column being regenerated is treated 
equent:ially with three reagents, followed by final rinsing with treated water. Each regenerant 

lutioo is recirculated through the column for IO minutes followed by a soaking period of 
50 minutes. This recycle/soak cycle is repeated three to five tim for each regcnerant chemical 
as described below (SGW-368.57): 

• Sodipm chloride reacneration: A 4-hour (minimwn) exposure to a l 0% !!IIOlution of 
odiwn chloride aCI) removes adsorbed he avalent chromium (as Cr0i2

) and uraniwn 
(as uranyl catbonate) from the resin. 

• Sodium djthionite treatment: A 4-hour exposure to• 14% llOlution of sodhm1 dithionite 
(Na2S20 •) n:duces any residual bexavalent chromium in the resin to trivalent chromium. 
Reducing rc.,idual hcxavalcnt chromiwn within the resin bed is intended to remove the 
1 t remnant ofbexavaJent chromium from the resin to improve pcrforman~ as the 
polishing column. (f rivalcnt cbromiwn has no affinity for the resin and i easily 
removed during the hydrochloric acid step which i next} Trcatmcot with sodium 
dithionite is considered time-critical because sodium dithionite bas a short shelflife 
(i.e., it must be used soon after delivery). 

• Acid treatment: A fivo-hour (minimwn wash with a Jo/, solution ofhydrocbloric acid 
(HCl) solubilizes res dual trivalent cbromiwn and uraniwn. 

• ~ : The co)wnn i rinsed twice with treated groundwater to remove remaining acidity. 
A portion of the rinse water is used to till the precipitation tank to final volume. The 
remainder bypasses the precipitation tanks and is pumped to the lined retention pond 
located near th lSRM treatment t.one where it evaporates. Water di charged to the 
I R.M pond mu t meet a hexavalent chromium limit of 5 mwi.. It h - been ugg ted 
that this acidic water could be rcinjected after pH adjustment. 

• Precipitation: Regeoerant lutions, as well a portion of th rins water from the 
prtcedin.g processes, are treated in the cone-bottom precipitation tank where an 85% 
phosphoric acid (H1PO,.) solution is added and the pH is adjusted to 8.5 to 9.0 using 
sodium hydroxide. Phosphoric acid is added over a 60-minutc period, and the sodium 
hydroxide is added over a 6-hour period. Seed crystal of chromium phosphate (CrP04) 

are added prior t addition of phosphoric acid to enhance the quality of the precipitate 
(DR-J Proc Optimization Study (HNF-37517 in publication]). These steps allow the 
hexavalcnt chromiwn to precipitate as chromium pho phate instead of chromium 
hydroxide [Cr(OH ] to ensure that the solid will pass the toxicity characteristic leachiJJg 
procedure (TCLP) criteria and not be considered a hazardous waste. 

• Settling: The mixture is allowed to stand for twelve hours to ensw-e that precipitation and 
solids settling are complete. Solids are conveyed to a filter press. W tewater from the 
precipitation tank is pumped to the lSRM pond to evaporate. 

• Filtration; Solids are removed in a filter press for disposal at the ERDF. Th hromi\DD 
concentration in solid waste disposed at the ERDF must be less than the TCLP threshold 
for chromium. Otherwise, the solid waste must carry the "0007" waste code and meet 
th non-wastewater IADd disposal regulations trcabnenl atandard of 0.6 mg/L for 
chromium. Wastewater from the fil~tion process i pumped to a brine holding tank for 
ultimate pumping t the lSRM pond. 
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This regeneration pro is more oomplcx than the one used at Siemens for regeneration of 
Dowex 21 K resin (Section 3.1 .4). The waste generated from the DR-5 regeneration process 
includ the following: 

• Precipitated solids (jncluding chromium and uraniwn phosphates): The quantity of 
Judge generated during each regeneration cycle i approximat ly 68 L (J 8 gal) 

( GW-36857). 

• frecipitatjon process wastewater: S,615 L ( l 00 gal per regeneration cycle. 

• Final rinse wastewater: 23, 850 L (6,.300 gal) per rcgcnen,.tion cycle. 

Anionic constituents present in the DR-5 area with the potential to bind to IX resins include 
nitrate and ulfatc. Radionuclides present in the I 00 Area in anionic fonn include uraniwn [ as 
UO:z( 03)? .. ) and technetium-99 (as TcO.). Extraction w II flow rates and hexavalcnt 
chromium and other constituent concentrations measured during fall 2006 (DOEfRL.2007• 76) 
arc presented in Table 3-3. 

Drinking watcrMCLs for nitrate and sulfate are 45 and 250 mg/L respectively. Although 
anionic fonns of uranium and tcclmetium-99 arc not contaminan of nectn in the DR-S, their 
presence could affect IX resin perfotmance. Uranium concentrations in t 00-D Area 
groundwater have averaged 1.7 µg/L 

Table 3-3. Flow Rates and Concentrations ofHexavalent Chromium 
and Other Constituents in DR-5 l!xtraction Wells {FaU 2006). 

&ltndloa flow,Umia 
w 

199-DS-20 

199-05-32 

199-DS-39 

199-05-92 

Ownll 

• Total flow. 
" Ao wclghrc:d •vaqe,. 
gpm - pllons per minute 

(IP ) 

28(7.S) 

57.9 (IS.3) 

54.9 (14.5) 

31 (8.1) 

171 (45)1 

3.2.5 Operational P rformance 

Btunleat ltralt, Salf••e, 
Cfflmhta,fll/l. 1111'1, aalL 

434 IS 47 

470 30 68 
1,640 3.S 7.S 
20.S 13 32 
790• 16' 60' 

Startup of the DR-5 yslcm w initiated in August 2004 and the system became fully 
operational in December 2004. The operational performance of the system from December 2004 
through 2007 is ummariud in Table 3-4. Performance data for CY04 through CY06 were 
obtained from annual swnmary report (OOE/RL-2005-18, OOE/RL-2006-08, 
DOE/RL-2007-76, DOE/RL-2008-0S). Regeneration frequencies for CY04 and CY0S were 
estimated based on t tal operating hours. 
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Table 3-4. DR-5 System Operational Perfonnance (December 2004 
Through alendar Year 2007). 

Deceailler 20IM CYM CYN 

Total Oo , million L 3.4(0.90) 47.0 (12.42) 81.3 (21.48) (milhon pl) 

Total time. hour, 730 8,760 8,760 

Plumed downtimo, hours 7 1,297 172 

Unplalmcd downtime. hours 0 1.)14 307 
Tow openting time, hours 72l 6.149 1,281 

Schecklled availability, percent" 100.0 8.5.0 96.5 

Total availability, percenilt 99.0 70.2 9-4..S 

F1ov, rate. Umin (a,m) 78.3 {20.7) 127 (l3.7) 163 (4-3.2) 
Flow rile, bed volumcalbour 6.2 10.1 13.0 
VclOCJty, mlmln (ft/min) 0.12 (0.39) 0.20(0.64) 0.25(0.82} 

Hcx.valet!t chromium mass, kg 3.4 (7.5) 3 .t ( 5.6) 64.6 (142.4} (lb) 

Influent hexavalait chromium NIA 837 796 
OOIICltlllruion, jilfL 
Removal efficiency, pcrcmt NIA 99.2 99.9 

Efftllfflt hexavalen1 chromium 
N/A 6.7 o. . ooncaitrition, lllfl-• 

Regmcntion frequency, .. 40 -52 wlumnl/year 
Hcxavalcnt chromium 

0. S(l.111) 0.97(2.14) 1.24 (2.74) ~ioncyclc,lca(lh) 

A«umulatloo ..ie. &'I. (lb/ft') 1.12l (0.010) 1.281 (0.080) 1.64 I (0.100) 
Rc:ovalcnt chromium 

26.0 26.0 26.0 equivalent ~'Ciaht, a,lequivalent 

Capacity__.. eqwvalc:nts"/l 0.043 0.049 0.063 

Capacity__.., equivalenwL 1.15 I.IS I.IS 
Capacity fraction, pcn::cnt• 3.76 429 5.49 

• Sdiedvlcd 1Yailabilily • 100 ll (llltal 1vaillblc: time-unplannod downtnnc}holal 1vallablc time. 
" TOlal 1vaJlablllty ,. I 00 ll (total availabk, timo<IOl&I downnme)llotal •vaibiblc time. 
• Effloent becavalent chtofnium C:OliCelltl'ltlan - i11ftuen1 ~ 11 removal emci~. 
• lvalcnts arc wiits or ncgatiw chlfle carried by 1nion1 • 

• c.p.c;ity f'ratilOII ~ I 00 A (llffllll capaciry hc:omkal Qlpacity) , 
CY • calffldat yew 

'A -= llot applicable 

' 

CYt7 

79 (20.95) 

&,760 

23 

182 
8,$55 

97.9 

'fl.1 

IS4 (40.8) 

12..2 

0.23 (0.77) 

Sl.9(118.8) 

670 

99.9 

0.7 

S2 

1.04(2.29) 

1.369 (0.08S) 

26.0 

0.053 

t.15 

-4.S8 

During the period from Dcccrnber 2004 through CY05, 50.4 million L (13.3 million gal) of 
groundwater were treated and 42.2 kg (93.1 lb) ofbcxavalcot chromium were extracted. During 
this period. the effluent hexavalent chromium concentrations exceeded 50 µg,'L on two occasions 
and exceeded the RAO limit (20 µg/L) on several additiooal occasions. The totaJ availability of 
the system during VOS was 70% because of ignificant downtime while the system was 
modified, as previously discussed in Section 3.2.3. 
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After the extraction well chan (Section 3.2.3), the average annual flows in CY06 and CY07 
were approximately 80 million L (21 milli n gal). Avcrag Bow rates were 159 Umin (42 gpm). 
The average total avaiJabiUty was 96%. The averag influent bcxavalcnt chromium 
concentration during this period was 733 µg/L. The average annual hexavaJent chromium m 
removed was 59 kg ( 13 l lb). fflucnt h valent chromium cooccntrations have been below 
the RAO limit since th beginning of2006 and have aJso been below the target of S µg/L since 
June 2006. Removal efficicnci exceeded 99% during CY06 and CY07. 

As previously noted, the resin in the lead colwnn is regenerated weckJy without regard to column 
perlonnanoc. During CY06 and CY07, the average quantity ofbexavaJcnt chromium removed 
during each operating cycle was 1.1 kg 2.5 lb). The average quantity of hexavalent chromium 
captured on the lead colwnn before regeneration was S.00/4 of the theoretical capacity. 

Since th DR•5 system has been in operation. a totaJ of2l l million L (56 million gal) of 
groundw er have been processed and 161 kg (354 lb) ofhexavalent chromium have been 
rcrno~ from the groundwater. The hexavaJent chromium removal efficiency has averaged 
99.7%. The system has operated for approximately 23,500 hours without replacemem or 
addition of resin. Scheduled availability has been 93%. Toe DR-5 system has met the current 
design critcri under n rmal operating conditions, treating groundwater ftow: of up to 189 Umin 
(50 gpm) with influent be avalcnt chromiwn concentration ranging from 200 to 4 000 µg,'L. 
while producing effluent concentrations <5 µg/L with only few exceptions. The IX ystem 
operated unattended (except during regeneration) within the required temperature range at 
a prcssurcof3.16 ( 0.7) kg/cm2-d (45 [±10] p id). 

The in in each oolumn bas been rcgcncratcd approximately 37 times since initial installation. 
Purolit A-500 resin is reported to have a life of3 to 5 years, thu it could be near th ~ end of its 
useful life, and it has been indicated by FH personnel that resin breakdown products might be 
appearing in the effluent. There are no data on resin capacity in the DR-5 system or the impact 
of nitrate, ulfatc, or uranium compounds on perfonnancc. 

The installation of a regenerant recycle system, increased prc<,-ipitation tank volwne, and pH 
adjustment improved hcxa.valent chromium removal from the loaded resin and has allowed 
longer ftnal rinse times. RCCC1tly, th Washington State Department of Ecology expressed 
concern that the hexavalent chromium concentration in the filter press filtrate placed in the ISRM 
pond exceeded the 5 mg/I. limit ll was found that the hex11valent chromium conoentration 
decreased significantly after filtering through a OAS.micron filler demonstrating that particulate 
h avalent chromium w responsible for the high concentration. Accordingly, the settling time 
in the precipitation tanlc was incr cd to 48 hours and the total hexavalent chromium 
concentration fell to <2 mg/L. 

3.l.6 Proca Optlmi:zation tatu 

The proces optimization goal for the regeneration/precipitation system include the following 
(HNF-37517): 

• Reduce regeneration processing time and chemical usage. 

• Reduce wastewater vol um conveyed to the lSRM pood. 
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. • U1timately comply with the goal of eliminating discharge of wastewater to the ISRM 
pond. Th goat would be to send solid w te to the ERDF and reinjcct all treated 
wastewater. 

In CY08, FH perfonned bench t ting to improve the efficiency of the resin regeneration and 
trivalent chromium precipitation and removal pro<:eSSCS. The work indicated that phosphoric 
acid use could be reduced from a 400% stoichiometric excess to a 15% stoichiometric exec . 
Adjusting the pH to between I 0.0 and I 0.5 greatly reduced the time required for chromium 
phosphate precipitation and settling, and reduced turl>idity in the aqueous phase after settling 
of .solids. Investigators are using a step-wise approach to modify the process with an interval for 
evaluation after performance of each step. The following steps have bceo completed: 

• Reduced phosphoric acid to a 15% e 

• Raised the pH t between I 0.0 and 10.5 after pbospbori acid is added 

• Added rPO4 eed aystal after pH adjustment instead of after phosphoric acid addition 

• Redo settling tim to 12 hollrs, which ultimately reduced th t tal chromium effluent 
to < 0.2 mg!L. 

Steps remainjng to be perfonned include the following: 

• Increase the rate of sodium hydroxide additi n in order to reduce the time for pH 
adju tment to one hour 

• Increase tbe nltering time. 

3.2.7 ummary a11d Recommradation 

The unique feature of the DR-5 system i the onsire regeneration/precipitation ystem. The 
Purolitc A-500 resin has imilar characteristi to the Dowex 21 K resin used al other systems in 
the 100-0 Area. The ystcm bas been operated since December 2004 without significant 
downtime, except when the s em modified during CYOS. Since then, the system has met 
aJI design goals, with the exception of unattended operation of the regeneration system. The 
resin has not been replaced since the system was installed. 

Fluor Haofi rd, Inc. has initiated optimization of the regeneration and precipitation pro to 
redu O&.M co and to reduce generated quantiti of lid waste and wastewater. Th 
following recommendations for future optimization program focus on waste minimiz.ation: 

• omplete the optimization program that i under way. 

• Neutralize the acidic rinse waters front the I I cycl of oolUntn n:gcncrat:ion with 
magnesium hydroxide or sodium bicarbonate, either of which provid pH buffering. 
Inject th buffered solutions along with the treated groundwater. 

• Investigate the use of polyelectrolytes to improve precipitate settling rat and solid 
capture in the filter press. 
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• Replace the regeneration process with the proccs used at th Siemens facility in 
R cville, Minn ota (Section 3.1.4). The resin would be regenerated with sodium 
chlorid and chromium would be reduced in the precipitation tank instead of on the TX 
column. 

• valuate bexavalcnt chromium reduction with sodiwn mctabisulfite instead of sodiwn 
dithionitc. Hcxavalcnt chromium could be reduced with sodium mctabisulfite on the IX 
column or in the pn:cipitation/neutralization tank. Unlike oxidation- eruitive sodium 
dithionite, sodium metabisulfitc does oot degrade during torage. 

• At, an altemativ; to sodiwn metabisulfitc, evaluate hcxavalent chromium reduction using 
ferrous chloride. Hcxavalent chromium would be reduced in the precipitation/ 
ncutrali:zation tank at an approximate pH of 6.8, followed by air oxidation of residual 
ferrous iron at an approximate pH of7,8. 

• Introduce sodium hydroxide to a lurry of seed crystals befo its addition to the 
precipitation/neutralization tank. The presence of seed crystals when sodium hydroxide 
is added will promote formation of larger crystals of chromium phosphate that will settle 
and dewater more readily. 

• lfbcxa alent chromium can be reduced in the precipitation/neutralization tank. evaluate 
treating the high strength sodium chloride regenerant solution with a small nano filtration 
membrane system. A nanofittration membrane solution will reject divalent ions such as 
chromate and sulfate. The resulting brine could be augmented with fresh sodium cblorid 
and used in subsequent regeneration cycles. This could allow more economical disposal 
using the wiped-film evaporator that i reportedly available at Hanford. 

• If lhe volume of conccnrated waste streams can.be ufficicntly reduced by recycling 
rcgencrants evaluate metered co-injection with treated water. 

• Evaluate bexavalent chromium rcducti n ing ferrous chloride (or sulfate) 
a replacement for the existing IX process, taking into consideration lid and liquid waste 
generation, and regulatory factors. 

• Optim.ize groundwater e traction to maximize mass removal with minimal hydraulic 
throughput., taking into account river tagc and aquifer rebound effects. 

3.3 OPERATIO AL COST EVAL TION AND COMPARI 0 
OF THE 100-HR-3 D DR-5 TEMS 

Table 3-5 compares operating costs for the OR-5 system with the 100-HR-3 ystem during CYOS 
through CY07 (DOE/RL-2006--08. DOE'/RL-2007-76, DOE/RL-2008-0S). Table 3-6 preseo 
the fractional costs for each operational cost category. Operating co elements include the 
following (DOE/R 2008-0S): 

• · : Design activities for system construction. upgrad , and modifications. 

• Project support: Project coordination and technical consultation required during 
design, construction, acceptance testing. and operation. 

• O&M: Co associated with facility operations routine field screening and engineering 
support. and periodic maintenance. 

3-20 



SGW-38338, Rev. 0 

• Perfonnanc m nitoring: System and groundwater sampling and chemical analysi in 
accordance with relevant interim action work plans. 

• Waste management: Cost for management of spent resins in accordance with applicable 
laws and wasted ignation sampling and analysis. It lso includes oosts for resin 
regeneration and purchase of oew resins. 

Table 3-S. Comparison of DR-5 and l 00-HR-3 S tem Costs 
(Calendar Y cars 2005 Through 2007). 

C. or Openlilul ltaa DR-5 

Designoost SS44,000 
Projcc1 auppon cost $1 ,197,000 

Operation and ~ cost 11 ,607,000 

Pafonnance monilOri.aa cost $119,000 

W1111e ~cment cost $228,000 

Total oost SJ,696,000 

Hcxavalent chromium processed, kg (lb} 157 (347) 

Water trc1tcd, million L (nullion gal) 208(50) 

Opetatin& times, hour 22,985 

Cost per ka (lb) o(beuvak:nt chromium $23,443 ($10.656) 

ost per million L (million gal) $17,769 ($67,332) 

Cost per boor $161 

Table 3-6. Calendar Years 2005 Through 2007, 
System Costs (Pera:nt of Total). 

llO-IIR-3 

$368,000 

Sl,820,000 
S2,3S5,000 

Sl,307,000 

$873,000 

$6,723,000 

88.4 (195) 

1,035 (273) 

25.384 

S75.88S ($34,493) 

S6.496 ($24,626) 
$265 

COIC Calflory DR~ lot-HR-.3 
Dcsip, 14.7 S.5 

ProjcctlUppl>rl 32.4 27. 1 

Operation and maimenanoc 43.S 35.0 

Performance: monitonn& 3.2 19.4 

Watte manqemcmt 6.1 13.0 

TIUI IOU tto.O 

It is of limited usefulness to directly compare costs of1he DR-5 and 100-l:IR-3 systems because 
the 100-HR-3 system treats higher flow rates of groundwater with lower hexavalcnt chromium 
concentrations, while the DR-5 treats lower Oow rates of groundwater with higher be.xavalent 
chromium concentrations. Accordingly, the DR-S system has a lower cost per unit ~ of 
hcxavalenl chromium treated and a higher cost per unit volume of water treated compared to the 
I OO·HR-3 system.. lt also has a lower cost per hour because it is a smaller system (the DR-S 
system' s total cost is about half that of the 100-HR-3 system cveo though it bas removed almost 
twice much bexavalent chromium). Thi information suggest a possible advantage of 
targetiog groundwater extraction to the most contaminated rones, since high.et concentrations are 
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more co t effectively treated. However, the difference in resin and th presence of ther 
constituents (e.g. uranium) could also oontribute to the lower oost per unit volume for the DR-S 
system. Efforts to optimize groundwater pump-and-treat )'Stems at the I oo~o Arca should, thus, 
con ider targeted groundwater extraction, as well more efficient ex itu treatmenl 

Despite the above-mentioned differences between the two ems, O&M co t i the largest co t 
category for both ystcm.s uggcsting that effort to optimize O&M could be advantageous. 
Project upport 1 the second largest co t category for both ystems. 

J.• ELECTROCOAGULATIO TREATABILITY lNVESTIG n o N 

E.Lectroooagulation has been prOposed as a potential alternative to the existing 1X process for 
removing bexavalent chromium from groundwater in the I 00-0 Area. Electrocoagulation was 
believed to offer several advantag over IX, including reduced co t and incrcascd opcxational 
simplicity. Another point of int t for elcctrocoagulation is that it d not increase the 
dissolved solids concentration of the treated water, as occurs with more conventional chemical 
precipitation process . 

Pilot testing w carried out at the 100-D Area for the purpose of determining the effectiveness 
ofbexavalent chromium removal and verifying the robustn s, implementability, and scalability 
to larger 517,e of the electrooo gulation process. The work plan identified the perfonnance 
objective of reducing the hexavalent chromium concentration in treated water to 20 µg/L or 1 
The test was .set up to provide the oontrador maximum flexibility to demonstrate the technical 
feasibility of the process, but they encountered technical difficulties and were unable to achieve 
all the objectiv . 1n addition. the plan identified five operational objective (Treatabilfty Te.st 
R :port for th Removal of Chromium from Groundwal rat th /00-D Area Using 
Electrocoagulation fDOEIRlr200 -13, in publi tion]): 

• Determine the volume and mpositioo of waste trcams and their proper waste 
d ignation 

• Determine whether th ystcm uld pcratc in an wiattcndcd mode 

• Evaluate the reliability and afety of the proces 

• As the overall treatment cost per unit volwn of groundwater treated 

• Obtain d ta for potential scale-up of the proces to larger hydraulic capacity. 

3.4.l Pro 0 enie 

lectrocoaguJation has been used for a wide variety of disparate applications, such as rendering 
plant wastewater, trating grain-based food manufacturing wastewater, and removing hexavalent 
chromium. A genctali.ud process schematic for a ystem to treat hexavaleot chromiwn i hown 
in Figure 3-3. 
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Figure 3-3. Schematic Diagram f Electrocoagulation System Proces . 

Cl1Vl}UIU01.llllll'L 
~ 

"7 ID "1 IIII/IDlft 
pHUtoU 

11 111 11 , ....... ..., 
I.ti 

Rcduction •ofhe avalent chromium by divalent iron [Fe(ll)] produces trivalent chromium and 
trivalent iron [Fe(Ul)l, both of which form insoluble hydroitidcs at groundwater pH values. In 
electrocoagulation, Fe(U) i generated electrolytically by o idation of a sacrificial iron or teeJ 
anode. lo chemical reduction. Fc(II) i added in the fonn of soluble salts uch as ferrous 
chloride (FcCli) or ulfat (F 04). Both reduction proocs require downstream oxidation of 
residual fe(D) and filtration of solids. Elcctrocoagulation requires lrippingofhydro en 
which i generated the catbod t pre ent an explosive condition. 

There i limited standardiz.ation for electroco gulatioo design for hexavalcnt chromium treatment 
applications. Actual treatment efficiency is often determined etnpicically, after plant tartup. 
With few basic design principles to draw upon, prooes le-op from small-scale t, netd to 
be performed carefully, with an und<:r!tanding that test results with equipment from one 
manufacturer arc not necessarily transferable to equipmait from another manufactureT. After 
I 00 years, the proces still needs a systematic, comprehensive approach to understand k y 
mechanisms and factors controlling electroco gulation performance (''EJectrocoagulation as 
Wastewater Treatment" [Holt et al. 1999]). 

3.•.l Pilot Electrocoagulation IJ Opention 

Pilot testjng perfonncd at a nominal flow rate of 189 Umin (SO gpm) for the period May 
through October 2007, with groundwater containing hexavalent chromium at concentrations of 
approxim ely 200 to 250 ~g/L. The pilot electrocoagu1atioo unit is shown in Figure 3-4. The 
urut contained a stack of 27 eel plate electrodes with dimensions of 61 cm by 61 an by 0.64 cm 
(24 in. by 24 in. by 0.25 in.). Electrodes were separated in the frame by 0,6 cm (0.25 in.). 
During operation the polarity of the plates was reversed periodically to reduoe surface fouling 
and to equalize rates of plate metal I 
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Preliminary inquiri had hown that most manufacturers adjust the polarity reversal .frtxruency 
based on ti Id operating experience, with typical interval ranging from 15 to 60 minu . Loose 
interpretation ofth t t data ugg t that operation at relatively low current density and with 
m re frequent cell polarity reversal might reduce passivation and scaling. 

Magnetite that funned on the anod tended to be adherent and, after exteoded periods of 
operation, it needed lo be mechanically removed from the electrod -. Thi was labor-inteosiv 
and resulted in operational downtimes lasting 6 to 8 hours. It is strongly recommended that any 
future clectroco gulation unit be equipped with a set of spare electrodes to replace those being 
mechanically cleaned. 

Magnetite, which 5emi-condu tor, also tended to dislodge from th electrode urfaces and 
short-circuit the cell. An tlcmpt was made to clean magnetite from the anode swfaces by 
raising the current to 700 amps for short period of time. Thi effort led to bort-circuiting and 
forced plant shutdown. J.nspectfon of the electrodes showed that tuberculation created bridges 
between electrod which bort-circuited the cell hown in Figw-c 3-7. 

3.4.3 IUllDUlJ')' and Recommendations 

As noted abov , the work plan identified operational objectiv . Based on pilot testing, th 
following can be concluded ith respect to operational objectives: 

• Electrocoagulation w able to reduce bcxavalent chromium to below 2 µg/L. but only 
when clectrod were clean, provi ionally meeting th overall performance objective. 

• W te from the p od toxicity and oorro ivity criteria, aod with proces 
modifications unrelated to tbcclectrocoagulation proccs ' S-hould p the 'paint filter" 
t t. 

• Th electrocoagulation unit was unable to operate unattended, failing to meet. a lcey 
perational objective. 

• • eluding injection well maintenance, ubcontractcd tcchni J upport, ovemead and 
burden, the timated t to t grourulw tcr during the test was 0.21 /L (S0.78/gal). 
Thi is approximately IO to 20 tim the co t of IX treatment at the 100-D Area 
(Section 3.3). 

• The data obtained during pH t tcstin were not ufficient for scale-up to larger hydraulic 
capacity without further engineering ass-CSSlment. 

Other ignificant result included the following; 

• The initial current efficiency w approximately 1.8% t 60 amp but after electrode 
passivation progres ed, the current efficiency fell to 0.18% the current increased to 
600amps. 

• Operation thigh current density 16.3 amps/m2 [t 75 ampslft2], approximately 10 times 
the initial current density) w ineffective for "burning" the p ive layer off the 
clectrod . 

• Anode cleaning with hydrochJoric acid w in ff ective and did not restore celJ 
performance. Labor-intensive mechanical cleaning was required. 
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The foUowiog recomm d lions are m if clcctrotoagul tion is to be pursued further: 

• Electrocoagulation as a technology has f cw b ic d ign principl to draw upon ti r 
d 'gn purposes, pilot ting must be performed with equipment from th 

manufacturer who will provid the full-scale ystcm. 

• Carefully planned fundamental inv rigatio into the clectrocoagulation p arc 
needed t provide a finn techni bas-i r design and prcdictabl pcrfonnao 

• Low CWTCnt density and 30- to O\MICCOnd polarity reversal cycl should be investi ted 
a means of reducing electrode ivation aod improvin pcrfoanan . 

• Groundwater pH should be reduced to control or prevent alkaline scaling. 

• Spare of elf!d11'N1J~ houtd be available to miolmi.zc ystem downtime for cleaning 
magnetite and al line scale from used electrod . 
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4.0 UMMARY OF THE H AL 
TE HNOLOGY EXCH 

As part of the overall RPO effort for the I 00-D Ardl, technology cxclwi meeting w held 
on April 8 through l 0, 2008, in Richland, W hington to review remediation technologi 
applicabl to bcxavalcnt chromiwn. The goal of this meeting was to enable RL and FH staff to 
obtain detailed information on potential tochoologi applicable to the full-scale remediation of 
b uvalcnt chromium-(X)ntami.nated groundwater for the 100 Areas in general and the 100-D 
Area in particular. Information was presented by a panel of'nine cientists and engineers who 
were primarily consultants to private industry (as well one scicnti t from DOE' Pantex 
Plant). Practition in both itu and in situ treatment were included on the pane~ as well 
individuals knowledgeable about chromitnn chemistry and biochemistry. The lit below 
idcntifi the panclis , their affiliations, and presentation titles: 

• Dr. Bruce Wieting Geomatrix Consultant , Inc., Environmental hromium 
Biog od1em18try 

• Dr. Chad Seidel, P .E. DSW A. Chromium Treatment Researcls for Drinking Water 
Application 

• Mr. Jim Mavis, P.E., CH2M Hill, Inc. Reductive Ex Situ Treatment Teclsnologie.s 

• Mr. Ron Borrego, P .. Oeomatrix nsultant In , F.x Situ Treatm nt .Alternalivr.f 
Ba; ed on Discharg Options 

• Mr. Chri Lyl , DOE Pante , Chromium Treatment of Groundwater 01 th DOE Pantex 
P/0111 

• Dr. lllom impkin, P.E., CH2M Hill, In . Overview of Pneumatic Injection of 
Zero-Valent lronfor In Situ Hexm-oknt Chromium Reduction 

• Mr. Jim Rouse, MWH Americas, Inc., In Situ Injection and Infiltration of Calcium 
Poly ulfide 

• Mr. Jim Harrington P. ., Alexco R urces In Situ Bioremediation 

• Dr. Ernie Stine, haw Environmental, In Situ Bioremediation and Calcium Poly uljid 
Case Studi . 

Thi · ti n presents a swnmary of thi meeting and is directly excerpted, with very minor 
revisions, from• report prepared by Oeomatrix Consultants that su.mm ·us this technology 
exchange meeting1

. 

The meeting agenda included (I) presentations by th DOE, FH, and Pacific orthwest ational 
Laboratory on Hanford activities related to remediation ofhexavalent chromium in grouodwater; 
(2) a field trip to the 100 Areas; (3) panelists' presentations; and (4) an infonnaJ discussion. 

1 An in onnal report., CJ,rom um 1hob1m1t Trcltnology /11fonr,at/011 £x, haitg fo,. Rmtediorfon of Cltromilllfl 11 
Groundwm ,. at die Dq,art,,imt of l!nerg)' llaeford Sile, wu prepared by Oeomatrix ComuJLI.DIS, Inc, and 
wbnutted to Fluor Hanford, Lnc .. which ~ lhc: tcclmolo change mocti11 that held in Richland, 
Washington, April 8-10, 2008. 
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A technical report was prepared by the panelists that ummarizcs each of their p cntations on 
remedial proj for treatment ofhexavaltnt chromium in groundwater, including some 
discus ion of their potential applicability at Hanford footnote I on previous page). Thi 
report was not a consensus document, but presented individual viewpoints and x.pcrien . The 
ub cctions below attempt to highlight salient points from the technical report that are directly 

applicabl Lo Hanford he avalent chromium treatment i.s u . 

4.1 CHROMIUM CHEMI RY, CilROM1UM BIOGEOCHEMI: TRY 
A.ND OTHER CO SID ERA TION 

A number of the pancli discus ed chromium chemistry, chromium biogcocbcmistry, and other 
considerations that could impact remedial d ign at Hanford. Because chromium can exist in 
two different oxidation ta in the environment, either +6 (hexavalent) or +3 (trivalent), and 
because the trivalent tat i Jes mobile (i .e. I soluble) and I to ic, many trcabncnt 
technologies are based upon reduction of the hcxavalent form to the trivalent fonn with 
ubscquent removal or immobilization. Trivalent chromium usually is incorporated into a femc

chromiwn oxyhydroxide precipitate. Common reductants with the capability of reducing 
hexavalent chromium to the trivalent fonn include the following; 

• Aqueou ferro iron (either ferrous sulfate OT ferrous chloride solution) 

• Solid zero-valent iron 

• Reduced ulfur (added calcium and/or sodiwn polysulfide hydrogen sulfid sulfit 
mctabisulfit oT dithionite) 

• Micro-organisms ( upplied with an organic carbon substrate or an inorgani urcc of 
electron dooor). 

Chemical mechanisms are believed to be much more rapid than biological mechanism . 
However, when considering the toichiometric reactions for biological versus chemical 
treatment, it appears that the biological reduction is mo efficient in terms of molar 
requin:meots. For example, one mole of sodium lactate in biological reduction reduc 
four mol of hexavaleot chromium, while three moles of calcium polysulfide in chemical 
reduction arc required to reduce two moles ofhexavalent chromium (an efficiency difference of 
6:1 for biological reduction compared to chemical Teduction). This efficiency may lat to 
overall treatment system co and so, may be important during altemativ evaluation. 
However in a field application, compari n of molar efficiencies becomes complicated by the 
fact that the reductant i treating all reducible species (e.g., nitrate and dissolved oxygen) not 
imply hexavaleot chromium. and there arc numerous other factors critical to the ection of 

reducing amendments, as discussed further belo . 

At some it , the best option may involve a combination of both chemical and biological 
amcndmco . Various amcndmen may also be applied in different locations of a plwn 
as at the source area versus the distal portions of the plwne, and in the vad 
atrirated zone. 

Previous techrucal reviews of treatment tcchno)ogi for hcxavaleot chromium in groundwater in 
the I 00-0 Area identified issues that may impact remedial de ign: 
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• For in itu treatment application , ph icaJ and chemical heterogeneity of the aquifer 
materials in th 100-D Area must be consida-ed in the design of the treatment ystem 

• lo itu and ex situ treatment d ign must consider the presence of other constituent , such 
nitrate and oxygen, which may I) rcquirc much larger quantiti of treatment reagm 

be added bcca of increased electron demand1
, or (2) produce w t that may require 

pecial handling (e.g. radioactive material ). or (3) result in the rel of other metal 
such as manganese or arsenic, because of the change in reduction-oxidation conditions. 

Because both chemical and biological mechanisms for reduction ofhexavalent chromiwn will 
likely follow th same chemical reaction pathway and require contact bctwcco reagent and 
contaminant. technology selection should be partially based upon criteria such as afety, e of 
use, byproduct production, and cost For example, when comparing ca1cium polysulfide to 
biological treatment. the sulfide treatment may result in the dcpo ition of a considerable mass of 
elemental sulfur and calciwn carbonate, whereas the biological treatment will add alkalinity, 
cari>on dioxide, and biomass. 

Some of 1h panelists favor in situ remedial approaches because they deem them to be more 
efficient than ex situ approaches. Others rcoognizc the benefits of pump-and-treat ystem for 
hydraulic control of the contaminant plume and removal of contaminant m . Many of the case 
tudies presented in the report involve ites where pw:np-and-tre t systems bad bcco operational 

for many years before an in itu treatment approach w implemented due to lack of remedial 
progres with the pum_p-and-treat approach. Specifics of delivery pproaches including detail 
uch as well spacing and types of ameodmen delivered, are presented in th case tudi . 

Several of the pancli ts believe that at Hanforo a plume-wide in itu treatment approach, 
including adosc zone urce treatment. could a_cbicve remedial goal within several ye 
whereas pwnp-and-treat alone will lik:eJ require decad of operation. Thi i based upon thcir 
experience at i irnilar to Hanford. They lso ate that no ingle approa h w for every 
ile, but h itc mU!ll tailor the remedial approach especially amendment delivery to site-

specific conditi ns. 

4.2 EX ITU TE BNOLOGI FOR TR.EAT OF 1.1.EXA VALENT 
HROMIUM I GRO OW TER 

The prcscn1-tions describing experience with ex situ treatment ofhcx.avaJent chromium in 
groundwater focused on drinking water applications based upon bench- through fuU-scale stud 
of multiple tecbnologi , reductive ex situ treatment technologi and con ideration of 
altcmativ, b ed upon discharge options. 

Balch-scale testing of various ex situ tccbnologi for drinking water applfoations involved the 
following technologies; their relative performance i also noted below: 

• MSJ®s;!D.!:!..II!l2l!i.§1: poor to c cellent 

(S resins tested): excellent 

1 At the In ,cu Redox Manipulatio11 barrier io lhc 100-D Area, >99"/4 oflbe rcdu.ctant is coasumed by o ygcn and 
niuatc prcacnt in the sroundwatcr. 
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• Membrane treatment (nanofiltration, reverse osmosis. ond ultmfiltralion): poor to 
excellent 

• Red 

Pilot testing of th abov tcchnologi for drinking water applications identified three 
~ chnologies as leadin candidate for demonstration-scale testing: 

• Strong-base, anion-exchange resin 

• Weak-base, anion-exchange resin (two of six outperfonned others in testing: Resin Tech 
SIR-700 and Duolite• A7) 

• Reduction, coagulation, and filtration. 

It is the opinion of the panelists involved in this work that Hanford may not be operating the 
existing pwnp.and-trcat systems under optimal conditions thus experiencing higher operational 
costs than neces ary; improvements would exteod the time between resin regeneration cycles and 
mirtimize waste production. Further recommendations were for onsite bench- or pilot-scale 
testing of current mmkct-available strong-base anion and weak-base anion resins and comparison 
to reduction/coagulation/fiJtration to detennine the best solution for specific Hanford conditions. 
(Note that an onsite resin t ing plan has been prepared, and a resin test skid is being procun,d 
for testing various resins.) 

Reductive ex situ treatment technologies presented at the workshop include sulfur dioxide and its 
derivatives (suJfitclmctabis:u.16tcs., and sulfite). fcrTOus iron compounds, clcctrocoagulation, 
2ero-valent iron, and ferrous sulfide. 

• Sodium metabisuUit has been u ed widely since before the mid-1930s for industrial 
applications, but it i not recommended for Hanford ex situ application because the 
reaction is too slow unless the pH is reduced to below 3 .0. Other potential is u may 
in ude ffcct of re idual ulfur in the aquifer. Polysulfide h recently been used for 
ex situ treatment of extracted groundwater prior to rejojectioo into the aquifer. 

• Ferrou chloride or ferrous sulfate treatment is effective, inoxpensivc and rapid but 
gencrat four tim th ludgc mass as that of reduced sulfur compounds. 

• One benefit of electroooagul tion is that it does not introduce anions into the treated 
water system. However. testing at Hanford demonstrated potential operational issu 
with electrode passivation and cathode caling (Section 3.4). 

• Zcro-valent iron requiTes acidification of the influent groundwater prior to treatment to 
oveffimle ooating of the media with ferric bydroxi~ but the acidic conditions also 
promote di lution of the zero-valent iron itself. It i not recommended for ex situ 
treatment. 

• ferrous sulfide is not currently used for chromium treatment for afety r: ins and thus 
i likely not well suited for app)jcation at Hanford. 

Duollte Is a n:gilteted trademark of Dow Chemical - Rohm and Haas Company, Philadelphia. Pennsylvan.iL 
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lccti n of ex situ treatment technologies must include con ideration of a ownber of facto , 
wruch i.nclud discha.rgc opti ns, ground tcr wocrship, waste generation schedule, l ngcvit 

fthc treatment ystem, permitting requirement , and cost, among other facto . itu 
technologies dcsaibcd as alternatives in this secti n o the report include: coagul tion/filtration, 
IX, reverse osm · , lim ftcning, electrochemical precipitation using ferro iron, 
el trodialysi reversal/elcctrocoagulatioo adsorption/chelation, and biological treatment. Each 
of th options is d 'bed in terms of perfl nnancc and waste generation. 

Rcinjection of the treated water must include consideration of the chemistry of th treated water, 
chemistry of the receiving groundwater, the mineralogy of the aquifer matcriau. and regulatory 
approval. The following recommendations were made regarding the reinjection of treated water 
after ex itu treatment: 

• Treated water bould be filtered before rciajoction, preferably with a microfiltcr or mixed 
media -filter which hould be selected based upon the type of treatment technology and 
the inj ion well construction and maintenance program. 

• pH adju tment may be required to avo1d plugging of tbe aquifer depending upon the 
selected rea cnL 

4.3 IN ITU TECHNOLOGIES FOR TRE TMENT OFUE V L T 
CHROMIUM IN GROUNDW TER 

The two keys to """"'""""'ful remediation of chromium in groundwater via in situ methods arc 
1 selection of the appropriate amendment based upon the aquifer geochemistry and mineralo , 

and (2) tecti n of tho appropriate reage:ot delivery method based on ite hydrogeologic 
conditio . Jn itu reduction using biological and chemical treatment has been applied to full-
scale treatment ofbexavalent chromium in groundwater at numerous ilcs. Tb l hnologi 
can b used to treat urcc i.on or dissolved plumes, or to pro idea banier using injection 
well . The amendments arc delivered to the bsurfacc a di lved reagents in injected fluid or 

ljds, typically in an atomized lwry. Other in itu amendments have been used for trcatmait 
ofhcxavalent chromiwn including sodium dilhionite at Hanford and gaseo hydrogen sulfide 
in the vadose zone at the White Sands Missile Range. The most mature in itu biological and 
chemical reduction techoologi were discussed by cral fthc paneli ts at the treatment 
technology change meeting and are summarized belo . 

These in situ teclmologi allow high-dose amcodmen to be delivcn:d to the aquifer at any 
· depth to wruch a borehole can be drilled. The biggest uncertainty and challenge with their 

application Ii with the actual di tribution of the amendment in the subsurface which ill 
largely determine the overall success of the remediation. urth information on amendment 
delivery approach is provided in Table 4-1 . Table 4-2 desaibes features of three in itu 
treatment tecbnologi : bioremcdiation, reduced ulfur addition, and zero•valent iron addition. 
All three technologies have been -proven to reduce he valent chromium in groundwater, and all 
can bo used alon r in combination with others. 
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Table 4-1 . Delivery Technologi nsidered for ln Situ Treatment System Design. 

lnjoction/cxtnc(iQn 
(i. recirculation 
ystem,): 

• Wdlto I 
• in 10 I 
• ln-wcU (no( con • dercc! 

for aquirers <30 ft 
lblc ) 

In lilltation Ueri 
(c.g, pit bun 
trmdlcs, or pipe pis) 

Dchvuy via bon!h I 9i Is or unc:utd. 
drilled b oonw:ntional or direct-push 
mech 
Delivery across scn:m mnc or dq,tb-<llacrctc 
injection IO add hetcl'ol,CIIClty. 

.Rec:imdation 
and-trall)'SI 
,q,anitdy. 
Rcx:ircul&tion ')'llcms cam u vario 

metrics ( c.. extract from oore or plume 
aod inject OIi Of C ll'XI d.ownlJMi,cnt) 
and iajcct upgradiart in tOUtCC ara. 
Docs not treat the \o1ldole Z.Qle. 

Oood alcc:mabvc that IYOI plugging of 
injection I in tteirculation systems. 

Oo-wns,adient ,roundwatcr treatment system 
should be emplaoed in conjllndion wich 
infiltration cm. 

rcalslbc~"iXJoe 

ApplkahWty at Duford 

Mu consi(krdownpwlsent impacuon 
river (may require injection or air « 
oll)'ICll81cd 'Iler in I lino parallel lO the 
ri"ff 10 prevent now of raluc:cd 
groundwater ·n10 the riVff). 

Believed lo be very approprialc for 
Hanford oonditiofts; however, requires 
dcmonstration. 

Becau these in itu technologies induce a reductive target zone, they have many of th sam 
trengths and weakn . Th shared in common include the following: 

• They wiU consume nitrate. 

• They will al consume other constituent such as oxygen. 

• They can be applied to plwne treatment, upgrade of th ISRM barrier, creati n of a new 
barrier, or infiltration in source areas within the adose zone. 

• They may rel other con tituen of potential concern. mangan o.r arsenic. 

4.4 CO L 10 AND KEV ITE CERT AINTIE 

The present and meeting attend geoeraJly agreed that the optimization of the current pm:np-
and-t.reat system and/or incorporation of new treatment media may provide cost and 
performance benefits. However, there was also a general consensus that treatment of the 
hcxavalcnt chromium plume in the I 00-D Area with pwnp--and-trcat technology alone would 
require many decades oftrutmenl To expedite the remediation proccs a more aggressiv 
holistic approach that both ex itu and in situ technologies to address both the groundw ter 
aod the vadose zone is recommended. In situ reduction of bcxavalcnt chromiwn can be readily 
accomplished with either chemical or biological approaches, or a combination thereof, and there 
are a variety of potential methods for delivering reductive amendments. Whichever approach or 
combination of approach i ultimately implemented. it will be important to achieve hydraulic 
control to ensure protection of the Columbia River and avoid potentiat impacts to the current 
pump-and-treat ystem that arc in pla e to contain the plume. 
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Bioremediation (liquid 
amendment) h1ntes may 
Include the f'ollowinJ; 

• Alcoho 
• Orpnic lcicb 
• upr syrups 
• Vesew,le oR 
• Other organic substm 

Each h ad and 
disadvan,ta1tes 

reduced lfur compoun 
(liquid amendment): 

• Calcium polysul ITde (liquid 
amendment) 

• F erTOUJ llicle 
• Sodium meubbullitc. 

Other sulfur-bated chemical 
such u sodium dithionite. ace 
availabl 

Zero-valen1 iron. 

Miaun-llCale or nano-scale lid 
particl 

Gas injection followed by 
•tommd luny in newly drilled 
bordiot 

Table4-2. 

Typically done on a wide 
injectioo U g. 

Depends upon fonnatlOfl 
clwacter: 

• Di,persi011 ( ooanrc 
material ) 

• Fluidization OOlrlle 
m11ai&ls) 

• Fracrure filling 
~lned 

material • 

Presence of additional 
contaminantt mu be 

idered, they could 
impaca longevity of reducing 
capacity; other itional 
con amil'lan may accumulate 
in the reducing zone. 

eh• e testing may be 
done to crw>lc selection of 

best 8111"!nlC far 
I specific site. 

Cm combine, wiih addition of 
carbon SQllfce 10 prevent 
production of ex Ii 
M ~nsidcr other 
oonstitucr11, ·n U the 
electro , i\lCh oxygen and. 
nilr'alC, In desi111inJ the 
treatment system. 

Etrect of other reducible 
0<1CDpCJ111KD (e. ~ o nc:n 1t1d 
nitrate). and rcL or 
potcot:lal cxx,tamlnll'I due ID 

chan i11 reduaioa-o idation 
i!tllC, 

~ alal • e• 

y 11tc !oncer io oeaa 
th111 chemical becau.9e of 
lowtt kineli 

Potantial pla,ain of 
ronnation th biomasi 
oreatborta 

POfflltiaJ plupa of 
formation or pipina with 
JUI fl t or cart,on 

Potential increases in 
lfate in groundwater. 

posute to O ytemled 
ten could produce 

ferric o ide coatinp on 
tbe iron pertlcles. 

c .. 
Low-cOII 
amendment may 
result in cott 
ldvan_tate, but 
many factors mu 
be c:onsidcrcd.. 

Hlsfia unit cQ\lt 
amendmenL 

9 to Sl7/ka ($,4 to 
17/lb) of 

z:ero.va!Olt iron 
c:mplaced. 

~ 

Perf<inn.lnce cui be 
enhanced in reduad zoocs 
by creating nx:ircullti°" 
gradicn ~of ' cximn pump-and-treat 
~ 

E11inwe l .S pore wlumcs 
ofamcaded Cf Ill' be 
pumped d reinjectrd to 
achic~b valent 
cbrotnillm remediation. 

Rew from 12 ·1 
depths from S IO I 00 ft 
below around url'aoc: 

• Appro nwely 70% 
good dilttibutiOl'I 

• Approximately 6 • 
good performance 

• Appr011im.arcly .50% 
erefractun:d. 

en 
0 
~ 

I 
1.,,1 
00 
1.,,1 
y 
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Th following unccrtainti wtf'C identified during the meeting and it w generally agreed that 
they bould be add ed prior to or during the Rl/FS pro • planned for th 1 ~D Arca: 

• Contaminant Ollrtes are only partially defined and must be addressed in remedial design. 

• Hexavalcnt chromium plum are not fully delineated laterally or vertically. 

• The flux of water through th adose zooe h not been detcnnined, thus adding 
uncertainty to surface infiltrati n an approach. An infiltration test could be conducted 
to improve thi understanding. 

• Groundwater/surface water interactions are not fully undemood and need to be 
considered in regard to potential re-oxidation of reduced spcci seasonal impacts. and 
the rc,quin::mcnt for dissolved oxygen concentrations of at least 6 mg/Lin near-river 
monitoring well . 

• Heterogeneity of the aquifer may impact lhe strength and loo evity of the reduced zon 
and m I be co idered in the remedial design. 

• Lower penneability units or stringers m y serve as long-term sources ofhexavalcnt 
chromium and thus could impact remedial effectiveness and timeli 

• ntaminated groundwater currently impacting th river may require more immediat 
attention. po ibly ing different technologi than groundwater that is further inland. 
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5.0 E HNOLOGY RE NIN DOI! I IO ALY I 

The interim remcmal actio implcmcotcd at the 100-0 Area were primanly designed to protect 
the river by intercepting downgradient portion of the plum and li.minatin the discharge of 
hclUlvaJent chromium to the river at ooncentrations >20 µg/L. Although the existing system 
have reduced the level ofhcxavalcnt chromium discharging to the river, they h ve not been able 
to eliminate bexavaJent chromiwn excecdances at the river, nor have they been able to rcduc the 
concentrations and extent ofhcxavalcnt chromium co11tamioatinn in the upgradicnt areas of the 
plumes to the extent anticipated. ~ stated in Sectioo 2.0 these systems were never intended for, 
nor arc they capable of, addressing secondary sourcc:s ofhexavalcnt chromium in the vadose 
zone that are continuing to feed the plumes. Uni additional actions are taken to accderate the 
cleanup of the residual source ArCaS and plume bot spots, it may be necessary to operate the 
eltisting systems for decades. Any future RAA with the potential to accelerate remediation and 
cl sure of the site wilt likely be comprised of both in situ and ex situ remedial components. 
Consequently, the identification and evaluation of potential new or allemati ve remedial 
technologj i an important part of the 100-D Area RPO process. 

A technology screening meeting was held for planning purpo on June• through 6, 2008, in 
Richland, W hington, and facilitated dc,ci ion anal i was employed to · st with th 
identification, sa-ecning, and ranking of potential remedial technologi that are appropriate for 
tho I 00-D Area. This was an internal project team meeting with an objcctiv of developing a list 
of applicable ti hnologi Each technology wa aluated in terms of strengths and cakn 
as it relat to the I 00-D rea and its unique challeng . 

The following activiti were accomplished during the decision anal i 
con i ent with the RPO effort for the 100-D Arca remediation ystem: 

ion and are 

• Working RAOs were developed for the 100-0 Area for planning purpo 

• Weighted screening criteria were developed with which to compare and screen 
tcchnologi 

• A brainstorming ion was used to identify an array of pro pective technologies for the 

• The prospective technologies were screened and ranked u io the criteria. 

Subsequent to the DA, those technologies that cored relatively high in the screening process 
were combined to c,, e a range of RAAs with the potcoti to achiev the w ricing RAO ft r 
the 100-D Area (Appendix A). As discussed in Section 1.0, these altemati es will be screened 
and FS-level d igns and costs will be developed for the preferred altcmative(s) in the fall of 
200 . 

5.1 WORKING REMEDlAL ACTIO OBJECTIV 

Before discussion of potential technologi , the d i ioo analysis meeting panicipants agreed 
that it was appropriate to articulate working RAOs so everyone was considering and evaluating 
the technologi in the context of achieving RAO • The e ooong RAOs are thought to meet or 
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exceed the protectiveness of the existing interim RA and, ubjcct to revision, may be used for 
the final ROD. 

Two working RA were identified for the 100-0 Area and are ummarized low: 

I. Immediate protection of th aquatic receptors in the Colwnbin River. The group 
concurred that the tenn ''immediate protection" means that all appli hie tandards arc to 
be met in the ri vcr no I tcr than 2012. 

a. Thi includes meeting the standard of 10 µg/L for hcx.avaleot chromium in the riva-. 
The regulato.ry ageoci have determined that a 1 : J mixing factor i appropriate at the 
I 00-D Arca. The:rcfore, I 00-0 Area groundwater adjacent to the river (which will 
seep into the ri er and become mixed with river water) may contain up to 20 µg/L of 
hex valcnt chromium. 

b. Thi also includ meeting a tandard of at least 6 mg/L of dis I ed oxygen in 
groundwater adjacent to the river. 

c. AJI other groundwater parameters will need to be 5Ufficieotly protective of the river 
ucb that the river water complies with all other applicable n:quirer:nen . 

2. A chi e remedj tion goal for aJJ groundwater at the 100-D Area by 2020. 

a. This in lud meeting a standard for bcxavalcnt chromium in groundwater rme 
distance upgradicnt of the river values f; r the standard and th distance to be 
determined by modeling), so as to be protective of the river acoording to the tandards 
above. 

b. Thi al includes meeting the CL of I 00 µg!L for total chromium throughout the 
plwn . 

c. Meetin the goal for hcxavalent and total chromium will require oontinued 
management of the ado e zon in order to restore and protect groundwater. 

5.l MULTI- TIRIBUTE VAL ALY l 

A multi-attnbute valu anal is was used 10 cstabli b a hierarchy of deci ion criteri Crirerium 
DecisionPlus"' Version 3.0 ftware was used to facilitat brainstorming. calculate results, and 
present results of the creen.ing. The team conducted a braiostonning ion to dev top the 
criteria that hould be considered in the deci ion-making pro 

The primary criteria for screening tcchnologi rcpli t< EPA interim guidance ( Guidance for 
Conducting Remedial In tigaJions and F, a.sibility Studi Under CERCLS. Int rim Final 
[EP A/540/G-89/0041) which recommends screening technologies based on cffectiven 
implementability, and cost. Each of Levd I criteria has subonlinate criteria, and the team 
thought would be useful to better characterize the Level I criteria. Two Level 2 criteria also had 
ubordinate criteria (technical and administrative implementabiUty). 

"' · a uademartc. of Integrated Software luti I.LC, of Seattle, WIJlll".11&1(>n.. 
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In an. a total of 15 different criteria were brainstonned (Figure 5-1 ). Some of lh criteria were 
ubordinat t otb . Taking !his into acoount, ch technology wa creeoed against IO final 

screening criteria highlighted yellow box in Figure 5- I). Figure 5-1 sh w th relati e 
weight of h of th criteria. as determined by th meeting panicipant . The weighting of the 
ten highlighted criteria ranged from 7.5¾ to IS¾ of the t tal weighting (100-/o); thus, no on 
criterion dominated the decision process, and no one criterion weighted low that the 
conttibution could be considered negligible. 

5.2.l Tedulology Bralnstormlng 

The meeting ttendec:5 determined that four different groups oftechnologi needed to be 
evaluated: 

• Technologies that can address the first RAO ofimmcdiati ly protecting the river 
• Technologies that can address the vadose zone 
• Groundwater remediation tcchnologi 
• Ex itu groundwater treatment technologi . 

It was anticipated that many RAA would uhimat ly need to in lude on or more technologi 
from each ofth t gori . The focu as on bexavaleot chromium. It will be important t 
ensure that elected remedies wtll also meet applicable tandard for other nstitucnts and 
-parameters. 

After the abo c four teg ri · oftccbnologi were defined, the group brainstormed 
tcchnologi to identify without judgment) any and all possibilities for remedial technologi 
that could be employed at the ite to achiev th orking RAOs. Th group then pared the Ii t to 
ranov tho tochnologi that were deemed too expensive, untested, ineffective, or otherwi 
unacceptable to warrant seriou con ideration. 

lf consensus not reached on elimjnatiog a given technology, it was rctllincd for roc:ning 
as not to eliminat any technology that could po ibly b vi blc. Th technologies that survived 
the initial cut are d cribed in Section 5.2.1. l through 5.2.1.4 and they Ii ted in order of 
eventuaJ scoring, from high to low favorability. 

S.2.1.1 River Prottc:tion T~ologlet Retatn d (or r ntng. 

• Biological barrier{s): Periowc injection of a carbon substrate ( electron donor) would 
create and maintain a reducing mne perpendicular to groWl<lwatcr flow, causing the 
di lved hexavalent cbromimn to be reduced and prtcipitatcd prior lo reaching the ri er. 
Thi tcchnol gy ould require an ancillary technology to re-oxygenate ground atcr 
before discharg to the river. 

• Hydraulic banier using injection at riv (mounding): A seri of w 11 or trench or 
a bori:r.ontal well, would be used to inject uncontaminated water to the area adjacent to 
the ri er for at I part of the year. lfverticaJ w II were used, it i anticipated that th 
installation of a minimum of 40 to 50 wells would be required to cover-the length of the 
potential plum interface with the river. Regard! of the infiltration or injection 
technology ed, the injection rate would need to be sufficiently high to create a light 
mound in the underlying water table. The injected water could ioctude either 
groundw tcr or river water or a combination of both. 
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• ir n Air would be injected in a seri of air sparging well to re-oxygen te 
groundwater before discharge t th ri er. (Thi w uJd be an ancillary technology as air 
sparging could not be used to remediate he.xavalent chromium as a tand-alooe 
technology.) 

• Chem.jcal barrier( ): Thi is similar to biological banier(s) descn"bed above but would 
in otv injection of a hemical reducing a cot rather than a carbon ubstrate. 

• P · : Groundwater would be cxtnlcted prior to discharge to th river using 
a seri of well . (Th water would then be treated using ooe of the ex itu treatment 
technologies described later.) 

• ient ntrol: Thi i similar to plume interception described above but would 
in ol\l mote aggressiv groundwater extraction to maintain a hydraulic gradient from 
the river inland toward the 100-0 Area groundwater on a year-round basi . 

• ntinuc all current actjo : Operation and upgrade of the ISRM would be continued. 
(Thi would likely be an ancillary river protection ted:mology because it alone i not 
achieving the river protection working RAO.) 

• edi ion: A large number of d~rooted trees would be planted next to the 
ri er to uptake contaminants and provid a hydraulic gradient from the river inland. 

• : Salmon mids (spawning ground ) would be created somewhere el rather than 
protecting th river at the 100-0 Arca. Then redd could theoretically result in th 
ame or improved net environmental benefit ioce they could in the almon 

population. 

S.2.1.l Vados Zon Teclanologks Retained for Sufflling. 

• Biological infiltration: Groundwatc- from extraction wells w uld be amended with 
a carbon ubstrate and injected via drip lines, sprinklers., or infiltrators (i.e., in 
a lcachfi Id-type configuration) above contaminated vadose zon Micro-organisms 
would consume the carbon sub trate and create reducing conditions hereby the 
hexavalent chromium would be n:duced and precipitated. Feet (meters) per day of water 
migration can tak pl in the ad zone which generally docs not become fully 
aturated. Treatment tun of 6 to 12 months are po ible. 

• hemical infiltration: Thi 1 bnilar to biological infiltration but would use a chemical 
reduction amendment rather than a carbon substrate. Treatment effects would be more 
instantan us. There is a potential for increased mobilization of constituents . 

.i:.Jl!Ut.l..&lJl!.ll:U~· ... Contaminated portions of the vado e zone would be flushed with water 
carrying hexavalent chromium down to the groundwater where it would be ubsequently 
addressed using one of the groundwater remediation technologi described later. 

• Continue all current actions: Excavation of hot spo in the vadose zon would continue 
under th CWTCllt program ofW hington lo ure Hanford, LLC. 
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• Aggressjye jnjcctjon with pump-and-treat: Thi is i.milar to water flushing above but 
would use higher atcr flow rates in the vado zone coupled with more locali7,ed 
groundwater extraction and treatment beneath and immedjately downgradicnt of the 
vado zone area being treated. 

• lnsti · nal control : Contaminated portions of the vadose zone would be prohibited 
from certain (such as residential) rather th.on being rancdiatcd to U RA . 

• · : Hydrogen gas (or organic gas, uch as propane) would be injected 
into the vadose zone to serve an electron donor for autotrophic m.icro-organi ms to use 
for the reduction ofbexavahmt chromiwn to trivalent chromium. 

• Yegetated (evapotranspiration) cap: A vegetated soil cap would evapotranspire 
precipitation falling on the area before it could infiltrate and leach bcxavalcnt chromium 
from contaminated soil and carry-it to groundwater. 

• Containment and isolation: Contaminated soil would be encapsulated to prevent contact 
with water and recepto 

• Surfi,w barrier: An impermeable barrier would be placed on the grom1d surf-ace above 
contaminated soil to pre cot infiltration of precipitation and Leaching and transport of 
hexavalentchromjum to growdwater. 

• Grouting/ lidification: Contaminated oils w uld be grouted or lidified in place to 
prevent hexavalent chromium from leaching from them. 

5.2.1.3 Grou dwat r Trutmtnt Tech.nolo 

• In situ bjologicaJ mtment A carbon substrate would be injected into groundwater 
throughout the plum fi r micro-organisms to nsum thereby ere ting reducing 
condHio that would convert he valent to trivalent chromium. 

• · cal t This is imilar to in situ biological treatment but a chemical 
rcductaot r ther than a carooo substrate would be used. 

• Reactiy bfologjcal bamcr: Thi i similar to in ·tu biological treabnen but carbon 
·ubstrate would be injected in one or more barrier configurations rather than throughout 
th plum . 

• Reactive chemical barrier: This is similar to in itu chemical treatment, but a chemical 
rcductant would be injected in one or more barrier configurations rather than throughout 
the plume. 

• E pand the existing pump-and-treat system: Additional extracti011 ell would be 
installed and the growxlwater extraction rate would be increased. 

• Conlin all current actions: Groundwater extraction and trcabncnt would continue using 
the ~istiog system. 

• Water Oushing: Surface or shallow bsurfacc discharge of treated effluent in targeted 
areas where secondary contamination is present would increase the rate that hexavalcnt 
chromium is flushed out of the vado :zone. 1be resulting increased groundwater 
contamination would be captured and treated and then returned to the discharge area to 
complete the cycle. 
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• Zero- alcnt · : Zero-valent iron would be injected into the saturated zone 
either throughout an area or in a bani configuration. Hex alcnt chromium would 
roduccd to trivalent chromium as 7..ero-valent iron is oxidized t ferrous and/or fenic iron. 

• lnstitutional control : Groundwater ouJd be prohibited from being used for certain 
purpo , such as for drinking water. 

• u i A would tra the disappearance of 
bexavalcnt chromiwn in time and/or space under the action of a aricty of natural 
processes. 

5.2.1.4 Ex Situ GroandwaterTreatmHt. 

• Optimize e isting ystcms: IX would continue to be used, but different resins and O M 
trategies would be t ted to find ways to optimize treatment and reduce cost . 

• Reinfiltration with biological amcndmen : Rather than treating the e tractcd 
groundwater in an engineered facility the ~tracted groundwater would be amended with 
a camon substrate and reinjcctcd into the subsurface for treatment to take place there. 
Biological reduction would take place in the vadose prior to the injected water reaching 
the water table. 

• '-'---·~ 'on: Ferrou iron salts would be used to reduce hcxavalent chromium. 
P t- ttducti n aeration, flocculation/settling and filtration would be part of the 
treatment train to remove excess ferrous iron and olids g.cncratcd. This technology is 
commonly used to treat metal in electroplating wa tes (see Section 6.0 for a more 
detailed discussion). 

• Continue all current action : IX treatment ould continue to be used as in the p . 

• Rcinfiltration with chemical amendments: Thi i similar to rein61trati n with bi logical 
amendmen but a chemical reductan would be used in tead of a carl>on ub trate. 

• Biorcactor treatment: fatractcd groundwater would be treated in an ex situ biorcactor. 
Various types ofbioreactors could be used including Oujdized beds, Ooating bed , 
membran biorcactors and membrane biofilm reactors. 

• Reverse osmosi : Pressure forcing water through a membrane would filter out the 
h avalcnt chromium and other ions. 

• Phytoremediation: Extracted groundwatet ould be used to irrigate plants. Root 
exudatcs serve as a carbon and energy soun:c or micro-organisms to create reducing 
conditions and reduce bexavalent chromium to trivalent chromium. 

• w : An area would be lined, filled with a substrate layer of wood 
cl.ups or similar material, and planted. Water would be introduced via a series of pipes, 
and plants would be grown to generate enough carbon to be self-sustaining. H a alen1 
chromium would be removed by direct uptake in plants or reduced in biologically created 
reducing zoo , and trivalent chromium would adsorb to the sub trate material . 
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• National pollutant di charg elimination system discharge: GroWldw ter, either treated 
orWttrcatcd. would be discharged to the river vi diffusers. If allowed by th regulatory 
agencies, much hlgber treatment dards could be obtained inc mixing of the 
groundwater with the river water could provid ignificant reduction in th 
concentrations of growid ater con titucnts. Additional treatment or engineering control 
may be warranted if fouling of injc:cti n d livery ystems l po ible. 

• Suffur-modjfied jron treatment: GranuJar media wouJd be used to remove hexavalent 
chromiwn by adsorption or by reduction to trivalent chromium followed by precipitation 
of r2 . 

• Sulfid treatment: Ferrous sulfide would be added to the water to chemically reduce 
hexavalent chromium to trivalent chromium, with the concurrent precipitation of 
chromium hydroxide and ferric hydroxide and conversion of ulfide to sulfate, 

• Send to an existing treatment plant: A pipeline would be constructed and untreated 
groundwater would be pumped to the 200 Area Effiuent Treatment Facility. 

• Electrocoagulation: Ditcct cunent applied aero iron electrod would produce ferrou 
iron that would reduce hexavalent clu-omium in groundwater~ Th.is process w uld T'C$Ult 
in the formation of trivalent chromium and trivalent iron that would co-precipitate as 
insoluble hydroxid at the appropriate pH. (Sec Section 3.4 for a description ofan 
electrocoagulation pilot test at the 100-0 Area.) 

S.2.1 Tecb11ology Scoring 

Rating preadsheets were aeatcd based on the alu hlerarc.by presented in Figure 5-1 . The 
attend (listed in Appcndi 8) then individually rated the surviving technol gi against the 
scteening criteria. 

Meeting tteodces individually cored the 45 technologies described abov gainst the 
IO screening criteri Some people worked together a group and produced a ing)e re 
representing the group. Thus, single sooring beet would include 450 values. Scorers were 
instructed to generally use values of 25, SO, or 75 (or low medium, and high) to represent how 
welJ a technology met the decision aitcria. Several peopl used intermediate values. Yalu of 
0 and 100 oouJd also be used (to denote 100-/4 negative rating and 100% positive rating, 
respectively). lf an individual w unfamiliar with a technology, th 001l'CSp00ding scoring 
space., couJd be left blank and th cell would then not enta into the calculations. 

A total of 11 score sheets were completed during the decision analysis s ion, aod each of the 
11 sco w ~ed the ame weight. All of the results were either directly entered into 
a Microsoft Excel worbhcct. or entered on paper and then entered into a Micro90ft Exoel 
work.sheet. Toe worbhcets were then compiled into a single workbook so the avenge scores 
could be calculated from all the worksheets. Th were then entered into the Criteriwn 
DecisionPlus software to calculate the nonnallzed score of each technology. Resul are 
presented in Figures 5-2 through 5-S, fi r river protection. vado zone treatment groundwater 
treatment, and ex situ treatment tcchnologi , respectively. 

Microsoft Exec ' a registered trademark ofMiclOIOft Corpora1ioo in the Uniled t.atct and/or m olba-countnc1,. 
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In reviewing the sco era! ob crvations were noted: 

• Biological tochnologie:s tended to be highly red, fi llowed clo ly by chemical 
t bnology counterpart . 

• The top-scoring riva protection technol gi w biol gical bani er followed by 
hydrauli barrier ing injection at river, sparging well , and chemical barrier. Because 
sparging ells arc an ancilJary rather than stand-atone technology this option should not 
be compared directly with the oth . Injection at river could either be ancillary or stand
alone. 

• Top-scoring vadose zone technologi were biological infiltration, followed by chemical 
infiltration removc/trut/dispose, and water Bushing. 

• Top-.scoring groundwater treatment technologi, were in itu biological treatment 
followed by in itu chemical treatment, in itu biological barrier, and in situ chemical 
barrier. 

• Top- ring e itu groundwater treatment technologies wen: optimize ex.1sting em , 
followed by re-infiltration with biological amcndmc:n , ferrous iron reduction. and 
continue all lions (keep using IX as in the p t). 

The ring proccs i ' not used to elect the "b t" technology in each category. Rather the 
result are used a guide for lccting t hnologjes that could be grouped together to create an 
RAA. The RAAs de I pcd after the teclmology scoring described in Appendix A. 

5.3 ALY 1 OF DE 1S10 ANALV l DAT D CO CL IO 

Thi type of approach ha many bene IS d cribed below: 

• II i a transparent and deliberate that includ clear go , lear screening criteria, 
and a comp let array of remedial tedmologi to consider. 

• It i quantitative and it conveniently and credibly documen the d · ion-making 
pro 

• It fosters communication and di 
among participants. 

ion, and promotes consensus and commitment 

• It can help reveal factors that are driving and not driving the deci ion and areas of 
uncertainty that need to be explored further. 

• It can help identify here differences between tecboologi arc meaningful e.g., a small 
change in score or weight can result in another technology ,coring higher) or not 
meaningful (e.g., no change in weight can change the :ult in the score). This helps 
stakeholders focus on discussions that are meaningful to technology ranking., and help to 
prevent unnecessary debate around subj that will not change the outoome. 

Due to th compressed natunoftbe dcci i o analysi activities, some component of the 
analysi could not be optimized in real time, described below: 
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• Some technologies were discussed in more detail than others. Thu may bav led to 
a better understanding of these technologies, which oould have resulted in different 
scoring approac~ then tho toclmologi that were I well understood. However 
any chang in scoring would be expected to be minor and would not hav resulted in 

leering one technology over another for the purpose ofRAA development (i.e., the 
team did not pHcitJy develop RAAs trictly based on scoring rankin and considered 
tec-hnologi of similar soo as approximately equal). 

• ot all technologi included in the decision analysi evaluation have the same scope of 
applicability. Som were deaned major componen of the remedy and othen were 
coo idered ancillary to another remedy. This may have resulted in different scoring 
approaches by the scorers. 

• The scoring range used to evaluat tcchnoJogies may have been too restrictive. While 
most scorers used the 25, 50, and 75 liberally, few scorers used valu of0 and JOO. This 
led lo clustering of results and I differentiation of vaJue than if a wider range had 
been used. 

• A sensitivity analysis on decision anaJysi scoring weights w perfonned and i 
presented in Appendix C. The sensitivity analysis shows that tho tcchnologi that 
were included in RAAs (Appendix A) due to their t bnology ranking from the decision 
analysi process would still have been chosen given reasonable changes in scoring 
weigh . 

• Soonrs in the decision analysis ses ion have different backgrounds and experience with 
the technologi and with the l 00.D Arca. While me scorers were knowledgeable 
about a wide range of technologies and the pccifics of the 100-D Arca, other axpats 
were more focused on a smaller group of technologies or pect of the 100-0 Arca. 
Variations in confidence with which different soores were made may not have been 
captured in the results. 

The meeting participant did agree that th dcci i n analysis scs ion w useful in developing 
and creening technologies, and the meetfog served its purpo in identifying which tcclmologics 
should be considered for inclusion in RAA . 
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EPTUALD lG 
WATER TREATMENT 

0 TS 
CH OLOGJE 

1be :Xistingex itutr tmcnt ystem forth 100-DArea 100-HR-3andDR-S)donotappear 
to hav th treatment capacity that will lik ly be needed to chieve the CWTCOl or potential future 
RAOs. Neverth 1 , the resuJts of the technology screening and decision analysis presented in 

tion 5.0 danonstrate that one or more ex itu pwnp-and-treat ystcms will likely remain an 
important component of any futw-e implemented al the I 00-D Area ( Appendix A). 
Consequently substantial upgrad of the existing systems or their replacement by a larger 
system arc being considered. Con istcnt with the objectiv of the I 00-D Area RPO, thi section 
presen the design criteria. pre-conceptual d igns, and rough order-of-magnitude co estimat 
for three ex situ treatment systems that could be implemented at the I 00-D Area to facilitate the 
achievement of RAO . The infonnati n presented in this section is intended to support the ffort 
to lcct the pump-,and•treat ystcm design that is most appropriate for th 100-D Area. Cost 
factors used in the analysi are ummarized in Appendix D, and oost breakdown bl arc 
included in Appendix E. traction and infiltration tcm componcn were not addressed 
part of this evaluation. 

6.J D IG CRITERIA 

Th pre-conceptual design and rough order-of-magnitud co t estimates presented here for th 
e itu treatment · em are upon the acility, hydraulic, and hemical design criteria 
described b lo . Th pre-conceptual d igns cover only proces within the battery luni of 
the treatment building with the exclusion of groundwater extraction well and conveyan pi 
to and from the building. Th d ign riteria are preliminary and m y be updated as the RAAs 
bein evaluated for the RPO are developed in more detail. For example, groundwater modeling 
will be used to refine th nccptuaJ designs of th RAAs. Required 0ow rates ill be b ed on 
thi modeling. 

A. Facility criteria; 

• The ex itu treatment system pre-conceptual de ign hall consi t of pro and 
equipment within the limit of ocntral treatment building. 

• The design hall not include cx1raction or injection wells, associated piping or other 
infrastructure, the treatment building, roads utiliti electrical service, OT anitary 
faciliti . 

• Design hall includ height and area requiremen for equipment, maintenan and 
torage within th treatment building. 

• Groundwater from extraction well will be deli ered to the trcabnen building without 
inteonediate orag or treatment. 

• The pre-conceptual design shall include provisions for pturc, coUcctioo, and temporary 
torage of all r gulated waste streams, whether liquid or lid, hazard us or radioactive, 

for di posal by others. 

~I 
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• 'The ystem will bed igned there i no off: ite hipment of waste, resin, or other 
byprodu that could po ibly be raruoactively contaminated. (Th b line of 
off: ite regeneration was retained for oompari n purpo ) 

• Final w tcs hould acceptable for on ite disposal at lhe RD . 

• Pro equipment hould bed igned to rcquir minimum I bor support. 

• The pnKX>nceptual d ign shall in Jude major control loops in sufficient detail to 
illu trate proces control strategy and maj r proces and ancillary equipment. 

B. Hydraulic crjteri : 

• The pre- nccptual design hall include all proccs unit operations required to treat a 
sustained flow of groundwater from the I 00-D Area at nominal maximum rate of 
5,680 Umin (1 ,500 gpm). 

• The treatment proc shall have the city to operate oontinuously t any flow rate 
bdwecn th nominal maximum flow rate and 406/4 of the nominal maximum flo rate to 
accommodate variations in well pump operation. 

Chemical critcri · 

• The interim ROD requires th t th groundwater treatment tc:m be able to reduce th 
effluent chromium ooncentrations to the maximum extent practi blc. Treated 
gr undwater with hex valent chromium concentrations >SO µg/L will not be di charged. 
The regulatory criteria further require that hexavalent chromium concentrations be 
lowered to <20 µg/L at oomplianoe monitoring locations. 

• The tn:atmcnt ystem hall be pable of treating groundwater constitucn 
wnmariz.ed in Table 6-1 . In addition. th treated water shall have a neutral pH and be 

essentially particulate-free to avoid scaling or plugging of injecti n wells. Although 
Ii led oontaminant ofconoem, tritium will not be removed by the treatment system; 
in cad, treated w: ilcr will be reinjcctod to allow n turaJ radioactive decay during 
migration through lhc bsurface formation( ) . 

Table 6-1 . 100-0 Arca D ign lnfluent and Effluent Conccotrations. 

Dealp A¥ft'IIP lallullt , , ....... 1:111 t Cftltltllnt Oaltl c...ena.. c .......... 
:S s (ioal): 

Hcxavalent chromium µg/L 100 to SOO' :S 20(a~); 
so (maximum) 

Nitrate u nitrogm mg/L < 10 < 10 

• R.ecc:nt discovery of a zone with over 40.000 11a/L needs funhcr c:valuariOl'.I in a bscqucnt fi ibilily II.Udy. 
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An IX system with offsite regeneration of spent in crv as th b case against which oth 
technologi can be compared. 0 itc regeneration is th approach used throughout the 
100 Areas, with thee ception of the DR-S y tem where r in re encrated nsite by more 
aggrc ive process than i typically employed. 

6.2.J System cripdon 

As shown in Figure 6-1, the b IX ystem consi of six parallel trains with four IX 
v I per train. The IX columns are operated in seri , three vessels in operation lead, lag 
and polish, respectively, while the fourth v cl i in standby following regeneration. Spent resin 
from the lead v sci is shipped to the Siem, facility in Roseville, Minnesota. for regeneration. 
Tb mass balance for lX with of&ite regeocnltion is hown in Appendix E (Table -1 ). The 
equipment list and equipment layout in the treatment building are given in Table E-2 and 
Figure 6--2, respectiv ly. The overall area for the proces building is approximat ly I I OS m2 

(11,875 fl'). 

Influent groundwater 1tora a d pH adjust.meat occur in a ~,566-L (16,~gal) HOPE 
tank. Tanlc izing w based on the existing lX system at the 100-HR-3 facility. A sulfuric acid 
injection ystcm rcdu the groundwater pH to 7.0 to prevent precipitation of calciwn carbonate 
on piping and the IX oolumn . The ulfuric acid flow i automatically adjusted based on the pH 
measured in the treated w tcr tank by means of a feedback control loop. Alternately, acid feed 
could be oontrolled by Do -paced feed-forward logic, since the water ntain significant 
alkalinity. Process feed pumps transfer water to the IX oolumn train ai a maximwn flow rate of 
S,678 Umin 1,500 gpm), although the IX proccs can operat at reduced flow rat . Th tuaJ 
flow rate depends on th production rate of the traction wells and th level of water in the feed 
tank. Automated flow control alv distribute the flo equally to each train. 

The IX column are kid-mounted, with four 2-m (6-ft -diameter v I per train. The flow 
rate through each train is 946 Umin (250 gpm) at full ystcm capacity. The pressure drop s 
the resin bed in a inglc column i approximai ly 29 kilop cal 4.2 psid) under clean conditions. 
At any nc time, al I I three oolumns will be treating water in lead-lag-poli h oonfiguration, 
with the fourth in standby for resin replacement. The valv and piping arrangement will allow 
flow through the columns in any sequcmcc. Purolite A-500, a Type I, macroporous, strong-base 
anion-exchanger in currently used in the DR-S ystcm i also used in the current d · go 
because of i uperior loading capacity and macrorcticular structure rclativ to other resins 
considered. As with all industry standard resins, Pwolite A-500 can be regenerated at the 
Siemens facility. Purolitc A-500 i ignificaolly I expensive than Oowex 21 K resin ($130/ft' 
[ 4,590/ml] vcnus $266/ft' [S9,394/m3

)). The IX vessel were sized for 3.783 m3 (133.6 fY) of 
resin to maintain a throughput rate of IS bed olwn per hour at full flow. 

A backw b a d •luiciag •ysti mi used to remove resin for regeneration. When bexavalent 
chromium breakthrough oocurs, the lead column is backwashed with treated water to remove 
fines from the resin. The backwash water is filtered prior to being pumped back to the feed tank 
to be reproc . Treated groundwater i also used to sluice spent resin into 1.1-m1 (40--f\3) 

tot . A in the current ystem , the sluioe water drains into the collccti n sump prior to being 
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pumped into the feed tank . The resin is analy£cd for radionuclides prior to shipping th totes lo 
lb Siemens ti ility for regeneration. 

An automated multi-port analyzer m nito perfi nnance of the CX ystcm to verify that 
efflueot concentrations e below aUowable limit . This monitorin system includes alann and 
a control th t automatically huts off the IX ystem ifhexavalent chromium concentration in 
any of the train exceed aJlowable values. The individual trains are also monitored ti r water 
flow rates and system pressure drops. Manual sampling and analysi arc used to verify 
hex vaJent chromium concentrations throughout the system and to confirm on-line analyzer 
results. Additional characteri:r.ation is abo performed for chloride, sulfate, nitrate, and uranium 
concentrations across IX v I and trai to evaluat chromatographjc sequencing and 
optimi:,..e the process. 

6.2.l apital and Oper do ud Maintuanc C 

Concept crceoing-1 I capital cost and O&M cost estimates were prepared for the IX system 
with offsit regeneration. Equipment used in these pre-co~ designs was selected based on 
use in applications imilar to these proc , with equipment capacity and sizing based on 
pro calcul tions suitable for the respective applications. These timates were based on 
vendor inform tion telephone quot , information from pr ious projects., and similar urces. 
with application of cscal tion factors (Marshall and Swift Equipment Cost Index - Cite.mica/ 
Engineering [Marshall and wift 20081) and capacity scale-up f: tors {"D igo Co t Factors for 
Scaling~Up Engineering F.quipmeot" [Remer ct al. 1990]). The balance of the timate used 
facto for installation, instrumentation and oontrol , piping electrical. yard irnprovemen 
ervice fi ciliti engineering and upervision, oonstruction expense , administration and 

misceUaneous (includ permitting) and contractor' over.head and profit from Plant D ign and 
Economics for Chemical Enginttrs (Peters and immerhaus 2003 ), modified in Appendix D. 
Th method outlined for fluid processing plants in Peters and immerbaus 2003) lected 
because it j commonly used for preliminary and study estimat of the t described in this 
document; th purpo of th co t estimat is for crcening and comparing alternative ex iru 
tcchnologi for treating h xavalcnt chromium in groundwater. The cost cstim t should not be 
used ti r budgetary purpo or as an indication of the actual cost for a project. 

The timated capital co t for removing heuvalent chromium from groundwater by this tern 
i St6.3 million. The estimated annual O&M co i 6.7 million. Capital and O&M cost 
breakdown information i provided in Appendix E (fabl -3 and E~). respectively. 

6.3 to XCHA GE WITH O ITE REGE ERA TION 

An IX ystem with onsitc regeneration of spent resin addresses concerns about long-haul 
tr port of resin. Onsite regeneration is th approach used at the DR-5 area (Section 3.2). 
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Figur 6-1 . Jon-Exchange System with Offi ite Regeneration. 

{._______,) - --Off--• - - · - - - ·- -

-
• 

_ _ ___ ___J 

I I .__ ________________________ _ 

I l 

I ~ .. 

6-5/6--6 



er- I I ...J 

, · 
I 

Figure 6-2. Building Layout for Ion Exchange with Offsite Regeneration. 
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6.3.l System Detuiption 

While in ervioe, the IX part of th proces i identical to that of th above case for offsite 
regeneration, con istiog of ix paralleJ trains with four 1X vessel per train. Th IX column are 
operated in seri three vessel in operation as lead, lag, and polish, while the fourth vessel i in 
standby mode following regeneration. The key differeocc is that pent resin i regenerated while 
still in the column, using a method different from that used for the DR-S system. The overall 
process for IX with onsite regenention i shown in Figure 6-3, with th mass balance appearing 
in Table E-.S of Appendix E. The equipment list and equipment layout in the treatment buiJding 
are provided in Table .E-6 and Figure 6-4, respecti ely. The overall area for the proc buildin 
is approximately 1,363 m2 (14,700 ft2). 

lnftueat groundwater storage and pH adjuatmeat occur in a 60,566-L (16,000-gal) HDPE 
tank. identical in fonn and function to the case in which regeneration oocurs offsit . Proces 
feed pumps transfer water to the IX column trains at a maximum flow rate of 5,680 Umin 
(I ,SOO gpm), although the IX process can operate at reduced fl w rates. The water i pumped 
and distributed as ~cd previously for the IX system with offsite regeneration. Sulfuric acid 
reduces the groundwater pH to 7.0 to prevent precipitation of calcium carbonate on piping and 
lXoolumn . 

The IX columns arc skid-moWttcd, with four 2-m (6-ft)-diamcter ves els per train and will 
operate exactly the same way described for the IX system with offsit regeneration. These 
columns wilJ also use the same resin (Purolitc A-500 a T~ l , macroporous, strong-b 
anion.exchange resin) and resin quantity (3. 783 m3 

[ 133.6 ]) as previously described. 
However, th e columns will have slightly different internal configurations to provide for 
unifonn di tribution and colJection of brine rcgenerant and low rin . Additionally, each 
column will include automatic valving and instrumentation for the regeneration cycle. 

Backwashing rcmov tin resin fragmcnis from the resin bed prior to actual regeneration. 
idcntical to the d cription for the IX system with ofli ite regeneration. 

The p of IX endon i a three.step proces The fir t step consists of regenerating 
the resin by passing a 100/4 solution of sodium chloride brin in an up-tlo mode. through the 
bed at a low hydraulic rate. Up-flow regeneration efficiently remov hcxavalent chromium 
from the resin at the bottom of the column topxcvent leakag commonly encountered with co-
current regeneration. The sodium chloride brine containin_g hexavalcnt chromium removed from 
the resin is diverted to the regenennt tnatment t&llk for hexavalent chromium removal. The 
rcgcnerant brio is prepared by saturating water with sodium chloride rock salt in the alt 
uturator. Saturated salt brine is periodically transferred to the brine feed ta1tk, from which it 
is metered into a slream of treated water to produce I 0% rcgcnerant brine. 

The second step oonsi ts of displacing the brine in the column with treated water, at the same 
low tlow rate and volwne as with the regenerant brine. 1bi slo rinse stream also i sent to the 
rcgenerant treatment tank for bexavalcnt chromium removal. 
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Figure 6-3. Jon Exchange with Onsite Regeneration. 
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Th third step is a rinse with treated water at a higher 0o rate and larger volume than the slo 
rinse. ast rinse water i returned directly to the feed tank. to be reprocessed through the system. 

Regeoerant brtn tttatm nt involv addjtion of ferrous chJoride to reduce b avalent 
chromium to trivalent chromium, which pn:cipitat from solution a hydroxide. The ferrous 
iroo th t reacts with h xavalcnt chromium bccom oxidized to ferric iron and al precipitates 

a hydroxide. 

Residual fettou., iron icmains after bcuvaleot chromium is reduced. The excess ferrous iron 
is oxidized by pa(ging air through the regcocrant treatment tank to pTOducc ferric iron, which 
prccipitat as a hydroxide. Uranium removed from the IX resin during regeneration 
co-precipitate., with the ferric hydroxide. 

olids fonned when spent brine regenerant aod low rinse water are treated arc filtered through 
a vacuum pre-coat filter to remove solids. The resultant solids-ftec tram i red in the 
treated regenerant tank and slowly metered back to the feed tank to be reproccsscd through the 
IX ystcm. Process calculatio indicate that the secondary MCL for chloride would not be 
exceeded by controlled flow of brine to lhc feed tank. Protcotion against injection well plugging 
i provided by oxidation of ferrous iron to form insoluble ferric hydroxide and treated water 
filtration through.an ultrafine pore-size microfilter. onfirmatory t ting and evaluation are 
advised to verify overall feasibility of this approach to treated regenerant management. 

6.3.2 Capital and Opentio and Ma1ntman Costs 

Concq,t screening-level capital and O&M cost estimat wen: prepared as cribed in the 
previous section and again should not be used for budgetary purpo or an indication of th 
actual cost for a project. 

The estimated capital co ti Sl4.7 mjllion. Th estimated annual O&M cost · 2.3 mHUon. 
Capital and O& cost breakdown information i provided in Appendix E (f ablcs E-7 and E-8, 
-rcspecti ely). 

6.3.3 re for Further va.hu1tion 

Onsit treatment of sodium chlorido-based regenerant brin i an uncommon practice, and th 
approach presented in thi proccs d cription should be verified experimentally before 
implementation j considered. The principl u ed in the pre-conceptual approach to onsite IX 
regeneration and treatment of regeneraot brine are based on familiar practices used in different 
applications. 

The feasibility of reintroducing treated regenerant brine to the feed tank also need experimental 
verification. The chromatographlc sequencing of oonstituen jn IX column effiucnt is CWT'Clltly 
unknown. it is not certain whether nitrate will occwnulate in treated brine and compete with 
hexavaleot chromium for resin binding it . Jt is also not known to what extent chloride 
released from the IX resin will contribute to chloride concentrations in treated water, nor whether 
1he chloride concentrations will approach or cx_ceed the seoondary MCL. 
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6.4 RROU CHLORIDE PltOCESS 

Ferrou chloride and ferrous sulfate h ve been used to reduce hexavalent chromiwn for over 
70 years and have found u in industry as well as groundwater treatment 

6.4.J y 'km De cdption 

Ferrous chloride w hosen as the hexavalcnt chromium reducing agent because it has been 
valuated by the City of Glendale CaJifomia («Hexavaleot Chromium Removal by Reduction 

with Ferrous Sulfate, Coagulation and Filtration: A Pilot-Scale Study" [Qin ct aJ. 2005]). The 
ferrous chloride treatment process is shown schematically n Figur,, 6-5 and .is summarized 
below. Stream numbers given in the process flow diagram are identified and materials quantiti 
are provided in them balance in Appendix Table &9. Process equipment was sized 
according to intended function and each item i identified in the equipment Ii$\, Table E-10, 
well as capacities and approximate dimensions. Figure 6-6 is a layout drawing showing 
approximate placement in ide the treatment buiJding. The overall area for the proc building is 
approximately 1,414 m2 (15 225 ft2). 

Rexavaleat cbromium reduction i perfonned by addmg an excess of ferrous chloride to 
hexavalent chromium-contaminated groundwater in a stirred-tank reactor with a hydraulic 
residence time of S minutes. The hexavalcnt chromium is reduced to the trivalent Sblte by the 
ferrous iron. A second reactor in scri with the first allows the hexavalcnt chromium reduction 
reaction to continue without interference from high bexavalent chromiwn feed water entering the 
first reactor. The reaction i carried out at a pH of 6.0 to prevent dissolved oxygen from 
competing with hexavalent chromiwn for the available ferrous iron(' Remo al ofCbromium[VJ] 
from Drinking Water by Redo. -Assisted Coagulation with 1.ron(U)" [Lee and Hering 2003)). 
The reaction rate used in sizing the reactors was based on pseudo-first order kinetics 
approximated from a more complex relationship ('<Kinetics f Chromate Reduction by Fcrrou 
lron" [Fcodorf and Li 1996]). 

Ferrou iron o-xidadon is carried out to prevent iron fouling of groundwater injection well after 
the water b been treated. The pH i increased to at least 7.0 to 7.5, and air is sparged into three 
oxidation reactors in scri to reduc re idual iron to below l 0 to 25 µg/L The oxidation rate of 
ferrous iron i 00nstraincd by limits to the pH of water that can be reinjccted without causing 
calcium carbonate to foul the injC(.'lion well 11Sing a published kinetic equation ('•Kinetics and 
Product of Ferrous Iron Ollidation in Aqueous System " [Sung and Morgan 1980]). ch 
oxidation reactor bas a hydraulic residence time of 30 minutes to reduce residual ferrous iron to 
the target effluent concentration from the third reactor. 

ClariOcation ignificantly redUCCli th concentration of solids precipitated during bcxavalcot 
chromium reduction and ferrous iron oxidation. Gravity settling is enhan<:ed through use of 
a synthetic; usually acrylate-based, polyelcctrolytc which agglomerates iron hydroxide floe 
particles into larger, faster-settling particles. A very high fraction of the suspended solids 
entering the clarifier are recycled back to the first oxidation reactor to provide nucleation sites 
for newly-precipitated solids. Sludge is wasted at the same rate at which it fonns in the proocss. 
Water in the clarifier overflow stream contains as much as 25 mg!L of suspended solids.. which is 
100 high a concentration for direct injection. 
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Mkroffitntion remov ferric iron floe particles from the clarifier overflow tream by filtration 
through a microfillcr with 0.1 micron pores. The microfilter is automatically backwashed at 
predetermined interval (typically hourly) with solid enriched backwash waler captured in 
a dirty backw b tank and then reprocessed through the treatment plant. Precipitated Ii are 
pursed from the system through the clarifier underflow stream. 

Treated water i stored in the treated water tuk from which it i pumped to injection wells. 
The hexavalent chromium conccotratioo in treated water will be below the 20 µg/L Um.it for 
grotmdwatcr. and probably significantly below 5 µg/L. The ferrous chloride process would also 
reduce the naturally occwring uranium concentration to below I µg/L through co-precipitation 
with the hydrous iron floe. Nitrate and sulfate concentrations are unchanged by the ferrous 
chloride process. Treated water i e pcctcd to meet secondary MCLs for chloride and sulfate 
and should not exceed the secondary MCL oft O m&'L for nitrate as nitrogen. 

Process sludge is wasted to the 1ladge boldiag tank for temporary storage. Periodically the 
sludge is pumped from the tank for dewatcrin Sludge from the sludge holding tank · 
dewatered with a vacuum pre-coat mter. The pre-coat fiJter lJ initially coated with a 7.6- to 
1 S.2~ (3- to 6--in.) layer of diatomaccous earth, which i held in place by the vacuum 
maintained inside the fabric-oovered drum. The pre-coated drum rotates slowly~ continuously 
exposing a fresh pre-coated surface through which liquid is pulled, leaving precipitated solids on 
the pre-coat layer. A maJJ amount of synthetic polyelectrolyte is added to the Judge to improve 
its dcwatcring charactcristi . After lud&c solids have loaded onto the pre-coat layer and w tcr 
has passed into the interior of the drum, the drum rotates further, and on the downwani stroke, 
encounters a "doctor" blad that shav off a small amount of the pre-coat, along with ~ 
soUds. The water that passes though the pre-coat layer into the drum i collected in a vacuum 
ystcm ump and is pumped back to the front of the process. 

6A.l apltaJ IIJld Operation and Maintenance Costs 

ncept screening-level capital and O&M costs were prepared as descn1>ed previou ly and again 
bould not be used for budgetary purpo or an indication of lhc actual co t for a projecL 

The timated capital cost is $15.6 million. The estimated annual O&M cost is $2.9 million. 
Capital and o&M t breakdown information is provided in Tabl £.1 land E-12 of 
Appendix E. 

6..4.2 Arus for Furtb~r Evaluation 

As with most new applications of establi hed technology experimental verification is needed to 
confirm that the approach is robust. Although fully applied for matin,g hexavalent 
chromium in brackish groundwater, investigations have shown that in low ionic strength 
solutions, atmospheric oxygen competes with hcxavalcnt chromium for the added ferrous iron 
(Lee aod Hering 2003). 
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Figure 6-5. Ferrous hlorldc Treabnent System. 
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Figure 6-6. Building Layout for Ferrous Chloride Treatment System. 
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6.5 TECHNOLOGY COMPARJ 0 

Removal ofhexava.lent chromium jn groundwater by IX with o.ffsite regeneration is currently in 
use in the 100-1 IR-3 facility. This technology was included in the evaluation a base case 
against which the other technologies could be compared, with the exception that another type of 
tron -b , anion-e change resin with higher loading capacity was assumed in plaoe of the 

resin currently used in the I 00-HR-3 ystem. The other two tecbnologi were selected bcca e 
hexavalcn.t chromium would likely be removed as efficieotly as with the existing 100-HR-3 
system, and each offered some potential advantages not available with the case involving offsite 
regeneration. 

The IX with onsite regeneration of spent resin was included after an initial evaluation mdicated 
that secondary MCLs for chlorid and sulfate would not be exceeded if regcneraot brine were 
treated to remove hexavalent chromium and the treated brine was co-injected with treated 
groundwater into the aquifer. Tut fCJTOus chloride process was included because it is capable of 
meeting the RAO for h avalent chromium in groundwater and d not produoe a waste brine 
stn:am. 

The throe tcdmologi are compared for several important characteristics io Table 6-2. It is 
noteworthy that the significantly higher O&.M cost for IX with ofwte resin regeneration comes 
from resin shippin8 and regeneration (SO¾ of total O&M) and from radiological analysis ofth 
resin (24%). The system with the lowest O&M co t was IX with onsite regeneration. Although 
the same ferrous chloride-based process would be used to treat the relatively small regenerant 
brine volume in th onsite IX regeneration and total extracted groundwater stream (when IX is 
not used), the c-0 t for treatment chemical aod waste disposal i lower for rcgeoerant brine 
treabnent than for treating the entire groundwater stream. Both of these ferro-us chloride-based 
pI'O()<:., would have lower co than when spent IX resin is regenerated offsite. 

Mass balanocs for each of the teclmologies (Appendix E, Tables E-1, E-S, and E-9) show that 
M Ls for chloride and sulfate will not be excteded, even with co-injection ofbrin with treated 
water into the aquifer. However, nit.rate is eluted along with hexavalcnt chromium during 
regeneration and could potentially exhaust the resin prematurely if the treated regenerant is 
returned to the feed tank. If that poSS:1bility is oonfumed. the treated brine could be co-injected 
with treated water to avoid nitrate build-up in the IX regenerant brio circuit. 

1'be existing IX system at 100-HR-3 with ofmte regeneration produ a lid waste during the 
backwash cycle. Thi waste stream consi ts mainly of small, broken IX bead , which are 
produced at an approximate rate of 6,300 kg/year (7 tons/year). The annual waste rate from the 
on ite regeneration system would be I 02,000 kg/year ( 112 tons/year), including the broken resin 
particl along with sludge and diatomaccous earth filter aid from the he:xavalent chromium 
removal system for treating the waste brine stream prior to co-injection with trca1ed water into 
the aquifer. The ferrous chloride process prodooc the largest waste stream 392,000 kg/year 
(432 tons/year), consisting of iron hydroxide, chromium hydroxide, and diatomaceous earth filter 
aid. None of these w te streams oontain free water by the EPA paint filter test, and all should 
pass TCLP testing as nonhazardous wast . Characterization for disposal on land is needed. 
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able 6-2. Ex Situ Hcxavalent Chromium Treatment Technology Compari on. 

loa f.Khqi w ... , .. stllaqewi,. Ferron OtltU <>ante Ractaeratioa Chlorlcw 
~ratiOll 

pcct IO meet O\'Cflll y V y 
RAO. 

upcct io mod tceonduy Yes y y 
MCL for chloride 

:.xpcct to meet ICCOfldary 
Yea y Yes MCL for sulfate 

Ability IO opcnte 
c.Qntil'IUOlllly at n:duud y y Yes 
f\owl'Jllc 

Regenennt bnne Meterbacklofccid 
IA w\lc .Q[_ co-datpc)IIC NIA 

management with treated water 

Solid wascc quantity 
6.3 (7) 102 (112) 392 (432) 1,000 kg/)flf (IOJWycar) I 

Expect to pas LP ic$t Yes Yes y 

Estimated capital coo 
16.J 14.7 15.6 

(S million) 

Estimated annual O&M cost 6.7 2.3 2.9 
(S million) 

NIA n0t ..,p1icablc 
M L • maximwn contamin1t1t levcl 

M =- opc,111ion and maintcntnee 
TCLP - IOllicity characte.riaic: leaching proocdun: 
RAO = remedial action objective 

6.6 CO CL ION A D RECOMMENDATIO 

Each of the three technologies wiU n:move hexavalent chromium from ,groundwater in the 
100-D Area, and all three should meet required treated water quality criteria. The capital costs of 
all three technologies were very similar, despite differences among the proccs . 1hc O&M 
costs were the most significant differentiator. The technology with th low~t estimated O&M 
co t is IX with onsitc regeneration; the estimated O&M cost for the ferrous chloride proces w 
approximately 200/o higher. The largest lid waste stram i generated by the ferrous chloride 
process. and smallC$l stream. i generated by IX with offsitc regeneration. 

The process of IX with onsite regeneration uses the least well-established approach to manage 
spent sodium chloride rcscnerant brine and poses some t hnical risk that may be addressed by 
testing and e . aluarion. The ferrous chloride process .is a known technology that i lcs 
technically challenging rclati e to IX with on ite regeneration. 
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The following recommendation arc oriented toward verifying performance and reducing 
potential risks associated with onsjtc regeneration. The optimum operating conditions of the 
ferrous chlorid process should also be evaluated. 

• The chromatographic seque:n.cc of anionic constituen in 100-0 Area groundwater 
hould be detennincd to establish whether the concept of returning treated regeoerant 

brin to the feed tank is necessary or if co-disposal with treated groundwater would be 
acceptable. 

• The reaction rates offerrous iron with hcxavaleot chromiwn and dissolved oxygen should 
be investigated a function of pH to optjmiz ~ of treatment chemicals in treating the 
spent regencrant brine prior to disposal. 

• Similar testing should be performed for the ferrous chloride process to establish the 
optimum pH and fem>us chloride dosage needed to reduce the hcxavaleot chromium 
concentration to tho lowest practical level. 

• on-rcgcncrable IX resin should be investigated for potential future use at the 100-D 
Area to confirm preliminary favorable economics, more fully evaluate technical 
feasibility .assess material handling attributes, and determine acceptability for disposal at 

th ERO . 
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7.0 CO CLUSIONS AND RECOMMENDATlO 

The I 00-0 Area h a number of on ing groundwater i u that have received, and will 
continue to rccciv , focused attention from the DO and stalc:eholders. Tho RPO fforts have 
been undertaken at the I 00-0 Area to sist with addressing some of th i • In particular, 
the RPO efforts hav focused on addressing protection of th river and achieving plume cleanup. 
They have also looked at reducing the co t and improving the perfonnanec of the cxi ting 
system . 

This technical memorandum reports on fi e of the seven RPO task , as folio : 

• Reviewed and summarized the SM and discussed implications for site remediation 

• Reviewed the design and perfi nnanoe of thee isting 100-0 Arca e:1t situ remedial 
ystems and trcatability actions· identified ystem or process modifications to improve 

performance 

• Identified and screened in situ and ex situ remedial tecbnologi with the potential to 
improve remedial perfonnance at the site 

• Developed and summarized potential RAAs for the site based on th screened 
technologies 

• Developed pre-conceptual designs and cost for three pump--and-treat teclmologi that 
were identified during the creening process as candidates for inclusion into one or more 
of the proposed RAAs. 

The two remaining RPO tas will be completed after this document h been accepted b RL 
and will be documented in ubsequent documents within the first quarter of FY09. The 
remaining t to be completed are follow : 

• Devel p pre-conceptual level designs and costs for the RAAs and screen the RAAs using 
appropriate decision analysis tools that incorporate the CERCLA criteria for evaluation. 
A deci ion analysi workshop will be held to screen the RAAs. These results will be 
included in a final document that wiU describe the overall remedial approach that i 
recommended for the 100-0 Area.. 

• Develop a pro and control optimization plan for the iterative and continuing 
optimization of the existing and potential future I 00-D Arca pump-and-treat systems. 

• Perfonn pilot testing of some of the components of the pref med alternatives may be 
necessary. It is CWT'ffltly envisioned that any pilot testing would be implemented as soon 
as possible in order to enable full-scale implementation of some of the components in 
.FY09/FY 10. 
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These ctiviti wiU obo be closely integrated with othcc ongoing activiti 

• Actions that will address the hot spot (e.g., near the old sodium dichromate transfer 
st tion and other areas where sodiwn dichromatc product was handled). The objective of 
these acti n will be to remove a igni.ficant portion of the contaminant mass from th 
v do zoo hot spot(s) contributing to the groundwater phnnc(s). Th ctio can be 
con idered oear-tenn actions and are likely to be implemented in FY09/FY10. 

• The RI/FS process. Currently, ao integrated RJ work plan is bein developed for J 00-D 
Area Rl/FS activiti . This process win lead to a final ROD for the sit . 

7.1 REVIEW CO CEPTUAL SITE MODEL 

111e following con lusion emerged during the review of the CSM. as it i CWTentJy undemood: 

• SimplisticaJly, the ite geology is composed of very coarse and and gravel (iocluding 
bblcs), but there are also some stringers of silts and sands. 

• The average depth of groundwater is 21 m (70 8) bgs; thus, the vadose zone is relatively 
thick. 

• The Colwnbia River stage has a ignificant impact on groundw8lcr levels and flow paths. 
During parts oftb year, the river stage i higher than adjacent groundwater levations. 

• Widespread discharge and leaks of cooling water containing about 2 JlllVL of he:xavalent 
chromium, end mounding of groundwater during operations, resulted in a wid prcad 
he vaJent chromium plume at or below this ooncentration. 

• More localized rel of concentrated chromate solutions resulted in higher 
concentration hot spots in some of the areas where these more concentrated solutions 
were historically handled or transponed. Hot spots include high concentrations of 
hcxavalcnt chromium in porewater in the vadose 7,one. These hot spo in the vado e 
zone and saturated zone likely serve as continued urccs of contamination to the 
groundwater plume. ot all of these hot spo have been identified, and it may be very 
challenging to ever identify them all. · 

• The hcxavalent chromiwn pl~e is divided into a northern plume and a southern plume 
as a result of leaks from the 182-D reservoir. Concentrations high as 40,000 µg/L 
have been measured in one of the bot spots. 

• Groundwater with h avaleot chromiwn concentrations >20 µg/L cWTtOtly exist in 
monitoring well close to the river and hltely discharges to the ri er during part of the 
year at concentrations >20 µg/L. 

• These concentrations exist despite the interim remediation systems that have been in 
operations for over 10 years. Although the interim remediation ems were not 
designed to address the entire plume, the persistence of the plume may upport the 
conclusion that there arc ongoing primary and/or secondary sources ofhcuvalcnt 
chromium contamilllltion. Enhanced, modified, or upplemental remedial actions may be 
necessary to address the abo issues. 
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7~2 REVlEW O CUR.RE T EX SITU TREATMENT SY TEMS 
OPTIMIZA TIO ST DIES 

Thede ign and op tional process of the 100-HR-3 and the DR-5 treatment ystems were 
reviewed and a tions to optimize the pcr{onnancc and reduce operational co t were identified. 
The resul of an electrocoagulation pilot test study were also evaluated in order to dttcnnine 
whether this tec:bnology should be considered as an alternative to IX as an ex iru treatment 
technology al the l 00-D Area. 

7.1.t 100-HR-3 S tem 

The 100-HR-3 system has been in operation since t 997 treating groundwater from the 100-D 
and t 00-H Areas. In recent years total availability bas exceoded 95¾, bexavalent chromium 
removal efficiencies are approximately 95%, and effluent hexavalent chromium oonoentrations 
are gencralJy <20 µg/L. However, the actual capacity of the resin i approximately 1.5% of th 
manufacturer's stated total loading capacity. FH is constructing a test bed to evaluate a number 
of IX resins under various operatin.g parameters in an ffort to exteod resin life and reduce O&M 
costs. A number of detailed n:commendations for potential operational improvements and 
optimization ofthe 100-HR-3 tX fl cility were developed and arc presented in Section 6.2 . 

7.1.l DR--5 System 

The DR-5 IX ystem w initially installed in the 100-D Area in 2004 to treat contaminated 
groundwater from the uthern pan of the northern plume that w not captured by the 100-HR.-3 
pump-and-treat S)'$tcm. The DR-5 system differs from other systems in the 100 Areas in that the 
IX re ins are regenerated within the )'lltcm rather than being shipped offsit for regeneration. 

The system has met all d ign goal with the exception of unattended operation ofth 
regeneration ystem. The resin has not been replaced ince the ystcrn was installed. FH has 
initiated optimization of the regeneration and precipitation proccs to reduce O&M costs and 
reduce generated quantiti of solid waste and wastewater. AdditionaJ detailed reoommcodatio 
are provided in Sect.ion 6.3. 

7.2.3 El trocoagu.lation TttatabWty In ligation 

Elcctrocoagulation has been proposed as a potential alternative to the exi ing IX process for 
removing hexava1ent chromium from groundwater in the 100-0 Area. lectrocoagulation was 
believed to offer several advantages over~ including reduced cost and increased operational 
simplicity. Another- point of intcrcSt for electrocoagulation is that it docs not increase the 
di solved solids concentration of the treated water, as occurs with mon conventional chemical 
precipitation processes. Pilot testing w carried out at the I 00-D Area for the purpose of 
determining the effectiven of hexavalent chromium removal and verifying the robustness, 
implementability, and scalability to larger si7.C of the electroooagulation process. 

Electrocoagulation w able to reduce hexavalent chromium concentrations to <20 µg!L, but 
only when electrodes were clean. The initial current efficiency was approximately 1.8% al 
60 amps, but after electrode passiwation progressed. the: current efficiency fell to 0.183/o as the 
current increased to 600 amps. Operation of the ystem at high current density was ineffccti e 
for "burning" the passive layer off the elcctrod . In addition, anode cleaning with hydrochloric 
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acid as ineffective and did not restore cell perfonnance. Labor-intcnsi e mechanical cleaning 
was required 

SoHd wast produced passed toxicity and corro ivity aitcria and, with modification t the 
ystcm unrelated to the eloctrocoagulation proces , thi w should al pass th '<paint filter'' 

tes The electroooagul tion unit was unable to operate unattended., failing to meet a key 
operational objective. Th estimated cost to treat groundwater during the test was approximately 
1 0 to 20 times th co of IX treatment at the 100-D Arca. The data obtained during pilot testing 
were not sufficient for scale-up to Larger hydraulic capacity without further engineering 
assessment A number of detailed recommendations are provided in Section 6.4 if 
clcctroooagulation i to be pursued further. 

7.3 TECHNOLOGY CH NGE MEETING 

A htxavalcot chromium treatment tcchnol gy e change meeting w. initiated RL and Fft 
tatf oould obtain infonnation Rganling filO-scale remediation ofhc avalent chromiwn

contaminatcd groundwater. The presenters and meeting attendees generally agreed that the 
optimization of the current pwnp-and-trcat ystcm and/or incorporation of new IX media or 
treatment technologies may provide cost and performance benefits. However, there w also 
a general oonscns that treatment oft.he hexavalcnt chromium plume in the 100-D Area with the 
JSRM tr tment zone and pump-and-treat technology al ne would require long periods of time 
to achieve RAOs. 

To accelerate remediation, a more aggre ive approach that potentially u both ex itu and 
in situ technologi to address both the groundwater and the adosc zone was recommended. 
There w particular interest in the in situ reduction ofhcxavalent cbromiwn that can be 
ccompli hed using either chemical or biological approach or a combination thereof. 

Whichever approach or combination of approach i ultimately implemented, it was recognized 
that it wi11 be important to achleve and maintain hydraulic control of in itu treatment eas to 
ensure prolcction of the Columbia River and to avoid polential impacts (c.3-, bio-fouling) to the 
pump-and-treat system that arc curreotly in place. 

7.4 TECHNOLOGY CREE I G AND D l IO ANALYSIS 

A technology saeeoing meeting was held lo identify new or alternative remedial t.cchnologies 
with the potential to accelerate remediation and closure of the 100-D Area. In addition to 
presentations about several key technologies, the meeting involved (I) identifying worlcing 
RAOs that arc likely to be fonnaliud in the final ROD fur the 100-0 Area, (2) fonnutating 
technology saeening aitcria that would be used to rank the technologies, (3) brain tonning to 
create a Ii t of potential technologies, ( 4) screening the potential technologies against th agreed
upon screening criteria, and (S) oombining high coring technoJogi - into RA.As that could 
potentially achieve RAOs and that should be evaluated for the 100-D Area. A total of 10 final 
technology screening criteria were used that related to effcctivenes implement.ability, and cost. 
A total of 4 5 technologi were sa,ecned that fell into the following categories: ( 1 ) river 
protection, (2) vadosc zone remediation (3) groundwater remediation, and (4) ex situ 
groundwater treatment The results of screening the individual techno1ogj arc follows: 
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• Biological technologies 1cnded to be highly soored, followed losely by chemical 
technology counterparts. 

• The top- ring river protection technologies were: biological barrier, followed by 
hydraulic barrier using injection at river, parging wells, and chemical barrier. 

• Top-scoring vadose rooe treabnent tecbnologi ere: biological infiltration, followed 
by chemical infiltration, remove/treat/dispose, and water flushing. 

• Top-scoring groundwater treatment technologies were: in itu biological treatment, 
followed by in situ chemical treatment, in situ biological barrier, and in itu chemical 
barrier. 

• Top-scoring ex situ groundwater treatment technologies were: optimize existing systems, 
followed by re-infiltration with biological amendments, fem,us iron reduction, and 
continue all actions (keep \llling IX u in the past). 

Eight RAAs were developed by combining fa ored technologies from among the four categories 
above. These RAAs and will be evaluated in a subsequent task. 

7.5 P~O CEPTUAL DESJGN D COS FOR ITU 
GROUNDWATER TREATMENT 

The DOE is considering upgrading or replacing the existing ex situ trcatmen.t system for the 
100-0 Area as part oftbe ongoing RPO effort. This section presents design criteria, 
pre-conceptual designs, and rough ordcr--of .. magnitude cost estimates for three ex situ treatment 
approaches that may be able to treat groundwater more cost-cffccti ely than the current ystezns 
at the l 00-D Area. The lhn:e approach arc (I) IX with offiiite regeneration. (2) lX with onsite 
regeneration and (3) the ferrou chloride process. 

All three techn logics will remove bcxavalcnt chromium from groundwater and meet w tcr 
quality criteria for the treated water. The estimated capital costs of all three technologies were 
very similar, despite differences among the processes. Estimated O&M cost was the most 
significant differentiator. Tb technology with the lowest estimated O&M cost l lX with onsite 
n:gcncration foll wed by the fenous chloride process estimated O&M co ts that are 
approximately 200/4 higher. The largest lid waste stream is generated by the ferrous chloride 
process and the small t solid w te stream is generated by offsite regeneration. 

The process of rx with onsitc regeneration uses the least well-established approach to managing 
spent rcgcocrant brine, and poses some technical ri le that may be addressed by testing and 
evaluation. The ferrol.1$ cbloridc proces is a technology that is less technically challenging 
relative to IX with onsite regeneration. 

The foUowing recommendations arc oricoted toward verifying perfo~ and reducing 
potential risks associated with onsite regeneration. 1bc optimum operating conditions of the 
ferrous chloride process should also be evaluated. 
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• The chromatographic sequence of anionic constituents in l 00-0 Area groundwater 
hould be determined to establish whether th concept of returning treated regenerant 

brine to the feed tank is necessary or if OCH!isposal with treated groundwater would be 
acceptable. 

• The reaction rates of ferrous iron with h avalent chromium and dissolved oxygen hould 
be investigated as a function of pH to optimize use of treatment chemical _ in treating the 
spent rcgencrant brine prior to dispo al. 

• Similar testing should be perfonned for the ferrous chloride process to establish the 
optimum pH and fC1TOus chlorid d gc needed to reduce the bexa alent chromium 
concentration to the lowest practical level. 

• Non--regenerable IX resin should be i.nv tig ied for potential future use at Hanford to 
confinn preliminary favorable economics, more fully evaluate technical feasibility, assess 
material handling attn'butes and detennin acceptability for disposal at the BRDF. 
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APPE DJXA 
PROPO ED REMEDIAL ALTERNATIVEAS 

Thi appendix provid brief dcscripti of the remedial action altematives (RAA ) that were 
developed during the technology creening and decision analysis meeting. 'fhese RAAs wer 
d el ped by combining the most highly rated technologies from the decision analysi ession. 
The components of the R.AA.s are summariz.cd in terms of the components that address the 
working remedial action objectives (RAOs). They will be developed in more detail and 
feasibility study-level designs and t estimates will be prepared over the next few months. 

Al.O ALT£ ATJVE1 - ALL BIOLOGICALTREATMENT 

1 a: More w 1l (thu faster . 

lb: Moderate nwnbcr of wells. 

uaunary: 

Thi altemativ uses biological tTeatmcnl to aggressively achieve the RA for aU media. lt 
includ infiltration ofbiological ubstrate (i.e., carbon source) for the vadosc zone soorce areas., 
in itu biological treatment via injection and extraction of biological ubstrat.e for the 
groundwater, and a biological reduction zone coupled with air sparging to protect the river. The 
same approach i used for the northern and southern plwn . Figure A-1 illu tral the 
components. 

Compon nt : 

• Vado :zone source areas: Biorcmediation via infiltration of an organic substrate well 
as limited excavation would be used to lmlt. th known vado sources of he avalent 
chromiwn. Th cx.cavations currenlly ongoing as part of the River Corridor Contracl 
program would continue. The extent and depth of these excavations i currently being 
evaluated. At a minimum some shallow il e cavations would take place. 
Bioremcdiation would be used for other shallow areas and for deeper source areas. 
Excavated i1 would be disposed at the Environmental Restoration Oispo al Facility 
(ERDF). Since not all these sources can be accurately locattd, the infiltration would be 
caa:ied out ovet a larger area to be conservative. The infiltrated organic substrate would 
reduce the he:xavalent chromium to its reduced form causing it to precipitate on and be 
fi ltered out by the vadosc zooc soils. The infiltration would be perfonned u$ing a drip 
irrigation type of ystem or i11filtration trench . Untreated extracted groundwater 
(amended with organic substrate) would be used as the SOUR:C of infiltrate water. The 
carbon source could be an alcohol (e.g., ethanol), an organic acid (e.g., lactatc), or a sugar 
(e.g., high fructose com syrup). Locally available carbon urces such as winery 
byproduct or apple ~ing byproducts could also be con idered. 
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• Groundwater plume: The plume would be treated using injection-extraction paired 
well that ould inject groundwater amended with th biological sub trate (as di.scussod 
above). A relatively large number of n w extraction and injection wells would be 
instaJJed. The well pacing and orientation (and therefore the overall number of injection 
wells) would be optimized to achieve the RAOs in the desired duration. Alternative 1 
would be more aggressive achieving RAOs in a shorter time &am , and would use more 
injection/extraction wells, while Ahemative 1 b would use a more moder t number of 
wells. The exact number of wells and flow rates required would be titnated via 
groundwater modeling, To reduce the cost of injection, injection trench or shallow 
injection well could also be used. 

• River protection: Biological reducing zones would be created upgradient of the rivc:r. 
Wells would be installed near the river lhat would function as eithtr injection or 
extraction wells that when paired together would allow injection and distnbution of 
a biological substrate. For the southern plume, the In Situ Redox Manipulation (ISRM) 
wells oould serv this purpose and for the northern plume, an additional line of injection 
wells would be installed. To prevent reduced water containi.ng secondary byproducts of 
the biological reduct.iv reactions and low dissolved oxygen from reaching the Columbia 
River, a line of sparse well injecting either water saturated with oxygen or injecting air 
alone, would be placed adjacent to the river. The length of the spargc banier would 
parallel the length of the reducing zone. 

• Ex. situ treatment o ex itu treatment would be required in this RAA. All extracted 
groundwater would be amended with a biological substrate and rcinjected. Biological 
reduction oflhc bexavalent chromium would occur in situ. 

• Hom area: Monitored natural atteou lion (MNA would be used to manage the plume in 
the Hom area. since the current bexavalent chromiwn growldwater concentrations are 
low (<100 µ&'l,) . Thi ould include continued monitoring of wells in the Hom 
along with devel pment of a contingency plan, in case conditions worsen. 

Advantag : 

• The urce areas would be treated aggressively, minimizing the potential for continued 
contamination of the aquifer. 

• Because the n:ductant would be delivered to th aquifer, rather than the contaminant 
being removed from the aquifer, in situ treatment could rcmediate the plume faster than 
extraction and treatment. 

• Organic reduct.ants are veral tim I expensive than chemical reductants. 

Ojudvantag 1: 

• Formation of a reduced 7.0ne in situ would create secondary byproducts, especial I y 
manganese and iron which would re-precipitate with time once oxidized conditions were 
encountered. Where time is not avatlabl (i.e., in a reduced zone adjacent to the river), 
oxidation would be required. 

• There is uncertainty regarding the ability of a barrier approach to achieve the river RAO 
quickly. 



SGW-38338, Rev. 0 

• Delivery of injected or infiltrated amendments is never unifonn, so the subsurface might 
oot be uni onnly treated. This CQuld require additional tim for treatment. 

Al.O T ATIVE 2 - 0MB TIO BIOLOGICAL D PUMP- D-TRF.A T 

ummary: 

In thi RAA the southern plume would be treated with in itu biological treatment and the 
northern plume would be treated with enhanced pump-and-treat (i.e., enhanced with higher than 
xisting extraction rates). It includes infiltration of biological ubstrate for the vadose zone 

source areas, and injection of groundwater/river water to protect the river. Figure A-2 illustrat 
the componcn . 

Compoaea : 

• Vadose rope source areas: Biorcmediation via infiltration of an organic ubstrate as well 
as limited excavation would be used to treat the known vadosc sources ofhcxavalcnt 
chromium in both the northern aod southern plum . The approach used would be the 
same as discussed for Alternative 1. 

• Groundwater plwne: The southern plwn would be treated using biological treatment as 
di cussed for Alternative I. Th lSRM well would also be used as injection or 
extraction wells for fhi tr tmenl The northern plume would be remediated using the 
existing extraction well network that would be expanded by installing additional 
extractionf mjection wells, to extract and flush groaodwater with hcxavaleot chromium. 
The exact number of ells and flow rates requfred would be determjned via groundwater 
modeling. 

• River protection: A tem of vertical wells, horizontal w Us or a horiz.ontal trench 
would be Wied to inject treated groundwater and river water clo to the river as is 
practical The injection water would create a hydraulic barrio-, reducing the potcotial for 
migration of contaminated gr<nmdwatcr to the river. The now rate would be high enough 
to create a tnound the flow of contaminated groundwater to the ri er would be 
reduced. The injections would only be performed during the tim of the year that th 
river level is low and there i a natural hydraulic gradient to the river. °"!ring high river 
stage it would not be needed since the oatu.ra1 gradient i away &om the river. 
Upgradicnt extraction and/or in situ treatment would be performed as part of the other 
components. so the natural f'lllll of groundwater to the river would be reduced. The 
introduction of clean, oxygenated water would also serve to meet the dissolved oxygen 
requirement for groundwater discharging to th river, The exact number of wells and 
flow rates required would be determined via groundwater modeling. 

• situ treatment: For the northern plume. ion exchange (IX) would be used to treat 
extnu:ted groundwater. The existing ex situ treatment systems would be upgraded and 
expanded. 1be actual flow ratz and concentration of chromium to be treated would be 
estimated via groundwater modeling. 

• Hom area: MNA would be used to manage the plume in the Hom area. 
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Ad utqa: 

• The source areas would be treated aggressively, minimizing the potential for continued 
contamination of the aquifer. 

• For the southern plume remedi tion could occur more uickly than if pump-and-treat 
was used as discussed for Alternative I. 

• For the northern plume, where concentrations are much lower, enhanced -pump-and-treat 
might be adequate to achieve the RAOs. 

• The use of existing inhastructure would be maximized. 

• There i more certainty about achieving the river protection RAO quickly than in 
Altemati el . 

DJ advutages: 

• Same as Alternative l. 

• Pump-and-treat of the northern phnne could take m re rime than anticipated due to 
heterogeneity in the ubsurfacc and non-uniform flushing. 

A3.0 ALTERNATIVE3-ALLPIJMP• ND-TREAT 

3a: Optimize and expand existing IX system( ). 

3b: Ferrous iron reduction for ex situ treatment. 

Summary: 

Thi RAA uses expanded pump,-and-treat systems to extract the chromium m in the 
groundwater and to protect the river. The sam approach would be for the northern and 
southern plumes. Figure A-3 illu tra the components. 

Components: 

• Vadose zone source areas: Targeted biorcmediation via infiltration ofUmited quantities 
of an organic ubstrate (as discussed abo e in Alternative I) would be used organic 
substrate would oot accumulate in the groundwater and potentially foul the existing 
treabncnt system . Limited cx.cavation discussed for Alternative I would also be used. 

• Groundwater plume: Expanded and •~iv pump-and-treat A n:latively large 
number (possibly on the order of IS) of new extraction and injection wells wou)d be 
installed to flush bexavalcnl chromium from the subsurface. The exact nwnber ofweJls 
and flo rat required ouJd be determined via groundwater modeling. 

• River protection: No unique ystem would be provided for ri vcr protection. The pumP6 
and-treat system would extract mougb groundwater from well close to the river that the 
gradient would be reversed (groundwater elevations inland would be lower than the river 
stage) at all tun of th year. 
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• Ex itu tmcnt: Alternative 3a would use upgraded and expanded IX system to treat 
extracted groundwater. Altemativ 3b would use a new fenou iron reduction system. 
The actual _flow rates and concentration of hexavalcol chromium to be treated would be 

imatcd via groundwater modeling. 

• Hom area: Excess tteated groundwater would be injected in inland wells along the north 
edge of the northern plume and/or in the 100-HR-3. Thi would deacase the potential 
for contaminated groundwater to di charge to the river or migrate north. 

dvqtaga: 

• The source areas would be treated, although not aggressively as Alternative 2, 
reducing lhc potential for continued contamination of the aquifer. 

• Use of existing infrastructure would be maximized. 

• Would use pump-and-treat technology, which is familiar to the ite stakeholders. 

Disadvantages: 

• Pwnping and treatment of the plumes could tak.e more time than pproaches that al use 
in situ tteatmeol 

• Ex itu treatment would likely to be more expensive than in situ biological treatment. 

• Ex situ treatment oould create more residuals requiring disposal, depending on the final 
configuration of the system 

• There i uncertainty regarding the ability to reverse the gradient to the ri er by just 
pumping, particularly during low river stage times of the year. 

Summary: 

4.0 AL TERN TIVE 4 - GGRE SJVE TREA TM NT 
IN LUD GIN ITU CHEMI AL REDUCTIO 

Thi RAA us an aggres iv approach t achieve the RAO as quickly possible. It includes 
excavation of vadose 1:one sources, aggressive pump-and-treat upled with chemical reduclant 
injection to remediatc groundwater, and injection of groundwater/river water to protect the river. 
The same approach would be used for the northern and southern plumes. Figure A-4 illustrates 
th components. 

Componenb: 

• Vadose zone source areas: An aggressive program of ideotifyir\g vad e zone uroe 
areas, along with excavation and disposal at the Environmental Restoration Disposal 
Facility (ERDF}, would be used to remove b valent chromium mass from the vado e 
zone. Such an approach could be completed fairly quickly. 

• Groundwater plume: A rel lively large oumba (po ibly on the order of 25) of new 
extraction and injection well would be in tailed to 0ush he avalcnt chromium from the 
subsutfacc. A chemical reductant, socb calciwn polysulfido would al be injected into 
the water to promote in itu roduction of the bex.avalcnt chromium. The exact nwnber of 
w 11s and flow rates required ould be determined via groundwater modeling. 
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• Rjver pro ection: A ystcm of vertical wells, hori20ntal well or a horizontal trench 
wouJd be used to inject treated grouodwatcr or river water as close to the river as is 
practical 'Irus approach i the same as in Alternative 2. 

• Ex situ treatment Thi RAA would use upgraded and expanded DC system to treat 
extracted groundwater. 1be actual Oow rates and ooncentrations ofhexavalent chromium 
to be treated would be imated via groundwater modeling. 

• Hom area; Exe treated groundwater would be injtlCted in inland wells along the north 
edge of northern plume and/or in the 100-HR-3. This would decrease the potential for 
contaminated groundwater to discharge to the river or migrate north. 

Advantages: 

• The sourc areas would be treated aggressively, reducing the potential for continued 
contamination of the aquifer. 

• The use of chemical reductant coupled with pump-and-treat would reduce the time o 
achieve RAOs. 

Dlsadvaatage1: 

• Excavation and disposal would lik:ely be more expensive than in situ treatmenL 

• Ex situ treatment would likely be more expensive lhan in situ biological treatment. 

• In situ chemical reductants are more CXpen$ive than in itu biological substrates. 

• Ex itu ITeatment would create more residuals that must be disposed. 

AS.O ALTERNATIVE 5-0PTIMIZED USE OF EXISTING FACILITIE 

ummary: 

This RAA would optimize existing pump-and-treat and JSRM systems. A few additional wells 
would be added to the pump-and-treat system and th IX ystems would be optimized. The 
existing ISRM would be upgraded for protection ofth river and aeration would be provided as 
ncc::ded. Vadose zone contaminated il would be excavated under the existing program. The 
ame approach would be used for the northern and southern plum . Figure A-5 illustrates the 

components. 

Componenh: 

• Vadosc zone source 8f9!s: A modest program of identifying vado c zone urce areas, 
along with excavation and disposal at the ERDF, wQuld be used to remove hexavalenl 
chromium mas from the vadosc zone. 

• Oro\lndwater plwne: A few additional extraction and injection wells would be installed 
in hot spot areas to more effectively remove hexavalcot chromium from the ubsurface. 

• River protection: The ISRM barrier in the southern plume would be upgraded with the 
injection of zero-valcot iron (or equal) to help protect th river. No system would be 
provided for river protection in the northern plume. Oxidation would be provided 
between the ISRM barrier and the river as needed to meet the RAO for dissolved oxygen. 
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• Ex situ treatment: The existing rx treatment systems would be optimized to treat 
extracted groundwater. Additional capacity w uld likely be UDDH'.1".~1ev 

• ~ MNA ould be used to manag th plume in the Hom area., as discussed for 
Alternative I. 

dvanta 

• The source areas would be treated, although not aggr ively, reducing the potential for 
continued contamination of the aquifer. 

• Use of existing infrastructure would be maximized. 

• Pump-,and-trcat technology would be used which i familiar to the ite t.akcholders. 

D advanta 

• Pump-and-treat of the plum could take more time than anticipated. 

• Ex situ treatment would likely be more expensive than in ·tu biological treatment. 

• Ex itu treatment would create more r iduals that must be disposed. 

• There is uncertainty regarding the ability of the ISRM barrier to protect the river 
(although pilot tcs are cumntly underway to enhance it) and it docs note tend to the 
northern plume. 

A6.0 ALTERNATIVE 6 - ALL BARRIERS 

umma.ry: 

This RAA would use seri ofin situ bio-barrlers. Vado zone contaminated il would oot 
b addrcs ed. Th same approach would be used for the northern and uthcm plum . 
Figure A-6 illustrat th component . 

Compon ata: 

• Vado 1.0n W'CC areas: The 0;cavatio currently ongoing as part of the River 
Corridor Contract program would continue. 

• Groundwater plwnc: In situ bio-baniers compri ed of injection and traction well pairs 
would be installed. Biological uh tratc (i.e., carbon source) would be injected to create 
reducing zones. Ooce reducing conditions were created., the injection of the biological 
ubstratc ould only be needed infrequently. Contaminated groundwater would be 

allowed to flow through the barriers and bcxavalent chromium would be reduced to 
trivalent chromium. The nwnbc:r of barriers needed would be determined via modeling. 
The ISRM wells would be used as one line ofbarrier wells. 

• Rivq protection: A system of vertical wells, horizontal wells, or a horizontal trench 
would be used to inject river water as close to the river is practical. This approach is 
lhe same in Alternative 2. 

• Ex situ treatment: one would be required since any groundw ter tracted would b 
reinjected along with biological substrate (and treated in situ). 
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• Romar : A bio-barrier would be also created oo th north "de of the northern plume to 
reduce the potential for migrati n of bcxavalcnt chromium to the north. 

dvanta 

• This RAA would have potentially lower t because fewer wells would be needed. 

Di dvantag : 

• Th source would not be treated directly, thus achieving the working RAO of 
oompliant groundwater by 2020 would be unlikely. 

• This RAA would rely on natural groundwater gradients to ftusb the contaminated 
groundwater through the treatment barriers. This could be hampered by chang in 
groundwater flo direction. 

7.0 ATIVE 7 - 0 ADDITIONAL ACTIO - TATU QUO 

Summary: 

This RAA th existing systems as they arc. It includes the existing pump-and-tr-eat ystcm 
. to extract the hexavalent chromium mas via groundwater. The existing JSRM barrier, without 

upgrading, would be used to protect of the river. Shallow vadose zone contaminated il ould 
be excavated under th current River Corridor Contract program. Figure A-7 mustrates the 
componcn . This RAA is put forth as a base case with which to compare other RAAs; it is not 
capable of chkvi.ng short-term or long-term working RAOs for th 100-D Area. 

Componea : 

• Vadose zone w-cc areas: Toe excavations currently ongoing part of the River 
Corridor Con program would continue. 

• Groundwater plume: The exi ting pump-and-treat system would be used 

• River protection: The ISRM would be used i . 

• Ex situ treatment The existing lX treatment systems would be used is. 

• Hom area: MNA would be used to manage the plume in the Hom area. 

Advanta 

• Cot would be low. 

• U e of existing infrastructure w uld be maximized. 

• Known technologies would be used. 

• Identified source areas would be excavated. 
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Disadvanbig : 

• Som ource would not be ireated. 

• Pumping and treatment of the plum at the current rate would not likely achi c the 
working RAO of remediatiog groundwat« by 2020. The current flushing rate is not 
likely to be adequate to remove the hex valcnt chromium mass by thi date. 

• Contamination above protection standards would likely discharge to the river. 

• Ex situ treatment would likely be more expensive than in itu biological treatment. 

• Ex itu treatment would potentially create more residuals that must be disposed. 

• The JSRM as it is docs not provide adcquat protection of the river. 

A8.0 AL TERN TIVE 8 - WETLAND TREAT 

IJIIIDU')': 

This RAA engineered subsurface ftow wetlands as the primary treatment method for 
bexavalent chromium in all the media of oonocm (Figure A-8). Groundwater would be extracted 
from both th northern and southern plwnes and ively treated by one or more wetland to 
reduoe hexavalent chromium in the effluent to below 5 to IO µgfL. The hexavalcnt chromium 
removal pro in ubsurface flow wetland is primarily based on oxidation-reduction 
chemistry but also includes adsorption, direct uptake by plants, and other mechanism . When 
hcxavalcnt chromium enters the reducing environment produced in a subsurface tlo wetland, 
it i reduced to trivalent chromium and precipitated chromium hydroxi or other insoluble 
phases. 

Suspected ado zone urccs and underlying groundwater hot po would be biorcmcdiated 
by targeted infiltration of treated effluent from the wetlands. The treated wetland effluent would 
be amended. necessary with biological sub tratc prior to rcinfiltratioo to expedite remediation 
of the targeted vadose zooe urce Groundwater would be addressed by in situ bio-
barriers. 

Components: 

...:::=:i::.,ag:.au:.JQ<.11=-=.:=- : No cxca ation of deep (> 10 ft below ground surface [bgs ]) 
ado zone contamination would be conducted. uspected vado zone sour0CS and 

underlying groundwater hot spots would treated by targeted infiltration of clean wetland 
effiutnl amended with biological sub trate. 

• Groundwater ptume: Additional extraction wclls would be instaUcd to en.sure hydraulic 
capture of the plume hot spots below vadose zones being treated by wetland effluent 
In addition, in situ bio-barriers ould be installed as dcscn'bcd for Alternative 6. 

• Rivtt protection: A system of vertical wells. horizontal well or a horizontal trench 
would be used to inject river water as close to the river as is practical, as described for 
Alternative 2 . 

• 
wetlands. 
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• m : M A would be used to addres th potential migration of lo ncentrations 

idual he~avalc:ot cbromiwn to the north 

dvaatages: 

• ubsurfacc fl -constructed wetlands ha c bcco shown to be cff ecti¥ 
bcuva1cnt chromiwn along with nitrate and thcr reduction/oxidation

nstitueo that arc present at the I 00-0 Arca. 

• Wetlands would be a poca1tially lo co and sustainable RAA. Cost per ere d~ 
with the total acreage of the wetland. 

Diudvutaps: 

• The potential for logging and infiltration rates of treated effluent through the v 
wne arc uncertain. 

• Operation and maintenance requirements an, not well understood. 
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Table 8 -1. List of T hnology Screening Meeting Auend 

llllt Title Orpnb:adoll 

Jonathan Blount, PhD. Project Manager CH2M Hill, Inc. 

Andre,,., Esparza Eoaineer 
F1UOf Hanford, Inc. 
Groundwater ProJcct 

Brian Espana Eneineer 
Fluor Hanford, lnc. 
Groundwaier Project 

-
P :ul Fawn, P. P~ Technologist CH2M Hill, lac. 

D vid For.ch.and F.ngineer 
Fluor Hanford, Inc. 
Groundwater Project 

100-D. -H, •"-, -B.IC and 
U.S. Departmcntof 

)-,nu Han-, LG., Enetgy, Richland 
H. -f Areas Grouodwatet 

Project Lead 

Jim Harrlna1oo, P 
l«Pl'didenl., 

f!-"'inccrin~ 

RonakiJac n. R.O., Remedial Action Lead R.H., R. .G. 

Jim Mavis Principal T cchnoloJi.st 

lien Moyer, Ph.D., P .E. Principal ecbnologist 

Jefiiey Riddel , P .. E ineering 
P.M.P. Manlge,/Chief Eng necr 

Doug Sherwood Owner 

David hrimpton, p 100-KR-3 Projecc 
Manaacr 

Thomas impkin, Ph.D., 
Pnncipal Technologist p 

Qin utton,Ph.D. eruor Comult.ing 
vironmcnlll Eilginec-r 

Matthew Tonkin ior Hydroeeologist 

LO, Ucmscd Gcologisc 
L H.G. = Li=-! Hydroseolo,.i 
P .E. Professional Eniintlc:r 
Ph.D. • Doctorof Philotopby 
P .M P. Project Maiagc:mmt ~ 
R.E.Ci. = Rqillen!d ~ Goco'°C. 
R.0. Rcaimred Geo . 
R.H. RqiJund Hydrologist 

Opera . Offico 
Grow,dwa1er Project 

Alellco Jletource Corp. 

Fluor Hword, Inc, 
Groundwater Project 

CH2M llill, Inc:. 

CH2M Hill, Inc. 

Fluor Ranford, Inc. 
Groundwater Project 

Riven&! 
Environmental 

Flucw Hanford. Jnc. 
Groundwater Project 

CH.2M Hill, lne. 

Fluor Hanford, Inc. 
Groundwater Project 

S~S. Papadop:uloe 
Asaocia 

U-1 

June 4-6, 200 . 

City, tate 

Boston, A 

Richland, WA 

Richlmd, WA 

Gainesville, FL 

1Uchland WA 

Richland, WA 

Denver. CO 

:Richlaiid, WA 

Bellevue, WA 

Boston.MA 

llichlaod. A 

West Richland. WA 

Richland, WA 

Dcnva, 

Richland, WA 

Be1hesda.MD 
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APPENDIXC 
SE ITlVI Y ANAL Y I OF THE DE I 10 SCORING WEIGHT 

When the: meeting participants evaluated scores, it was recommended that a sen itivity analysi 
be performed by varying the weights of each 900rcr. The different scenarios evaluated arc: 
presented in Table C-1 . To complete this sensitivity analysis the data entered into the original 
scoring shoct needed to be reformatted into a database flat file to more efficiently evaluate resuJts 
based on different weighting scenarios and avoid the manual entry of each scenario into the 
Criterion Decision Plus software (Miaosoft Excel data were used to rank alternatives evaluated 
in the sensitivity analysis). 

In order for the calculations to be completed without returning "#V ALlJB'' error, the cells that 
were Left blank: by som scorers needed to be filled with actual values. A total of 429 of the 
4,950 scores, or 8.67%, were left blank when the scorer did not have an opinion or did feel 
knowledgeable enough to tt.nder an opinion on that panicular item. For entries that were left 
blank the score of another individual in the same scoring group was applied to the blank cell. 
So for example, if scorer "CH2M H lLL 4" had a blank cell in their score sheet, the cell value 
from scorer ''CH2M HJLL l" was used to fill in the blank score. The one exception to this 
approach was the scorer that represented the regu)atory agency. Sincc this scorer w the only 
one ring th data from a regulatory perspective, there were no other data that could be used as 
ubstitutcs. Therefore, blank cells were filled in with a re of 50 (or neutral). 

Theinfonnation below depicts the number ofblanlc cells in th referenced scorer's score sheet, 
and the sourc of the values llSed to fill in those scores. 

Table Cl. Blank Cell Data. 

Seonr BlultCtllt ProsyO_. 

Hanford Eogineen 92 DOE RL Project 

l,ad Replator Proxy 41 one - • value of SO wu u,cd 

CH2MHILL4 70 CH2MHJU. I 

R2M HD..L 3 45 Cll2MH.llll 

Consultant J 9 • Consultant 2 

Fluor 2 92 Fluor! 

The following section describe the sensitivity tests. 

CJ.O EN ITMTY TEST 1 

This t t determines if the revised database, that uses proxy scores. resul in imilar results as 
the originaJ soores discussed at the meeting, which were later used to develop altc:matives. 

Mic:rofofl e1• is a regislefed lrldemarlc of Microsoft Corporation in the ni1ed S md/or in odier countries.. 
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Figures C-1 through C-4 sho the results for each of the four group of technologies evaluated. 
In these figures. the row of data entitled "Decision Anatys· Session" refers to the initial numbers 
developed at the meeting. The row of dat entitled •'Conversion" represent the resuJts from the 
revised dat et d cnoed above in which blank cells were filled in with proxy valu . 

Whil there were minor chang in the total nonnaJized scorcs, for the most part, the t hnology 
rank~ were very 'milar, if not identical, between the two data summarized below: 

• River treatment teehnologies: There was no change in ranking order (Figure C-1 ). 

• Vado,e 7.onc tcchnolo!es: Institutional controls was ranked 7"' in the decision analysi 
ion data set and J 1 in the convenion data set (Figure C-2). 

• Groundwater technologies: There was no change in ranking order (Figure C-3) • 

• 

This sensitivity analysis indicated that th tecbnologle ranking in the da file provided 
essentially equivalent rankings those d eloped during th dcci ion analysis meeting. The 
change in order for the vadose zone treatment tcchnologi (the moat divergent results) is 
relatively insignificant the six leading ranking technologies did not c.hange. This sensitivity 
analysi validates the new database as being bue to the original rankings (with minor changes) 
and allows i \lSC for further sensitivity analyses. 

C2.0 SENSITIVITY T T 2 

The second itivity te t involved changing the weight of th scorers. At taJ of 11 SCOfeD, 

equally weighted, wcr e uated in the arios entitled "Decision Analysi Ses ion" and 
"Conversion." The core 7 scenario involved changing score weights, so the four CH2M Hill 
scores counted as one score and the two Fluor Hanford scores counted as on . 

The f ults of thi sccoario are presented in Figures C-1 through C-4. In general, the leading 
ttthnologi for this scenario were the same Ill for the two previously desaibed scenario : 

• River treatment tcclmologie : Plum interception w ranked 5111 in the deci ion analysis 
on and conversion data sets and 3rd in the Score 7 dataset. Scores for the 3rd

, 4 , and 
s• nmked teclmologics were very close and minor changes in val caused a change in 
technol gy ranking (Figure 1). 

• Vadose 7:9ne technologi : The order of ranking of three highest scoring t hnologi io 
the Score 7 dataset is the same as in the decision analysis ·on and conversion data set. 
Scores for continue all current actions -phase injection, containment/isolation, and 
grouting all incrcascd slightly over previous iterations and led to changes in technology 
ranking., (Figure C-2). 

• Groundwater technologies: There was no change in ranking order (Figure C-3). 
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• lo · : Optimize e j ting ystems and reinfiltrati n itb 
biol gical amcodmen remained the top scoring tcchnologi in thi egory. The 3rd 

ranked technology in the previo two scenari (continue all current actions) ranked~ 
in thi scenario, and the other technologj were promoted due to thi change. There 
were ditional changes in ranking order in tccbnologi ranked 8 through 13111 

(Figure C-4). 

C3.0 ENSJTIVIT\' T 3 

The final sen itivity test completed involved weighting those who worked at the itc 1, the 
regul tor as 1 and all the contracto and oonsultaots as I (sec Tabl -2). Thi scawio 
essentially gives the owning entity one vote. the regulators one vote, and the consultants and 
contractors one combined otc. Thi analysi showed the greatest sensitivity to .score weight • 
Thi scenario had three of the corers accounting for 6.,./4 of the total ring and the remaining 
8 soorers \Dlting for 33¾ of the total ring. While there were more pronounced changes in 
rankings, the chan~cs in res was not so pronounced to make ll highly favored technology 
highly unfavorable or vice versa. It is also important to note that a very S1Dall change in re 
(O.ol, or I¾) can change the tcclmolo ranking by ooe or more spots. 

C4.0 SENSITIVITY AL VSIS CO CL JO 

The itivity analysi did how that the rankings of technologies can change based on the 
chang in scorers' weight . However, with thee ccption of itivity test 3, th ranking order 
w not significantly affected . While the ranking order was more affected ith ensitivity t t 3, 
th diffen.mce in rankin w generally the result of small changes in small numbers. 

The sen itivity analysi hows that those tcchnologi that wen: included in the RAA 
Appendix A) du to their technology ranking from the dcci ion analysi process would till have 

been chosen given reasonabl chang in soorin weights. 
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Table C-2. Score Weighting Sccnari . 

DedllN Detab.-
Scortr ~ CNwnlN Saft7 ScoreJ 

s-- Wllptl w....- Welp 
Welptl 

OOE-.IU. Project Lead I I I 0.5 

Hanford Eaamcm(4) l l I 0.5 

Reiw&IOr Pro y . I I 1 1 

Fluor I I I 0.5 0.165 

Fluor2 I l o.s 0.16S 

Comullant l I l I 0.165 

~2 l 1 I 0. 165 

CBlMtDU. t 1 l 0,25 0 .0 

CH2MmLL2 I I 0.2S 0.0&2.5 

CH2M HILL 1 I 0.2S 0. 25 

CH2MHfLL4 1 I 0.2.S 0.0825 

Total C '" u 11 7 3 
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APPE DIXD 
Modified Groundwater Capital Co t Factors 

for AboveGround F aciUti 

Capital cost for the three technologies were developed from factors recommended in Plan1 
Design and Economics for Chemical Engineers (Peters and Timmc:rhaus 2003). The 
recommended factors were adjusted based on sumptions concerning probable wooong 
condition non-conventional ecy aod it training requirements and experience from previous 
construction projects at the ite. The original f:actors and modifications are summarized in 
TablcD-1. 

TabJc D-1. Original and Modified Factors Used for Ex Situ 
Treatment System Capital Co Estimat 

n.w ..... ,, I 1"11ut Ortpal ......... 
FldOrl~ud Medllladoa .... Factol'C-uso1'7 11amerlN,J803) (orlluf.d 

Purdlued equipment (aftcf 
applying acoping 100 one atchanp,d 
continpcy") 

Purcbucd e111ipmcnt 47 I.IS ption~ 
.imullatlon 

lnstrumcntatiorl ,nci conuol, 36 1.IS mpcion' 

PiptllJ (inswled) 1.15 A mption' 

Elrctrical (insu!led) II I.IS mphon' 

81tildinp (SI 00/ft ') . . . 
Yard impro-vcmmu 10 I.IS Aaumpt,on' 

Service rlci htia 70 0.75 Reduced for lhcsc: 
technoloSies• 

Land 6 0 'o 1111d purch 

En1ineeri11& and supef\li . 33 one oc changed 

Conmuction mpcmcs '41 None otCNillae,d 

Administrali,,: and 
20 Not !&ed rni$oeJI -· 

one 

Contractor-' s oVffllad and 22 one: Notdunacd profit 

Continamcy 42 one occhanac,cl 

RmMd 
Facton 

100 

S4.t 

41.• 
78.2 

12.7 

. 
11..S 

51.5 

0 

33 

41 

20 

22 

4• 
ore Oripnal inltallloon fxcon ~ obt.aincd from P/11111 Dmp 1111d Etx1tt0""a for 0-.icol £,.,._ (Peurt tnd 
Timmcrturu 2003). 

• The IICOpina cootingcocy IQCOUlltl for incomplete identification of pn,ccu equipment ll this tumrU earty mac of design. 
' Modific:ationt - • •fety, hcatth physi mocu&orin&, Ii~ KQfflty, and logbrical challqa. 
• Thele tochnolop:I do no1 requm: 11eam, Nd, or ocba- umutnKtvre common 10 f-sufflcient i1Xkltlrial f~li« 

Factor inclodca po,ublc lllli1a1y t.cJUtl , I' led hnponed -• safety, houldtec!pina, IDd Olba ncocuitia. 
d MillCldl-.ii adminiJCnrive costs ( Med pa-cm ) incloclc lcpl. rqulatory, awddcla rcquiranana and 

permitting, IP bondi:111 and iMutMce. 
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REFERE 

Peters, M. S., and K. D. Timmerhaus, 2003, P/m,t De.Jign and Economics for Chemical 
Engineers, Mc:Graw-HilJ Book Company, New Yorlc.. New York. 
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Table E-1. Mass Balance- Hexavalcnt Chromium Ion-Exchange System Off.site Regeneration. 

J 1 3 ' 5 ' 7 I ' JO 

c.o.,o-• w .. s,.... ,...s Stlp TndaF...S T-..EfflNet Jllaal Ef'llaal ,,__w..., Bedrw• ....... Add, '3% au1n1..iw.-r 

ac'L ,.....,..,. ..,., ,....,.., ..,., poudlday -afL poud/day ...,.., ,....,.,, A .... Pak A .... Pak A_.p "-" 
..,, ,....,.)' A .... Peak 

Hc:uvalau 
0.5 9.0 o.s 9.0 0.5 J.S <O.O0S <0.00S chromium 

Total chromium o.s 9.0 0.5 9.0 0.5 1.5 <0.005 <O.OOS 

Chloride 19 30.4 19 3-43.A S1.2 19 76.7 

Iron 0 0 () 0 

Sulfate 60 1,084 72.7 1,313.8 219.0 -72.7 12.7 229.S 

Bicarbonate 122 2,2(M.7 J0S.8 2.208.3 367.S IOS.8 

itnte - 5.87 106 106.J 17.7 -17.7 

UBDium 0.004 0.072 0.072 0.012 0 0 

Sulfuric acid l3 23-4.9 

pH 1.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

Flow rate IJ)m I.SOO 1,738 290 1,73 l,SOO 1.06 70.7 & 167 0.07 70.7 0.99 167 0.0126 1.06 70.7 & 167 

gpm gallon per minute 
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Table E-2. Equipment List for Hcxavalent Chromium Ion-Exchange System with Offsite Regeneration. 

MaJor Eq•lpe.etlt • s,.._ Eq•lpme11t &a• ..... DINI' ~tDelalpd•• 
alt Con ToalCOlt 

Sm,aetrk Slze.£acl'III .rua1ts (l)ellan) (Dollan) 

Feed Wik and treated water tanlc 60.566 L 16,000 gal 2 
Vertical, pol)"dhylcnc tanb: 4.27 m (14 ft) dia.mdcr, 4.27 m (14 ft) high. each tank sized for 10 minutet1 ge.at 5,678 Umin 21,000 42,000 
(1,500 gpm). 

Sul furie acid WI 1,l36L 300pl 1 Tank ittd for two weeks storaaeof93% sulfuric acid. Part numbttVTOJ00-35, 0. 9 m (35 in.) diamdcr, 2.06 m (81 in.)higb. 28S 28S 

Tf111$J)OJ1tot 1.13 m1 40 ft' 420 
1.13 rrr' (40 ft3) totes used for ipment of resin offsite for regcna-atioo. U!e rate of20 IOlCS/wcck is based on the following caJc:uJation: 
(134 ft'tcolumn x 1 column/train-wcck_x 6 train ) /40 ft'ltotc. The total quantity I based on a 21 Mick (144 day lUr1'l around for 3 861 1,161,620 
rcgcncralion. 

B~ filter housing 78 lJmin 100gpm I 
Aluminum filter hou 'ng to capture fines and other soljd generated during baclcwub. 8.79 ka/cm2 (125 psi) detign ~ 3.8 lo 
378 lJmin (I to 100 gpm) no . The now me drives the co for the boo ing. The peak beckwash now ra1c is 71 gpm. Allemllivcs th 780 780 
provide the required flow rate arc more expensive (www.fihcnouroc.com). 

On-line hexavalcn1 chromium NIA /A 1 Automated optical spectrOmcter. Solar Model OPA 2000, with manifolds to accomlllOQtc up to alx ion exchange trains. 50,000 50,000 
analyzer 

Four column (lead-I g-polisb-SW'ldby) in each of ix ki (trains). Each column will hold approximately 3.79 m1 (134 ft1 of resin, with 
IX "ds-fourcolumn persldd 946 Uminllrain 250 gpm/tnin 6 diameter of 1.83 m (6 ft) and the total height approximately 3.3S m (I I ft). Overall lcid dimensions (four columns per .skid): 3.05 m by 225,000 1,350,000 

9.15 m (10 f\ by 30 ft). 

lX resin (in IX columns system 3.79 ml 134 ft' 24 Purolilc A-500 is the resin in current use in the DR-5 system. R in loading capacity for hexavalcnt chromium in DR-5 i 3.3 times greater 130/ft 418.0 0 
during operation) than that of 100-HR-3, which u Dowe 21 K. Quantiti were calculated based on a flow rate of IS bed volumcslhour. 

IX resin (in totes durin 
1.13 m' 40 ft' 420 

Puroli1e A-SOO i the resin in CWTCnl use in the DR-S tern. Resin loading capacity for he avalcnt chromium in DR-5 i. 3.3 times puler 1301ft1 2184,000 
rc.gc:ncration) than that of 100-HR-3, which use Dowcx 21K. Quantlti were calcul tcd based on a flow rate of l S bed volumes/hour. 

Subtotal EqulplDftlt Cott Sl,161,GIO 

•btotal Tout ud panllnlneo.t S3,I06,800 

IP'1l c plloos per minute 
IX ion exd'llng 
psi ~ pounds per Jquarc inch 
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Table E-4. O&M Cost for loo xchange with Offsite Regeneration. 

~ Ratt Ualu nit c-. s Unlta 
AJUlulCOlt, 

Slyr. 

0.-,k:i,b 

ulfuric acid (93%) 23.5 pound/day Sl24 0 $5.318 

Ollwr a,,,,.,,,.dile, 

Pw-olice A·.SOO ~ 
324 ft'lyr S130 w $42,120 ( I 0%/)ar) 

•~c.. 
Offsice regcncratian 

90 onth $3,120 tote 3,369,600 
(includes lhippina) 

Rldiok>jpca) analys 
90 Mood, Sl,.SOO IDie S t ,620,000 ofmiDI 

lll«lrlell., 

Rolatina equipment 4,512 kWh/day $0.03 kWh S49,'406 

Acea liahting 427.5 kWh/day SO.OJ k-Wh $4,681 

Other misc:ellaoeous I SO kWh/day S0.03 kWh S1,643 

lAIH,r 

blftopcratOr& 7 Full-time cquivalenl $7.5 hour Sl,092,000 

w.-Dl,p«,lll 
Resin fines 7 too/yr S28 too 196 

ff'..., a..r«.,,iulliM-' MH"""'46 

Solldwallte .52 samp yr $1,000 per sample S.52,000 

1,1,.,.,..._ 

Mainb:1WIC.e 3 % fixed capital S4 9,7.511 
iaYestmenJ 

Total Optratiea ucl 
6,716,722 Malatnou Cose, Slyear 
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Table E-5. Mass Balance - Hexavalent Chromium Ion Exchange System Onsite Regeneration. (2 sheets). 

1 z 3 4 5 6 '1 I ' JO lJ 12 

Wela SyaemFeed St-,leTnla Total f.llhieet n..JEffl..c rw-.Water Badcwaa 
..__.... 

Add.93% 
....,,... 

FatlUMe 
Salllrated.,_e 

eo.,-, Feed FJow(l .. ,4) w.- Trudar 

...,,. ,...., 
-a/(, 

poeil ..,... pond/ ..,... ,... 
-,IL pond/ Ava, Pak Avi, Peak Ava, Peak ..,... ......, 

Ava, halt . Avi, l'Nlt AVJ, Pnk day d/day clay d/day day day 

Hcx.1valen1 
chromium 0.5 9.0 1.5 <0.005 <0.005 

Total chromium 0.5 9.0 1.5 <0.005 19 

Oiloride 19 343.4 57.2 0 

Iron 0 0.0 0.0 -72.7 )2.7 

Sulfate 60 1,084.3 180.7 105.8 229.5 

'Bicarbonate 122 2,204.7 367.5 63.8 

Nitnte-N 5.87 106.1 17.7 - 17.7 

Uranium 0.004 0 .072 0.012 -0 

Sulfuric acid 13 234.9 

pH 7.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

Ferrous chloride 

Sodium chloride 

Pre-coat 
dl.atomaceous 
canb 

Ferric hydroxide 

Chromic 
hydroll.idc 

Solids (dry poun 
weight) day 

Solids (wet- pounds/ 
weight) day 

Air scfm 

pow, 
Flow rate min 308.4 

Flow ra gpm 1,500 1.507 251 1,507 1,507 1.06 0 .07 70.7 0.85 33.4 0 .013 6.S 4.73 200.6 0.29 so 
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Table E-5. Mas Balance - Hexavalent Chromium Ion Exchange System Onsite Regeneration (2 sheets). 

13 14 15 16 17 II ., 20 21 2l 23 2,4 

Compot1mt Flllrate 
T,_. Ftn"N1 ........ 

~ PrM:ollt Shny 
Dewaand Airflow SlewltlaM Rock Sah DIINac for Samraud BriDe 

RepMrut Qlofide()Oo/.) Tau Efflaat SIIHlce Rock.Salt Solatioa (2'%) 

Ava. Peak A"I, Peu Ave- Peak Ave- Pak AV&- Peak Ava- Peak Ave- Peek Ava. Peak A\11, Peak A'!'I- Peak Ava. Peak ATS. Peak 

Hexavalcru 
chromium 

Total chromium 

Chloride 

Iron 

Sulfate 

Bicarbonate 

Nitntc•N 

pounds/ 
Uranium day 0.072 

Sulfuric acid 

pH 

pounds/ 
Ferrous chloride day 437 

pounds/ 
Sodium chloride day 1,091 

Pre-ooat pounds/ 
diatomaceous day 
earth 32.2 

pounds/ 
Ferric hydroxide clay Ill 

Ou-omic pounds,/ 
hydroxide day 17.8 

Solid (dry poun 
wdelll) day 161 

Solids (we1- pounds/ 
weight) day 517.6 

Air scfm 117 

pounds' 
Flow rate min 29.8 114.6 

Flow rate gpm 1.7 1.70 1.70 0.028 2.65 1.7 0.0108 0.30 7.SO 0.85 33.4 so 0.29 11.46 

gpm .. pllons per minute 
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Table E-6. Equipment List for HexavaJent Chromium Ion Exchange System with Onsite Regeneration. 

M•Jor Eqtdpmeot ud Sy,tetm Eq• l,-.tSb.e, Eqa ..... Sb.e, llmber 
fAildp-1 Deticrlpdetl Ulllt C. Tetalc.t 

adrit Eaallalt .CUlllts (dellan) (MIian) 

All cquipmau GeneBI comment: gc:ncral usumptl011 sumcs nwamum failure time {or any gi en cqulpmcnt is ooc: day. 

Feed tank and ueated er tank 60,566 L 16,000 gal 2 Vertical. polytdiylc:ne tanb: 4.27 m (14 ft) diameter, 4.27 m (14 ft) high, each tank izc,d for 10 minutes 5IOrlic at 5,678 Umin (1,500 gpm). 21,000 42,000 

Sulfuric acid tank l,136L 300pl I Tank si2JCCI for two weeks stangc of93% lfuric acid. Part llwnbcr VT0300-35, 0.8~ m (3S in.) diameter, 2.06 m (81 in.) high. 285 285 

Bag filter hou ing 37 Umin 100gpm I Aluminum filter housing to capluR: fines and other lid gcncratcd during~ 8.79 q/cm2 ( 125 psi) design prasun; 3. co37 Umin (I 10 7 0 7 
100 galJ005 per minute) now. 

On-Line heuwknt ilhromium IA A 1 
analyzc,r 

Automated optical apecttornel#. Sblar Model OPA 2000, with ll\1111ifold to IICQOfflmodatc up to . ion-exchange uain 50,000 50,000 

loo-cx:change - four column per 6 Four column (lmd-lag-poli,1\-jqndby) in cai:hofsix lk:ids (trains). Eacli column will bold approximately 3.79 m3 (134 ft') of~ with efilmelCf of 225,000 1,350,000 
id 1.113 m (6 ft) 1111d the IOtAI hcipt, approximalc:ly 3.35 m (11 ft). Ovenll skid dimc:n ion (fOUT columns per id) - 3.0S m by 9.15 m (10 ft by 30 ft). 

Ion-exchange resin 3.79m1 134ft' 24 Purolit.c A-500 i the rain in current use in the DR..S s)'Slc:nl. Resin loadin capacity for hcxavalcnt chromium in DR-5 superior to that of 130/ft' 41 ,oso 
100.HR-3, which u Dowa 21 K. Quanliti wc:rc c:Alculatcd bescid on• now rate o( 15 bed volumc:sfhour. 

Airblowt:r 3.31 m3/min 117 cfm 60F I Rotary-lobe, positi""°di_splacement blower. 10,839 10,839 
15.6C 

Dcmilsia I I 5.2-c:m (6-in.) Kynar M demist . 507 507 

Rcgcncrant treatment WI •amc 43.S32 L 11.SOO I 
bottom 

3 Three cono-boltom treatment t (43 5321,. [11,500 pl)). 3.61 m (142 in.) diameter, S.45 m(2l4.S in.) high, 15,999 47,997 

Cone bottom tan mn 3 Stand$ for cono-bo«om Wlks. 3,S00 10,SOO 

Treated rcgenffllllt tank 60,566 L 16,000 gal I Venial polycdiylene cank. 4.27 m (14 ft) dilllllCl«. 4.27 m (14 ft) hiJh. 21,000 21,000 

Farous chloride tank 37 SL 1,000 gal I Vertical polyethylene tank. 2,754 2,754 

J>n>coa1 sluny feed tank 18,927 L 5,000gal I Vcnical pol)ldhylene tllll . 2 9 m { .S ft) dillllCI«, 3.111 m ( 12.5 ft) high. 6,875 6,875 

Brine feed lllllk 22, 712 liters 6,000 gallons I Vcrli I polyethylene lzcd for toft&C of saturated sodium chloride ,olution. 3.0S m (10 ft) diamca:r, 3.05 m (10 ft) hi&h. 7,740 7,7MJ 

Sall turator 25,741 liters 6, pllon I Vcnlcal polyethylene or preparing brine from rock Al 3.05 m (10 ft) dilllJletcr, 3.66 m (12 fl) high. ,400 8,400 

Polymer feed system 2 4 liter'$ 75 gall I S27,150co &om cman. U-1 csealatO<" of 1.24 hued on 2004 and 2008 CEPCI indi 34,000 34,000 

Vacuum s,rc-roat filter sysrffll 1.83 m di~cr 6' diamct« by 8' I ALAR Enginccrin Co. ( imilar to 1CO vacuum fi1 ). 1.83 m (6 ft) diamder, 2.44 m (8 ft) long drum. 164,000 164,000 
by 2.44 m lc:ngth length 

Subtotal Eq• lpmut Colt 2, 175,757 
gpm c gallons per mmutt: 
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T le E-8. Operation and Maintenance for Ion Exchange with Onsit Regeneration. 

Once Oalll VllltC.. OUII Auul ... s Shao . 

Qablr 
Sulfuric acid (93~) 23S polm(l/day $124 100 55,318 
fcrTOus chloride IOlutioft (30%) 437 pouncVday S0.13S pound $21,5.3) 

Rock 1111 (Naa) 1,091 pc:,un&'day S7.5 Ion $1<4,933 
PoJydecuolytc 0.323 pouocl/dJy Sl .10 pound Sll-0 
Diatomaca>uS anh (pro-coal media) 32.2 pouocl/day S0.32 pound S3,761 

a..c•-•••,. 
Purolilc A-SOO resin (10%/ycar) .324 Jt.1/yr $130 ft' $42,120 

Bl«lrldl, 
Rot.bna cquipmml •,BOS kWh/day S<l.03 kWh $5'3,600 

~li&bliiig 529 lcWb/day S0.03 kWh $S,793 

Otha muccflancous 150 lcWb/day SO.OJ kWh $1 ,6-43 

LtMr 
F\111-time 

Shift operator, II equivalent $75 hour Sl,716.000 ..... ,,,...,, 
Proc:c:as tolids 112 um/yr $2& Ian $3,136 

w .. ~ 
Solid WUIC .5 san,plalyr $1,000 per sample SS,000 

M••-
% med 
capital 

MainlenanOe 3 invatmerll $441,532 

ToCJII Opentio• ucl Maiaua.-.ce Cott, Slyur 1,314,4" 
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Table E-9. M Balance - Ferrous Chloride System. (2 sheets} 

1 1 3 4 5 ' 7 • ' .. 11 

w .. Nd 
rucsa ..... 1 letODIIIClla 3n10dda .. 

ClaJtlllr ~· 
FIMIEflllllM B035% f~Jt% FIOJJ8% N.oll15% c..,-., Qnal.-.._... --- ----,IL •-::.,•· ,_., 

-,IL 
,....., 

-,IL ,-,,,Jay 
....., 

~ .. " ..... .. y 

lleuvalml 
dwomlwn 0.5 9.0 9.0 0.5 9.0 <0_oos 

Tolll 
chromium 0.5 9.0 9.0 o.s 9.0 <(l.OOS 

CIIJoridc 19 343 6S 1219 102 1912 102 876 692.2 

lroa 0 0 29 S•S <0.01 S•B 
Su1falc 60 1,084 58 1,()8,1 58 1,084 58 

Bkatbonale 122 2,20S 38 721 38.3 1,721 ll 

Nitnle-N S.87 106 106 6 106 6 
Uranium 0.00• 0.072 0.072 0.004 0.072 -0 
FCP"OU$ 
cbloridc 

' 
1,237 

Sodlu.m 
hydroJ:idc 3,603 

Hydrochloric 
acid 2,573 
pH 7.S 6.0 6.0 7.5 7.S 1.5 1.S 
Solids (dry pounds/ 
wcilht) day 
Solids (wet- pounds/ 
weight) day 
Air Kfm 

p0Wldsf 
Flow rate day 18,01 •,-400 J8,76J,<M0 18,766,613 18.830,™ 2.181 J,173 3,603 

Flow rate mm 1,500 1,562 l,S63 I 568 1,-499.8 0.18 0.26• (as needed) 338.8 

Properties so 1.18 SG 1.3 s.o. 1.275 
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Table E-9. Mass Balanc • Ferrous Chloride System. (2 sheets) 

u 13 14 15 1' 17 II ., 20 JJ 2l 
Air NaOll25'% ....,...,_ Sllldee._,. nwAJd ............ Flemllaat ........... s...w.- rr.-c.t c...,.... 

l•afL 
,...., ,...., ....., ,...., ....., .... ,... ,...., ,...., .. , ., .. , •1 ., 4ay .. , 

Haavalcnl 
chromium 
Tow chromium 
ChJonde 
Sulf111e 
Bicaltlona1t 
Niinte•N 

Uranium 0.072 
Ferrous chloride 
Sodi11111 h)'drollidc 
~ 
dJMomacco\Q 
-1h 212 212 

ferric hydroxide 1,00 l.()43 

Chrome hydro,ndc 17.9 17.9 

pH 
Solids(dry pounds/ 
weistn) day 2.65 1,061 18 1.27) 212 
SoUds (wet• pounds/ 
walh•> day 1,060 26,527 3,6.38 2,122 

Air sdin 2.0lS 
pouridsl 

Flow rate day 746,1159 60.048 1,060 25,466 720,576 2.36s 2,122 

Flowratc om 0.235 62 s 0.088 2.120 0.6 60 720 0.20 0.18 

&Jlm = gallons per minuie 
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Table B- 1O. Equipment List for Ferrous Chloride Treatment System for HexavaJent Chromium Removal. 

MaJerl'Apllpa t .. d J'lt r.i..-,Sb:e, Eqidpaeat sa.. Naabff r.q..,_., ».crtpdoe Ulllleeet T9taJCNt 
aetl1c E-,HA fllUalb (llallan) ( .... n ) 

Feed tank and treated water tank 60,S66L 16,000 &•1 2 Vertical, polyethylene links. •.27 m (14 fl) diameter, 4.27 m (14 ft) high, each tank ized for 10 minutes torage at 21 ,000 42,000 
5,678 Umin (1 ,500 gallons per minute). 

Hydrochloric acid tank 24,605L 6,500 gal I Vertical, polyethylene tank, iied for tank IJ\ICk shipmen 3 .05 m (10 ft) diameter, 3.66 m (12 ft) high. 8,825 8,825 

Ferroua chloride link 24,605 L 6,500pl I Vertical, pol)'fthylene tank, sized for tanlc truck hipments. 3.05 m (10 fl) diameter, 3.66 m (12 ft) high. 8,825 8,825 

Fim bcxavalent chromium reactor 32,554 L 8,600pl 1 Fibergl reinforced plastic tank. 5 minutes hydraulic residence time (wodcing volome) with 10% percent frccboani 36,026 36,026 

Second bcxavalent chromium reactor 67,380 L 17,800 gal I Fiberalus reinforced plastic link. JO minutes hydraulic residence time (working volume) with 10% perccl11 frceboard. SS,741 SS,741 
3.9 m (13 ft) diameter, S.•9 m (18 ft) high. 

Sodium bydro1dde tank 18,927 L S,000 gal I Horizontal welded eteel tank, sized for 17,034-L (4,500-gal) truc)doads. 1.83 m (6 ft) d.iameter, 7.31 m (24 ft) long. .s.soo 5,500 

Oxidation reactors 213,876 L 56,500 gal 3 FiberJlass reinforced plastic tanb - 30-minu~ hydraulic n:sidence time (worlcing volume) each with 20'Y. freeboard. 111 ,363 334,089 
7.62 m (25 ft) diameter, •.88 m (16 ft) high. 

Blower 57.3 m'lminu 2,025 scfm I Rowy-lobe, positive-displacement bJowcr, common 10 all tbrnc air-sparged oxidation reactors. 40,232 40,232 
@21.lC 

Demister 3 I 5.2-cm (6-in.) l(ynar Mesh demi.stet. 507 1,521 

Flocculant feeder 1 Basic "dry feeder." Nalco Pan No. 201-ONF5008.88. 32,421 32,421 

Clarifier 2 2 Pa.rboo inclined plate, .S,678 Umin (1,500 gpm). 7 .62 m (25 fl) long, 3.50 m (11 .S ft) wide, 6. 10 m (20 ft) high. •02,000 

Sludae holding tank 60,566 L 16,000 gal I Vertical polyethylene tank. •.27 m (I• ft) diameter, 4.27 m (14 ft) high. 21,000 21,000 

Filter aid feeder I Buie "dry feeder." Nalco Pan No. 201 -DNFSOOB.88. 32,421 32,421 

P.re-ooa1 slurry feed tank 18,927 L 5,000 gal I Vertical polyethylene tank. 2.59 m (8.S ft) diameter, 3.81 m (12.5 ft) high. 6.875 6.875 

Vacuum pre-coat filau I EIMCO rotary drum vacuum filter with drum 3.05 m (10 ft) diameter and 3.05 m (10 fl) Ion&. This will provide a cycle 351,106 351,106 
time of S to 6 hr/day. 

MicrofiJter feed tank 105,992 L 28,000 gal I FRP tank - l.5-minute hydraulic mi dencc time with 20% ·freeboa.rd. S.•9 m (18 ft) diameter 4.57 m (15 ft) high. 73,150 73,150 

Microfiltration system 8.18 million 2.16mgd I MEMCOR .S,678 Uminut ( l 500 gpm) low-pressure membrane system. 800000 800,000 
Uday 

On-line hexavalent chromium analyzcr 01 applicable Not applicable 1 Automated optical spectromet.cr. Sblar Model O}> A 2000, with manifolds to accommodate up IO 6 ion~change tnins 50,000 50.000 

Diny baclcwuh tank 34,069 L 9,000 gal I Vertical polyethylene tank. 3.66 m (12 ft) diameter, 3.66 m (12 fl) high. 12,150 12,150 

btotal Eq• ipmftlt Cost.$ 2,313,812 

gpm • gallons per minute 
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Table E-12. Operation aod Maintenance Cost for FCtTOus ChJ ride ystem. 

•sea.te 11111 UaMCOIC. Vida AualCNt; 
s Sm. 

0-b& 
Hydrochloric acid 3S% 2,S73 pound/day $0.IBS pound $173,7•2 

FfflOUJ c.hJoridc: 30% 3,173 pound/day $0.135 pound SIS6,3SO 

Sodiv.m b)'droltidc 25 3,603 pound/day $0.135 pound Sl77,.S3 

Polyelcc:trolytc 20.6 pOUDd/cuy SI.to pound $8.287 

Dialomlccous earth (pre~ 
media) 212 pound/day S0.32 pound $24,762 

Bl«frklq 
Rowing equipment 9031 kWIVday $0.03 kWh $98,886 
Arqliabtina 365 .k:Whlday $0.03 kWh $3,997 

Other lSO tWh.fday SO.OJ kWh Sl ,6•3 

1.-.r 
Full-time 

Shiftopcra10n II equivalent 15 hour $1,716,000 

W.-D-,-J 
Proccu solids •32 too/yr $28 Ion $12,096 

w ... a.~ 
20 Samplcsfycar $1,000 perllmf)le S:20,000 

1,1.,...,..,_ 

% fixed capital 
Main1emncc J investment $468,338 

Total Optrado11 ucl Mlioteaa• ce Con. $/year ~l,637 
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