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 INTRODUCTION / BACKGROUND 

 
The Department of Energy, Richland Operations Office, (DOE-RL) manages the Hanford Site working toward 
protecting the workers, public, and environment by further reducing risk, as well as providing the necessary 
infrastructure for continued safe and effective cleanup operations, access and use.  This is accomplished by work 
performed by contractors and subcontractors, to ensure the safety of Hanford cleanup.   
 
As a Prime Contractor to the U.S. Department of Energy, Hanford Mission Integration Solutions (HMIS) is 
responsible for providing direct support to the DOE-RL and its contractors with cost effective infrastructure and site 
services integral and necessary to accomplish the Hanford Site environmental cleanup mission. 
 
HMIS Environmental organization is responsible for providing technical support to DOE-RL in their efforts to 
collaboratively work with the Hanford Natural Resource Trustee Council (HNRTC).  The HNRTC is undertaking a 
Natural Resource Damage Assessment and Restoration (NRDAR) process at the Hanford Site.  The HNRTC 
consists of both federal and nonfederal governmental organizations asserting trustee status pursuant to the National 
Contingency Plan (40 CFR Part 300): United States Department of Energy (DOE), United States Department of the 
Interior (DOI), State of Oregon, State of Washington, Confederated Tribes and Bands of the Yakama Nation (YN), 
Nez Perce Tribe, and the Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and non-voting member 
National Oceanic and Atmospheric Administration (NOAA). 
 
Numerous efforts have been undertaken to understand the extent the contaminants fluxing into the Columbia River 
from past onsite industrial releases. Efforts by the Trustees overseeing the injury assessment have included gathering 
experts together in 2008 and 2012 for panel discussions surrounding groundwater contamination and the extent 
those contaminants flux to the adjacent surface water. The 2008 expert panel identified data gaps that included: 
 

• Map extent of contaminant plumes underneath the river; 
• Continue mapping preferential discharge locations at river bank; 
• Estimate hydraulic conductivity of the river bed and map associated sediment and rock types;  
• Map Ringold Mud occurrence under the river and consider as possible source term; 
• Assess importance of scour zones; 
• Characterize vertical distribution of contaminants in unconsolidated materials; 
• Characterize flow system on the other side of the river and its control on contaminant distribution in the 

riverbed; and, 
• Estimate transport parameters. 

In 2012, the trustees convened another expert panel to try to address the data gaps defined by the 2008 panelists. 
Main purpose and charge of the later panel was to determine methods and technologies available to assess upwelling 
including the spatial and temporal variability of contaminant upwelling, and how to characterize the interactions at 
the bottom of the river. 
 
Recommendations from the experts include mapping the extent of contaminant plumes, identify areas of 
groundwater preferential discharge locations into the river, and to connect the known groundwater plumes to the 
riverine environment. As a result of the expert panel discussions in 2013, trustees developed a scope of work for a 
pilot study that would delineate and connect the groundwater source contamination to the riverine environment and 
determine contaminant flux to the river. The pilot study was never implemented.  
 
The output from this Statement-of-Work (SOW) will be used as information for the assessment of injuries to aquatic 
habitat and species.  The contractor should take into account the source and concentration of contamination that may 
be entering the river substrate, the flow path to the upwelling location, and timing of upwelling. Based on general 
literature and Hanford specific studies regarding groundwater-surface water interaction, the following features, 
events, and processes (FEP’s) are likely important: 
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• Hydrogeologic environment (groundwater elevation; coarse or fine soils and sediments, onshore or 
offshore) 

• Geomorphology (both stream morphology and topographic scale) 
• River stage (seasonal and daily fluctuations) 
• Source (distance from the river, contaminant properties, concentration) 
• Remediation at the site (has the source been removed, reduced, or contained) 

Hanford specific data for all of the list above are available in Hanford reports pertaining to field investigations, 
modeling, areal mapping, and Hanford specific databases of contaminants at field sampling point locations. 
Identification of data and literature sources, important FEP’s, and methodology used to develop the upwelling output 
is necessary to derive reasonable, consistent, verifiable, and reproducible results. 
 
Additional background information is provided in Attachment 1.   
 
1.1 OBJECTIVE 
 
HMIS Environmental Organization requires the support of an experienced subcontractor to provide support to the 
HNRTC to assess the area, contaminants of concern, and contaminant concentration from groundwater upwelling 
within the benthic zone of the Columbia River adjacent to the Hanford site. The output of this work will provide 
information to assess potential injury to aquatic habitat and organisms. Consideration of upwelling will be generally 
confined to data collected between 1980 through 2019, although outputs of the study described herein is not 
constrained to that timeframe.  
 
 
1.2 DESCRIPTION OF WORK – GENERAL 
 
The subcontractor shall provide technically qualified resources that work as a part of a team under the oversight of 
HMIS and in coordination with HNRTC.  Subcontractor resources shall be responsible for independently planning, 
organizing, and performing a wide variety of specialized administrative and technical duties in support of the 
successful completion of goals and deliverables.   
 
Unless otherwise approved, the subcontractor shall work in accordance with HMIS subcontract requirements, 
operating policies and procedures and shall be responsible for execution of the work in accordance with the quality 
standards and requirements specified for assigned project and facility. 
 
Specifically, HMIS requires a subcontractor to provide technical expertise on groundwater to surface water 
upwelling at Hanford.  The main components of the work will include gaining an understanding of the existing 
information in the field studies, plume maps, and numerical models as discussed in the above background section. 
This understanding will focus on being able to pull out the key information, data, and assumptions to estimate and 
map contaminant upwelling from the Hanford groundwater plumes into the Columbia River.  Key tasks include: 
 

1. Develop a range of analyses to extrapolate size and concentration of contaminants in the river based on 
shoreline data.  

2. Identify the spatial extent of the river that is expected to have concentration in the benthic zone pore water 
above defined threshold levels.  

3. Map the area relative to multiple scenarios for thresholds, background, regulatory contaminant cleanup 
levels.  

4. Evaluate concentrations relative to time-series of events, such as known or suspected contaminant releases, 
releases during remediation, or seasonal river fluctuations.  

5. Include extrapolated future impacts where supported data is available 

 
1.3 DESCRIPTION OF WORK – SPECIFIC 
 
The work products and services to be provided, including any specific HMIS standards and requirements, required 
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for the successful completion of this work activity include the reviews and analysis, recommendations, and 
deliverables described below to assist the HNRTC in the completion of the NRDAR process in accordance with 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and based on Department of 
Interior Natural Resource Damage Assessment rules (43 CFR 11).  The Services will be provided in a manner that 
will support the data collection activities. Specific tasks and deliverables are outlined below. 
 
Task 1 
 
The subcontractor will develop and submit a work plan to the Trustee Council for approval that describes the 
approach, and methods that will be used to assess upwelling. The work plan is to include: 

• Develop and present multiple methods for contamination upwelling estimation to the trustee council. The 
goals of the estimation work include: 

o Estimation of size, location, concentrations of contaminant plumes upwelling at different periods of 
time, river stage, and major events such as remediation.  

o The range of scenarios should address uncertainties, advantages and disadvantages of each approach.  
o Discussion on using 'reasonable assumptions' or 'worse case scenarios' for upwelling estimates in lieu 

of additional studies, etc. 
o Where possible methodologies should be tested against real data and model results. 
o Estimate contaminant flux through the benthic zone where sufficient data is available. Present results 

as tabular and a heat map for each respective area. The heat map should be of sufficient resolution to 
identify peak concentration locations and grading to the lower limits of the threshold level. 

 
Task 2 
 
The subcontractor will compile and understand key documents, information, and data in order to develop 
contamination upwelling methods.  Items associated with this activity will include: 
 

o Identify areas for mapping of the upwelling plumes adjacent to each Hanford operable unit where 
benthic porewater is potentially contaminated.  

o Identification of contaminants of concern distribution in shoreline plumes throughout the reach. 
o Identify principal features, events, and processes that are primary drivers in contaminant fate and 

transport from source-to-upwelling. 
o Identify key outputs from existing numerical models to be used in estimation methodologies. 

Task 3 
 
The subcontractor will develop a report for mapping on the contaminant upwelling estimation.  The following 
assumptions shall be used during development of the report: 
 

o The upwelling areas defined by Hulstrom and Tiller (2010) that are identified during low river stage 
are expected to be used as a starting point in this analysis. 

o Published plume visualizations and model output files can be generally assumed to be acceptable 
representations of contaminant distribution and magnitude. There are known uncertainties based on 
plume visualization because of limited early monitoring coverage. 

o Conditions during low river stage are assumed to represent a worst-case scenario (upwelling) leading 
to mobilization of contamination. 

o This type of work will include uncertainty and limitations. These aspects of the work need to be 
documented. 

o Extrapolated pore water concentrations in the river substrate assessed in this study are assumed to be 
undiluted by surface water. 

 
The report shall include: 
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o A summary of the information used. 
o Description of methodologies used with discussion of advantages and disadvantages. 
o Detailed presentation and discussion of results of each methodology. 
o Summarizes key information, documents, outputs and any assumptions to be used in the estimation 

work. 
o Compare estimation results to real data and model outputs where possible. 
o Discussion of uncertainties, variability, and data gaps with any recommendations on how they could be 

addressed. Specifically, a discussion on use of assumptions vs. additional field work. Describe the 
level of confidence in the results for each scenario. Also, a discussion of any known ongoing or 
upcoming work that could help with resolution of uncertainties or data gaps.  

o A brief discussion of how contaminant upwelling has been handled at other NRDA cases based on 
publicly available information and input from the HNRTC. 

o A list and actual copies of literature and data sources used to derive the evaluated extrapolation 
methods and values. 

o All output in electronic format (CSV or EXCEL files and GIS files including federally compliant 
metadata), as appropriate. 

o All electronic files (CSV or EXCEL) of any additional data used that was not present in other available 
and referenced electronic databases. 

 
The report will be presented in draft to the HNRTC for review and comment.  The subcontractor shall document 
resolution of all comments and submit a final version of the report to the HNRTC for approval. 
 
 DELIVERABLES/SUBMITTALS 

 

2.1 Deliverables 
 
Will deliverables be required to be furnished by the Subcontractor: Yes 
 
The Contractor will provide the following deliverables: 
 

• Provide a monthly report on status of the approach, progress, and summary results of the on-going work to 
HMIS and the project lead identified by the HNRTC.  The report may be issued in the form of an email. 

o Due Date: The 5th business day of each month. 
 

• Provide a work plan as outlined in Task 1. 
o Due Date: 30 days after kickoff meeting. 

 
• Provide to the HNRTC a compilation of key documents, information, and data that will be used to develop 

contamination upwelling methods as outlined in Task 2. 
o Due Date: 120 days after contract award. 

 
• Provide draft report for mapping on the contaminant upwelling estimation as outlined in Task 3. 

o Due Date: 240 days after contract award. 
 

• Submit a final report, as outlined in Task 3, following resolution of HNRTC comments. 
o Due Date: 60 days after draft report submittal. 

 
 
2.2 Submittals 
 
Not applicable 
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 PLACE OF PERFORMANCE 

 
Will work be performed on the Hanford site:  No-Work shall be performed offsite at the primary place of business, 
or other location as designated by the subcontractor. 
 
3.1 Onsite Work Location/Potential Access Requirements 
 
Not applicable.  
 
3.2 Site Access And Work Hours 
 
Hanford personnel at the Hanford Site work a standard 4/10 schedule.  The standard work week consist of ten (10) 
hours of work between 6:00 a.m. and 4:30 p.m., Monday through Thursday. 
 
Work performed outside normal operating hours shall be coordinated and/or approved through the BTR and/or the 
Contract Specialist prior to performing the work. 
 
3.3 Badging 
 
For any on-site work, see On-Site Services Special Provisions for details. The subcontractor shall wear a Buyer 
issued security badge identifying themselves.  A minimum of two (2) working days advance notice is needed for site 
badging. Subcontractor employees will be required to submit to vehicle searches and not personally carry or 
transport certain prohibited articles. 

 REQUIREMENTS 
 
The requirements listed below are to identify specific standards the subcontractor and subcontractor personnel will 
be obligated to work to in support of this statement of work.  

 
 
4.1 Engineering Requirements 
 

Engineering requirements applicable:  No 
 

4.2 Environmental, Safety, and Health Requirements 
 

The Subcontractor shall perform work safely, in a manner that ensures adequate protection for employees, the 
public, and the environment, and shall be accountable for the safe performance of work.  The Subcontractor shall 
comply with and assist the Buyer in complying with environmental and safety requirements of all applicable laws, 
regulations, and directives. 

 
The subcontractor shall exercise a degree of care commensurate with the work and the associated hazards.  The 
Subcontractor shall ensure that management of environmental and safety functions and activities is an integral and 
visible part of the Subcontractor’s work planning and execution processes.  As a minimum, the Subcontractor shall: 

 
• Thoroughly review the defined scope of work; 
• Identify hazards and environmental and safety requirements; 
• Analyze hazards and implement controls; 
• Perform work within controls; and 
• Provide feedback on adequacy of controls and continue to improve safety management. 

The Subcontractor shall flow down all environmental and safety requirements to the lowest tier Subcontractor 
performing work on the Hanford site commensurate with the risk and complexity of the work. 
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Subcontractors and its lower-tier subcontractors shall be responsible to complete an Employee Job Task Analysis 
(EJTA) in accordance with HMIS-PRO-SP-11058 for any of the following situations:   

 
• For any subcontractor employee who will be on the Hanford Site for more than 30 days in a year. 
• For any subcontractor employee who may potentially be exposed to hazards (e.g. radiological, beryllium, 

hazardous wastes, noise) while performing in accordance with the subcontract statement of work. 
• For any subcontractor employee enrolled in a medical or exposure monitoring program required by 10 

CFR 851, and/or any other applicable federal, state or local regulation or other obligation.  
If any of the above conditions are met, the Subcontractor and its lower-tier subcontractor employee is to have a 
current approved EJTA prior to that employee beginning work on the Hanford Site.   

Buyer’s Safety and Health Procedures are available on the internet at 
https://www.hanford.gov/pmm/page.cfm/ContractorForms.  The documents on this site are kept current and are 
available for Subcontractors and lower-tier Subcontractor use. 

Unique or specific requirements:  No 
 

4.3 Quality Assurance Requirements 
 

 The work activities for this Statement of Work (SOW) has been designated as a Quality Level G - Q Level 0 - GS.  
The subcontractor shall be responsible for performing quality workmanship and shall conduct the quality control 
measures necessary to ensure work conforms to referenced codes and standards, and other requirements defined in 
this SOW. 

 
 

Table 1. Quality Assurance Requirements 
 

 
 
 
 
 
 
 
 ACCEPTANCE CRITERIA 

 
BTR shall verify performance for acceptance as described below: 
 

1. Subcontractor work plan shall describe the approach, and methods that will be used to assess upwelling as 
outlined in Task 1.  The plan shall include multiple methods for assessing contaminant upwelling and 
include the following elements: 

o Methodology for estimation of size, location, concentrations of contaminant plumes upwelling at 
different periods of time, river stage, and major events such as remediation.  

o The range of scenarios should address uncertainties, advantages and disadvantages of each 
approach.  

o Application of 'reasonable assumptions' or 'worse case scenarios' for upwelling estimates in lieu of 
additional studies, etc. 

o Estimate contaminant flux through the benthic zone where sufficient data is available. Present 
results as tabular and a heat map for each respective area. The heat map should be of sufficient 
resolution to identify peak concentration locations and grading to the lower limits of the threshold 
level. 

o The work plan shall be submitted 30 days after contract award. 
 

 Number Title 
1. Not applicable HNRTC NRDA INJURY ASSESSMENT 

QUALITY MANAGEMENT PLAN (QMP), rev 1, 2021 

http://procedures.ms.rl.gov/procedure.cfm/MSC-PRO-WP-11058
https://www.hanford.gov/pmm/page.cfm/ContractorForms
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2. The subcontractor shall submit a report with list of documents and data to be collected to support the 
contamination upwelling analysis.  The report shall be submitted within 120 days of contract award, as 
described in Task 2.   
 

3. The subcontractor shall submit a draft report for mapping on the contaminant upwelling estimation as 
outlined in Task 3.  The report shall include the following elements: 

o A summary of the information used. 
o Description of methodologies used with discussion of advantages and disadvantages. 
o Detailed presentation and discussion of results of each methodology. 
o Summarizes key information, documents, outputs and any assumptions to be used in the 

estimation work. 
o Compare estimation results to real data and model outputs where possible. 
o Discussion of uncertainties, variability, and data gaps with any recommendations on how they 

could be addressed. Specifically, a discussion on use of assumptions vs. additional field work. 
Describe the level of confidence in the results for each scenario. Also, a discussion of any known 
ongoing or upcoming work that could help with resolution of uncertainties or data gaps.  

o A brief discussion of how contaminant upwelling has been handled at other NRDA cases based on 
publicly available information and input from the HNRTC. 

o A list and actual copies of literature and data sources used to derive the evaluated extrapolation 
methods and values. 

o All output in electronic format (CSV or EXCEL files and GIS files including federally compliant 
metadata), as appropriate. 

o All electronic files (CSV or EXCEL) of any additional data used that was not present in other 
available and referenced electronic databases. 

o The report shall be submitted 240 days after contract award. 
 

4. The subcontractor will successfully resolve all substantive comments provided by the HNRTC and 
incorporate changes, as appropriate into a final report. The final version shall have attached a description of 
how comments were resolved.  The final version shall be submitted 60 days after the submittal of the draft. 
 

 CONFIGURATION MANAGEMENT  
 
6.1 Configuration Management Requirements 

 
There are no specific Configuration Management requirements applicable to this SOW. 
  
6.2 Applicable Standards 

 
There are no specific applicable standards identified for this SOW. 
 
6.3 Verification/Hold Points 

 
Not Applicable. 

 
 QUALIFICATIONS 

 
The Subcontractor shall ensure that its personnel meet and maintain the appropriate training, qualifications, and 
certification requirements to perform the work as specified in this SOW.  The subcontractor is expected to provide 
appropriately trained and qualified staff to perform the type of work associate with their work at the Hanford site.  
Additionally, the subcontractor shall perform work in accordance with the specifications, exhibits, and other 
documents, which made by reference, are a part of the SOW. 
 
 

Minimum Qualifications 
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• Minimum of 10 years’ experience as a Washington State licensed hydrogeologist. 
• Minimum of 10 years’ experience working with at hazardous waste sites (RCRA, MTCA, or CERCLA) 

where groundwater is contaminated and is upwelling to a major surface water body.  
• Minimum of 10 years’ experience with estimating, extrapolating, or modeling contaminated groundwater 

plumes entering major surface water bodies.  
• Familiarity with groundwater and pore water data retrieval. 
• Familiarity with groundwater models including but not limited to: 

• P2R model 
• 100 AGWM 
• 100-N SAFT Model 
• 100-K SAFT Model 
• 100-BC SAFT Model 
• 300 Area Land Transfer Model 
• 300 Area 3-D STOMP Large Model 
• 300 Area 3-D STOMP Small Model 

• Experience working with Federal, State, and Tribal governments. 
• General understanding of the natural resource damage assessment process. 
• General understanding of the groundwater sections of federal and state cleanup laws (CERCLA and 

MTCA). 

 
 SPECIAL REQUIREMENTS 

 
No special requirements identified for this scope of work.   
 
8.1 Training 
 
The following types of training are required:  
 

Not Applicable 

The subcontractor shall maintain training records for their personnel and ensure all required training is completed 
prior to work. Additionally, as soon as practical after award, the subcontractor shall submit a badge request for 
personnel required under the various releases so that they may be scheduled for training and medical evaluation so 
that crews will be eligible for work on site.  The badging request is required, because without it an HID# cannot be 
assigned, and therefore training and medical evaluations cannot be easily coordinated and scheduled.   

 
8.2 Use of Government Vehicles 

 
There is no anticipated need for any Subcontractor employees to use a Government-furnished vehicle in the 
performance of this statement of work.  The Subcontractor’s employees, therefore, are specifically prohibited from 
driving any Government-furnished vehicles under the performance of this statement of work unless this statement of 
work is formally modified by the parties and the employee(s) will present a valid driver’s license to the BTR for 
review. 

 
8.3  Government Property 

 
Government Property is not anticipated to be furnished to or acquired by Subcontractor under this SOW. 

 
8.4 Hanford System Access Requirements 
 
The following systems shall be utilized to perform the work described. For those systems which HMIS will be 
responsible for (hereby HMIS Operated System), HMIS will operate, manage, maintain and authorize access for 
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Subcontractor personnel. The Subcontractor shall identify each of its personnel who will require access to the HMIS 
operated system. 

 
For those systems which the Subcontractor shall be responsible for (hereby Subcontractor Operated System), The 
Subcontractor shall be responsible for the operation, management, maintenance, and access authorization for these 
systems. 

  
HMIS personnel shall have unlimited access to the below named Subcontractor Operated Systems, through the 
period of performance of the Subcontract.  

 
Table 2. Systems 
 

 System Description HMIS Operated 
System 

 

Subcontractor  
Operated System 

 
1. HLAN Yes No 

2. Project Portal Yes No 

3. IDMS Yes No 

4. Hanford GIS (HGIS)  Yes No 

5. Stewardship Information Portal (SIP) Yes No 

6. Stewardship Information System (SIS) Yes No 

 
 
8.5 Electrical Components 
 
Not applicable. 
 
8.6 Section 508 of Rehabilitation Act Applicability 
 
Not applicable. 

 ACCESS AUTHORIZATION/CLEARANCE REQUIREMENTS 
 
The scope of work will not require access authorization (security clearance). 
 

 MEETINGS  
 
10.1 Meetings  
 
After subcontract award, the subcontractor shall participate in a Project Kickoff Meeting, which may be a 
conference call, an internet meeting, or a meeting to be held at HMIS Site. The time, date, and agenda for the 
meeting will be provided to the subcontractor by HMIS. 

The subcontractor shall interface with various HMIS (and other) organizations through HMIS’s Contract Specialist 
(or designated BTR for in-scope work), as required, or at points and frequency determined by the Contract 
Specialist. The person or persons designated by the subcontractor to attend all meetings shall have all required 
authority to make decisions and commit subcontractor to technical decisions made during meetings. 

HMIS will issue meeting notices and prepare an agenda and minutes for each meeting addressed in this Section.  
When applicable, minutes will identify action items, assigned actionees, and due dates. 

• KICKOFF MEETING - Before start of the Work, HMIS will conduct a conference at a time and Hanford 
Site location agreed to by Subcontractor and HMIS.  Invited attendees will include HMIS, Subcontractor, 
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key lower tier subcontractors and others having an interest in the Work.  Purpose of the conference is the 
coordination of Work start up and familiarization of project participants with the Work and worksite.   

• STATUS MEETINGS - HMIS will conduct status meeting at time and Hanford Site location determined by 
HMIS.  Invited attendees will include HMIS, Subcontractor and key subcontractors. At the status meeting, 
Subcontractor shall provide a summary report of work completed under this SOW and provide look ahead of 
anticipated work.  

•  The purpose of the meetings is the exchange of Work-related information. 

 INTERFACE/NOTIFICATIONS 
A. A BTR will be designated for the subcontract/ subcontract release. 

B. Designation of BTR 

The BTR is responsible for monitoring and providing technical guidance for this subcontract and should be 
contacted regarding questions or problems of a technical nature.  The BTR is also responsible for appropriate 
surveillance of the subcontractor’s representative while on site.  In no event, however, will an understanding or 
agreement, modification, change order, or any deviation from the terms of this subcontract be effective or binding 
upon HMIS unless formalized by proper subcontract documents executed by the Contract Specialist prior to 
completion of this subcontract.  On all matters that pertain to the subcontract terms, the subcontractor shall contact 
the Contract Specialist specified within this subcontract.  When in the opinion of the subcontractor, the BTR 
requests or directs efforts outside the existing scope of the subcontract; the subcontractor shall promptly notify the 
Contract Specialist in writing.  The BTR does not possess any explicit, apparent or implied authority to modify the 
subcontract.  No action should be taken until the Contract Specialist makes a determination and/or modifies the 
contract.  

C. The work will be inspected periodically by the BTR. 

D. The subcontractor shall immediately notify the BTR (who will contact HMIS Safety) of any injuries or incidents; 
to include damage to subcontractor-owned property or equipment.  The subcontractor will follow this up within 
24 hours with a written explanation to the Contract Specialist of the occurrence. 

E. In the event that there is an abnormal or unusual situation associated with this contract work scope, the 
subcontractor is to immediately contact the BTR.  If, after several attempts, the subcontractor is unable to contact 
either the BTR or the Contract Specialist, the Contractor is to contact HMIS Occurrence Notification Center at 
(509) 376-2900, which is available 24 hours a day, seven days a week, and provide them with: Contract Number, 
Contract Specialist’s name, BTR’s name and a short summary of the abnormal or unusual situation.  If after 
making contact with HMIS, the subcontractor is advised to suspend activities, the subcontractor is not to proceed 
until such direction to proceed has been expressly issued by the Contract Specialist.  If there is an emergency 
situation, the subcontractor is to make the appropriate immediate emergency call to 911 or 373-0911 for cell 
phones and then make the notifications to HMIS as set forth herein. 

F. Prior to work in the field, subcontractor shall ensure each employee has been cleared by HMIS and verify all 
training is complete in accordance with this statement of work. 

 
 

 APPENDICES 
 
Appendix A: Background Information 
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The principal near-shore operable units (OU) where contaminant upwelling may be occurring 
are identified and discussed in the Hanford publication records that include those referenced in 
Table 1. The final product of this effort should address upwelling at each of the operable units. 

Table 1. Hanford OU’s and referenced publications. 

Area/ 
OU Date Link 

100-BC 2016 https://pdw.hanford.gov/document/0073923H 

100-K 2020 https://pdw.hanford.gov/document/AR-03583 

100-N 2018 https://pdw.hanford.gov/document/0064806H 

100-
D/H 2014 https://pdw.hanford.gov/document/0083330H 

100-F 2014 
https://pdw.hanford.gov/document/0085351 

   https://pdw.hanford.gov/document/0085335 

https://pdw.hanford.gov/document/0085352 

300 
Area 

2020 https://pdw.hanford.gov/document/AR-03737 

2016 https://pdw.hanford.gov/document/AR-01154 

2012 https://pdw.hanford.gov/document/0078650H 

2012 https://pdw.hanford.gov/document/0079076H 

P2R 2020 https://pdw.hanford.gov/document/AR-03674 

 

Identification of contaminants of concern at near-shore contaminant plumes that exceed 
threshold levels are available in the annual Hanford Site groundwater reports. The most recent 
Hanford Groundwater Annual Report for 2019 is available online (DOE/RL-2019-66 rev. 0). The 
CoC’s that are monitored in the groundwater report are based on CERCLA and RCRA processes 
and therefore, the list of constituents is smaller than the HNTRC list of constituents. 

Review of the Hanford site literature and general literature pertaining to groundwater-surface 
water interactions suggest that there are three sources of information that are typically used to 
inform on hyporheic exchange flows. These three sources are (1) field studies, (2) plume maps, 
and (3) numerical models.  Some aspects of these sources at Hanford, a brief description of 
some of the Hanford relevant literature, and data sources are listed below. 

 

1- Field studies of the near-shore environment at the Hanford Site.  

 

Field studies introduction 

All environmental analysis of groundwater hydraulic and chemical properties are derived from 
data collected through sampling at discrete locations throughout the Hanford Site. Samples are 
collected from multiple sources including groundwater wells, aquifer tubes, springs, sediment 

https://pdw.hanford.gov/document/0073923H
https://pdw.hanford.gov/document/AR-03583
https://pdw.hanford.gov/document/0064806H
https://pdw.hanford.gov/document/0083330H
https://pdw.hanford.gov/document/0085351
https://pdw.hanford.gov/document/0085335
https://pdw.hanford.gov/document/0085352
https://pdw.hanford.gov/document/AR-03737
https://pdw.hanford.gov/document/AR-01154
https://pdw.hanford.gov/document/0078650H
https://pdw.hanford.gov/document/0079076H
https://pdw.hanford.gov/document/AR-03674
https://www.hanford.gov/page.cfm/SoilGroundwaterAnnualReports
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samples, and surface water samples.  For the purpose of characterizing hyporheic exchange 
flows, the primary conduit for tracking contamination is from the nearshore groundwater wells 
to instream benthic pore water and all other sampling points that lie along that path.   

The objective is to review the available field data to assess where, over what area, and at what 
concentrations the site specific contaminants are present in the benthic pore water. The 
benthic zone is that area from the top of the riverbed to a depth of 30 cm in which the aquatic 
biota occupy and interact with. 

Geology/hydrogeology 

The geologic and hydrogeologic setting at Hanford is typically discussed in regards to the area in 
which the study is interested.  The two primary formations in which the shallow, groundwater 
system is located are (1) the Hanford formation and (2) the Ringold formation.  Each of these 
formations are further subdivided into coarse and fine units. A descriptions of the hydrogeology 
of the river corridor and the central plateau are found in the recent Hanford annual 
groundwater monitoring report (DOE/RL-2019-66; 2019).  There is a general description in 
chapter 1. The annual report then breaks out chapters that describe conditions in individual 
operable units (OU).  Within these chapters a more detailed description of the hydrogeology for 
each OU is available. In the report “Hanford Site Groundwater Monitoring: Setting, Sources, and 
Methods by Hartman (PNNL-13080; 2000). Groundwater is discussed specific to the 
hydrogeologic unit with regards to the units in specific Areas of the Hanford site. References for 
the hydrogeology in the Area reported are also provided.  A Prototype Database and Users 
Guide of Saturated Zone Hydraulic Properties for the Hanford Site” by Thorne and Newcomer 
(PNNL-14058; 2002) described hydraulic data collected at Hanford and methods used to derive 
hydraulic properties from the data. This report also include a large table listing hydraulic 
properties at wells in all Areas of the Hanford site. 

Groundwater wells 

Groundwater wells are a primary medium from which to collect time-series data pertaining to 
water-levels and groundwater contaminant concentrations. For wells that are near the 
Columbia River, these data can be used to project where and at what concentration 
groundwater might be expected to upwell at the Columbia River.  The pacific Northwest 
National Laboratory Phoenix, “GIS Explorer”, web-based Hanford environmental data 
application provides a graphical tool to identify groundwater wells, aquifer-tubes, piezometers, 
and near-shore borings. The “Groundwater Well Explorer” in Phoenix provide time-series data 
of contaminants of concern for wells shown in a GIS application. The U.S. Department of 
Energy, Environmental Dashboard Explorer (EDA) also provides data for well reports, 
contaminant concentration, and water-levels at Hanford Wells. The Trustee Council will 
connect the consultant to the HNRTC data manager regarding available data sources that are 
relevant to the upwelling activity. 

Field studies of upwelling 

https://phoenix.pnnl.gov/phoenix/apps/gisexplorer/index.html
https://ehs.hanford.gov/eda/#/eda/textreport/gis
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Extensive study of groundwater to surface water exchange at Hanford has been ongoing since 
the early 1990’s.  Since that time, multiple studies have been conducted at locations adjacent 
to all of the reactor sites (100 Area), the Hanford townsite, and the 300 Area.  All of these areas 
are associated with near-shore contaminant sources that generate groundwater plumes that 
are known or suspected of migrating to the Columbia River.  Hanford site specific field studies 
provide the best source to inform on how much and where contamination is potentially 
upwelling along the Hanford Reach of the Columbia River  

The most recent effort to characterize hyporheic exchange along the 64 km long section of the 
Hanford reach was reported by Hulstrom and Tiller (WCH-380; 2010).  The Hulstrom and Tiller 
study occurred between 2008 through 2010.  This study entailed collecting river samples of 
contaminants, temperature, and specific conductance measurements in sediments and pore 
water at multiple locations adjacent to 100 area, Hanford townsite, and 300 Area source areas. 
Sampling was performed between September and January, which corresponds to the lowest 
seasonal river stage when upwelling conditions are most likely.  During the course of the study 
by Hulstrom and Tiller, it was determined that upwelling was most likely when River flow was 
less than 160,000 Cubic Feet per Second (CFS).  Spring seasonal flows can reach in excess of 
300,000 CFS.   

Focused hyporheic exchange studies have been performed at the 300 Area of Hanford. The 
report by Fritz et al. (PNNL-16805; 2007) examine hyporheic exchange using multiple 
techniques to characterize flow.  The study includes evaluation of uranium concentration in 
clams during upwelling and down-welling events.  Fritz and Arentzen (GW 45(6):753-760; 2007) 
discuss uranium concentration of the 300 Area in the hyporheic zone relative to river stage.  
The results show that there is a very high positive correlation (R2 = 0.98) between specific 
conductance and uranium concentration in pore water samples. Additionally, high specific 
conductance corresponds to low river stage and to upwelling events. 

The report by Peterson and Patton (PNNL-19052; 2009) Discuss historical water quality 
sampling locations along the shoreline of the Columbia River.  The paper covers such topics as 
geographic referencing systems, aquifer tube sampling, riverbed springs, riverbed pore water 
samples, and Columbia River surface water sampling.  A report by Mendoza et al. (PNNL-16894; 
2007) addresses strontium-90 concentration data collection along the nearshore at 100-N Area.  
This report discusses sampling methods, examines the geology and hydrogeology in the area, 
examines strontium-90 concentrations, and reviews other measured parameters and their 
relationship to strontium-90 concentrations.  

Additional Hanford reports regarding hyporheic exchange can be found in the reference 
sections of cited reports and through further searches of the Hanford literature.  In addition to 
Hanford reports, general literature sources can provide valuable information regarding 
hyporheic exchange processes.  Two reports that may be useful include Geomorphic Controls 
on Hyporheic Exchange Across Scales (Wondzell and Gooseff; 2013) and Hyporheic Flow and 
Transport Processes (Boano et al.; 2014). 
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River stage  

River stage is identified in the general literature and for Hanford specific studies as a primary 
driver of hyporheic exchange flow. The primary source of river stage data at the Hanford site is 
from the USGS Priest Rapids Dam station located upstream from the Hanford Site.  The USGS 
river stage data is collected continuously in real-time and is available at the USGS National 
Water Information System (NWIS) webpage. A method to estimate river stage at other 
Columbia River locations adjacent to the Hanford site is discussed in the report by CH2M Hill 
(ECF-Hanford-13-0028; 2016).  In this report a convolution calculation was used to simulate 
river stage fluctuations at the 100 Areas and 300 Area of the Hanford site. Calculations were 
compared to temporary gage stations at down-stream locations relative to the Priest Rapids 
Dam station.  

Bathymetry 

Bathymetric and topographic maps of a 60 mile long section of the Hanford Reach of the 
Columbia River is provided by Coleman et al. (PNNL-19878; 2010). The bathymetric and 
topographic data is useful in determining the potential distance into the Columbia River that a 
contaminant plume has migrated. The depth and relative location of the River channel along 
with knowledge of the geologic section derived from near-shore groundwater borehole logs 
may provide information about which formations a plume might be located in and where in the 
riverbed the plume might be expected to discharge from.   

2- Plume maps for near-shore locations at the Hanford Site 

US DOE and its contractors generate an annual groundwater monitoring report which 
summarizes analytical results and monitoring activities 
(https://www.hanford.gov/page.cfm/SoilGroundwaterAnnualReports).  A component of these 
reports is the generation of plume visualizations, which synthesize existing data, site 
knowledge, geostatistical analysis, and expert data interpretation to approximate contaminant 
iso-contours.  These annual “plume maps” have been compiled into GIS shapefiles, and the 
report lags by one year.   As such, a generally accepted representation of key contaminants is 
available sitewide for the 1993 to 2018 timeframe (contaminant list and date range viewable at 
https://phoenix.pnnl.gov/phoenix/apps/plumes/index.html).   

The data are limited by their lowest isopleth, and by their annualized nature, although plumes 
representing seasonal variation (High/Low River Stage) were generated beginning with the 
2009 data.  While plumes are generally presented as ending at the shoreline, the potential 
exists to roughly estimate focus areas using these GIS layers and digitized maps of Hulstrom and 
Tiller’s suspected upwelling areas.   An example depicting the 2001 hexavalent chromium 
plume at 100-K is presented in Attachment 1. 

 

https://waterdata.usgs.gov/nwis/uv?site_no=12472800
https://www.hanford.gov/page.cfm/SoilGroundwaterAnnualReports
https://phoenix.pnnl.gov/phoenix/apps/plumes/index.html
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3- Numerical modeling at near-shore location at the Hanford Site 

Modeling introduction 

Numerical modeling of hyporheic exchange at the Hanford site is fairly recent, therefore the 
number of references and data are more limited. Numerical modeling can be used to look back 
at historical data to calibrate a model to as well as using current data.  A model also provides 
simulated results over a uniform area represented by the model grid and also can use discrete 
times to generate an interpolated time-series, continuous model of the system to show how 
the plume could be evolving (in both space and time) during times when there is no measured 
data available to describe flow and transport.  

Hanford upwelling models 

As with the hyporheic exchange field studies hyporheic exchange models have been focused at 
the 100 Areas and 300 Area. The report by Rockhold et al. (PNNL-22886; 2013) explores a 
system scale of aquifer, model, and river shoreline interactions for the Hanford 300 Area, 
pertaining to uranium reactive transport. The model includes groundwater flow and uranium 
transport in the system, a description of the hydrogeology, and effects of the phosphate, 
passive barrier on uranium transport to the river.  The article by Zhou et al. (WRR 54:2715-
2730; 2017) addresses riverbed hydraulic exchange dynamics in the regulated, 7 km section of 
the Hanford Reach of the Columbia River.  The article by Shuai et al. (WRR 55:2593-2612; 2018) 
describes dam operations and hydrogeological control dynamics of hyporheic exchange flows in 
the Hanford Reach of the Columbia River. The article assess how both daily fluctuations due to 
dam operations and seasonal fluctuations affect hyporheic exchange flows along the 75 km 
river reach.  The “River Data Package for Hanford Assessments” by Rakowski, Guensch, and 
Patton (PNNL-14824; 2006) describes a method to model upwelling throughout the Hanford 
Reach. The report discusses data requirements, model inputs, and models that can be used to 
derive Hanford related contaminant fluxes to the Columbia River. 

Hanford site near-shore models 
There are many groundwater flow and contaminant transport models constructed for different 
areas or OUs at the Hanford Site with Columbia River as one of the boundaries (Figure 3-1). 
Each model is also supported with geological framework model, continuing source estimation 
model, and/or further model simulation for designed alternatives (Attachment 2). There are 
important outputs from these models that may be useful in the completion of this scope of 
work.  
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 Figure 3-1. Visual Representation of Model Domain Coverage at the Hanford Site. 

 (Communication with U.S. Department of Ecology, 2021). 

 

 

100 Area models 

The 100 Area Groundwater Model (100AGWM), which is constructed to provide computational 
framework for groundwater flow and contaminant transport modeling. The model has evolved 
six versions (SGW-46279, Rev. 3, 2016): 

• Version 1 of the 100AGWM was a two-dimensional (2-D) steady-state model developed 
to evaluate the pump-and-treat (P&T) performance for the 100-KR-4 operable unit (OU) 
P&T expansion. 
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• Version 2 of the model was developed for remedial process optimization (RPO) of the 
P&T for 100-HR-3 OU. The Version 2 was a transient model. 

• Version 3 of the 100AGWM was a three-dimensional (3-D) transient model developed to 
support RI/FS for the 100-HR-3 and 100-KR-4 OUs, and the model domain was expanded 
to include all 100 Area OUs. 

• Versions 4 and 5 of 100AGWM were developed based on Version 3, with extended 
model domain to the west of 100-BC area and updated calibration for 100-BC and 100-F 
OUs. 

• Version 6 was the latest update of the model, developed based on revised geologic 
interpretations and hydraulic property estimates. An aquifer-river interaction 
representation was improved in this version based on detailed river bathymetry data. 
 

These iterations of the 100AGWM may have useful outputs to consider to complete the work 
described in this scope of work but we do not anticipate an evaluation of the models will be 
needed. It should be noted that none of the iterations of the 100AGWM model attempt to 
estimate upwelling or concentrations of contaminants in the Columbia River benthos. However, 
in the 100-BC, 100-K, and 100-N areas Scale-Appropriate Fate and Transport Model (SAFT 
Model) have been developed. These SAFT models do include estimates for contaminants 
upwelling into the Columbia River benthos. To understand the type of information contained in 
the SAFT models we have provided a summary of the 100K SAFT model (Attachment 3). 

Estimating contamination upwelling at the Hanford Site 

Identifying methods to estimate the location, size, and concentration of contamination plumes 
upwelling to the Columbia River will be based on the information available. The Trustees do not 
want to develop new numerical models at this time due to cost and time required to perform 
such efforts. However, analytical models or implementing some form of best professional 
judgement appear to be a possible solutions to provide the output needed. It is likely there are 
several methods available and we encourage the contractor to use professional judgement in 
identifying and implementing these methods. Subsequently, through discussions in developing 
this SOW some methods were identified as options to consider (Attachment 4). 
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Table A2-1. List of Hanford Site Near-Shore Models 

Model Name Description Reference 

100 Areas Groundwater 
Flow and Transport 
Model (100AGWM) 

3-D groundwater flow and contaminant 
transport model for 100 Area using 
MODFLOW and MT3DMS; groundwater 
flow calibration; contaminant dual-domain 
transport simulation 

SGW-46279 (2016) 

100 Area Geoframework 
Model (100 Area GFM), 
updated 

3-D geoframework model for 100 Area using 
IHS Kingdom Geology Suite 2016 software  CP-64995 (2020)   

100 Area Geological 
Framework Model 

3-D geological framework model for 100 Area 
using Leapfrog Hydro 

ECF-HANFORD-13-0020 
(2015)  

100AGWM for 100-HR-3 
RI/FS 

Application of 100AGWM to 100-HR-3 OU; 
prediction of contaminant concentration for 
groundwater and shoreline for four remedial 
alternatives 

ECF-100HR3-11-0114 (2014) 

100AGWM for 100-FR-3 
RI/FS 

Application of 100AGWM to 100-FR-3 OU; 
prediction of contaminant concentration for 
groundwater and shoreline for four remedial 
alternatives 

ECF-100FR3-11-0116 (2012) 

100-BC Scale-
Appropriate Fate and 
Transport Model (100-
BC SAFT Model or 100-
BC GWFTM) 

3-D groundwater flow and contaminant 
transport model for 100-BC using 
MODFLOW and MT3DMS: model 
calibration, model prediction under no-
further-action scenario; concentration 
simulation for groundwater and shoreline 

SGW-59365 (2016) 

Support model for 100-BC 
GWFTM 

Estimating Cr(VI) continuing source and de-
sorption parameters for the 100-BC GWFTM ECF-10BC5-16-0028 (2016) 

Support model for 100-BC 
GWFTM 

3-D geologic framework model using Leapfrog 
Geo software. Groundwater plumes for Sr-90 
and Cr(VI) are delineated. 

ECF-100BC5-15-0039 (2016) 
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Model Name Description Reference 

Support model for 100-BC 
GWFTM 

Calibration of continuing source for Sr-90 
using 1-D STOMP model, PEST, and R 
programming language. 

ECF-100BC5-16-0051 (2016) 

Support model for 100-BC 
GWFTM 

100-BC Area plume maps for the period of 
2010–2014 are delineated using ordinary 
kriging. 

ECF-100BC5-16-0058 (2016) 

100-BC SAFT Model for 
100-BC RI/FS 

Simulation results for 100-BC RI/FS design 
alternatives using the 100-BC SAFT Model. 
Four alternatives are considered. 

ECF-100BC5-16-0059 (2016) 

100-K Scale-Appropriate 
Fate and Transport 
Model (100-K SAFT 
Model or 100-K 
GWFTM) 

3-D groundwater flow and contaminant 
transport model for 100-K using 
MODFLOW and MT3DMS: groundwater 
flow and contaminant transport 
calibrations; model predictions under no-
further-action scenario; concentration 
simulation for groundwater and shoreline 

CP-61711 (2020) 

100-K GWFTM for 100-K 
FS 

Simulation results of groundwater flow and 
contaminant transport modeling for the 100-K 
Area RI/FS. Seven alternatives are considered 
in the FS. The 100-K SAFT model is used for 
the simulations. 

ECF-100KR4-18-0044 (2020) 

Support model for 100-K 
GWFTM 

1-D STOMP model estimating Sr-90 leaching 
characteristics. ECF-100KR2-16-0127 (2016) 

Support model for 100-K 
GWFTM 

1-D STOMP model estimating contaminant 
continuing sources for the 100-K Area 
groundwater model. 

ECF-100KR4-18-0019 (2020) 

100-N Scale-Appropriate 
Fate and Transport 
Model (100-N SAFT 
Model or 
100NSFT Model) 

3-D groundwater flow and contaminant 
transport model for 100-N using 
MODFLOW and MT3DMS: groundwater 
flow calibrations 

CP-59563 (2018) 

100NSFT Model for 100-
N RI 

100NSFT Model simulations and predictions 
under no-action scenario for the 100-N RI;  
concentration simulation for groundwater and 
shoreline; estimation of contaminant flux to the 
Columbia River 

ECF-100NR2-15-0127 (2018) 
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Model Name Description Reference 

100NSFT Model for 100-
N FS 

100NSFT Model simulations and predictions 
for evaluation of the remedial alternatives for 
the 100-N FS; concentration simulation for 
groundwater and shoreline; estimation of 
contaminant flux to the Columbia River 

ECF-100NR2-15-0128 (2018) 

Support model for 
100NSFT Model 

Delineate 3-D groundwater plume extents for 
100-N RI, using Leapfrog-Geo and other 
software programs. 

ECF-100NR2-14-0048 (2018) 

Plateau to River 
Groundwater Model 
(P2R Model) 

3-D groundwater flow and contaminant 
transport model using MODFLOW and 
MT3DMS for the Central Plateau 
groundwater OUs and areas down-gradient 
toward the Columbia River; groundwater 
flow calibration; groundwater contaminant 
transport simulation 

CP-57037 (2020) 

Hanford South Geologic 
Framework Model 
(HSGFM) 

3-D geologic framework model for the Hanford 
South area using Leapfrog Geo software 

ECF-HANFORD-13-0029 
(2018) 

300 Area 3-D STOMP 
Large Model 

3-D STOMP model for fate and transport of 
uranium in 300-FF-5 groundwater OU; flow 
calibration and transport simulation; 
considered Stages A and B remedial actions 

ECF-300FF5-19-0106 (2020) 

Two-scale 300 Area 
groundwater models 

3-D STOMP models for saturated and 
unsaturated groundwater flow and tracer 
transport; two scales (large- and small-scale); 
simulation of net flux to the river; 

PNNL-17708 (2008) 

Groundwater flow and 
contaminant transport 
modeling for 300 Area 
RI/FS 

2-D cross-section models for groundwater flow 
and contaminant transport using STOMP; 
groundwater flow calibration and uranium 
transport history matching; simulations for 10 
selected remedial alternatives 

ECF-300FF5-11-0151 (2012) 

300 Area system-scale 
model 

3-D system-scale flow and transport model for 
300 Area using eSTOMP; field-scale 
simulations of water flow, tracer transport, and 
uranium reactive transport; simulation of 
Columbia River water incursion 

PNNL-22886 (2013) 

300 Area uranium 
transport modeling for 
Stage A remedy 

3-D uranium transport modeling using STOMP 
and Geochemist’s Workbench software; 
support Stage A remediation 

ECF-300FF5-16-0091 (2016) 
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Attachment 3 - 100K SAFT model Summary 
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100-K SAFT Model summary 

The 100-K SAFT Model report (CP-61711, Rev. 1, 2020) describes the groundwater flow and 
contaminant transport model for the 100-K Area, consisting of model objectives, model 
construction, flow calibration and sensitivity analysis, transport parameters, and basic testing of 
the model’s functions. The objectives of the report include (CP-61711, Rev. 1, 2020, Page ii): 

• Computing groundwater head and flows to the Columbia River for use in general flow 
system understanding as well as potential remediation system (e.g. pump and treat) 
design/evaluation. 

• Estimating future groundwater concentrations of hexavalent chromium, 
trichloroethene, nitrate, carbon-14, tritium, and strontium-90 to support risk screening 
and evaluation of remediation options. 

• Estimating contaminant discharge to the Columbia River and potential influent 
concentrations for extracted groundwater. 

The model domain is shown in Figure 3-2 (Figure 3-3 of CP-61711, Rev. 1, 2020). The model grid 
size ranges from 10 m to 50 m, with 469 rows, 380 columns, and 4 layers. The north boundary is 
approximately the center of the width of the Columbia River, and is assigned as no-flow 
boundary for layers 2–4. A steady-state river boundary condition is assigned for the first-layer 
cells that are within the range of the Columbia River. The east, south, and west sides of the 
model are assigned as a general head boundary, except that a no-flow boundary is used for a 
small portion on the southeast corner where basalt outcrop is above groundwater table. The 
upper boundary of the model is land surface, and the lower boundary is the bottom of Ringold 
Formation unit E.   

Contaminant source release from the vadose zone to groundwater is estimated using one-
dimensional STOMP model for each contaminant at each waste site.  

Initial Conditions: The initial hydraulic head is March 2013 [cited as “January 2013” in CP-61711, 
Rev. 1, 2020] water table from 2013 annual groundwater monitoring report (DOE/RL-2014-32, 
Rev. 0, 2014). The initial concentration is from annual groundwater monitoring reports, and 
assumed constant vertically (two-dimensional plumes): 

• Cr(VI): 2013 Cr(VI) plume data from annual groundwater monitoring report; 
• Sr-90: Sr-90 plume data from 2015 annual groundwater monitoring report; 
• Nitrate: 2013 nitrate plume data from annual groundwater monitoring report; 
• C-14, Tritium, and TCE: plume data from 2015 annual groundwater monitoring report. 

Time steps: The temporal discretization is different for calibration and prediction simulations: 

• For calibration, period of January 2013 through December 2016, a 5-day time step is 
used for April to September of each year, and a 30-day time step is used for October to 
March of each year. The rive boundary condition is the averaged stage based on time. 
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• For model prediction, a 30-day/31-day time step is used for 48 years beginning 2018, 
and a 1-year time step is used for the past 77 years. The river boundary condition, 
averaged stage over the time step, for the first 48 years. March 2016 average river stage 
is used as the river boundary condition for the last 77 years. 
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Figure 3-2. Model Domain for the 100-K Groundwater flow and Contaminant Transport Model. 

Source: Figure 3-3 of CP-61711, Rev. 1, 2020. Model Package Report: 100-K Scale-Appropriate Fate 
and Transport Model, Version 1.0. CH2M Hill Plateau Remediation Company, Richland, WA 



 
Page 35 of 39 
General Materials or Services- Rev 0 5/17/2021   
   
 

Figure 3-3 (Figure 3-32 of CP-61711, Rev. 1, 2020) shows a comparison between the simulated and 
mapped Cr(VI) plume at the end of 2016, and Figure 3-4 (Figure 3-58 of CP-61711, Rev. 1, 2020) shows 
the predicted Cr(VI) plume evolution for 2042 under no-further-action scenario starting from January 
2020. 

 

Figure 3-3. Simulated (Left) and Mapped (Right) Chromium Concentrations at the end of 2016 in Layer 1 
(Top of Unconfined Aquifer). 
Source: Figure 3-32 of CP-61711, Rev. 1, 2020. Model Package Report: 100-K Scale-Appropriate Fate 
and Transport Model, Version 1.0. CH2M Hill Plateau Remediation Company, Richland, WA 
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Figure 3-4. Simulated Cr(VI) Plume in 2042 at the Top of the Unconfined Aquifer.. 
Source: Figure 3-58 of CP-61711, Rev. 1, 2020. Model Package Report: 100-K Scale-Appropriate Fate 
and Transport Model, Version 1.0. CH2M Hill Plateau Remediation Company, Richland, WA 
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The river boundary of the model is simplified by averaging the river stage over the monthly 
time step, or assuming a constant stage for prediction simulations. Other uncertainties of the 
model include continuing sources from the vadose zone, calibrated or assumed hydraulic and 
chemical parameters, estimated recharge rates, simplified boundary conditions, and future 
remediation activities, etc. The report also acknowledges the following general limitations of 
modeling (CP-61711, Rev. 1, 2020, Page 147): 

• Computational limitations, assumptions, and knowledge gaps. 
• Used to describe important, complex, and poorly characterized problems. 

Models in the regulatory process are best seen as tools providing inputs, as opposed to “truth-
generating machines”. 
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Attachment 4 – Example Methods for estimating contamination upwelling at the Hanford Site 
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Scaling concentration to specific conductance 

The objective of this method is to represent a correlation between specific conductance and 
contaminant concentration in benthic pore water.  This method was developed and described 
in an email from Eugene Freeman (09-14-2020). Fritz and Arntzen (2007) observed that the 
concentration of uranium in benthic pore water was directly correlated to specific conductance. 
Therefore, when specific conductance increased, uranium concentration also increased.  Based 
on these observations, a scaling approach to identifying concentration from specific 
conductance was proposed.   

The method is as follows.  Based on the measured specific conductance reported in the general 
literature, specific conductance in groundwater is appreciably higher than that in surface water. 
Specific conductance of groundwater is generally greater than 400 µS/cm while specific 
conductance of surface water is less than 130 µS/cm. If a Hanford measured specific 
conductance of a pore-water sample is represented by SCm, groundwater is SCgw > 400 µS/cm, 
and surface water is SCsw < 130 µS/cm, then a scaling factor is calculated as, 

𝐹𝐹 =
𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

 

For a contaminant concentration at a near-shore well of Cns, the concentration at upwelling 
location of the riverbed measurement, Crb is, 

Crb=Cns*F 

If SCm > 400 µS/cm, F =1 and Crb =Cns (representative of groundwater). If SCm < 130 µS/cm, F=0 
and Crb = 0 (representative of surface water).  For values between 400 and 130, the 
concentration is multiplied by the scaling factor to derive riverbed pore water concentration.   

Domenico advection/dispersion analytical solution 

The Domenico three-dimensional analytical model of advective-dispersive transport with 
degradation/decay is described in Domenico and Schwartz (1990; pg 649 and 653).  The 
method is describe on page 649 and a Fortran program to apply the method in listed on page 
653.  This approach describes transport of a three-dimensional groundwater plume from the 
source area to any point in three-dimensional space down-gradient from the plume.  The model 
is oriented along the direction of flow and assumes the system is homogeneous and isotropic.   
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