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zone monitoring strategy and describes the technical and administrative controls on vadose zone monitor-
ing in support of the Hanford Groundwater Monitoring Project. Info1 ition obtained from implementing
this proposal and subsequent site-specific vadose zone monitoring plans will be integrated with other
monitoring and technical activities within the Hanford Groundwater Monitoring Project, the Groundwater/
Vadose Zone Integration Project, and current and future environment. remediation activities.

The dominant mission at the Hanford Site is environmental remediation. One important connection
between the Hanford Groundwater Monitoring Project vadose zone monitoring and the Hanford Site
remediation activities is through the process identified in the 200 Areas soil remediation strategy (DOE
1996). That strategy recognized that most 200 Areas past-practice liquid disposal facilit ~ will undergo
some form of remediation, ranging from complete cleanup to in-place anagement. The vadose zone
monitoring discussed in this proposal tracks vadose zone contamination until those remedial actions can
occur. Also, if in some instances vadose zone contamination is mana; 1 in place, periodic monitoring to
assess the effectiveness of that remedial decision may be necessary. It is expected that this proposal will
undergo changes as the priorities and restoration activities evolve.

As the vadose zone monitoring project discovers needs for baseline data against which to monitor or
needs based on existing borehole surveys, those needs can be passed to the 200 Areas soil investigations
for inclusion in appropriate limited field investigations. Any new characterization facility (e.g., bore-
holes) may then become additional monitoring points r the vadose project.

This document is not intended to delineate all the specific details of monitoring for any particular site.
That scope belongs to the site-specific monitoring plans thatw ~  leveloped for each vadose zone
monitoring task. Instead, this proposal is intended to provide a fr.  :work and general criteria directing
site-specific monitoring plans and a path to achieve site-specific vadose zone monitoring.

A modified data quality objectives (DQO) process was used as a major source of information to pro-
duce this proposal. The results of the DQO process and subseque: reviews of this proposal resulted in a
road map leading from the general guidance of this proposal to the de Is necessary in a site-specific
monitoring plan. Those results are presented in the L ) chapter of this proposal (Chapter 4.0).

It is recognized that vadose zone strategies at the Hanford Site are evolving and that this document
will need revision to reflect new priorities and new information. ¢ o, the conclusions and recommen-
dations in this proposal are subject to the strategies and activities of the more broad, sitewide Groundwater/
Vadose Zone Integration Project.

1 Scc

The scope of this proposal covers all liquid and solid waste « posal facilities and unplanned releases
with two exceptions. First, vadose zone monitoring that is part of the Tank Waste Remediation System
(TWRS) Program is not considered by this proposal. Second, facilities and unplanned releases that
currently are undergoing remediation and remediated sites that do not require post-closure vadose zone
monitoring are not considered by this proposal.
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2.5 Discontinuities

Discontinuities in the vadose zone sediments can serve as preferential pathways or as barriers to
liquids reaching groundwater. The major discontinuities are clastic dikes, faults, fractures and joints.

Clastic dikes are a common geologic feature in the suprabasalt sediments at the Hanford Site. Clastic
dikes are generally vertical to subvertical sedimentary structures that cut across normal sedimentary
layering. They are most common in the Hanford formation but also have been identified in the Ringold
Formation, the Ellensburg Formation, and the Columbia River ba ts. Clastic dikes exhibit a wide varia-
tion in their dimensions, internal structure, infilling material, and relationships with one another. The
most important feature of clastic dikes is their potential to either enhance or inhibit (depending on textural
relationships) vertical and lateral movement of contaminants in the subsurface. Black (1979) and Fecht
et al. (1998) have compiled most of the information known about clastic dikes in the Pasco Basin.

Faults, fractures, and joints are structural discontinuities that can provide potential vertical pathways
to groundwater. These features are most common in competent rock near anticlinal ridges but are not
confined to only those areas. Faults have been observed throughout the Pasco Basin but are typically
sparse away from the major anticlii . Joi  and fractures differ m faults,intl thc s little to no
relative movement on either side of the fractures. They are very common wherever competent, brittle,
deforming rock has undergone folding as in the Pasco Basin. Fractures and joints typically break the
cemented rock of the Ringold Formation and caliche layers of the Plio-Pleistocene unit. The uncemented
Hanford formation and ¢ tile clay-rich beds of the Plio-Pleistocene unit are probably less susceptible to
joints and fractures. However, shrinkage of clay-rich beds as they dry out will produce abundant joints
and fractures.
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KE Basin, and sites 1) with associated constituents of con« n, ~ that have not had the mobile constitu-
ents “flushed” from the soil column (sites at which 10 or less pore volumes of effluent were disposed [see
Appendix B for rationale for 10 pore volumes]), and 3) that have ita available to serve as baseline for
monitoring.

Also in Appendix B, Table B.2 lists the priority sites that have associated constituents of concern, less
than or equal to 10 pore volumes but no associated baseline infon tion for monitoring. Table B.3 shows
the intermediate priority sites that have long-lived, relatively immobile constituents of concern but
receive greater than 10 pore volumes.

Within each of the tables in the appendix sites are further prioritized as follows. First, the relative
ranking of waste site groups has been retained from Waste Site Grouping for 200 Areas Soil Investiga-
tions (DOE 1997b). Then, within each waste site group, individu: sites are ranked first by waste site
type, second by amount of natural recharge, and third by the date that the site was last monitored. When
ranking by waste site type, specific retention facilities were placed higher on the list than other sites. This
essentially ranked the sites according to decreasing pore volume because effluent discharged to specific
r ' ation facilitiesv a0 ly limited to 10% or less of the available pore volume between the facility
and t| groundwater.
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surveillance objective will require a rela*ely high sampling frequency; a trend-monitoring objective will
require less frequent but long sequences “sampling (Gilbert 1987). Mobile cont:  nants will require
more frequent monitoring than less-mobile, long-lived contaminants. The site-specific DQOs will dictate
the sampling frequ 'y described in the site-specific monitoring plans, and the examination of prior data
should be factored into determining the frequency.

6.1.5 Premonitoring Activities
Preparation activities necessary to begin a vadose zone monitoring project include the following:
e site-specific monitoring plan that provides a strong technical basis for the site-specific monitoring
e planning
e coordination with team members

¢ coordination with support services as addressed in the quality assurance project plan portion of this
proposal (see Appendix A).

e procurement of monitoring services and equipment.

Activities in preparation for field operations are to be accomplished prior to monitoring. Activities to
be considered include radiation control technologist support for generation of radiation work permits,
access to radiation zones, swabbing of wells, removal of pumps and packers from wells, surveys of
instrumentation as it is removed from wells or the site, and any special requirements. If existing bore-
holes are to be used, they must be evaluated to ensure they meet project specification. Also, if existing
boreholes are to be used, coordination also must be made with projects (e.g., soil-vapor extraction) that
are already using the boreholes scheduled for monitoring. Also, boreholes that have not been entered
recently may need a field inspection and be swabbed for internal contamination. Finally, coordination
with the facility owner or operator should occur to avoid conflicts with facility operations.

6.1.6 Acquire Monitoring Services

A detailed statement of work should be prepared prior to selection of an organization to perform the
monitoring. The statement of work should delineate the fc** wing:

monitoring method to be used

constituents of interest, including detection limits

quality control parameters, including precision, accuracy, and frequency of quality control samples
calibration requirements

document control requirements

deliverables

quality assurance requirements
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e cost and schedule constraints
o administrative contacts a1 controls.

Pacific Northwest National Laboratory will maintain access to organizations capable of supplying
required vadose zone monitoring services for the Hanford Groundwater Monitoring Project. Potential
sources of services include Hanford Site contractors and subcontractors; subcontractors designated as

prequalified by Hanford Site contractors; and evaluated, independent, private industry.

The Hanford Groundwater Monitoring Project maintains contract analytical laboratory services for
use. Those services will be used as needed.

6.1.6.1 Monitoring Procedures

All vadose zone monitoring will be conducted according to:  ‘oved procedures. Specific technical
procedures required will be designated in the statement of work but will include procedures for the
following:

e data acquisi.tion

e calibration practices and standards

¢ quality control and acceptance criteria

¢ equipment maintenance and calibration

o data reduction, verification, and reporting
o data storage and security

¢ document control

¢ administrative procedures, including personnel training, health a1  safety documentation, quality
assurance/quality control program, change control, and control and disposition of secondary waste.

Only proven techniques with procedures adequate to control the quality of the data will be used. All

software used in the acquisition of data, the reduction and analysis of ita, and data interpretation will be
reviewed to confirm that the software performs as expected and correctly.
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in appropriate databases and libraries for use. The original data or copieé of the data will be managed
according to Pacific Northwest National Laboratory data management procedures (see Appendix A).

6.1.9 ___porting

The results of vadose zone monitoring should be made available for Hanford Site use. Mechanisms
include publication in topical reports and in the annual Hanford Site groundwater monitoring report. All
reporting will be peer reviewed. Topical reports will be issued according to Pacific Northwest National
Laboratory procedures for information release, which ensures technical review. The annual groundwater
report also utilizes the Pacific Northwest National Laboratory information release system and undergoes
extensive technical, peer review.
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standard reporting techniques and units wt  :ver possible to facilitate the comparability of data sets in
terms of precision and accuracy. All approved procedures shall be retained in the project QA records and
shall be available for review on request.

A.8 Data Reduction, Validation, and Reporting

Data from monitoring activities will be used primarily to determine the presence and amounts of
contaminants of interest in specified locations and intervals. The support organization responsible for
acquiring the monitoring data shall be responsible for the examination and verification of results to the
extent appropriate. The requirements discussed in this section shall be invoked, as appropriate, in
procurement documentation prepared in compliance with stan.  d PNNL procedures. Results from all
monitoring measurements shall be summarized in required reports and supported by QC checks, equip-
ment calibration data, spectra, or other verification data as appropriate.

Project records shall be managed according to established PNNL records management procedures.
All reports and supporting data may be subjected to a detailed technical review by a qualified reviewer.
All reports, technical reviews, and supporting data shall be retained as permanent project QA records in
compliance with referenced procedures.

A.9 Internal QC

The quality of vadose zone monitoring data shall be subject to in-process QC checks in the field,
during data reduction, or in the laboratory, as appropriate. Minimum requirements are defined as follows.

Specific field checks shall be appropriate to the specific monitoring method and be documented in
site-specific monitoring plans. Unless otherwi j ified in a site-specific monitoring plan, minimum

field QC checks for borehole logging activities snall include the following:

e Pre- and post-monitoring detector verification will be done using a known and documented source.
Acceptance criteria are to be documented in applicable procedures.

¢ A minimum of 3 m (10 ft) in each borehole is to be relogged as a QC sample. The portion of the
borehole to be relogged can be at the discretion of the log operator.

Internal QC checks performed by the an  tical laboratories shall be in compliance with approved
analytical procedure requirements.
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Appendix B

Site Prioritization

B.1 itroduction
This appendix describes the process used to prioritize liquid waste disposal sites.

Eleven criteria resulted from the data quality objectives (DQO) process (see Chapter 4.0 in the main
text). Each cri ion was applied to each waste site to help determine the potential need for vadose zone
monitoring.

Is there a current threat imposed by site conditions on the environment?
Is there a regulatory reason to monitor? ,
Are there mobile contaminants associated with the site?
Are there long-lived contaminants associated with the site?
Have mobile constituents been “flushed” from the vadose zone?
Is there a potential for future impact to groundwater?
Are there vadose zone plumes associated with the site?
Is there a current impact to groundwater at the site?
Is the site in an area that is currently receiving liquid effluent?

. Are there driving forces e mal to the site?

. Are characterization and/or baseline data available?

W0 h W~

—
—_— O

The waste sites evaluated for this proposal were all the waste sites in the 200 Areas as reported in
Waste Site Grouping for 200 Areas Soil Investigations (Table A.1 in DOE 1997). The Waste Site Group-
ing for 200 Areas Soil Investigations placed each of 662 waste sites into 1 of 23 waste site groups that
were previously developed by the 200 Areas Soil Remediation Strategy - Environmental Restoration
Program (DOE 1996). The placement primarily v based on the chemical processes generating the
waste streams disposed to the facilities. The waste site groups were then prioritized (as groups) on the
basis of past, current, and potential future impacts to groundwater, contaminant types and contaminant
chemistry, geographic location, and other parameters (DOE 1997). Many of the decision rules developed
during the DQO process for this proposal are simi  to the criteria used by the Waste Site Grouping for
200 Areas Soil Investigations to prioritize waste site groups.

B.2 Prioritization Process

The first criterion is “Is there a current threat imposed by site conditions on the environment?” No
sites from Table A.1 in the Waste Site Grouping for 10 Areas Soil Investigations received a positive

B.1






























Brodeur, J. R., R. K. Price, R. D. Wilson, and C. J. Koizumi. 1993. Results of Spectral Gamma-Ray
Logging of Select Boreholes for the 200 Aggregate Area Management Study. WHC-SC-EN-TI-021,
Westinghouse Hanford Company, Richland, Washington.

DOE. 1996. 200 Areas Soil Remediation Strategy - Environmental Restoration Program.
DOE/RL-96-67, U.S. Department of Energy, Richland Operations Office, Richland Washington.

DOE. 1997. Waste Site Grouping for 200 Areas Soil Investigations. DOE/RL-96-81, U.S. Department
of Energy, Richland Operations Office, Richland, Washington.

DOE Order 5400.1, General Environmental Protection Program. U.S. Department of Ene  /,
Washington, D.C.

Downs, J. L., W. H. Rickard, C. A. Brandt, L. L. Cadwell, C. E. Cushing, D. R. Geist, R. M. Mazaika,

D. A. Neitzel, L. E. Rogers, M. R. Sackschewsky, and J. J. Nugent. 1993. Habitai _ pes on the Hanford
Site: Wildlife and Plant Species of Concern. PNL-8942, Pacific Northwest Laboratory, Richland
Washington.

Fayer, M. J., G. W. Gee, M. L. Rockhold, M. D. Freshley, and T. B. Walters. 1996. “Estimating
Recharge Rates for a Groundwater Model Using a GIS.” Journal of Environmental Quality 25:510-518.

Fecht, K. R., G. V. Last, and K. R. Price. 1977. Evaluation of Scintillation Probe Profiles from 200 Area
Crib Monitoring Wells. ARH-ST-156, Atlantic Richfield Hanford Company, Richland, Washington.

Johnson, V. G., C. J. Chou, and J. W. Lindberg. 1995. Groundwater Monitoring and Assessment Plan
Jor the 100-K Area Fuel Storage Basins. WHC-SD-EN-AP-174, Westinghouse Hanford Company,
Richland, Washington.

WAC 173-303-645, Washington Administrative Code. Dangerous Waste Regulations, Releases from
Regulated Unit. Olympia, Washington.

Waite, J. L. 1991. Tank Wastes Discharged Directly to the Soil at the Hanford Site. WHC-MR-0227,
Westinghouse Hanford Company, Richland, Washington.

B.11












Appendix C

Proposed Fi: al Year 1999 Vadose
Zone Monitoring Activities

Current proposed activities for vadose monitoring in fiscal year 1999 include the following tasks.
e Prepare the detailed, site-specific information, including maps, inventories, constituents of concern,
revious monitoring, existing subsurface access, existing contami1  on, applicable regu-

s, 3 _ "cdata quality objectives, and monitoring frequencies.

e Monitor vadose zone contamination beneath about 20 specific retention facilities, using geophysical
spectral gamma-ray techniques at specific retention tren  s. Report results of the logging effort.

¢ Complete a feasibility/cost analysis of prefer natives for vadose zone monitoring to
supplement existing groundwater monitoring a. u. Lianid Effluent Retention Facility.
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