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Dear Ms. Hedges:

Attached for your information is the subject document. This document presents the quarterly
summary of observations, activities, and groundwater quality monitoring data for the In Situ
Redox Manipulation (ISRM) remedial action in the 100-D Area chromium plume west of the
100-D/DR Reactors within the 100-HR-3 Operable Unit. - This technical memorandum satisfies
the quarterly reporting requirement specified in the “Remedial Design Report and Remedial
Action Work Plan for the 100-HR-3 Groundwater Operable Unit In Situ Redox Manipulation,”
DOE/RL-99-51, Rev. 1.

This report includes information on the Phase II and Phase III ISRM barrier emplacement
activities obtained from October 1, 2001, through December 31, 2001. The data presented in this
report are limited to those that were available as of December 31, 2001. :

If you have any questions, please contact me, or your staff may contact Arlene Tortoso at
(509) 373-9631.
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Matt McCormick, Director
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1.0 IN SITU REDOX MANIPULATION SUMMARY

1.1 INTRODUCTION

This technical memorandum summarizes construction activities and performance of the In Situ
Redox Manipulation (ISRM) treatment zone west of the D/DR Reactors in the 100-D Area of the
Hanford Site. The report covers the first quarter of fiscal year (FY) 2002, beginning October 1,
2001 through December 31, 2001.

Deployment of ISRM is specified in the interim remedial action record of decision (ROD)
amendment for the 100-HR-3 Operable Unit (EPA 1999). The ISRM treatment zone is being
¢ ructed 1implemented in accordance with the Remedial Design Report and Remedial
Action Work Plar. - the 100-HR-3 Groundwater Operable Unit In Situ Redox Manij; " ition
(RDR/RAWP) (DOE-RL 2000). Phase III treatment zone construction activities began at the
start of FY 2002. The data presented in this report are limited to those available as of

" December 31, 2001.

The remedial action objectives (RAOs) for this action are those stated in the 100-HR-3 Operable
Unit ROD (EPA 1996) for the pump-and-treat technology. The specific RAOs are as follows:

¢ Protect aquatic receptors in the river bottom substrate from the chromium contamination in
the groundwater entering the Columbia River.

e Protect human health by preventing exposure to contaminants in the groundwater.
e Provide information that will lead to the final remedy.

Treatment system and aquifer performance data collected during the period are evaluated in
relation to the RAOs and key design elements identified in the ROD amendment (EPA 1999).

Included in this technical memorandum are summaries of design upgrades, injection/extraction
activities, and hydraulic and contaminant monitoring. Discussions of quality assurance for
sample data, conclusions from reported data, and recommendations are also presented.

1.2 BACKGROUND

A plume of hexavalent chromium in the groundwater was discovered to the west of the

D/DR Reactors in the 100-D Area during groundwater monitoring activities. This chromium
plume is not located within the established capture zone of the groundwater pump-and-treat
system for the 100-HR-3 Operable Unit interim remedial action. The ISRM technology chosen
to remediate this site creates a permeable treatment zone that eliminates hexavalent chromium in
the groundwater by converting it to trivalent chromium (EPA 1999). A reducing agent (sodium
dithionite) is injected into the aquifer and allowed to react with the sediments for a short period
of time (approximately 36 hours), reducing ferric iron (Fe+3) to ferrous iron (Fe+2), among
numerous other reactions. After the reaction period, the residual reagent and associated
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approximately 440 m (1,445 ft). The treatment zone was completed to design limits on the
eastern end, and additional wells were completed toward the western termination point.

14  MITIGATION PLAN AND HOLD POINT DECISIONS

Two specific project activities were performed during FY 2001 to address changes in system
performance and implementation practices: development of a mitigation plan and evaluation of
a planned hold point between the Phase II and Phase III ISRM implementation. These activities
are discussed in the following subsections.

1.4.1 Mitigation Plan

Some wells within the ISRM treat1  tzor - toe ' it increasi 1centrations
hexavalent chromium in groundwater during FY 2001. The first well to exnibit an increasing
chromium concentration was 199-D4-7, the first ISRM well to be treated during the treatability
study phase of the interim action. Increases in chromium concentrations were also observed in
wells 199-D4-5 and 199-D4-23, both of which are located downgradient of the treatability study
area. Subsequently, well 199-D4-26, which was treated in late FY 2000, exhibited a rising
hexavalent chromium concentration. Hexavalent chromium concentrations in these and other
treatability test wells have continued to increase with concentrations in one injection well rising
to 900 pug/L, close to baseline (i.e., pre-ISRM treatment zone) levels of approximately

1,000 pg/L.

A mitigation plan (BHI 2001a) was prepared to evaluate the path forward for addressing the
breakthrough in the treatability study portion of the ISRM treatment zone, including
advantages/disadvantages and a schedule for implementation. Although no clear cause of the
apparent reduced longevity of the treatment zone was identified during FY 2001, the following
potential causes of the premature 100-D Area ISRM treatment zone breakthrough were
postulated:

e Reoxygenation of the reduced zone during air rotary drilling
e Formation disturbance (fracturing)/trapped air from air rotary drilling

e Heterogeneities (rapid reoxygenation of high-permeability zones and/or low residual
reduction capacity of high-permeability zones)

e Fluctuating water table

e Reoxygenation rates in excess of the design basis

e Groundwater flow velocity in excess of the design basis.

The mitigation plan provided three options for a path forward to address this trend in the

treatability test study portion of the ISRM treatment zone, including advantages/disadvantages,
timing for implementation, and a recommended approach. The three options included
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Treatment Zone Degradation Mitigation Activities. A mitigation plan (BHI 2001a) was
developed to address a significant trend of increasing hexavalent chromium concentrations
observed in the central treatability test portion of the ISRM treatment zone and some Phase I and
Phase Il injection wells. Previous hexavalent chromium measurements were near or below
detection limits since dithionite injections/extractions occurred in 1997 and 1998.

FY 2002 mitigation activities will include the drilling of three boreholes near the existing ISRM
treatability test treatment zone. Collection of in situ soil samples during the drilling of the
boreholes will be the main objective of the drilling activities. Geotechnical and geochemical
analysis and testing will be performed on the collected soil samples. A geotechnical/
geochemical evaluation report will be prepared by Pacific Northwest National Laboratory,
emphasizing residual reductive capacity in the area, corrective measures for reestablishing the
existing treatability portion of the treatment zone, and (if possible) modifications to Phase III
FY 2002 well installations and treatment me empl ment approach. The resu  "the
borehole sampling study may provide preliminary information useful for Phase 1. » » 2002 well
installations and guidance for Phase III FY 2002 emplacements (injections and extractions) and
treatability test reinjections. ‘
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2.0 ISRM FIRST QUARTER WORK ACTIVIT™™5 COMPLET™D

Work activities completed during the first quarter of FY 2002 consisted of completing 9 Phase II
well extractions and drilling 3 of 17 Phase Il injection wells. Completion of extraction activities
on wells injected in the fourth quarter of FY 2001 concludes the Phase IT work scope. Phase III
drilling activities were started in late December, and three wells were in progress at the end of
the reporting period. No significant design changes were made at the ISRM facility during the
first quarter. Figure 2-1 presents a site overview map containing wells installed and treated to
date.

Planned Phase III activities include installing 17 injection wells and injecting 22 additional
treatment zone wells, completing the treatment zone to its western termination (near

well 199-D3-2). Phase III activities also include injecting the five existing untreated Phase II
treatment zone wells (199-D4-63 through 199-D4-67) left as a buffer during drilling activities.

21  ISRM WELL CONSTRUCTION ACTIVITIES

First quarter FY 2002 Phase III well construction activities are discussed in the following
subsections.

2.1.1 Well Installation

Construction of three wells began in the first quarter of FY 2002 and was in progress at the end
of the reporting period. Two wells are adjacent to existing ISRM treatment zone wells, and the
third well is located at the designed western end of the treatment zone, near monitoring well
199-D3-2. Table 2-1 summarizes first quarter well construction progress.

First quarter FY 2002 drilling activities included several precautions to prevent an increase of
dissolved oxygen in the established treatment zone. All Phase III drilling to date has been
performed using the cable tool method for the entire drilled depth. If air rotary drilling is used, it
will be terminated no closer than 3 m (10 ft) above the water table (approximately 19.8 m [65 ft]
below ground surface). As outlined in ISRM Phase III Construction Activities Planning Hold
Point Resolution (BHI 2001b), dissolved oxygen monitoring is not required for Phase III drilling
activities given the current drilling protocols.

22 SUMMARY OF TREATMENT ZONE EMPLACEMENT ACTIVITIES

This section describes ISRM treatment zone emplacement activities that occurred from
October 1 through December 31, 2001. Specific details include treatment zone performance
sampling and resulting data. Table 2-2 summarizes start and completion dates for the nine
Phase II extractions that were finished in the first quarter of FY 2002.
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Table D-1. ISRM Data from September 5, 2001 Injection (D4-54 Data). (2 Pages)

Field Parameters
Volume [— —
ouctime | s sy [Se00] [ o T o [ o> [contu] Szt bt Toven
g » e x mS/
(unitless) | " LoP | (mV)* | (mg/L) | ng/L) | (mg/l)| - (mSiem) | 7B | HECECER0R T
11/1/01 10:15 Post- 120000 9.14 18.00 [-73.00) N/A | 009 | N/A 393 0.00 N/A N/A
Treatment
Averages N/A N/A 1115 | 2208 [-539.08] N/A | 0.00 | N/A 65.14 N/A 00852  |32.73
(Injection):
"Measured ORP values¢ ‘erted to Eh by applying manufacturer recommended conversion factor of +200mV.
'Cole-Parmer DO meter used.
*Honeywell DO meter used.
’Orion DO meter used.
N/A = Parameter or constituent not measured during this stage.
R = Data reje lue to */Eh probe malfunction.
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APPENDIX E
INJECTION DATA FOR WELL D4-57
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Table E-7a. ISRM Data from August 23, 2001 Injection (D4-5" )ata) (Metals).

The following is data from well D4-57. This well was the main injection/extraction well.

METALS
. !
Date Time Stage Silver Aluminum Arsenic Barium Calcium | Cadmiun.  Chromium | Copper | Iron Sample ID
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ng/L) | (ug/L) P
8/23/01 0:30 Baseline 050 u 3020 39u 126 108000 030u 334 15.5 4740 B12D40
. Post-
10/16/01 10:40 Treatment 0.50u 62.1 23.2 i 97.9 I 10,200 0.38 2.8 24 506 B12X90
Table E- . ISRM Data from August 23, 2001 Injection (D4-57 Data) (Metals).
The following is data from well D4-57. This well was the main injection/extraction well.
METALS
Date Time Stage Potassium | Magnesium | Manganese | Molybdenum | Sodium Lead Selenium | Silica | Zinc Sample ID
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ng/L) (ug/l) | (ng/l) P
8/23/01 0:30 Baseline 10400 23800 346 7.8 33700 2.6 32u 39700 20.6 B12D40
. Post-
10/16/01 10:40 Treatment | 762,000 17,700 389 13.9 263,000 24u 3.6 10300 9.9 B12X90







APPENDIX F
INJEC 11ON DA 1 A FOR WELL D4-58
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APPENDIX G
INJECTION DATA FOR WELL D4-60
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APPENDIX H
INJECTION DATA FOR WELL D4-61

ISRM FIRST QUARTER FY 2002

ISRM First Quarter FY 2002 Tech. Memo
April 2002 H-i
















ISRM First Quarter 1Y 2002 Tech. Memo
April 2002



APPENDIX 1
INJECTION DATA FOR WELL D4-62
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APPENDIX J
TABULATED SAMPLE RESULTS
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APPENDIX K
HYDROGRAPHS FOR WELLS 199-D4-13, D4-20, D4-38, D5-38 AND D5-43
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