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Surveillance Groundwater Monitoring Plan for the Hanford Site  
Executive Summary 

Groundwater is monitored at the Hanford Site to fulfill state and federal regulations 

including the Atomic Energy Act of 19541 (AEA), Resource Conservation and Recovery 

Act of 1976 (RCRA)2, Comprehensive Environmental Response, Compensation, 

and Liability Act of 19803 (CERCLA), and different portions of the Washington 

Administrative Code (e.g., WAC 173-303-4004). This plan describes groundwater 

monitoring for the 1100-EM groundwater interest area, the northern portion of the City of 

Richland (“Richland North”), the upper basalt-confined aquifer, the Ringold-confined 

aquifer, AEA Monitoring at single-shell tanks (SSTs) waste management areas (WMAs) 

S-SX and U, and Washington State Department of Health (WDOH) co-sampling. 

These additional monitoring elements, which are not covered under CERCLA or RCRA 

monitoring plans, are collectively termed “surveillance” groundwater monitoring.  

In 2006, the second CERCLA 5-year review5 for the 1100-EM-1 operable unit (OU) 

concluded that the remedies selected for remediation of this unit were complete because 

the remedial action objectives were achieved and are protective of human health and the 

environment. As a result, the 1100-EM-1 OU has been removed from the “National 

Priorities List6.” With its removal, the U.S. Department of Energy, U.S. Environmental 

Protection Agency, and Washington State Department of Ecology agreed to a change in 

groundwater monitoring, reducing the number of wells being monitored from five to 

three and specifying trichloroethene as the primary contaminant of interest. The purpose 

of continued groundwater monitoring at this former OU is to ensure that monitored 

natural attenuation of trichloroethene remains effective. Four additional wells are 

monitored to track the migration of nitrate from sources off the Hanford Site. 

                                                      
1 Atomic Energy Act of 1954, 42 USC 2011, et seq. Available at: http://epw.senate.gov/atomic54.pdf. 
2 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at: 

http://www.epa.gov/epawaste/inforesources/online/index.htm. 
3 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq., 

Pub. L. 107 377, December 31, 2002. Available at: http://epw.senate.gov/cercla.pdf. 
4 WAC 173-303-400, “Dangerous Waste Regulations,” “Interim Status Facility Standards,” Washington Administrative 

Code, Olympia, Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-400. 
5 DOE/RL-2006-20, 2006, The Second CERCLA Five-Year Review Report for the Hanford Site, Rev. 1, 

U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=DA04570094.  
6 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities 

List,” Code of Federal Regulations. Available at: http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol27/xml/CFR-

2010-title40-vol27-part300-appB.xml. 

http://epw.senate.gov/atomic54.pdf
http://www.epa.gov/epawaste/inforesources/online/index.htm
http://epw.senate.gov/cercla.pdf
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-400
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=DA04570094
http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol27/xml/CFR-2010-title40-vol27-part300-appB.xml
http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol27/xml/CFR-2010-title40-vol27-part300-appB.xml
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Groundwater monitoring will continue in selected wells monitoring the northern part of 

the City of Richland adjacent to the Hanford Site. The primary purpose for monitoring 

this region is to ensure that groundwater contaminants from Hanford Site past practices 

do not impact the city of Richland’s North Well Field. A secondary purpose is to monitor 

contamination from offsite sources that may be migrating onto the Hanford Site. 

The major contaminants of interest in this region include nitrate, tritium, uranium, 

and trichloroethene associated with nearby industrial and agricultural activities, as well as 

past Hanford Site operations. Four wells have been selected for the groundwater 

monitoring network in the 1100-EM/Richland North areas. 

The groundwater within the upper basalt-confined aquifer is monitored because it is a 

potential pathway for contaminants to move offsite. One well in the 200 East Area, 

located near an area of potential communication between aquifers, detects technetium-99 

and other contaminants in this aquifer. Prior work shows that the contamination migrated 

into the confined aquifer via a poorly constructed well. The well was repaired, but local 

contamination remains. Nearby wells, and wells in other parts of the Hanford Site, do not 

show contamination in the basalt-confined aquifer. Thirteen wells have been selected for 

the groundwater monitoring network of the upper basalt-confined aquifer. Those wells 

near the 200 East Area will be sampled annually; others will be sampled every two or 

three years. 

A confined aquifer in Ringold Formation unit A is present beneath most of the 

Hanford Site. In some locations in the 200 Areas, the confining unit above this aquifer is 

absent, which allowed contamination to move into unit A from the overlying sediments. 

In the 100 Areas, water-bearing zones in the Ringold upper mud unit constitute local, 

confined aquifers. A few of these show evidence of Hanford Site contaminants. In order 

to facilitate sitewide analysis of data from these aquifers, 44 wells will be sampled 

annually to triennially. All but six of these wells are also sampled for the objectives of the 

CERCLA OUs. 

Seven WMAs containing SSTs are monitored under RCRA. Unplanned releases from the 

tank farms have contaminated groundwater. Tank waste included radioactive and 

nonradioactive components. Radionuclides are excluded from regulation under RCRA 

but are included in the CERCLA sampling and analysis plans. The CERCLA plan that 

includes WMAs S-SX and U does not currently include the density of sampling needed to 

monitor radioactive contamination originating from the WMAs adequately. Therefore, 
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radionuclides at these WMAs are included in this surveillance groundwater monitoring 

plan. All of the wells are also sampled for the objectives of RCRA under separate 

monitoring plans. 

The WDOH analyzes samples of Hanford Site groundwater from a number of wells each 

year as part of an inter-laboratory comparison program. Hanford Site groundwater 

samplers collect the samples for WDOH along with those for Hanford Site projects. 

A co-sampling “project” is defined to ensure that all of the analytes (primarily 

radionuclides) analyzed by WDOH are analyzed by the Hanford Site laboratory as well.  

This plan describes the sampling frequencies and analytical requirements for wells 

comprising each of the surveillance groundwater monitoring networks. Criteria for 

selecting the wells include locations in relation to known groundwater contaminant 

plumes, potential sources, water supplies, or other areas of special interest; well depth 

and construction; and historical data. Constituent lists were chosen based on groundwater 

contaminant concentrations and source histories. Sampling frequencies were selected 

based on the variability of historical data and proximity of the wells to areas of interest. 
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1 Introduction 

Groundwater is monitored in hundreds of wells at the U.S Department of Energy (DOE) Hanford Site to 

fulfill a variety of state and federal regulations, including the Atomic Energy Act of 1954 (AEA), 

Resource Conservation and Recovery Act of 1976 (RCRA), Comprehensive Environmental Response, 

Compensation, and Liability Act of 1980 (CERCLA), and different portions of the Washington 

Administrative Code (e.g., WAC 173-303-400, “Dangerous Waste Regulations,” “Interim Status Facility 

Standards”). Although separate monitoring plans are prepared for these requirements, sampling is 

coordinated and data are shared among users to avoid duplication of effort. The U.S. Department of 

Energy, Richland Operations Office (DOE-RL) manages these activities through the Soil and 

Groundwater Remediation Project. The project is responsible for all groundwater monitoring on the 

Hanford Site, including monitoring to assess performance of groundwater remediation and monitoring 

associated with active facilities. Table 1-1 lists currently active Hanford Site groundwater monitoring 

plans (CERCLA, RCRA, and other programs).  

The purpose of this plan is to define groundwater monitoring requirements for the following areas or 

objectives not covered under unit-specific plans:  

 1100-EM groundwater interest area and Richland North region  

 Upper basalt-confined aquifer  

 Ringold confined aquifers  

 AEA monitoring at single-shell tank (SST) waste management areas (WMAs) S-SX and U 

 Washington State Department of Health (WDOH) co-sampling  

Monitoring for these elements supports Hanford Site environmental surveillance, and this document 

refers to them collectively as “surveillance groundwater monitoring.” The locations of these monitoring 

projects are shown on figures in Chapters 4 through 8. 

This plan supports DOE/RL-91-50, Environmental Monitoring Plan United States Department of Energy 

Richland Operations Office, which is required by DOE orders, and DOE/RL-89-12, Hanford Site Ground 

Water Protection Management Plan. 

Table 1-1. Hanford Site Groundwater Monitoring Plans (as of July 2013) 

Site or Operable Unit Requirement Monitoring Plan 

Groundwater Operable Units 

100-BC-5 CERCLA DOE/RL-2003-38; TPA-CN-522 

100-FR-3 CERCLA DOE/RL-2003-49; TPA-CN-241 

100-HR-3 CERCLA 
DOE/RL-99-51; DOE/RL-96-84; DOE/RL-96-90; 

DOE/RL-2003-63; CCN 062039 

100-KR-4 CERCLA DOE/RL-2006-52; DOE/RL-2006-75; TPA-CN-359 

100-NR-2 CERCLA 

DOE/RL-2001-27 as modified by TPA-CN-569; 100/300 

Area Unit Managers Meeting Minutes, Attachment 2 

(0078408) 

200-BP-5 CERCLA DOE/RL-2001-49 

200-PO-1 CERCLA DOE/RL-2003-04; TPA-CN-205 

200-UP-1 CERCLA DOE/RL-2013-07 
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Table 1-1. Hanford Site Groundwater Monitoring Plans (as of July 2013) 

Site or Operable Unit Requirement Monitoring Plan 

200-ZP-1 CERCLA DOE/RL-2009-115; DOE/RL-2009-124 

300-FF-5 CERCLA DOE/RL-2002-11; DOE/RL-2009-45 

1100-EM-1 CERCLA PNNL-12220, TPA-CN-163 

Shoreline (aquifer tubes) N/A DOE/RL-2000-59; TPA-CN-556 

Monitored Facilities 

100-K Basins AEA PNNL-14033 

1301-N LWDF RCRA Hanford Facility RCRA Permit; PNNL-13914 

1324-N/NA Facilities RCRA Hanford Facility RCRA Permit; PNNL-13914 

1325-N LWDF RCRA Hanford Facility RCRA Permit; PNNL-13914 

183-H Basins RCRA Hanford Facility RCRA Permit; PNNL-11573 

216-A-29 Ditch RCRA DOE/RL-2008-58 

216-A-36B Crib RCRA DOE/RL-2010-93 

216-A-37-1 Crib RCRA DOE/RL-2010-92 

216-B-3 Pond RCRA DOE/RL-2008-59 

216-B-63 Trench RCRA DOE/RL-2008-60 

216-S-10 Pond and Ditch RCRA DOE/RL-2008-61 

316-5 Process Trenches RCRA Hanford Facility RCRA Permit; WHC-SD-EN-AP-185 

Environmental Restoration 

Disposal Facility 
CERCLA WCH-198 

Integrated Disposal Facility 
RCRA Hanford Facility RCRA Permit; DOE/RL-2003-12 

AEA RPP-PLAN-26534 

Liquid Effluent Retention 

Facility 
RCRA Hanford Facility RCRA Permit 

LLWMA 1 
RCRA DOE/RL-2009-75; DOE/RL-2012-35 

AEA DOE/RL-2000-72 

LLWMA 2 
RCRA DOE/RL-2009-76 

AEA DOE/RL-2000-72 

LLWMA 3 
RCRA DOE/RL-2009-68 

AEA DOE/RL-2009-115 

LLWMA 4 
RCRA DOE/RL-2009-69 

AEA DOE/RL-2009-115 

Non-Radioactive Dangerous 

Waste Landfill 
RCRA DOE/RL-2010-28 

State Approved Land Disposal 

Site 
WAC 173-216 Ecology (2000); PNNL-13121 
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Table 1-1. Hanford Site Groundwater Monitoring Plans (as of July 2013) 

Site or Operable Unit Requirement Monitoring Plan 

Solid Waste Landfill WAC 173-350 DOE/RL-2010-28 

WMA A-AX 
RCRA DOE/RL-2009-70 

AEA DOE/RL-2003-04; TPA-CN-205 

WMA B-BX-BY 
RCRA DOE/RL-2012-53 

AEA DOE/RL-2007-18 

WMA C 
RCRA DOE/RL-2009-77 

AEA DOE/RL-2007-18 

WMA S-SX 
RCRA DOE/RL-2009-73 

AEA This document 

WMA T 
RCRA DOE/RL-2009-66 

AEA DOE/RL-2009-115; DOE/RL-2009-124 

WMA TX-TY 
RCRA DOE/RL-2009-67 

AEA DOE/RL-2009-115; DOE/RL-2009-124 

WMA U 
RCRA DOE/RL-2009-74 

AEA This document 

Surveillance 

1100-EM CERCLA, AEA This document 

Richland North AEA This document 

Ringold Confined Aquifers AEA This document 

Upper Basalt-Confined 

Aquifer 
AEA This document 

WDOH Co-Samples* N/A This document 

Note: Complete reference citations are provided in Chapter 10. 

*WDOH requests samples of Hanford Site groundwater for split analysis. The requirements are listed in this document to 

ensure that samples are collected from the same wells and analytes are sampled by the Groundwater Project as by WDOH. 

AEA = Atomic Energy Act of 1954 

LLWMA = Low-Level Waste Management Area  

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

RCRA = Resource Conservation and Recovery Act of 1976 

WDOH = Washington State Department of Health 

WMA = waste management area 

 

Figure 1-1 shows the location of the Hanford Site in Washington State, and how the Site’s groundwater is 

divided into regions informally termed groundwater interest areas (SGW-54058, Groundwater Interest 

Areas Definition). These interest areas contain formal groundwater operable units (OUs) that are used to 

support CERCLA decision making, plus intervening regions that encompass the entire Hanford Site. 
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Under the AEA, DOE regulates the control of radioactive materials under its authority, including the 

treatment, storage, and disposal (TSD) of low-level radioactive waste from its operations. Sections of 

AEA authorize DOE to set radiation protection standards for itself and its contractors. Accordingly, DOE 

promulgated a series of regulations and directives to protect public health and the environment from 

potential risks associated with radioactive materials. Hanford Site operations are subject to the 

requirements in these regulations and directives. 

The purpose of DOE O 435.1, Radioactive Waste Management, is to establish requirements to ensure that 

DOE radioactive waste is managed in a manner that is protective of worker and public health and safety 

and the environment. The Order takes a “cradle-to-grave” approach to managing waste and includes 

requirements for waste generation, TSD, and post-closure monitoring of facilities. 

This monitoring plan describes activities performed to comply with DOE requirements for groundwater 

protection and monitoring at DOE facilities. DOE O 458.1, Radiation Protection of the Public and the 

Environment7, states the following: 

Ground water must be protected from radiological contamination to ensure compliance 

with dose limits in the Order and consistent with ALARA process requirements. To this 

end, DOE must ensure that: 

(a) Baseline conditions of the ground water quantity and quality are documented; 

(b) Possible sources of, and potential for, radiological contamination are identified and 

assessed; 

(c) Strategies to control radiological contamination are documented and implemented; 

(d) Monitoring methodologies are documented and implemented; and 

(e) Ground water monitoring activities are integrated with other environmental 

monitoring activities. 

DOE-STD-1196-2011, Derived Concentration Technical Standard, was released in 2011 to support 

DOE O 458.1. Derived concentration standards8 are quantities used in the design and conduct of 

radiological environmental protection programs at DOE facilities and sites. The standards represent the 

concentration of a given radionuclide in either water or air that results in a member of the public receiving 

100 millirem effective dose following continuous exposure for one year for each of the following 

pathways: ingestion of water, submersion in air, and inhalation. Table 1-2 lists derived concentration 

standards for Hanford Site groundwater contaminants. 

                                                      
7 DOE O 458.1 replaced DOE Order 5400.1, General Environmental Protection Program. 
8 Derived Concentration Standards replace DOE’s Derived Concentration Guides, published in 1993, in DOE 

Order 5400.5, Radiation Protection of the Public and the Environment. 
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Figure 1-1. Groundwater OUs and Groundwater Interest Areas on the Hanford Site  
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Table 1-2. Derived Concentration Standards, 4 mrem Effective Dose Equivalent Concentrations, and Risk-
Based Concentrations for Hanford Site Radionuclides 

Radionuclide 

Derived 

Concentration 

Standard
a
 

(pCi/L) 

4 mrem Effective 

Dose Equivalent
b
 

(pCi/L) 

Risk-Based 

Concentration
c
  

(pCi/L) 

10
-6 

Risk 10
-4 

Risk 

Antimony-125 27,000 1,100 12.1 1,210 

Carbon-14 62,000 2,500 1.43 143 

Cesium-137 3,000 120 1.74 174 

Cobalt-60 7,200 290 3.37 337 

Iodine-129 330 13 0.358 35.8 

Plutonium-239/240 140 6 0.392 39.2 

Ruthenium-106 4,100 160 1.25 125 

Selenium-79 8,500 340 7.26 726 

Strontium-90 1,100 44 0.947 94.7 

Technetium-99 44,000 1,800 19.2 1,920 

Tritium 1,900,000 76,000 160 16,000 

Uranium-234 680 27 0.748 74.8 

Uranium-235 720 29 0.760 76.0 

Uranium-238 750 30 0.827 82.7 

a. Concentration of a specific radionuclide in water that could be continuously consumed at average annual rates and not exceed 

an effective dose equivalent of 100 mrem/year (from Table 5 of DOE-STD-1196-2011, Derived Concentration Technical 

Standard).  

b. Concentration of a specific radionuclide in water that would produce an effective dose equivalent of 4 mrem/year if consumed 

at average annual rates.  

c. From EPA’s risk website Preliminary Remediation Goals for Radionuclides (EPA, 2012). These values represent the risk of 

getting cancer if a person ingested water contaminated with each radionuclide over a lifetime. The tritium and carbon-14 

calculation also considers inhalation of tritium in air; for other radionuclides, this path is insignificant. 
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2  Hydrogeology 

The geology and hydrogeology of the Hanford Site have been described in numerous documents, 

including Chapter 3 of DOE/RL-2011-01, Hanford Site Groundwater Monitoring Report for 2010. 

Detailed discussions of geology and hydrogeology are provided in OU remedial investigation 

(RI)/feasibility study (FS) reports and RCRA facility investigation reports for the specific units. 

A summary of this information is provided in this chapter. 

The uppermost aquifer beneath most of the Hanford Site is unconfined and composed of unconsolidated 

to semiconsolidated sands and gravels deposited on basalt bedrock. In some areas, deeper parts of the 

sediments are locally confined by layers of silt and clay. Confined aquifers also occur within the 

underlying basalt flows and associated sedimentary interbeds. Figure 2-1 illustrates a simplified 

stratigraphic column for the Hanford Site. 

2.1 Hanford Site Stratigraphy 

Generalized descriptions of the major geologic units, from shallowest to deepest, are provided in the 

following and list and in Figure 2-1. General geologic descriptions are taken from WHC-SD-ER-TI-003, 

Geology and Hydrology of the Hanford Site: A Standardized Text for Use in Westinghouse Hanford 

Company Documents and Reports, unless otherwise noted: 

 Surface deposits: Recent, localized surficial deposits consist of silt, sand, and gravel that form a 

relatively thin (less than 5 m [16 ft]) veneer across the area. These sediments were deposited by 

a mix of eolian and alluvial processes during the past 10,000 years and consist of very fine- to 

medium-grained angular to sub-angular sand with small amounts of silt and gravel. In some portions 

of the area, the surface sediments consist of backfill material, usually comprising reworked Hanford 

formation sediments.  

 Hanford formation: This unit is characterized by cobble- to boulder-size clasts in open framework 

gravels that include discrete sand lenses, with minor to no silt and clay material. The grains typically 

are sub-round to round gravel and sub-angular to round in the sand grain fraction. 

The gravel-dominated facies is typically well stratified and contains little to no cementation 

(WHC-SD-EN-TI-132, Geologic Setting of the 100-HR-3 Operable Unit, Hanford Site, South-Central 

Washington). The Hanford formation is divided into three facies: (1) gravel-dominated, (2) sand-

dominated, and (3) silt-dominated (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for 

the Post-Ringold-Formation Sediments Within the Central Pasco Basin).  

 Cold Creek unit: Thin alluvial deposits between the Ringold Formation and Hanford formation are 

found in some portions of the Hanford Site. These deposits are informally referred to collectively as 

the Cold Creek unit (formerly known as the Plio-Pleistocene unit). Subunits are identified as the early 

“Palouse” soil, caliche, and pre-Missoula gravels. The Cold Creek unit in the 200 West Area is 

represented by paleosol (the early Palouse soil) and overbank/eolian facies (Cold Creek silt unit). 

In much of the 200 East Area and elsewhere in the Pasco Basin, a sandy gravel is present between the 

Ringold and Hanford formations, referred to as the Cold Creek gravel unit. 

 Ringold Formation: This sedimentary unit is composed of units of loose to semi-hardened clay, silt, 

sand, and gravel. This formation is absent beneath much of the 200 East Area. Where present, the 

Ringold Formation includes the following units: 

 Upper Ringold: Fine-grained sediments found in some locations south of Gable Mountain. 
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 Ringold units E, C, B, and A: Sand and gravel units of variable thickness, separated by 

finer-grained sediments (paleosol/lacustrine/overbank deposits). Not all of these units are 

continuous and often cannot be correlated from area to area.  

 Ringold upper mud unit (RUM): The shallowest, fine-grained layer beneath the northern 

Hanford Site has been informally termed the RUM unit. It is found between Ringold units E 

and C, where both of those units are present. In the northeastern Hanford Site, it directly underlies 

the Hanford formation. This unit is not always distinct from other fine-grained sediments of the 

Ringold Formation. The term has not been applied to the area south of Gable Mountain. 

 Ringold lower mud: Deepest layer of fine-grained sediments in the Ringold Formation. 

 Columbia River Basalt Group: This thick sequence forms the bedrock beneath the sediments of 

the Hanford Site. The Columbia River Basalt Group is greater than 3,000 m (9,800 ft) thick. 

The uppermost basalt unit beneath the Hanford Site is the Saddle Mountains Basalt, except where it 

is eroded away near the 300 Area (WHC-SD-ER-TI-003). Where the top of basalt is fractured and 

rubbly (e.g., northern 200 East Area), it is part of the unconfined aquifer. Sedimentary interbeds of 

the Ellensburg Formation (e.g., Rattlesnake Ridge and Levey interbeds) are layered between 

basalt flows and form confined aquifers. 

Major geologic structures on the Hanford Site (WHC-SD-ER-TI-003) include the following: 

 Gable Mountain anticline: a segmented anticlinal ridge extending in an east-west direction between 

the 100 and 200 Areas. The structure includes Umtanum Ridge, Gable Butte, and Gable Mountain. 

 Cold Creek syncline: an asymmetric and relatively flat-bottom structure located south of the Gable 

Mountain anticline.  

 Wahluke syncline: an asymmetric, flat-bottomed structure trending east-west through the 100 Area. 

The steepest limb is adjacent to the Gable Mountain anticline. 

2.2 Hanford Site Aquifer Systems 

Major hydrologic units beneath the Hanford Site are described in the following subsections. 

2.2.1 Unconfined Aquifer 

In the northern portion of the Hanford Site, the unconfined aquifer is in the Hanford formation and in 

Ringold unit E, where present. RUM is the base of the aquifer in most locations. The thickness of the 

unconfined aquifer ranges from less than 2 m (6 ft) in some locations near 100-H and 100-F Areas to 

greater than 50 m (160 ft) west of 100-BC. Directly north of Gable Mountain, the water table is within 

the RUM locally, and there is no unconfined aquifer in the Hanford formation or Ringold unit E.  

South of Gable Mountain and Gable Butte, the water table may be in Ringold unit E, the Cold Creek unit, 

or the Hanford formation. Any of these units forms an aquifer when saturated. The bottom of the 

uppermost, unconfined aquifer south of Gable Mountain is either a fine-grained unit of the upper Ringold 

Formation, or the Ringold lower mud, depending on location. The thickness of the unconfined aquifer 

system (above the basalt) in this portion of the Hanford Site ranges from 0 to greater than 200 m (650 ft). 

It is thickest in the region southeast of the 200 Areas.  
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Figure 2-1. Stratigraphic Column for the Hanford Site  
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2.2.2 Ringold Confined Aquifers 

The following fine-grained sediments in the Ringold Formation act as aquitards, creating confined 

aquifers in coarser sediments beneath: 

 In the 100 Areas, water-bearing sediments within or beneath RUM have been characterized as part of 

RIs. These water-bearing zones have not been correlated among the reactor areas, and are likely not 

continuous throughout the region. 

 Beneath most of the Hanford Site, the Ringold lower mud unit confines the sand and gravels of 

Ringold unit A. The mud unit is not present beneath a portion of the 200 Areas (Figure 2-2), allowing 

groundwater from shallower parts of the aquifer system to migrate into the Ringold confined aquifer 

under certain conditions. 

2.2.3 Basalt-Confined Aquifers 

Confined aquifers occur between the dense basalt flows in the interconnected vesicles and fractures in 

basalt flow tops and flow bottoms, and in the interbedded sediments of the Ellensburg Formation 

(Figure 2-1). The Rattlesnake Ridge Interbed (RRI) is the shallowest, continuous, basalt-confined aquifer 

beneath the Hanford Site. In some locations, flow tops in the upper Saddle Mountains Basalt 

(e.g., Elephant Mountain Member) and the Levey interbed also form aquifers. Deeper aquifers are present 

beneath older basalt flows and interbeds but are not discussed further in this document. 

2.3 Hanford Site Groundwater Flow 

Figure 2-3 shows the March 2011 water table map for the unconfined aquifer. Groundwater in the 

unconfined aquifer system generally moves from recharge areas along the western and southwestern 

boundaries of the Hanford Site to the east and north, toward the Columbia River, which is the major 

discharge area for the aquifer. This natural flow pattern was altered during Site operations by the 

formation of groundwater mounds created by large volumes of artificial recharge at wastewater disposal 

facilities. These mounds have largely dissipated or continue to decline, and groundwater flow is gradually 

returning to pre-operational patterns. 

North of Gable Butte and Gable Mountain, groundwater flow directions vary from northwest to east 

depending on location. Groundwater enters this region through the gaps between basalt ridges, as well as 

from natural recharge.  

South of Gable Butte and Gable Mountain, groundwater generally flows from west to east. Water enters 

the 200 East Area and vicinity from the west and southwest, as well as from beneath the mud units to the 

east and from the underlying aquifers where the confining units have been removed or thinned by erosion. 

The flow of water divides beneath the 200 East Area, with some water flowing toward the north through 

Gable Gap and some flowing southeast toward the central portion of the site. Regional flow continues to 

the southeast and ultimately discharges to the Columbia River. In the southern part of the Site, 

groundwater converges on the 300 Area from the northwest, west, and southwest, then flows into the 

river. 

Groundwater flow in confined aquifers of the Ringold Formation in the northern Hanford Site has not 

been determined. The geologic strata monitored by wells are not necessarily interconnected across the 

region. Vertical hydraulic gradients tend to be upward from the Ringold confined toward the overlying 

unconfined aquifer. 
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Groundwater flow in Ringold confined unit A is generally west to east near the 200 West Area and along 

the southern boundary of the aquifer near the Rattlesnake Hills. This flow pattern indicates that recharge 

occurs west of the 200 West Area. Near the 200 East Area, flow in the Ringold confined aquifer 

converges from the west, south, and east before discharging to the unconfined aquifer where the lower 

mud unit is absent. This water is thought to flow southeast over the top of the confining unit. Near the 

200 East Area, water-level elevation data indicate a slight upward gradient along the confined unit 

boundary. This upward gradient is consistent with discharge of groundwater from the confined aquifer to 

the overlying unconfined aquifer. 

As a remnant of past wastewater discharges to the 216-B-3 Pond (B Pond), artificially elevated water 

levels are present in the Ringold confined aquifer to the northeast of this facility, which causes a 

southwest flow beneath B Pond to the 200 East Area. Eastward flow away from the region of elevated 

water levels does not occur; the May Junction Fault, located east of the B Pond area, is thought to be 

a hydrologic barrier preventing flow to the east (PNNL-15479, Groundwater Monitoring Plan for the 

Hanford Site 216-B-3 Pond RCRA Facility, Section 3.1). South of the B Pond area, the flow of water 

divides, with some flow moving northwest toward the 200 East Area and some moving east or southeast 

(Figure 2-4). 

Figure 2-5 presents an approximation of the March 2011 potentiometric surface for the upper 

basalt-confined aquifer system south of Gable Butte and Gable Mountain. Confined groundwater 

generally flows from west to east across the Hanford Site toward the Columbia River. The region to the 

north of Gable Butte and Gable Mountain was not contoured due to insufficient data. The upper 

basalt-confined aquifer is interpreted not to exist in Cold Creek Valley and along the west portion of 

the Gable Mountain/Gable Butte structural area due to the absence of the RRI (PNL-10817, 

Hydrochemistry and Hydrogeologic Conditions Within the Hanford Site Upper Basalt Confined 

Aquifer System). 

The Columbia River represents a discharge area for the basalt-confined aquifer, but only along the 

southeastern portion of the Hanford Site (PNL-8869, Preliminary Potentiometric Map and Flow Dynamic 

Characteristics for the Upper-Basalt Confined Aquifer System). Discharge also occurs to the overlying 

aquifers in areas where the hydraulic gradient is upward. Discharge to overlying or underlying aquifers 

near the Gable Butte/Gable Mountain structural area occurs mainly through erosional windows where the 

overlying basalt (Elephant Mountain Member) has been removed. 

The vertical hydraulic gradient between the upper basalt-confined aquifer system and the overlying 

aquifer varies spatially (Figure 2-6). A downward gradient exists in the west portion of the Hanford Site, 

near the B Pond recharge mound, as well as in the regions north and east of the Columbia River. Near 

B Pond, the vertical head gradient between the unconfined aquifer system and the upper basalt-confined 

aquifer system has diminished in recent years but remains downward. In the 200 East Area and to the 

immediate north, the vertical hydraulic gradient between the upper basalt-confined aquifer system and the 

overlying aquifer is upward. Therefore, it is likely the upper basalt-confined aquifer system currently 

discharges to the overlying aquifer in this region. Most areas of the Hanford Site south and east of the 

200 East Area have a vertical hydraulic gradient from the upper basalt-confined aquifer upward to the 

overlying aquifer system. 
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Source: DOE/RL-2011-118, Hanford Site Groundwater Monitoring for 2011. 

NAVD88, North American Vertical Datum of 1988. 

Figure 2-4. Potentiometric Surface of Ringold Formation Confined Aquifer, Central Hanford Site,  
March 2011 
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Source: DOE/RL-2011-01, Hanford Site Groundwater Monitoring Report for 2010. 

NAVD88, North American Vertical Datum of 1988. 

Figure 2-5. Potentiometric Surface for the Upper Basalt-Confined Aquifer, March 2011 
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Source: DOE/RL-2011-118, Hanford Site Groundwater Monitoring for 2011. 

Figure 2-6. Comparison of Observed Heads for the Upper Basalt-Confined Aquifer 
and Overlying Unconfined Aquifer, March 2011  
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3 Quality Assurance Project Plan 

This quality assurance project plan (QAPjP) establishes the quality requirements for environmental data 

collection, including planning, implementation, and assessment of sampling, field measurements, and 

laboratory analysis for surveillance groundwater monitoring activities. This QAPjP complies with the 

requirements of the following: 

 10 CFR 830, “Nuclear Safety Management,” Subpart A, “Nuclear Safety Management; 

Quality Assurance Requirements” 

 DOE O 414.1D, Quality Assurance 

 DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements 

Documents (HASQARD) 

 EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5) 

Sections 6.5 and 7.8 of the Tri-Party Agreement (TPA) Action Plan (Ecology et al., 1989b, Hanford 

Federal Facility Agreement and Consent Order Action Plan), require the quality assurance (QA)/quality 

control (QC) and sampling and analysis activities to specify the QA requirements for TSD units, as well 

as for past practice processes. Therefore, this QAPjP follows the QA elements of EPA/240/B-01/003 

(EPA QA/R-5). This QAPjP demonstrates conformance to Part B requirements of ANSI/ASQC E4-1994, 

Specifications and Guidelines for Quality Systems for Environmental Data Collection and Environmental 

Technology Programs.  

Ecology Publication No. 04-03-030, Guidelines for Preparing Quality Assurance Project Plans for 

Environmental Studies, states that each environmental study conducted for the Washington State 

Department of Ecology (Ecology) must have an approved QAPjP that describes the objectives of the 

study and the procedures to be followed to achieve those objectives. While the publication is written for 

Ecology staff and other organizations funded by Ecology, the guidelines may be adapted to the 

groundwater monitoring conducted under this plan. 

In addition to these requirements, the following reference also was used as a resource for identification of 

QAPjP elements: EPA-505-B-04-900A, Intergovernmental Data Quality Task Force, Uniform Federal 

Policy for Quality Assurance Project Plans, Evaluating, Assessing, and Documenting Environmental 

Data Collection and Use Programs Part 1: UFP-QAPP Manual, which is not imposed through the TPA 

(Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order). However, it is a 

valuable resource and provides a comprehensive treatment of quality elements that could be addressed in 

a sampling and analysis plan (SAP). It was also designed to be compatible with EPA/240/B-01/003 

(EPA QA/R-5), which forms the basis for this QAPjP. 

This QAPjP is divided into the following four sections, which describe the quality requirements and 

controls applicable to surveillance groundwater monitoring: 

 Project Management (Section 3.1): This section addresses elements of project management, 

including the project history and objectives, roles, and responsibilities of the participants. These 

elements ensure that the project has a defined goal, participants understand the goal and the approach 

to be used, and planning outputs are documented.  

 Data Generation and Acquisition (Section 3.2): This section addresses aspects of project design 

and implementation. Implementation of these elements ensures that appropriate methods for 
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sampling, measurement and analysis, data collection or generation, data handling, and QC activities 

are employed and properly documented. 

 Assessment and Oversight (Section 3.3): This section addresses the activities for assessing the 

effectiveness of the implementation of the project and associated QA/QC activities. The purpose of 

assessment is to ensure that the QAPjP is implemented as prescribed.  

 Data Validation and Usability (Section 3.4): This section addresses the QA activities occurring 

after the data collection or generation phase of the project is completed. Implementation of these 

elements ensures that data conform to the specified criteria, thus achieving the project objectives. 

3.1 Project Management 

This section addresses elements of project management, including the project history and objectives, 

roles, and responsibilities of the participants. These elements ensure that the project has a defined goal, 

participants understand the goal and the approach to be used, and planning outputs are documented.  

3.1.1 Project/Task Organization 

The primary contractor, or its approved subcontractor, is responsible for planning, coordinating, 

sampling, preparing, packaging, and shipping samples to the laboratory. The project organization 

(in regard to sampling and characterization) is described in the following subsections and is shown 

graphically in Figure 3-1. The Project Manager maintains a list of individuals or organizations as points 

of contact for each functional element in the figure. For each functional primary contractor role, there is 

a corresponding oversight role within DOE: 

 DOE-RL Project Manager: Responsible for authorizing the contractor to perform activities under 

AEA and the TPA (Ecology et al., 1989a). 

 DOE-RL Subject Matter Expert: Responsible for overseeing day-to-day activities of the contractor 

performing the work, working with the contractor and the regulatory agencies to identify and resolve 

technical issues, and providing technical input to the DOE-RL Project Manager. 

 Contractor Department Manager: Oversees activities and coordinates with the DOE, regulators, 

and primary contractor management in support of sampling activities. In addition, the Contractor 

Department Manager provides support to the Project Manager to ensure the safe and cost-effective 

performance of work.  

 RCRA Monitoring and Reporting: Provides the scientists who act as the technical interface 

between the Field Word Supervisor and the Sample Management and Reporting (SMR) organization 

to ensure that technical aspects of the field work will be met. 

 Groundwater Sampling: Responsible for planning and coordinating field sampling resources and 

providing the Field Work Supervisor for routine groundwater sampling operations. The supervisor 

directs the samplers who collect groundwater samples, including replicates/duplicates, and prepare 

sample blanks according to the SAP, corresponding protocols, and work packages. The samplers also 

complete field logbook entries, chain-of-custody forms, and shipping paperwork, and ensure delivery 

of the samples to the analytical laboratory. 

 Sample Management and Reporting Organization: The SMR organization coordinates laboratory 

analytical work, ensuring that the laboratories conform to Hanford Site internal laboratory QA 

requirements (or their equivalent), as approved by DOE. SMR receives the analytical data from the 

laboratories, performs the data entry into the Hanford Environmental Information System (HEIS), and 
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arranges for data validation. SMR is responsible for informing the Project Manager of any issues 

reported by the analytical laboratory. The SMR organization develops and oversees the 

implementation of the letter of instruction to the analytical laboratories, oversees data validation, and 

works with the Project Manager to prepare a characterization report on the sampling and 

analysis results. 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 

protocols and provide necessary sample reports and explanation of results in support of data 

validation. The laboratories must meet site-specified QA requirements and must have an approved 

QA plan in place. 

 

Figure 3-1. Project Organization 

3.1.2 Problem Definition/Background 

Chapters 4 through 7 provide background information, conceptual site models, and monitoring objectives. 

3.1.3 Project/Task Description 

The project descriptions are provided in Chapters 4 through 8 of this monitoring plan and include the 

selection of appropriate analytes, monitoring networks, interpretation of analytical results, and reporting. 
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3.1.4 Quality Objectives and Criteria 

Surveillance groundwater monitoring is part of the overall groundwater monitoring project. The QA 

objectives and criteria for the groundwater project are described in annual reports (e.g., Appendix D of 

DOE/RL-2011-118, Hanford Site Groundwater Monitoring for 2011).  

3.1.5 Special Training/Certification 

Workers receive a level of training that is commensurate with their responsibility of collecting and 

transporting groundwater samples in accordance with the requirements of WAC 173-303-330, 

“Dangerous Waste Regulations,” “Personnel Training.” The Field Work Supervisor, in coordination with 

line management, will ensure that all field personnel meet training requirements. 

3.1.6 Documents and Records 

Logbooks and data forms are required for field activities. The logbook must be identified with a unique 

project name and number. Individuals responsible for the logbooks shall be identified in the front of the 

logbook, and only authorized individuals may make entries into the logbooks. Logbooks will be 

controlled in accordance with internal work requirements and processes. 

The HEIS database is the repository for groundwater data collected under this plan. Records may be 

stored in either electronic or hardcopy format. Documentation and records, regardless of medium or 

format, are controlled in accordance with internal work requirements and processes that ensure accuracy 

and retrievability of stored records. Records required by the TPA (Ecology et al., 1989a) will be managed 

in accordance with the requirements therein. 

Changing groundwater conditions, unexpected events, or errors may necessitate changes to the 

groundwater monitoring program. Table 3-1 summarizes the general types of conditions, suitable actions, 

and documentation, which include the following: 

1. Adding constituents, wells, or sampling events: The project scientist may elect to increase sampling 

frequency, add wells, or add constituents to investigate changing conditions. For example, abrupt 

changes in chemical trends may result in more frequent sampling. Because this is an addition to the 

required monitoring, no formal approval or notification of DOE or regulatory agencies is required. 

However, if the change becomes permanent, a revision of this monitoring plan is appropriate. 

2. Deleting constituents, wells, or sampling events: Conditions may warrant a planned, temporary 

decrease in sampling. For example, a well may be inaccessible due to nearby construction or 

remediation activities. DOE will be notified of these changes in writing. If the change becomes 

permanent, this monitoring plan will be revised. 

3. Unavoidable changes: 

a. Well not sampled as planned: Sampling may be delayed because of broken equipment, access 

restrictions, or other issues. In most cases, sampling operations staff will solve the problem and 

sample the well later. If the problem cannot be fixed (e.g., the well goes dry), the project scientist 

will notify DOE and determine the corrective action, which may range from no action to 

installing a replacement well. 

b. Samples not all collected: This problem may result from errors in paperwork or bottle 

preparation. The project scientist will work with the SMR organization to determine if water from 

another sample bottle can be used to perform the missing analysis. If that is not possible, the 

project scientist will schedule the well for the missing analyses the following quarter and the 

deviation will be noted in the project file, and DOE will be notified.  
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c. Constituents not all analyzed: This problem may result from a broken samples bottle or laboratory 

error. Corrective action is the same as for that for samples that are not all collected. 

4. Revision to surveillance groundwater monitoring plan: When conditions warrant permanent changes 

to the monitoring program, this plan will be revised and released in accordance with normal 

document control practices. 

5. Requests for data review (RDRs): The project scientist will review data and submit RDRs when 

errors are suspected (Section 3.4). The corrective action will include application of an appropriate 

review qualifier to the result in the HEIS database. In some cases, the project scientist may 

recommend reanalyzing the sample and loading the corrected data or resampling the well. No special 

notification of DOE is required. 

Table 3-1. Change Control for Surveillance Groundwater Monitoring 

Condition Action Documentation 

A 
Adding constituents, wells, or 

sampling events 

Project management approval. 

Revise plan if the changes are 

permanent (see Condition D). 

Project’s schedule tracking 

system.  

B 
Deleting constituents, wells, or 

sampling events 

Notify DOE. If the change is 

permanent, revise plan. 

Notification will be in writing. 

Revise plan if needed. 

C 

Unavoidable changes (e.g., dry 

wells; one-time missed samples 

due to broken pump, or lost 

bottle) 

Document the condition; 

notify DOE. 

Project’s schedule tracking 

system; notification via report or 

written communication. 

D Revision to monitoring plan Revise and distribute plan. Revision of this document. 

E Anomalous data 

Submit RDR and flag data; 

additional actions may include 

laboratory check, re-analysis, 

or resample. 

Project’s RDR files; data flags 

in Hanford Environmental 

Information System. 

DOE = U.S. Department of Energy 

RDR = request for data review 

 

3.2 Data Generation and Acquisition 

This section addresses aspects of project design and implementation. Implementation of these elements 

ensures that appropriate methods for sampling, measurement and analysis, data collection or generation, 

data handling, and QC activities are employed and are properly documented. 

3.2.1 Sampling Process Design (Experimental Design) 

The sampling design is judgmental. In judgmental sampling, the selection of sampling units 

(i.e., the number and location and/or timing of collecting samples) is based on knowledge of the feature or 

condition under investigation and on professional judgment. Judgmental sampling is distinguished from 

probability-based sampling in that inferences are based on professional judgment, not statistical scientific 

theory. Therefore, conclusions about the target population are limited and depend entirely on the validity 

and accuracy of professional judgment. Probabilistic statements about parameters are not possible. 
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Chapter 4 describes monitoring networks, analytes, and frequency of sampling. 

3.2.2 Sampling Methods 

The following elements of sampling are described in the contractor’s environmental QA program plan: 

 Field sampling methods 

 Sample preservation, containers, and holding times 

 Corrective actions for sampling activities 

 Decontamination of sampling equipment 

The groundwater sampling operations supervisor must ensure that situations that may impair the usability 

of samples and/or data are documented in field logbooks or on nonconformance report forms in 

accordance with internal corrective action procedures, as appropriate. The groundwater sampling 

operations supervisor will note any deviations that occur from the standard procedures for sample 

collection, contaminants of potential concern, sample transport, or monitoring. The groundwater sampling 

operations supervisor is also responsible for coordinating all activities related to the use of field 

monitoring equipment (e.g., dosimeters and industrial hygiene equipment). Field personnel will document 

in the logbook all noncompliant measurements taken during field sampling. Ultimately, the groundwater 

sampling operations supervisor is responsible for developing, implementing, and communicating 

corrective action procedures; for documenting all deviations from procedure; and for ensuring that 

immediate corrective actions are applied to field activities. Problems with sample collection, custody, or 

data acquisition that adversely impact data quality or impair the ability to acquire data or failure to follow 

procedure will be documented in accordance with internal corrective action procedures, as appropriate. 

3.2.3 Sample Handling and Custody 

A database is used to track samples from the point of collection through the laboratory analysis process. 

Laboratory analytical results are entered and maintained in the HEIS database. Each sample is identified 

and labeled with a unique HEIS sample number. The contractor’s environmental QA program plan 

specifies the following sample handling information: 

 Container requirements 

 Container labeling and tracking process 

 Sample custody requirements 

 Shipping and transportation 

Sample custody during laboratory analysis is addressed in the applicable laboratory’s standard operating 

procedures. Laboratory custody procedures will ensure that sample integrity and identification are 

maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with 

laboratory instructions prepared by the SMR organization. 

3.2.4 Analytical Methods 

Analytical methods will be selected from those available to the Groundwater Project that can meet the 

required detection limits for surveillance groundwater monitoring (Table 3-2). Analytical methods are 

controlled in accordance with the laboratory’s QA Plan and the requirements of the Groundwater Project. 

The primary contractor participates in overseeing offsite analytical laboratories to qualify them for 

performing Hanford Site analytical work. 

If the laboratory uses a nonstandard or unapproved method, then the laboratory must provide method 

validation data to confirm that the method is adequate for the intended use of the data. This includes 
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information such as determination of detection limits, quantitation limits, typical recoveries, and 

analytical precision and bias.  

Laboratories providing analytical services in support of this SAP will have a corrective action program in 

place that addresses analytical system failures and documents the effectiveness of any corrective actions. 

Issues that may affect analytical results are to be resolved by the SMR organization in coordination with 

the Project Manager. 

Table 3-2. Detection Limits Required for Surveillance Groundwater Monitoring 

Constituent Detection Limit  Constituent Detection Limit  

Metals (µg/L) Radionuclides (pCi/L) 

Calcium 1,000 Gamma scan Varies 

Chromium 10 Gross alpha and beta 5 

Iron 50 Iodine-129 0.5 

Magnesium 750 Technetium-99 10 

Manganese 10 Tritium 300 

Potassium 4,000 Selenium-79 15 

Sodium 500 Volatile Organic Analytes (µg/L) 

Hexavalent chromium 2 1,1-dichloroethene 1 

Uranium (total) 5 Carbon tetrachloride 1 

Anions (mg/L) Chloroform 1 

Chloride 200 Trichloroethene 1 

Nitrate 250 Vinyl chloride 1 

Nitrite 250   

Sulfate 500   

Other   

Alkalinity 5 mg/L   

Conductivity, field  10 µS/cm   

Dissolved oxygen, field 1 mg/L   

pH, field measurement Not applicable   

Temperature Not applicable   

 

3.2.5 Quality Control 

QC protocols must be followed in the field and laboratory to ensure that reliable data are obtained. Field 

QC samples will be collected to evaluate the potential for cross-contamination and provide information 

pertinent to field sampling variability. Field QC sampling will include the collection of full trip blank, 

field transfer blank, equipment rinsate blank, field duplicate, and field split samples. Laboratory QC 
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samples estimate the precision and bias of the analytical data. Field and laboratory QC samples for 

surveillance groundwater monitoring are those used by the overall Groundwater Project, as described in 

Appendix D of DOE/RL-2011-118.  

3.2.6 Instrument/Equipment Testing, Inspection, and Maintenance 

Measurement and testing equipment used in the field or in the laboratory directly affecting the quality 

of analytical data will be subject to preventive maintenance measures to ensure minimization of 

measurement system downtime. Laboratories and onsite measurement organizations must maintain and 

calibrate their equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be 

included in the individual laboratory and onsite organization’s QA plan or operating protocols, as 

appropriate. Maintenance of laboratory instruments will be performed in a manner consistent with the 

three-digit U.S. Environmental Protection Agency (EPA) methods (EPA-600/4-79-020, Methods for 

Chemical Analysis of Water and Wastes) and four-digit EPA methods (SW-846, Test Methods for 

Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update IV-B), as amended, or 

with auditable DOE Hanford Site and contractual requirements. Consumables, supplies, and reagents will 

be reviewed per SW-846 requirements and will be appropriate for their use. 

3.2.7 Instrument/Equipment Calibration and Frequency 

Specific field equipment calibration information is provided in the environmental QA program plan. 

Standards used for calibration will be certified and traceable to nationally recognized performance 

standards. Analytical laboratory instruments and measuring equipment are calibrated in accordance with 

the laboratory’s QA plan. 

3.2.8 Inspection/Acceptance of Supplies and Consumables 

Supplies and consumables used in support of sampling and analysis activities are procured in accordance 

with internal work requirements and processes described in the contractor acquisition system. 

Responsibilities and interfaces necessary to ensure that items procured/acquired for the contractor meet 

the specific technical and quality requirements must be in place. The procurement system ensures that 

purchased items comply with applicable procurement specifications. Supplies and consumables are 

checked and accepted by users prior to use. 

Supplies and consumables procured by the analytical laboratories are procured, checked, and used in 

accordance with the laboratory’s QA plan. 

3.2.9 Non-Direct Measurements 

Non-direct measurements include data obtained from sources such as computer databases, programs, 

literature files, and historical databases. If evaluation includes data from historical sources, such data will 

be validated, whenever possible, to the same extent as the data generated as part of this effort. All data 

used in evaluations will be identified by source. 

3.2.10 Data Management 

The SMR organization, in coordination with the Project Manager, is responsible for ensuring that 

analytical data are appropriately reviewed, managed, and stored in accordance with the applicable 

programmatic requirements governing data management protocols. Electronic data access, when 

appropriate, will be via a database (e.g., HEIS or a project-specific database). Where electronic data are 

not available, hardcopies will be provided in accordance with Section 9.6 of the TPA Action Plan 

(Ecology et al., 1989b).  

Laboratory errors are reported to the SMR organization on a routine basis. For reported laboratory errors, 

a sample issue resolution form will be initiated in accordance with contractor protocols. This process is 

used to document analytical errors and to establish their resolution with the Project Manager. The sample 
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issue resolution forms become a permanent part of the analytical data package for future reference and 

records management. 

Planning for sample collection and analysis will be in accordance with the programmatic requirements 

governing fixed laboratory sample collection activities, as discussed in the sampling methods. In the event 

that specific protocols do not exist for a particular work evolution, or if it is determined that additional 

guidance is needed to complete certain tasks is needed, a work package will be developed to adequately 

control the activities, as appropriate. Examples of sampling method requirements include activities 

associated with the following: 

 Chain of custody/sample analysis requests  

 Project and sample identification for sampling services  

 Control of certificates of analysis  

 Logbooks  

 Checklists  

 Sample packaging and shipping  

Field activities will be recorded in the field logbook. 

3.3 Assessment and Oversight 

The elements in this section address the activities for assessing the effectiveness of project 

implementation and associated QA/QC activities. The purpose of assessment is to ensure that the QAPjP 

is implemented as prescribed. 

3.3.1 Assessments and Response Actions 

Contractor management, Regulatory Compliance, QA, and/or Health and Safety organizations may 

conduct random surveillances and assessments to verify compliance with the requirements outlined in 

this plan.  

If circumstances arise dictating the need for additional assessment activities, then additional assessments 

would be performed. Deficiencies identified by these assessments will be reported in accordance with 

existing programmatic requirements. The project’s line management chain coordinates the corrective 

actions/deficiencies in accordance with the contractor QA program, the corrective action management 

program, and associated protocols implementing these programs. 

Oversight activities in the analytical laboratories, including corrective action management, are conducted 

in accordance with the laboratories’ QA plans. The contractor oversees offsite analytical laboratories and 

qualifies the laboratories for performing Hanford Site analytical work. 

3.3.2 Reports to Management 

Reports to management on data quality issues will be made if and when these issues are identified. 

Issues reported by the laboratories are communicated to the SMR organization, which then initiates a 

sample issue resolution form in accordance with contractor protocols. This process is used to document 

analytical or sample issues and to establish resolution with the Project Manager. 

3.4 Data Validation and Usability 

The elements in this section address the QA activities that occur after the data collection phase of the 

project is completed. Implementation of these elements determines whether or not the data conform to the 

specified criteria, thus satisfying the project objectives. 
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3.4.1 Data Review, Verification, and Validation 

The criteria for verification include, but are not limited to, review for completeness (samples were 

analyzed as requested), use of the correct analytical method/procedure, transcription errors, correct 

application of dilution factors, appropriate reporting of dry weight versus wet weight, and correct 

application of conversion factors. Laboratory personnel may perform data verification. 

3.4.2 Verification and Validation Methods 

The work activities shall follow documented procedures and processes for data validation and 

verification, as summarized below. Validation is a process to determine the quality of a specific data set. 

It provides a level of assurance that an analyte is either present or absent. Data validation is usually 

carried out on individual data packages. Verification means assessing data accuracy, completeness, 

consistency, availability, and internal control practices to determine overall reliability of the data 

collected. Other requirements include proper chain-of-custody, sample handling, use of proper analytical 

techniques as applied for each constituent, and the quality and acceptability of the laboratory analyses 

conducted. 

Groundwater monitoring staff perform checks on laboratory electronic data files for formatting, allowed 

values, data flagging (i.e., qualifiers), and completeness. Hardcopy results are verified to check for 

(1) completeness, (2) notes on condition of samples upon receipt by the laboratory, (3) notes on problems 

encountered during analysis of the samples, and (4) correct reporting of results. If data are incomplete or 

deficient, staff work with the laboratory to correct the problem found during the analysis. 

The data validation process provides the requirements and guidance for validating groundwater data that 

are routinely collected. Validation is a systematic process of reviewing verified data against a set of 

criteria to determine whether the data are acceptable for their intended use. 

Results of laboratory and field QC evaluations, double-blind sample results, laboratory performance 

evaluation samples, and holding-time criteria are considered when determining data usability. 

Groundwater project staff review the data to identify whether observed changes reflect changes in 

groundwater quality or potential data errors, and they may submit RDRs on questionable data. 

The laboratory may be asked to check calculations or re-analyze the sample, or the well may be 

resampled. Results of the RDR process are used to flag the data appropriately in the HEIS database 

(e.g., “R” for reject, “Y” for suspect, or “G” for good) and/or to add comments. 

3.4.3 Reconciliation with User Requirements 

The data quality assessment (DQA) process compares completed field sampling activities to those 

proposed in corresponding sampling documents and provides an evaluation of the resulting data. 

The purpose of data evaluation is to determine if quantitative data are of the correct type and are of 

adequate quality and quantity to meet project data quality objectives. The Project Manager is responsible 

for determining if DQA is necessary and for ensuring that, if required, one is performed. The results of 

the DQA will be used in interpreting the data and determining if the objectives of this activity have 

been met. 

3.4.4 Corrective Actions 

The responses to data quality defects will vary and may be data- or measurement-specific. 
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4 1100-EM and Richland North Groundwater Interest Areas 

The 1100-EM groundwater interest area is located in the southeastern portion of the Hanford Site 

(Figure 1-1). It includes the part of the former 1100-EM-1 OU that lies within the Hanford Site boundary. 

An adjacent part of the offsite groundwater interest area is monitored in conjunction with the 1100-EM 

groundwater interest area and is referred to as Richland North. Figure 4-1 shows groundwater monitoring 

wells and facilities in 1100-EM and Richland North. 

This document supersedes the previous groundwater monitoring plan for the 1100-EM-1 OU 

(PNNL-12220, Sampling and Analysis Plan Update for Groundwater 

Monitoring-1100-EM-1 Operable Unit) and is consistent with groundwater monitoring requirements in 

DOE/RL-91-50 and TPA-CN-163, Change Notice for Modifying Approved Documents/Workplans In 

Accordance with the Tri-Party Agreement Action Plan, Section 9.0, Documentation and Records: 

PNNL-12220, “Sampling and Analysis Plan Update for Groundwater Monitoring 1100-EM-1 

Operable Unit”. 

PNNL-12220, in turn, superseded the original groundwater monitoring plan (DOE/RL-95-50, Additional 

Monitoring Well Installation and Field Sampling Plan for Continued Groundwater Monitoring at the 

Horn Rapids Landfill). 

Table 4-1 lists the facilities in the 1100-EM and Richland North that have specific groundwater 

monitoring requirements and those sites that have affected groundwater quality. These sites are 

summarized in the following paragraphs. 

The 1100-EM groundwater interest area includes the inactive DOE Horn Rapids Landfill (HRL)9 

(Figure 4-1). Originally a borrow pit for sand and gravel, the HRL was used from the early 1950s to the 

1970s for disposal of office and construction waste, asbestos, sewage sludge, fly ash, and reportedly 

numerous drums of unidentified organic liquids (DOE/RL-90-18, Phase 1 Remedial Investigation Report 

for the Hanford Site 1100-EM-1 Operable Unit). The HRL extends over approximately 20 ha (50 ac) of 

generally flat terrain. 

The Richland North region includes the City of Richland North Well Field and Recharge Ponds 

(Figure 4-1). The City of Richland pumps water from the Columbia River into the recharge ponds. 

The river water percolates to the groundwater, and the groundwater is then pumped through surrounding 

wells for municipal use during peak demand periods (WHC-MR-003, Recharge to the North Richland 

Well Field). A filtration plant east of the well field and recharge ponds pumps and processes river water 

for use as drinking water for the City of Richland. 

The Richland North region also includes the AREVA NP, Inc. nuclear fuel production facility, which is 

southwest (upgradient) of the DOE HRL. Irrigated agricultural land and the Lamb Weston potato 

processing plant are south of the AREVA facility and west of the City of Richland North Well Field and 

Recharge Ponds. 

  

                                                      
9 The DOE Horn Rapids Landfill was located on the Hanford Site. The similarly named Horn Rapids Sanitary Landfill 

(formerly Richland Landfill) is a separate facility that remains active and is used to dispose the City of Richland’s 

residential waste. 
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Figure 4-1. Location of Monitoring Wells and Facilities in 1100-EM and Richland North  
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Table 4-1. Selected Facilities in the 1100-EM and Richland North Groundwater Interest Areas 

Facility 

(Period of Use) Waste Type 

Constituents of Interest for 

Groundwater Monitoring 

Type of Site 

(Monitoring Plan 

Reference) 

1100-EM Groundwater Interest Area 

DOE Horn Rapids 

Landfill (1950s 

through 1970) 

Fly ash, sewage sludge, 

asbestos, and office and 

construction wastes 

Trichloroethene and 

breakdown products of 

trichloroethene (vinyl 

chloride and 

1,1-dichloroethylene) 

CERCLA past-practice 

(former 1100-EM-1 OU) 

(TPA-CN-163) 

Uranium and nitrate AEA (TPA-CN-163) 

Richland North 

City of Richland North 

Well Field and 

Recharge Ponds 

(offsite) 

None Tritium and nitrate AEA (DOE/RL-91-50) 

AREVA process 

lagoons (offsite) 

(1971 to present) 

Ammonia, fluoride, 

nitrate, and radionuclides 

(primarily uranium) 

Trichloroethene and nitrate 
Active RCRA 

(EMF-96-194)* 

Lamb Weston (offsite) Potato-processing waste Nitrate Active 

Agriculture (offsite) Fertilizers Nitrate Active 

Note: Complete reference citations are provided in Chapter 10. 

* Groundwater monitored independently of the DOE Soil and Groundwater Remediation Project. 

 

4.1 Regulatory Status of the 1100-EM Groundwater Interest Area 

The former 1100-EM-1 OU was regulated under CERCLA. The portion of this former OU within 

the current Hanford Site boundary is known as the 1100-EM groundwater interest area. The portion of the 

former OU south of the Hanford Site boundary is discussed in Section 4.2. In 1993, DOE-RL, EPA, and 

Ecology signed EPA/ROD/R10-93/063, Record of Decision for the USDOE Hanford 1100 Area 

Final Remedial Action, which presented the selected remedial actions for the Hanford 1100 Area National 

Priorities List (40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” 

Appendix B, “National Priorities List”), hereinafter called NPL, site. The record of decision (ROD) 

includes four OUs: 1100-EM-1, 1100-EM-2, 1100-EM-3, and 1100-UI-1. Only the 1100-EM-1 OU had 

a groundwater component. The selected alternative for addressing groundwater in the 1100-EM-1 OU 

included two parts: 

 Natural attenuation of groundwater that currently exceeds the Safe Drinking Water Act of 1974 

drinking water standard (DWS) and monitoring for compliance 

 Continuation of institutional controls for groundwater use at the inactive HRL 
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The remedial action objectives (RAOs) for contaminated groundwater were as follows: 

 Attain the DWS of 5 µg/L for trichloroethene at the designated point of compliance. The point of 

compliance was defined by EPA and Ecology in the final ROD (EPA/ROD/R10-93/063) as the 

George Washington Way diagonal line. This line is defined by a straight line that begins at the 

intersection of George Washington Way and Horn Rapids Road and runs in a northwestern direction 

along George Washington Way, beyond a point where it turns due west (Figure 4-1). This line is 

approximately parallel to the water table contours and is perpendicular to the prevailing groundwater 

flow direction (and the path of contaminant plumes) in this area (PNNL-12220). 

 Protect environmental receptors in surface waters by reducing groundwater contaminant 

concentrations in the plume to levels that are safe for biological and human receptors that may be 

affected at the groundwater discharge point to the Columbia River. 

Five wells installed downgradient of the HRL established the point of compliance, and the sampling 

and analysis requirements were identified in the first sampling plan (DOE/RL-95-50). Groundwater 

monitoring was conducted to confirm the decrease in contaminant levels as predicted in the RI/FS. 

The trichloroethene plume was predicted to attenuate to levels less than the DWS by the year 2017 

(DOE/RL-92-67, Draft Remedial Investigation/Feasibility Study for the 1100-EM-1 Operable Unit, 

Hanford). 

The following groundwater monitoring constituents were identified in the original sampling plan 

(Table 2 in DOE/RL-95-50): 

 Trichloroethene 

 1,1-dichloroethene 

 Vinyl chloride 

 Nitrate 

 Chromium 

Trichloroethene was identified as the risk-driver. Vinyl chloride and 1,1-dichloroethene were identified as 

trichloroethene breakdown products. Nitrate and chromium were not decision drivers in meeting 

groundwater remedial objectives. Chromium was included because concentrations were close to the risk 

levels, and nitrate was retained because maximum concentrations were above the DWS. 

During the Hanford Site first 5-year review in 2001 (EPA, 2001, USDOE Hanford Site First Five Year 

Review Report), it was concluded that the cleanup levels established for trichloroethene in the ROD 

(EPA/ROD/R10-93/063) were still protective of human health and the environment. The review stated 

that groundwater contamination continued to attenuate throughout the trichloroethene plume; the trend 

in trichloroethene concentrations indicated that cleanup levels should be met in 5 to 7 years. In 2006, the 

second 5-year review was conducted, and it was concluded that remedies selected for the 1100-EM-1 OU 

had been completed (DOE/RL-2006-20, The Second CERCLA Five-Year Review Report for the 

Hanford Site). The RAOs established in the ROD have been achieved and are protective of human health 

and the environment. As a result, the 1100 Area was removed from the NPL (40 CFR 300, Appendix B).  

With the removal of the 1100 Area from the NPL (40 CFR 300, Appendix B), DOE, EPA, and Ecology 

agreed to a change in monitoring at the former 1100-EM-1 OU (TPA-CN-163). This change reduced the 

number of wells being monitored from five to three, specified an annual monitoring frequency, and 

identified three constituents for volatile organic analysis (trichloroethene and its breakdown products 

vinyl chloride and 1,1-dichloroethene) under CERCLA. The change eliminated monitoring for chromium 

near the 1171 Building because chromium concentrations are below the DWS. TPA-CN-163 requires 
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continued groundwater monitoring for volatile organics to provide assurance that the remedial action 

goals have been achieved. 

TPA-CN-163 specified that monitoring of nitrate and uranium near the DOE HRL will continue under the 

environmental monitoring activities performed to meet the AEA objectives. 

4.2 Regulatory Status of Richland North 

The Richland North Area is monitored under the requirements of the AEA. In accordance with 

“Site-Wide Environmental Surveillance of Groundwater” (Section 8.12 in DOE/RL-91-50), groundwater 

monitoring wells are selected near water supply wells, including those used by the City of Richland, to 

identify the potential impact to water quality. Offsite wells may be monitored periodically to ensure that 

contaminants from Hanford Site sources are not present in groundwater used for domestic and agricultural 

purposes outside the Hanford Site, and to maintain a baseline of information on offsite water quality. 

DOE/RL-91-50 does not identify specific monitoring wells, frequencies, or analytes. The plan notes that 

(1) sampling frequency for AEA monitoring varies from quarterly to triennially (every three years), 

depending on the specific monitoring objectives and concentration variability in the well; (2) the 

monitoring well network changes from year to year based on groundwater flow conditions, movement of 

contaminant plumes, and monitoring objectives; and (3) analytes are selected based on the constituents 

present in nearby plumes and the inventories of potential groundwater contaminants at 

upgradient sources. 

Groundwater monitoring in Richland North was not governed by a specific SAP prior to this one. 

4.3 Summary of Previous Groundwater Monitoring in the 
1100-EM Groundwater Interest Area 

The current status of groundwater contamination in the 1100-EM groundwater interest area is discussed in 

the Hanford Site groundwater monitoring report for 2011 (Section 2.8 of DOE/RL-2011-118) and 

summarized in this section). 

Groundwater contaminated with trichloroethene was found both upgradient and downgradient of the HRL 

in 1989. A review of available information indicated that trichloroethene contamination moved to the 

Hanford Site 1100 Area via groundwater. AREVA, a facility adjacent to the HRL, has investigated soil 

and groundwater contamination as an independent action in accordance with “Model Toxics Control 

Act—Cleanup” (WAC 173-340), which is discussed in E06-02-2006, 2006 Annual RCRA 

Report-Groundwater Quality Assessment Program. The past use of solvents at the AREVA lagoon area 

was the only documented record of trichloroethene occurrence or use near the contaminant plume 

identified in the 1100-EM-1 OU RI/FS (DOE/RL-92-67). Trichloroethene was used during installation, 

repair, and cleaning of lagoon liners from 1978 through 1988 for bonding overlapping liner sections 

together. While the DOE HRL was alleged to have received drummed waste solvents (DOE/RL-90-18), 

soil vapor surveys, geophysical investigations, and trenching activities during the RI/FS did not reveal 

any evidence of a trichloroethene source at the DOE HRL (DOE/RL-92-67). 

Trichloroethene concentrations have decreased by an order of magnitude near the DOE HRL since 

monitoring began in 1990 (Figure 4-2). During 2011, trichloroethene concentrations were all less than the 

detection limit of 1.0 μg/L. Potential breakdown products of trichloroethene, including vinyl chloride and 

1,1-dichloroethene, also remained undetected at a detection limit of 1.0 μg/L during 2011. 

Uranium contamination from AREVA has been detected in 1100-EM groundwater interest area wells. 

Uranium concentrations in wells 699-S31-E10A and 699-S31-E10C, adjacent to the inactive DOE HRL, 
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and 699-S28-E12, farther downgradient, have increased since the early 1990s, showing continued 

movement of the contaminant (Figure 4-3). Although there was no increase between 2010 and 2011 in the 

two wells closest to the landfill, uranium concentrations increased again in early 2012 and slightly 

exceeded the DWS (30 µg/L). 

Nitrate concentrations are above the DWS of 10 mg/L (as N, equivalent to 45 mg/L as NO3
-
) throughout 

the 1100-EM groundwater interest area (Figure 4-4). The leading edge of the plume in the 300 Area did 

not advance significantly in 2011. Nitrate contamination in the 1100-EM groundwater interest area has 

likely resulted from industrial and agricultural uses offsite (Section 4.4) and migrated to the northeast. 

Some of the highest nitrate levels occur near the AREVA facility and the inactive DOE HRL. The highest 

concentrations in 1100-EM groundwater interest area wells in 2011 were approximately 300 mg/L in 

wells 699-S31-E10A and 699-S31-E10C, slightly lower than in 2010. 

4.4 Summary of Previous Groundwater Monitoring in Richland North 

The current status of groundwater contamination in Richland North is discussed in the Hanford Site 

groundwater monitoring report for 2011 (Section 2.8 of DOE/RL-2011-118) and summarized in 

this section. 

The City of Richland monitors groundwater quarterly in the upper portion of the unconfined aquifer for 

chemical constituents at its Horn Rapids Sanitary Landfill (formerly the Richland Landfill), 

approximately 1 km (0.6 mi) south of the Hanford Site boundary on Highway 240 (Figure 4-1). Although 

various chlorinated hydrocarbons (e.g., tetrachloroethene, trichloroethene, and vinyl chloride) exceed 

DWSs in several of the City’s monitoring wells, the concentration trends show signs of natural 

attenuation (City of Richland, 2013, Horn Rapids Landfill Environmental Monitoring Report Calendar 

Year 2012). 

The Hanford Site tritium plume that originates in the 200 East Area extends southeast through the 

600 Area and into the 300 Area at levels below the 20,000 pCi/L DWS. The leading edge of the sitewide 

tritium plume is closely monitored because of its proximity to the City of Richland North Well Field. 

A representative background level of tritium in Hanford Site groundwater is 142 pCi/L (95
th
 percentile; 

DOE/RL-96-61). Although tritium levels were above background in several wells in Richland North in 

2011, they are far below the DWS. Well 699-S34-E10 had the maximum tritium concentration in 2011 

(380 pCi/L) and has shown an increasing trend in recent years. This well is southeast of AREVA and 

northwest of the Richland North Well Field, and no known sources of tritium contamination are 

upgradient of the well. Tritium concentrations are lower between this well and the 200 East Area plume 

edge in the 300 Area. Consequently, the tritium is not believed to be caused by Hanford Site sources. 

(Note: Well 699-S34-E10 was decommissioned in December 2011.) 
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Figure 4-2. Trichloroethene Trends Downgradient of the DOE Horn Rapids Landfill 

 

Figure 4-3. Uranium Trends Downgradient of the DOE Horn Rapids Landfill 
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Source: DOE/RL-2011-118, Hanford Site Groundwater Monitoring for 2011. 

Figure 4-4. Average Nitrate Concentrations (as NO3
-) in 1100-EM, Richland North, and the 300 Area 
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The following factors limit migration of the tritium plume into the eastern portion of Richland North: 

 Groundwater generally flows from west to east between the Yakima River, a recharge source, 

and the Columbia River. 

 Artificial recharge from agricultural irrigation in the western and central portions of Richland North 

further contributes to the eastward and northeastward flow. 

 Groundwater flow is directed radially outward from the elevated groundwater levels beneath the 

City of Richland’s recharge ponds. 

These factors produce converging groundwater flow lines in the 300 Area where groundwater discharges 

to the Columbia River. 

Nitrate concentrations are above the DWS of 10 mg/L (as N; equivalent to 45 mg/L as NO3
-
) throughout 

much of Richland North (Figure 4-4). Nitrate contamination in this area has likely resulted from industrial 

and agricultural uses. Agriculture uses include fertilizer applications to the irrigated fields upgradient of 

the DOE HRL (irrigation circles; Figure 4-1), Industrial uses include the land application of high-nitrate, 

potato processing wastewater in the central portion of the area. Some of the highest nitrate levels occur 

near the AREVA facility and the inactive DOE HRL (Section 4.3). Nitrate data for the AREVA wells are 

reported in E06-09-004, 2011 Annual Groundwater Report. The highest concentration in an AREVA 

well in 2011 (as NO3
-
) was 234 mg/L, a decrease from 307 mg/L in 2010. 

Elevated levels of gross alpha and uranium occur downgradient of the AREVA facility and near the 

inactive DOE HRL (Section 4.3). Gross alpha data for the AREVA wells are reported in Table 3 of 

E06-09-004. During 2011, several wells downgradient of the AREVA facility showed gross alpha levels 

higher than the 15 pCi/L DWS, with the maximum observed concentrations of 98.1 and 82 pCi/L in 

duplicate samples from well SPC-GM-8 in June 2011. Gross alpha is largely attributed to uranium from 

fuels manufacturing activities at the facility. The uranium concentrations in well SPC-GM-8 in June 2011 

were 40.5 and 61.4 µg/L, lower than peak levels observed in 2009. 

4.5 1100-EM and Richland North Conceptual Model 

The conceptual model for the 1100-EM groundwater interest area and Richland North describes 

the features, events, and processes that resulted in environmental contamination. The descriptions of 

hydrostratigraphy are taken from PNNL-16528, Groundwater Monitoring at the 1100-EM-1 

Operable Unit. 

The vadose zone primarily consists of sandy gravel, gravelly sand, and silty sandy gravel of the Hanford 

formation. In some areas, the Ringold Formation extends above the water table into the lower part of the 

vadose zone. The thickness of the vadose zone ranges from 5.1 m (16.8 ft) on the west side of the inactive 

DOE HRL to 12.8 m (42 ft) to the northeast. The thickness of the vadose zone at the AREVA facility 

ranges from 3.0 m (10 ft) near the center of the facility to 9.8 m (32 ft) in the northeastern corner of the 

facility along Horn Rapids Road. 

The unconfined aquifer lies predominantly within sands and gravels of the Hanford and Ringold 

formations. The thickness of the unconfined aquifer varies from 5.5 m (18 ft) on the west side of the 

inactive DOE HRL to 9.1 m (30 ft) to the northeast. The presence of the Hanford/Ringold contact within 

the unconfined aquifer is important for controlling unconfined groundwater flow because hydraulic 

conductivity tends to be much higher in the Hanford formation than in the Ringold Formation. 
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The base of the unconfined aquifer is a silt aquitard of the Ringold Formation. The silt aquitard changes 

in thickness due to undulations in its upper surface. On the west side of the HRL, the thickness of the 

aquitard is approximately 10 m (33 ft). In one location on the east side of the HRL, the silt aquitard is 

only about 1 m (3.3 ft) thick. The silt aquitard at this location is overlain by approximately 7 m (23 ft) of 

volcanic ash, which consists of fine-grained sand. 

A confined aquifer immediately underlies the silt aquitard within the Ringold Formation. This confined 

aquifer lies within sediments consisting of silty gravels and silty sandy gravels. No boreholes penetrated 

the full thickness of the confined aquifer in the HRL area. 

Groundwater in the unconfined aquifer flows toward the east and northeast. Groundwater flow directly 

beneath the North Richland well field is diverted from the natural flow direction as a result of 

a groundwater mound caused by infiltration from the well field’s recharge basins. Groundwater flow 

beneath the City of Richland North Well Field is radially away from the recharge basins. Because of more 

permeable sediments in the north end of the Richland North region, groundwater flow in that location is 

to the northeast, toward the 1100-EM groundwater interest area, the 300 Area, and the Columbia River. 

Groundwater beneath 1100-EM and Richland North formerly was contaminated with trichloroethene. 

The trichloroethene contamination originated at an industrial site upgradient of the inactive DOE HRL, 

spread downgradient, and has attenuated naturally to levels below detection limits. 

Tritium contamination derived from past wastewater disposal in the 200 East Area extends southeast into 

the 300 Area at concentrations below the DWS. Tritium migrates across the northeastern portion of the 

300 Area from the north and enters the Columbia River. In recent years, tritium levels have generally 

been steady over time and north of the 300 Area. Tritium concentrations above background in Richland 

North appear to not be caused by Hanford Site sources. 

Nitrate contamination originating from agricultural and industrial activities off the Hanford Site has 

migrated onsite into the 1100-EM groundwater interest area. Concentrations are above the DWS. 

Wastewater effluent containing ammonia was discharged in the past to lagoons at the AREVA facility. 

Effluent apparently leaked to the underlying soils from the lagoons, and some of the ammonia reached 

groundwater. Under aerobic conditions, the ammonia degraded relatively quickly to nitrate, which is 

highly mobile in groundwater. In agricultural areas to the southwest, fertilizers containing nitrate are 

applied during the growing season. As irrigation is applied, the dissolved nitrate is carried downward 

through the soils and is taken up by crops in the root zone. However, some of the nitrate is carried 

downward below the root zone by excessive irrigation and reaches the groundwater. 

AREVA, an industry in Richland North has contaminated groundwater with levels of uranium above 

the DWS (Section 4.4). 

4.6 1100-EM Groundwater Interest Area Groundwater Monitoring Objectives 

The objectives of groundwater monitoring in the 1100-EM groundwater interest area are as follows: 

 Monitor trichloroethene concentrations downgradient of the inactive DOE HRL to ensure that the 

CERCLA remedial action goals continue to be met. TPA-CN-163 states that the objective of 

continued monitoring is to “continue to provide assurance that the remedial action goals have been 

achieved.” The change notice also states that “Monitoring associated with the 300-FF-5 OU 

investigations will continue to evaluate trichloroethene concentrations northeast of 1100-EM near the 

river.” TPA-CN-163 specified that the monitoring program is limited to trichloroethene and 

degradation products (vinyl chloride, and 1,1-dichloroethene) in three wells: 699-S28-E12 at the point 
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of compliance, and one shallow well and one adjacent deep well (699-S31-E10A and 699-S31-E10C) 

at the downgradient edge of the inactive DOE HRL. 

 Monitor uranium and nitrate concentrations near the inactive DOE HRL to meet the objectives of the 

AEA, as specified in TPA-CN-163. DOE/RL-91-50 (Section 8.12) states that to meet the AEA 

objectives for tracking known contaminant plumes, wells located within known contaminant plumes 

are monitored (1) to characterize and identify concentration trends, and (2) to quantify existing 

groundwater quality problems and to provide baselines of environmental conditions against which 

future changes can be assessed. 

 Track distribution and concentration trends of groundwater contaminants moving into the area from 

upgradient sources offsite. This monitoring is necessary to show that this onsite groundwater 

contamination is not derived from onsite waste sites. Offsite sources include AREVA, Lamb Weston, 

and fertilizers for agricultural use. 

Table 4-2 lists wells, analytes, sampling frequency, and purpose of monitoring for the 1100-EM 

groundwater interest area. 

4.7 Richland North Groundwater Monitoring Objectives 

The objectives of groundwater monitoring in Richland North are as follows: 

 Monitor wells near the City of Richland North Well Field to meet the objectives of the AEA, as 

specified in DOE/RL-91-50. DOE/RL-91-50 (Section 8.12) states that to meet the AEA objectives for 

protecting water supplies, monitoring wells near water supply wells, including those used by the City 

of Richland, and in some cases the water-supply wells themselves are monitored to identify the 

potential impact to groundwater quality. The monitoring will ensure Hanford Site contaminant 

concentrations remain below water quality standards and will detect changes in contaminant plume 

configuration. This requires monitoring near the leading edges of the plumes, in areas along the site 

boundary, and in areas where concentrations are low. Monitoring in areas where concentrations are 

low provides a baseline from which to determine concentration changes, thus, allowing for early 

detection of offsite migration. 

 Track distribution and concentration trends of groundwater contaminants moving into the area from 

upgradient sources offsite. This monitoring is necessary to show that groundwater contamination 

attributed to these plumes is not derived from onsite waste sites. Offsite sources include AREVA and 

fertilizers for agricultural use.  

Table 4-3 lists wells, analytes, sampling frequency, and purpose of monitoring for Richland North. 
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Table 4-2. Monitoring Wells, Analytes, and Sampling Frequency for the 1100-EM  
Groundwater Interest Area 

Well A
n

io
n

sa
 

T
ri

ti
u

m
 

G
ro

ss
 a

lp
h

a
/ 

G
ro

ss
 b

et
a

 

U
ra

n
iu

m
b
 

V
O

A
c 

Purpose 

699-S27-E9A A A A   
AEA; monitor offsite nitrate upgradient (west) of 

300 Area 

699-S28-E12
d 

A A A A A 

CERCLA and AEA; monitor 1,1-dichloroethene, 

trichloroethene, vinyl chloride, nitrate, and uranium 

at point of compliance for 1100-EM-1 

699-S29-E16A A A A   

AEA; monitor offsite nitrate southeast of 300 Area 

adjacent to Columbia River, downgradient 

(northeast) of well 699-S30-E15A 

699-S30-E15A A A A A  
AEA; monitor offsite nitrate downgradient 

(northeast) of Horn Rapids Landfill 

699-S31-E10A
d 

A A A A A 

CERCLA and AEA; monitor 1,1-dichloroethene, 

trichloroethene, vinyl chloride, nitrate, and uranium 

in the upper portion of the unconfined aquifer 

downgradient (northeast) of Horn Rapids Landfill 

and AREVA 

699-S31-E10C
d 

A A A A A 

CERCLA and AEA; monitor 1,1-dichloroethene, 

trichloroethene, vinyl chloride, nitrate, and uranium 

in the lower portion of the unconfined aquifer 

downgradient (northeast) of Horn Rapids Landfill 

and AREVA 

699-S31-E8A A A A A  
AEA; monitor offsite nitrate upgradient (west) of 

Horn Rapids Landfill 

a. Anions include, but are not limited to, chloride, nitrate, and sulfate; nitrate required for AEA monitoring per 

TPA-CN-163. 

b. Uranium required for AEA monitoring per TPA-CN-163. 

c. Volatile organic analytes include, but are not limited to, 1,1-dichloroethene, trichloroethene, and vinyl chloride; 
1,1-dichloroethene, trichloroethene, and vinyl chloride are required for CERCLA monitoring per TPA-CN-163. 

d. CERCLA compliance wells for the 1100-EM-1 Operable Unit per TPA-CN-163. 

A = annual 

AEA = Atomic Energy Act of 1954 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
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Table 4-3. Monitoring Wells, Analytes, and Sampling Frequency for Richland North 

Well A
n

io
n

s*
 

T
ri

ti
u

m
 

G
ro

ss
 

a
lp

h
a

/ 

G
ro

ss
 

b
et

a
 

Purpose 

699-S36-E13A A A A 
AEA; monitor offsite tritium and nitrate between 300 Area 

and City of Richland North Well Field 

699-S37-E14 A A A 
AEA; monitor offsite tritium and nitrate between 300 Area 

and City of Richland North Well Field 

699-S41-E12 A A A 
AEA; monitor offsite tritium and nitrate upgradient (west) 

of City of Richland recharge ponds 

699-S42-E8A A A A 
AEA; monitor offsite nitrate; co-sample City of Richland 

well 

*Anions include, but are not limited to, chloride, nitrate, and sulfate. 

A = annual 

AEA = Atomic Energy Act of 1954 
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5 Upper Basalt-Confined Aquifer 

Groundwater quality in the upper basalt-confined aquifer is monitored due to the potential for downward 

migration of contaminants from the overlying unconfined aquifer. Contaminants that reach the upper 

basalt-confined aquifer have the potential to migrate through the aquifer and deeper confined aquifers to 

areas off the Hanford Site. However, the risk of such migration offsite is low because (1) confining units 

prevent downward migration in most regions, (2) there is an upward gradient in many areas, and 

(3) groundwater movement in the confined aquifer is very slow. 

Additional information regarding the potential for contaminants to migrate off the Hanford Site is 

provided in PNL-10817 and PNNL-14107, Groundwater Chemistry and Hydrogeology of the Upper 

Saddle Mountains Basalt-Confined Aquifer South and Southeast of the Hanford Site.  

Over 170 wells have been completed in strata beneath the unconfined aquifer within the Columbia River 

Basalt Group. Some of these wells are screened in deep basalt units, and others are no longer in service or 

are otherwise not suitable for groundwater monitoring. Appendix A includes a table of information about 

58 wells that were evaluated for possible sampling of the upper basalt-confined aquifer; Figure 5-1 shows 

their locations. 

An area of special concern is located northwest of the 200 East Area, where the overlying basalt has been 

removed through erosion and the upper basalt-confined aquifer is in direct contact with the overlying 

unconfined aquifer (Figure 5-2; PNNL-19702, Hydrogeologic Model for the Gable Gap Area, 

Hanford Site). In addition, this area had a downward hydraulic gradient in the past when large quantities 

of contaminated wastewater were being discharged during Hanford Site operations. 

5.1 Summary of Previous Groundwater Monitoring 

Results of monitoring the upper basalt-confined aquifer are reported in annual groundwater reports 

(e.g., Chapter 4 of DOE/RL-2011-118). 

Selected wells completed in the upper basalt-confined aquifer system have been routinely sampled at the 

Hanford Site. Most of these wells are sampled triennially, and a few wells are sampled annually. Many of 

the samples were analyzed for tritium, iodine-129, and nitrate because these constituents (1) are the most 

widespread in the overlying unconfined aquifer, (2) are some of the most mobile constituents in 

groundwater, and (3) provide an early warning for potential contamination in the upper basalt-confined 

aquifer system. Additional constituents such as cyanide, gross alpha, gross beta, gamma emitters, 

strontium-90, technetium-99, and uranium, are monitored in subsets of the wells, depending on location 

relative to contaminants in the unconfined groundwater. 

The upper basalt-confined aquifer is affected by contamination much less than the overlying unconfined 

aquifer system. Contamination in the upper basalt-confined aquifer is attributed to areas where confining 

units of basalt have been eroded away or were never deposited, and where past disposal of large amounts 

of wastewater resulted in downward hydraulic gradients. In some areas, wells penetrating the upper 

basalt-confined aquifer system that were constructed prior to implementation of WAC 173-160, 

“Minimum Standards for Construction and Maintenance of Wells,” lacked an impermeable seal between 

aquifers. These wells allowed for intercommunication between the aquifers and permitted groundwater 

flow from the unconfined aquifer to the underlying confined aquifer, thereby increasing the potential to 

spread contamination. 
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Figure 5-1. Groundwater Monitoring Wells for Upper Basalt-Confined Aquifer 
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Cyanide, nitrate, and technetium-99 are elevated in an upper basalt-confined aquifer well in the northern 

portion of the 200 East Area. Figure 5-3 illustrates cyanide and technetium-99 trends in three 

basalt-confined wells in this area. The borehole of well 299-E33-12 was open from the unconfined aquifer 

to the Rattlesnake Ridge confined aquifer from 1953 until 1982 and there is evidence that contamination 

migrated into the bottom of the borehole (RHO-RE-ST-12P, An Assessment of Aquifer 

Intercommunication in the B Pond-Gable Mountain Pond Area of the Hanford Site). Nearby well 

299-E33-340 (installed as part of the 200-BP-5 RI in 2008) showed concentrations consistent with the 

other uncontaminated, upper basalt-confined aquifer wells in the area in 201110. Uranium, which is 

present in high concentrations in the unconfined aquifer in the B Plant region, is at background levels 

(2 to 3 µg/L in 299-E33-12) in the basalt-confined aquifer. 

In 2009 through 2011 tritium concentrations in the upper basalt-confined aquifer at the Hanford Site 

ranged from less than the detection limit (near the discharge area in the east-southeast portion of the 

Hanford Site) to 4,300 pCi/L (in well 699-42-40C, east of the 200 East Area; Figure 5-4). Concentrations 

have been decreasing at this location since 1996. The elevated tritium is found in the 200 East Area/Gable 

Mountain region, an area of intercommunication with the overlying contaminated unconfined aquifer. 

Traces of iodine-129 occasionally are detected in well 699-42-40C. Farther south in the Sitewide tritium 

and iodine-129 plumes, concentrations are near or below detection limits (wells 699-24-1P and 

699-32-22B in Figure 5-4). 

In summary, the basalt-confined aquifer is only contaminated in a small region near 200 East where the 

upper basalt (confining layer) eroded away and a downward hydraulic gradient is present. Most of the 

contamination was introduced through a poorly-constructed well that has since been repaired. There is no 

evidence of contaminant migration in the basalt-confined aquifer beyond this region. 

5.2 Conceptual Model 

The upper basalt-confined aquifer occurs within basalt fractures and joints, interflow contacts, and 

sedimentary interbeds within the upper Saddle Mountains Basalt. The thickest and most widespread 

sedimentary unit in this system is the RRI, which is present beneath much of the Hanford Site. 

Groundwater also occurs within the Levey interbed, which is present only in the southern portion of the 

site. A small interflow zone occurs within the Elephant Mountain Member of the upper Saddle Mountains 

Basalt and also may be significant to the lateral transmission of water. The aquifer is confined by the 

dense, low-permeability interior portions of the overlying basalt flows and in some places by silt and clay 

units of the lower Ringold Formation that overlie the basalt. 

The depth to the upper basalt-confined aquifer varies from 61 to over 244 m (200 to over 800 ft) below 

the surface. The upper basalt-confined aquifer is deepest in the east-central portion of the site and 

shallowest in the northern end of the site. 

The hydraulic gradient is directed downward over most of the western portion of the Hanford Site and in 

a local region east of the 200 East Area. The gradient is directed upward in the northern and eastern 

portions of the site (Figure 2-6).  

Where there is a downward hydraulic gradient, contaminants in the unconfined aquifer could migrate 

downward through vertical fractures within the Elephant Mountain Member basalt until reaching the 

upper basalt-confined aquifer. This method of transport is becoming less of a concern because the large 

                                                      
10 Concentrations of cyanide, nitrate, nitrite, and technetium-99 were above their respective DWS in samples 

collected during drilling in 2008. However, the initial high concentrations were attributed to movement of contaminants 

down the borehole during drilling and were not representative of groundwater quality in the confined aquifer. 
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head differences were mainly associated with the artificial groundwater mounds developed beneath 

surface wastewater ponds. Since discharge to these ponds has ceased, the mounds are dissipating, thus 

lowering the head differential, although areas of downward flow still exist (Figure 2-6). In some areas, 

head differences have reversed so the flow is upward, out of the upper basalt-confined aquifer. 

 

Figure 5-3. Contaminant Trends in Basalt-Confined Aquifer Wells in B Plant Region 
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Figure 5-4. Contaminant Trends in Basalt-Confined Aquifer Wells in Sitewide Plume Region 

A second method of potential contamination of the upper basalt-confined aquifer is possible in the area 

around Gable Gap, where the upper basalt-confined aquifer is in direct contact with the unconfined 

aquifer (PNL-6313, An Evaluation of Aquifer Intercommunication Between the Unconfined and 

Rattlesnake Ridge Aquifers on the Hanford Site). A downward head gradient also existed here, driven 

mainly from groundwater mounds formed beneath B Pond and Gable Mountain Pond (Figure 2-4). Again, 

heads in this area seem to be recovering, with flow moving upward from the upper basalt-confined 

aquifer to the unconfined aquifer. 
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The risk of migration into the basalt-confined aquifer and offsite is low because (1) confining units 

prevent downward migration in most regions, (2) there is an upward gradient in many areas, and 

(3) groundwater movement in the confined aquifer is very slow. 

5.3 Monitoring Objectives for the Upper Basalt-Confined Aquifer 

The primary objective of this monitoring activity is to determine whether contamination is moving 

downward from the unconfined aquifer and moving offsite through the upper basalt-confined aquifer. 

The following factors were useful in determining which wells to monitor:  

 The primary focus is on RRI, which is the most continuous upper-basalt confined aquifer on the 

Hanford Site. 

 The risk of contaminants moving offsite via the basalt-confined aquifer is low (PNL-10817). 

Therefore, a small monitoring network of existing wells is adequate. No new wells are proposed. 

 Groundwater flow through the basalt-confined aquifer is slow. Therefore, a low sampling frequency 

is adequate. 

 The greatest risk of contamination in this aquifer is in the northern 200 East Area where the dense 

basalt confining layer was eroded away. One basalt-confined well in that region (299-E33-12) is 

contaminated with technetium-99 above the DWS and cyanide and nitrate above background. 

However, this contamination was attributed to poor well construction that allowed the unconfined 

aquifer to contaminate the confined aquifer near the well. The well was repaired, but contaminants 

remain locally. Well 299-E33-12 and nearby confined wells should continue to be monitored to 

delimit and trend this contamination. 

 It is possible that contaminants flow some distance in the unconfined aquifer and then move 

downward into the upper basalt-confined aquifer. The network should include wells on flow paths 

from the 200 Areas (i.e., northwestward through Gable Gap and southeastward, which includes the 

main Sitewide tritium plume). 

 To assess groundwater quality flowing off the Hanford Site, the network should include a small set of 

existing wells on the downgradient boundaries of the Site (south and southeast). 

 As long as the basalt-confined aquifer onsite remains uncontaminated, there is no need to monitor 

offsite wells. 

 To confirm the lack of contamination in the basalt-confined aquifer throughout the Site, the network 

should include existing wells near other contaminant sources (100-H, B Pond). 

 The network should not include wells with inadequate completion information. Newer wells are 

preferable to older wells, given a choice. 

 Wells that are in pairs or clusters monitoring multiple aquifers (e.g., unconfined, Ringold confined, 

and upper basalt-confined) are useful to define vertical distribution of contaminants. 

Table 5-1 specifies wells, constituents, and sampling frequency for the upper basalt-confined aquifer. 

Appendix A lists all of the evaluated wells screened in the upper basalt-confined aquifer. 
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6 Ringold Confined Aquifers 

DOE monitors groundwater quality in confined aquifers in the Ringold Formation due to the potential for 

downward migration of contaminants from the overlying unconfined aquifer. Contaminants that reach the 

Ringold confined aquifers have the potential to migrate through the aquifers and potentially into the 

deeper basalt-confined aquifers. 

Approximately 75 wells or piezometers are available to monitor confined aquifers in the Ringold 

Formation on the Hanford Site (Figure 6-1; Appendix A). Many of these are sampled for CERCLA 

objectives.  

Two different Ringold confined aquifers are discussed in this section: 

 The most extensive and continuous Ringold confined aquifer is at the base of the formation in unit A. 

It is confined above by the Ringold lower mud and below by basalt.  

 In some parts of the 200 West Area, the lower mud unit is not present, and groundwater 

contamination (e.g., carbon tetrachloride) is present in unit A. The contamination has moved 

downgradient within unit A to locations where the unit is confined. 

 The Ringold formation is absent beneath much of the 200 East Area. East of the 200 East Area 

near B Pond and the Treated Effluent Disposal Facility (TEDF) (Figure 2-4), the Ringold 

Formation is present but the uppermost aquifer is in Ringold unit A, confined beneath the lower 

mud in some wells and unconfined in others. Tritium is present at levels above the DWS in some 

wells near B Pond, but the Ringold lower mud unit has isolated the aquifer from discharges to 

TEDF. 

 In the 300 Area, the Ringold lower mud is continuous, and a confined aquifer in Ringold unit A is 

present in some locations. In other regions, the mud overlies basalt. 

 Little is known about confined aquifers in the lower portion of the Ringold Formation in the 

100 Area. Two piezometers in the 100-H Area are the only potential monitoring points for deep 

Ringold confined aquifers. 

 In the northern Hanford Site (100 Areas and region between), some wells were screened in 

water-bearing zones within or below RUM to help delimit the vertical extent of groundwater 

contamination. These units are referred to as Ringold confined “aquifers” here, but it is unlikely that 

all of these sandy or gravelly zones are interconnected or continuous. 

6.1 Summary of Previous Groundwater Monitoring 

Ringold confined aquifers are affected by contamination much less than the overlying unconfined 

aquifer system. Figure 6-2 illustrates where contamination is present in these aquifers. Contamination is 

mostly attributed to areas where the confining units are absent and past disposal of large amounts of 

wastewater resulted in downward hydraulic gradients. In some areas, wells that were constructed prior 

to implementation of WAC 173-160 allowed for intercommunication between the aquifers. 

Carbon tetrachloride is detected in several Ringold confined aquifer wells just east of 200 West Area. 

The contamination likely moved into unit A at locations where the Ringold lower mud unit is not present, 

and then moved eastward. Nitrate concentrations also are elevated in those wells. 

Tritium in the Ringold unit A confined aquifer ranges from less than the detection limit in wells near 

TEDF to levels above the DWS in some of the wells near B Pond. Iodine-129 also is detected in some of 
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these wells, at levels near or above the 1 pCi/L DWS. This contamination may have entered the aquifer in 

a region where the lower mud is absent, and subsequently moved beneath the mud. Concentrations are 

declining with time. 

In most cases, RUM contaminant concentrations are low in the 100 Areas. Two exceptions are tritium and 

hexavalent chromium (Cr(VI)) in one well in 100-N, and Cr(VI) in several wells in 100-H. Tritium 

concentrations formerly exceeded the DWS in well 199-N-80, which monitors a localized 

water-producing zone in RUM in 100-N Area. Levels have declined to less than the DWS. This well also 

has elevated levels of Cr(VI), but this has been attributed to corrosion of the casing and screen 

(Section 2.4 of DOE/RL-2011-118). The water-producing zone monitored by well 199-N-80 is highly 

localized; drilling attempts did not locate another water-bearing zone in RUM in 100-N. Cr(VI) 

concentrations in some 100-H wells exceeds the DWS, and one well in the horn (west of 100-H) has 

elevated levels that are below the DWS. Other wells screened in RUM in the horn have nondetectable 

Cr(VI). 

The Ringold confined aquifer is uncontaminated in 300 Area. Uranium, nitrate, and trichloroethene 

concentrations are near or below detection limits. 

6.2 Conceptual Model 

Confined water-producing units are present in the Ringold Formation at various locations within the 

Hanford Site. The most widespread Ringold confined aquifer is where the sediments of Ringold unit A 

are overlain by the Ringold Formation lower mud unit. Depth to this Ringold confined aquifer varies from 

61 m to more than 244 m (200 ft to more than 800 ft). Local water-bearing units in RUM exist in the 

northern Hanford Site. These are not believed to be interconnected into a regional aquifer. 

Groundwater flow in the Ringold unit A confined aquifer is generally west to east near the 200 West Area 

and along the southern boundary of the aquifer near the Rattlesnake Hills (Figure 2-4). This flow pattern 

indicates that recharge occurs west of the 200 West Area in upgradient areas as well as in the Dry Creek 

Valley and possibly the Rattlesnake Hills. Near the 200 East Area, flow in the Ringold confined aquifer 

converges from the west, south, and east before discharging to the unconfined aquifer where the Ringold 

Formation lower mud unit is absent (BHI-00184, Miocene and Pliocene-Aged Suprabasalt Sediments of 

the Hanford Site, South-Central Washington). This water is thought to then flow southeast over the top of 

the confined unit (PNNL-15479), although the exact location of the division between northwest and 

southeast flow within the 200 East Area unconfined aquifer has not been well established. Near the 

200 East Area, water-level elevation data from piezometers 299-E25-32P and 299-E25-32Q (used to 

monitor different depths in the unconfined aquifer) indicate a slight upward gradient along the confined 

unit boundary. This upward gradient is consistent with discharge of groundwater from the confined 

aquifer to the overlying unconfined aquifer. 
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Figure 6-1. Monitoring Wells for Ringold Confined Aquifers 
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Figure 6-2. Groundwater Contaminants in Ringold Confined Aquifers 

Elevated water levels are present in the Ringold confined aquifer northeast of B Pond as a remnant of past 

wastewater discharges to this facility, which causes the southwest flow beneath B Pond toward the 

200 East Area. Eastward flow away from the region of elevated water levels does not occur; the 

May Junction Fault (Figure 2-4), located east of the B Pond area, is thought to be a hydrologic barrier 

preventing flow to the east (BHI-00184). South of the B Pond area, the flow of water divides, with some 

flow moving northwest toward the 200 East Area and some flow moving east or southeast. The exact 

location of the flow divide is not known due to a lack of water-level data in this area and lack of 

definition of the southward extent of the May Junction Fault. 

The potentiometric contours for the Ringold confined aquifer (Figure 2-4) are similar to the 

potentiometric surface contours for the upper basalt-confined aquifer system, indicating that flow patterns 

in the central portion of the Hanford Site are similar in both aquifers. Basalt bedrock from the topographic 

low at Gable Gap near the 200 East Area was eroded significantly by late Pleistocene catastrophic 

flooding (RHO-BWI-LD-5, Geology of Gable Mountain – Gable Butte Area), which facilitates 

intercommunication between the unconfined and confined aquifers. The 200 East Area is a discharge area 

for both of these confined aquifers, which explains the similar flow patterns. 

The 200 Area of the Central Plateau and the B Pond area are two known areas where conditions allowed 

contamination to migrate from the unconfined aquifer into the Ringold confined aquifer.  
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Because different transport methods of potential contaminants into Ringold confined aquifers can occur, 

two conceptual models are presented: (1) a conceptual model for the downward migration of 

contamination through a confining unit when a downward hydraulic gradient exists, and (2) a conceptual 

model that applies to those areas where the confining unit is absent (e.g., 200 West and the area near the 

inactive B Pond system). 

In areas with a downward hydraulic gradient, contaminants present in the unconfined aquifer could 

migrate downward through the confining unit until reaching the Ringold confined aquifer. This method 

of transport is becoming less of a concern because the large head differences were mainly associated with 

the artificial groundwater mounds developed beneath surface wastewater ponds. Since discharge 

operations to these ponds have ceased, the mounds are dissipating, thus lowering the head difference. 

In some areas, head differences have reversed so the flow is upward, out of the Ringold confined aquifer. 

A second method of potential contamination of Ringold confined aquifers is areas where the Ringold 

Formation lower mud unit is absent, placing Ringold unit A in direct contact with shallower portions of 

the Ringold Formation, for example, in 200 West Area (Figure 2-2). Contaminated groundwater then 

flows downgradient in Ringold unit A to locations where the lower mud unit is present. East of 200 East 

Area the downward head gradient was driven mainly from the groundwater mounds formed beneath 

B Pond and Gable Mountain Pond. The heads in this area seem to be recovering, with flow moving up 

from the Ringold confined aquifer and to the unconfined aquifer. 

6.3 Monitoring Objectives for the Ringold Confined Aquifer 

The primary objective of this monitoring activity is to determine how much contamination is moving 

downward from the unconfined aquifer. The following specific objectives are summarized, and 

Appendix A lists rationale for sampling or not sampling individual wells:  

 The risk of offsite migration of contamination via the Ringold confined aquifers is low. Therefore, 

an extensive monitoring program is not warranted. In most cases, monitoring objectives are shared 

with the CERCLA groundwater OUs. Wells will be co-sampled to satisfy the objectives of 

both programs. 

 The Ringold unit A confined aquifer is contaminated in several wells near 200 West and 200 East 

Areas. Monitoring will focus on these wells and those located downgradient of them. 

 In some cases the Ringold lower mud unit is not present so the underlying sediments of unit A are not 

confined. Some wells monitoring these areas are included in the network because these areas are 

potential avenues for contamination to enter the Ringold confined aquifer. 

 The network should include wells on the primary flow paths from the 200 Areas (i.e., southeastward) 

and on the downgradient boundaries of the Site (south and southeast). 

 RUM monitoring wells screened in the 100 Areas helps delimit contamination vertically. A subset of 

these wells will be monitored jointly with the groundwater OUs. 

 Some wells are available in pairs or clusters with wells monitoring other depths (unconfined or basalt-

confined aquifers). Sampling these wells will provide data on vertical distribution of contamination 

and vertical hydraulic gradients. 

 Where the Ringold confined aquifers are uncontaminated, a low sampling frequency is appropriate.  

 Where wells are co-sampled by another project, a frequency less than or equal to the co-sampling 

project is selected, in most cases. 

Table 6-1 lists wells, constituents, and sampling frequency for the Ringold confined aquifers. 



  

 

DOE/RL-2012-59, REV. 0 

6-7 

T
ab

le
 6

-1
. M

o
n

it
o

ri
n

g
 W

el
ls

, A
n

al
yt

es
, a

n
d

 S
am

p
lin

g
 F

re
q

u
en

cy
 f

o
r 

R
in

g
o

ld
 C

o
n

fi
n

ed
 A

q
u

if
er

s 

W
el

l 
N

a
m

e
 

W
el

l 

ID
 

Y
ea

r 

In
st

a
ll

ed
 

G
eo

lo
g

ic
 U

n
it

 

M
o

n
it

o
re

d
 

O
th

er
 

W
el

ls
 

in
 

G
ro

u
p

?
 

P
ro

p
o

se
d

 

S
a

m
p

li
n

g
 

F
re

q
. 

M
o

n
it

o
ri

n
g

 O
b

je
ct

iv
e 

a
n

d
 C

o
m

m
en

t 

Field 

Parameters 

Alkalinity 

Anions 

Metals(filt/u

nfilt) 

Cr(VI) 

Gross 

alpha/ beta 

Iodine-129 

Tritium 

Uranium 

VOA 

1
9

9
-B

2
-1

2
 

A
4

5
5

0
 

1
9

9
2
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

3
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

1
9

9
-D

5
-1

4
1
 

C
7

6
2

5
 

2
0

1
1
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

4
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

 
 

 

1
9

9
-F

5
-4

3
B

 
A

4
5

9
3

 
1

9
9

2
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

4
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

 
 

 

1
9

9
-H

2
-1

 
C

7
6

3
1
 

2
0

1
1
 

R
U

M
 

N
o

 
A

 
C

o
sa

m
p

le
 

A
 

A
 

A
 

A
 

A
 

A
 

 
 

 
 

1
9

9
-H

3
-2

C
 

A
4

6
1

3
 

1
9

8
6
 

R
U

M
 

Y
es

 
A

 
V

C
; 

co
sa

m
p

le
 

A
 

A
 

A
 

A
 

A
 

A
 

 
 

 
 

1
9

9
-H

3
-9

 
C

7
6

3
9
 

2
0

1
1
 

R
U

M
 

N
o

 
A

 
C

o
sa

m
p

le
 

A
 

A
 

A
 

A
 

A
 

A
 

 
 

 
 

1
9

9
-H

3
-1

0
 

C
7

6
4

0
 

2
0

1
1
 

R
U

M
 

N
o

 
A

 
C

o
sa

m
p

le
 

A
 

A
 

A
 

A
 

A
 

A
 

 
 

 
 

1
9

9
-H

4
-1

2
C

 
A

4
6

1
8

 
1

9
8

6
 

R
U

M
 

Y
es

 
A

 
V

C
; 

co
sa

m
p

le
. 

H
X

 

ex
tr

ac
ti

o
n
 w

el
l 

A
 

A
 

A
 

A
 

A
 

A
 

 
A

 
 

 

19
9-

H
4-

15
C

Q
 

A
4

6
2

3
 

1
9

8
6
 

R
in

g
o

ld
 A

?
 

Y
es

 
B

 -
 F

Y
1

4
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

 
 

 

19
9-

H
4-

15
C

R
 

A
4

6
2

4
 

1
9

8
6
 

R
in

g
o

ld
 B

? 
Y

es
 

B
 -

 F
Y

1
4

 
V

C
; 

co
sa

m
p

le
 

B
 

B
 

B
 

B
 

B
 

B
 

 
 

 
 

19
9-

H
4-

15
C

S 
A

4
6

2
5

 
1

9
8

6
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

4
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

 
 

 

1
9

9
-K

-3
2

B
 

A
4

6
5

8
 

1
9

9
2
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

4
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

1
9

9
-K

-1
9

2
 

C
7

6
9

2
 

2
0

1
0
 

R
U

M
 

N
o

 
B

 -
 F

Y
1

4
 

C
o

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

1
9

9
-N

-8
0

 
A

4
7

2
0

 
1

9
9

2
 

R
U

M
 

N
o

 
B

 -
 F

Y
1

3
 

C
o

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

2
9

9
-W

6
-6

 
A

5
0

0
1

 
1

9
9

1
 

R
in

g
o

ld
 A

 
Y

es
 

A
 

N
it

ra
te

 c
o

n
ta

m
in

at
io

n
; 

co
sa

m
p

le
; 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

7
-3

 
A

5
0

0
9

 
1

9
8

7
 

R
in

g
o

ld
 A

 
Y

es
 

A
 

N
it

ra
te

 c
o

n
ta

m
in

at
io

n
; 

co
sa

m
p

le
; 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 



  

 

DOE/RL-2012-59, REV. 0 

6-8 

T
ab

le
 6

-1
. M

o
n

it
o

ri
n

g
 W

el
ls

, A
n

al
yt

es
, a

n
d

 S
am

p
lin

g
 F

re
q

u
en

cy
 f

o
r 

R
in

g
o

ld
 C

o
n

fi
n

ed
 A

q
u

if
er

s 

W
el

l 
N

a
m

e
 

W
el

l 

ID
 

Y
ea

r 

In
st

a
ll

ed
 

G
eo

lo
g

ic
 U

n
it

 

M
o

n
it

o
re

d
 

O
th

er
 

W
el

ls
 

in
 

G
ro

u
p

?
 

P
ro

p
o

se
d

 

S
a

m
p

li
n

g
 

F
re

q
. 

M
o

n
it

o
ri

n
g

 O
b

je
ct

iv
e 

a
n

d
 C

o
m

m
en

t 

Field 

Parameters 

Alkalinity 

Anions 

Metals(filt/u

nfilt) 

Cr(VI) 

Gross 

alpha/ beta 

Iodine-129 

Tritium 

Uranium 

VOA 

2
9

9
-W

1
1

-8
8
 

C
5

5
7

2
 

2
0

0
7
 

R
in

g
o

ld
 A

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 i

n
 o

v
er

ly
in

g
 

aq
u
if

er
; 

co
sa

m
p

le
; 

L
M

 t
h

in
 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

1
2

-2
 

C
7

0
2

7
 

2
0

0
9
 

R
in

g
o

ld
 A

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

2
0

0
 W

es
t 

ex
tr

ac
ti

o
n
 w

el
l;

 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

1
2

-3
 

C
7

0
2

8
 

2
0

0
9
 

R
in

g
o

ld
 A

, 
B

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

2
0

0
 W

es
t 

ex
tr

ac
ti

o
n
 w

el
l;

 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

1
4

-7
3
 

C
7

0
2

1
 

2
0

0
9
 

R
in

g
o

ld
 A

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

2
0

0
 W

es
t 

ex
tr

ac
ti

o
n
 w

el
l;

 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

1
4

-7
4
 

C
7

0
2

4
 

2
0

0
9
 

R
in

g
o

ld
 A

 a
n
d

 

B
? 

N
o

 
A

 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

2
0

0
 W

es
t 

ex
tr

ac
ti

o
n
 w

el
l;

 

L
M

 n
o

t 
p

re
se

n
t 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

2
9

9
-W

2
2

-

2
4

P
 

A
9

5
6

8
 

1
9

6
0
 

R
in

g
o

ld
 A

 a
n
d

 

o
th

er
s?

 
Y

es
 

T
 

V
C

; 
S

a
m

p
le

 i
f 

p
o

ss
ib

le
 

T
 

T
 

T
 

T
 

 
T

 
T

 
T

 
 

T
 

3
9

9
-1

-1
6

C
 

A
5

0
2

7
 

1
9

8
7

/ 

1
9

9
3
 

R
in

g
o

ld
 A

 
Y

es
 

B
 -

 F
Y

1
3

 
V

C
; 

co
sa

m
p

le
 

B
 

B
 

B
 

B
 

 
B

 
 

B
 

B
 

B
 

3
9

9
-1

-1
7

C
 

A
5

0
3

0
 

1
9

8
7
 

R
in

g
o

ld
 A

 
Y

es
 

B
 -

 F
Y

1
3

 
V

C
; 

co
sa

m
p

le
 

B
 

B
 

B
 

B
 

 
B

 
 

B
 

B
 

B
 

3
9

9
-1

-1
8

C
 

A
5

0
3

3
 

1
9

8
7
 

R
in

g
o

ld
 A

 
Y

es
 

B
 -

 F
Y

1
3

 
V

C
; 

co
sa

m
p

le
 

B
 

B
 

B
 

B
 

 
B

 
 

B
 

B
 

B
 

3
9

9
-1

-9
 

A
5

0
4

2
 

1
9

8
7
 

R
in

g
o

ld
 A

 
Y

es
 

B
 -

 F
Y

1
3

 
V

C
; 

co
sa

m
p

le
 

B
 

B
 

B
 

B
 

 
B

 
 

B
 

B
 

B
 

3
9

9
-8

-5
C

 
A

5
4

1
8

 
1

9
9

1
 

R
in

g
o

ld
 A

 
Y

es
 

B
 -

 F
Y

1
3

 
V

C
 d

o
w

n
g
ra

d
ie

n
t 

o
f 

6
1

8
-7

 

b
u
ri

al
 g

ro
u

n
d

 
B

 
B

 
B

 
B

 
 

B
 

 
B

 
B

 
B

 



  

 

DOE/RL-2012-59, REV. 0 

6-9 

T
ab

le
 6

-1
. M

o
n

it
o

ri
n

g
 W

el
ls

, A
n

al
yt

es
, a

n
d

 S
am

p
lin

g
 F

re
q

u
en

cy
 f

o
r 

R
in

g
o

ld
 C

o
n

fi
n

ed
 A

q
u

if
er

s 

W
el

l 
N

a
m

e
 

W
el

l 

ID
 

Y
ea

r 

In
st

a
ll

ed
 

G
eo

lo
g

ic
 U

n
it

 

M
o

n
it

o
re

d
 

O
th

er
 

W
el

ls
 

in
 

G
ro

u
p

?
 

P
ro

p
o

se
d

 

S
a

m
p

li
n

g
 

F
re

q
. 

M
o

n
it

o
ri

n
g

 O
b

je
ct

iv
e 

a
n

d
 C

o
m

m
en

t 

Field 

Parameters 

Alkalinity 

Anions 

Metals(filt/u

nfilt) 

Cr(VI) 

Gross 

alpha/ beta 

Iodine-129 

Tritium 

Uranium 

VOA 

6
9

9
-2

8
-4

0
P

 
A

9
6

2
8

 
1

9
5

6
/ 

1
9

6
4
 

R
in

g
o

ld
 A

 

(a
ss

u
m

ed
) 

Y
es

 
T

 -
 F

Y
1

3
 

In
 f

lo
w

 p
at

h
 f

ro
m

 2
0

0
 E

as
t 

T
 

T
 

T
 

T
 

 
T

 
T

 
T

 
 

 

6
9

9
-4

0
-3

6
 

A
5

1
5

4
 

1
9

9
2
 

R
in

g
o

ld
 A

 
N

o
 

T
 -

 F
Y

1
3
 

L
M

 n
o

t 
p

re
se

n
t.

 D
el

im
it

 

tr
it

iu
m

 c
o

n
ta

m
in

at
io

n
; 

co
sa

m
p

le
 

T
 

T
 

T
 

T
 

 
T

 
 

T
 

 
 

6
9

9
-4

1
-4

0
 

A
5

1
6

1
 

1
9

8
9
 

R
in

g
o

ld
 A

 
N

o
 

T
 -

 F
Y

1
3
 

C
o

sa
m

p
le

; 
tr

it
iu

m
 

co
n
ta

m
in

at
io

n
 

T
 

T
 

T
 

T
 

 
T

 
 

T
 

 
 

6
9

9
-4

2
-3

7
 

A
5

1
6

4
 

1
9

9
2
 

R
in

g
o

ld
 A

 
N

o
 

T
 -

 F
Y

1
3
 

L
M

 n
o

t 
p

re
se

n
t.

 D
el

im
it

 

tr
it

iu
m

 c
o

n
ta

m
in

at
io

n
 

T
 

T
 

T
 

T
 

 
T

 
 

T
 

 
 

6
9

9
-4

2
-3

9
B

 
A

5
1

6
6

 
1

9
9

1
 

R
in

g
o

ld
 A

 
Y

es
 

T
 -

 F
Y

1
3
 

V
C

; 
co

sa
m

p
le

 
T

 
T

 
T

 
T

 
 

T
 

 
T

 
 

 

6
9

9
-4

2
-4

0
A

 
A

5
1

6
7

 
1

9
8

1
 

R
in

g
o

ld
 A

 a
n
d

 

B
 

Y
es

 
T

 -
 F

Y
1

3
 

V
C

; 
co

sa
m

p
le

; 
tr

it
iu

m
 

co
n
ta

m
in

at
io

n
 

T
 

T
 

T
 

T
 

 
T

 
 

T
 

 
 

6
9

9
-4

2
-4

2
B

 
A

5
1

7
1

 
1

9
8

8
 

R
in

g
o

ld
 A

 
Y

es
 

T
 -

 F
Y

1
3
 

V
C

; 
co

sa
m

p
le

 
T

 
T

 
T

 
T

 
 

T
 

 
T

 
 

 

6
9

9
-4

3
-4

1
G

 
A

5
1

7
6

 
1

9
9

1
 

R
in

g
o

ld
 A

 
Y

es
 

T
 -

 F
Y

1
3
 

L
M

 n
o

t 
p

re
se

n
t.

 V
C

 
T

 
T

 
T

 
T

 
 

T
 

 
T

 
 

 

6
9

9
-4

3
-6

9
 

C
5

5
7

3
 

2
0

0
8
 

R
in

g
o

ld
 A

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

co
sa

m
p

le
 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

6
9

9
-4

5
-4

2
 

A
5

1
9

5
 

1
9

4
8

/ 

1
9

7
5
 

R
in

g
o

ld
 A

 
N

o
 

T
 -

 F
Y

1
3
 

N
o

rt
h
 o

f 
B

 P
o

n
d

; 

C
o

sa
m

p
le

 
T

 
T

 
T

 
T

 
 

T
 

T
 

T
 

 
 

6
9

9
-4

5
-6

9
C

 
C

5
5

7
4
 

2
0

0
8
 

R
in

g
o

ld
 A

 
N

o
 

A
 

C
ar

b
o

n
 t

et
 c

o
n
ta

m
in

a
ti

o
n
; 

co
sa

m
p

le
 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 

6
9

9
-4

7
-6

0
 

A
5

2
0

2
 

1
9

4
8
 

R
in

g
o

ld
 A

 
N

o
 

A
 

L
M

 n
o

t 
p

re
se

n
t.

 N
it

ra
te

 

co
n
ta

m
in

at
io

n
; 

co
sa

m
p

le
 

A
 

A
 

A
 

A
 

 
A

 
A

 
A

 
 

A
 



  

 

DOE/RL-2012-59, REV. 0 

6-10 

T
ab

le
 6

-1
. M

o
n

it
o

ri
n

g
 W

el
ls

, A
n

al
yt

es
, a

n
d

 S
am

p
lin

g
 F

re
q

u
en

cy
 f

o
r 

R
in

g
o

ld
 C

o
n

fi
n

ed
 A

q
u

if
er

s 

W
el

l 
N

a
m

e
 

W
el

l 

ID
 

Y
ea

r 

In
st

a
ll

ed
 

G
eo

lo
g

ic
 U

n
it

 

M
o

n
it

o
re

d
 

O
th

er
 

W
el

ls
 

in
 

G
ro

u
p

?
 

P
ro

p
o

se
d

 

S
a

m
p

li
n

g
 

F
re

q
. 

M
o

n
it

o
ri

n
g

 O
b

je
ct

iv
e 

a
n

d
 C

o
m

m
en

t 

Field 

Parameters 

Alkalinity 

Anions 

Metals(filt/u

nfilt) 

Cr(VI) 

Gross 

alpha/ beta 

Iodine-129 

Tritium 

Uranium 

VOA 

69
9-

47
-8

0A
Q

 
A

5
2

0
4

 
1

9
8

3
 

R
in

g
o

ld
 A

 
Y

es
 

T
 -

 F
Y

1
3
 

V
C

 n
ea

r 
2

0
0

 W
es

t;
 n

o
 

re
ce

n
t 

d
at

a;
 m

a
y
 n

o
t 

b
e 

sa
m

p
le

ab
le

 

T
 

T
 

T
 

T
 

 
T

 
T

 
T

 
 

T
 

6
9

9
-9

7
-4

3
C

 
C

5
6

8
5
 

2
0

0
7
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

3
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

6
9

9
-9

7
-4

5
B

 
C

5
6

8
6
 

2
0

0
7
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

3
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

6
9

9
-9

7
-4

8
C

 
C

5
6

8
7
 

2
0

0
7
 

R
U

M
 

Y
es

 
B

 -
 F

Y
1

3
 

V
C

; 
co

sa
m

p
le

 
B

 
B

 
B

 
B

 
B

 
B

 
 

B
 

 
 

69
9-

S
29

-E
16

C
 

A
5

4
3

1
 

1
9

9
1
 

R
in

g
o

ld
 A

 
Y

es
 

T
 -

 F
Y

1
3
 

V
C

; 
M

o
n
it

o
r 

so
u
th

er
n
 

b
o

u
n
d

ar
y
 o

f 
S

it
e
 

T
 

T
 

T
 

T
 

 
T

 
T

 
T

 
 

 

A
 

 
=

 
an

n
u

al
 

B
 

 
=

 
b

ie
n

n
ia

l 
(e

v
er

y
 o

th
er

 y
ea

r)
 

C
r(

V
I)

 
=

 
h

ex
av

al
en

t 
ch

ro
m

iu
m

 

F
Y

 
 

=
 

fi
sc

al
 y

ea
r 

L
M

 
 

=
 

R
in

g
o

ld
 l

o
w

er
 m

u
d

 u
n

it
 

R
U

M
 

=
 R

in
g
o

ld
 u

p
p

er
 m

u
d

 u
n

it
 

T
 

=
 t

ri
en

n
ia

l 
(e

v
er

y
 t

h
re

e 
y
ea

rs
) 

V
C

 
=

 v
er

ti
ca

l 
ch

ar
ac

te
ri

za
ti

o
n
 

V
O

A
 

=
 v

o
la

ti
le

 o
rg

an
ic

 a
n

al
y
te

 

  



DOE/RL-2012-59, REV. 0 

7-1 

7 Atomic Energy Act of 1954 Monitoring at Single-Shell Tanks Waste Management 
Areas S-SX and U 

The groundwater at seven WMAs containing SSTs are monitored under RCRA. Tank waste includes 

radioactive and nonradioactive components. Radionuclides are excluded from regulation under RCRA so 

radionuclides are monitored in groundwater under CERCLA and the AEA. For WMAs A-AX, B-BX-BY, 

C, T, and TX-TY, radionuclide monitoring requirements are included in CERCLA groundwater SAPs for 

OUs that contain WMAs (Table 1-1). For WMAs S-SX and U, which are in the 200-UP-1 OU, the current 

CERCLA SAP does not include comprehensive monitoring of the WMAs, and radionuclide monitoring is 

described in this section.  

All of the SST WMAs include some tanks that are known or suspected to have leaked. To reduce the 

potential of future leaks, the drainable liquid in each tank has been removed and transferred to 

double-shell tanks. The RCRA groundwater monitoring plans for these WMAs (Table 1-1) contain 

additional background information.  

WMA S-SX, located in southern 200 West Area, consists of two tank farms: the S Tank Farm and the SX 

Tank Farm (Figure 7-1). The WMA also includes ancillary equipment consisting of three catch tanks, one 

receiver tank, six diversion boxes, associated piping, valve pits, and pumps. WMA U contains the U Tank 

Farm and a variety of ancillary equipment used to manage tank waste during operations, including six 

diversion boxes, the 271-UR control house, the 244-UR process vault, the 244-U double-contained 

receiver tank, waste transfer lines, pits, and junction boxes (Figure 7-1).  

7.1 Summary of Previous Groundwater Monitoring 

Groundwater monitoring data indicate that all of the SST WMAs have contaminated groundwater with 

technetium-99 at levels above the 900 pCi/L DWS (Figure 7-1). Concentrations above 10,000 pCi/L 

are observed in some wells at WMA S-SX. Tritium exceeds the DWS in several wells at WMA S-SX, but 

nearby cribs are the interpreted sources. Uranium concentrations do not exceed the DWS at WMAs S-SX 

or U. Annual groundwater reports (e.g., DOE/RL-2011-118) discuss monitoring results in detail. 

7.2 Conceptual Model 

SST WMAs released hazardous and radioactive liquid to the soil via unplanned releases (leaks or overfill 

events). Some of the waste constituents eventually reached groundwater in the unconfined aquifer, where 

they mingled with contamination from nearby cribs and other waste sites. Mobile contaminants continue 

to move with regional groundwater flow in the unconfined aquifer. 

Groundwater flow directions and hydraulic gradients in the 200 West Area were affected by 200-ZP-1 

interim action extraction and injection wells until spring 2012, when the interim system was shut down. 

An expanded pump-and-treat system began to operate in selected wells during summer 2012, with more 

wells coming online over time. The influence of groundwater extraction and injection from the expanded 

system will affect groundwater flow directions beneath the 200 West Area tank farms. For example, new 

extraction wells are operating east of WMA S-SX to remove technetium-99 from groundwater. 

At WMA S-SX, analysis of water-level data collected during March 2011 indicated a flow direction that 

was nearly due east. Groundwater flows toward the east-northeast beneath WMA U.  
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Figure 7-1. Locations of Monitoring Wells, and Technetium-99, Tritium, and Uranium Concentrations  
at Waste Management Areas S-SX and U 
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7.3 Monitoring Objectives for Single-Shell Tanks WMAs S-SX and U 

The primary objective of surveillance groundwater monitoring at the WMAs S-SX and U is to monitor 

the distribution and trends in radionuclides in the immediate vicinity of the tanks. The CERCLA 

groundwater SAP that includes WMA S-SX and WMA U does not currently include the density of wells 

needed to monitor radioactive contamination originating from the WMAs adequately. Monitoring wells 

for surveillance are selected from among the networks monitored for RCRA (Figure 7-1). The wells will 

be co-sampled for surveillance groundwater monitoring and the samples will be analyzed for 

radionuclides as indicated in Table 7-1. 

Table 7-1. Surveillance Groundwater Monitoring Wells, Analytes, and Sampling Frequency for Single-Shell 
Tanks WMAs S-SX and U 

Well Name 

Waste 

Management 

Area W
A

C
 C

o
m

p
li

a
n

t 

G
ro

ss
 A

lp
h

a
 

G
ro

ss
 B

et
a

 

G
a

m
m

a
 S

ca
n

a
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d

in
e-

1
2

9
 

T
ec

h
n

et
iu

m
-9

9
 

T
ri

ti
u

m
 

S
el

en
iu

m
-7

9
 

299-W22-26 S-SX N     S A A 

299-W22-44 S-SX Y    A Q A A 

299-W22-45 S-SX Y     S A  

299-W22-47 S-SX Y    A Q A A 

299-W22-48 S-SX Y     S A  

299-W22-49 S-SX Y     S A  

299-W22-50 S-SX Y     Q A A 

299-W22-69 S-SX Y     A A  

299-W22-72 S-SX Y     A A  

299-W22-80 S-SX Y     A A  

299-W22-81 S-SX Y     A A  

299-W22-82 S-SX Y     A A  

299-W22-83 S-SX Y    A A A A 

299-W22-84 S-SX Y     A A  

299-W22-85 S-SX Y     S A  

299-W22-86 S-SX Y     A A A 
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Table 7-1. Surveillance Groundwater Monitoring Wells, Analytes, and Sampling Frequency for Single-Shell 
Tanks WMAs S-SX and U 

Well Name 

Waste 

Management 

Area W
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299-W22-89 S-SX Y     A A  

299-W23-15 S-SX Y     A A  

299-W23-19 S-SX Y   A A Q A A 

299-W23-20 S-SX Y    A A A A 

299-W23-21 S-SX Y    A A A A 

299-W18-30 U Y     S   

299-W18-40 U Y A A A  A   

299-W19-12 U N     S   

299-W19-41 U Y     S   

299-W19-42 U Y     S   

299-W19-44 U Y A A A  S   

299-W19-45 U Y A A A  S   

299-W19-47 U Y A A A  S   

a. Gamma analytes include, but are not limited to, cesium-137, cobalt-60, potassium-40, and europium isotopes 

A = sampled annually 

N = well was constructed before application of WAC 173-160, “Minimum Standards for Construction and Maintenance of 

  Wells,” standards 

Q = sampled quarterly 

S = sampled semiannually (twice per year) 

W = Washington Administrative Code 

Y = well is constructed as a WAC 173-160 resource protection well 



DOE/RL-2012-59, REV. 0 

8-1 

8 Washington State Department of Health Co-Sampling 

WDOH analyzes samples of Hanford Site groundwater from a number of wells each year as part of an 

inter-laboratory comparison program. Hanford Site samplers collect samples for WDOH at the same time 

the wells are being sampled for an onsite project (e.g., a CERCLA OU or RCRA site). The replicate set of 

samples is turned over to WDOH staff. WDOH selects the specific wells and analytes with the objective 

of having replicate analyses from WDOH labs and Hanford onsite or contracted labs. A new co-sampling 

“project” is being set up in this chapter to ensure that all WDOH analytes (primarily radionuclides) are 

requested from the onsite laboratory as well.  

Table 8-1 lists the wells and analytes for WDOH co-sampling as of fiscal year 2013. Figure 8-1 shows 

well locations. The wells and constituents are subject to change at the request of WDOH staff, and 

revision of this monitoring plan is not required. 

Table 8-1. Monitoring Wells, Analytes, and Sampling Frequency 
for Washington State Department of Health Co-Sampling (Fiscal Year 2013) 

Well Name A
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199-K-106A  A  A     A   

199-K-107A A A  A   A A A   

199-K-108A  A  A        

199-K-137  A  A     A   

199-K-141  A  A     A   

199-N-67 A  A A   A A A   

299-E17-14    A A  A A A   

299-E28-23 A  A A  A A A  A A 

299-E28-24 A  A A  A A A A A A 

299-E28-25 A  A A A A A  A  A 

299-E33-344 A A  A A   A A A A 

299-W14-13 A   A A   A A   

299-W22-82 A   A    A A   

399-1-17A A   A     A A A 

499-S1-8J         A   

699-36-70A A   A A   A A   

699-60-60    A    A A   

Note: Table presents the schedule in place as of October 2012. Requirements may change in 

conjunction with Washington State Department of Health (WDOH) requests. Analytical methods should 
be selected to match WDOH methods. 

A = annual 

Iso = isotopic analyses 
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Figure 8-1. Groundwater Monitoring Wells for Washington State Department of Health Co-Sampling 
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9 Data Evaluation and Reporting 

This chapter discusses the review, interpretation, and reporting of groundwater data collected under this 

surveillance groundwater monitoring plan. Evaluation and reporting of data obtained from the 

Washington State Department of Health laboratories are outside the scope of this plan. 

9.1 Data Review 

The data review, validation, and verification process is discussed in the QAPjP in Chapter 3. 

9.2 Interpretation 

After data are validated and verified, the acceptable data are used to interpret groundwater conditions at 

the site. Interpretive techniques include the following: 

 Trend plots: Graph constituent concentrations versus time to determine increases, decreases, and 

fluctuations. May be used in tandem with hydrographs and/or water-level maps to determine if 

concentrations relate to changes in water level or in groundwater flow directions. 

 Contaminant distribution maps: Map distributions of constituents across an area in the aquifer to 

determine the extent of contamination. Changes in contaminant distribution over time assist in 

determining groundwater movement and growth or attenuation of contaminant plumes. 

 Contaminant ratios: Can sometimes be used to distinguish between different sources 

of contamination. 

 Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or 

manmade fluctuations in groundwater levels. Water levels are measured before sampling each well. 

 Water-level maps: Use water-level elevations from multiple wells to construct contour maps and 

estimate flow directions. Groundwater flow is assumed to be perpendicular to the contours (lines of 

equal potential). 

9.3 Reporting 

Groundwater chemistry and water-level data are reviewed after each sampling event and are available in 

the HEIS database via the Environmental Dashboard Application. Reports presenting updated 

interpretations of Hanford Site groundwater chemistry and water-level data are prepared and issued 

annually (e.g., DOE/RL-2011-118). 
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http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D196126259
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D195066471
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A1 Construction Information and Sampling Rationale 

This appendix provides construction information, geologic units, and supporting information for wells 

screened in the upper basalt-confined aquifer (Table A-1) and Ringold confined aquifers (Table A-2). 

The choice of which of the wells to include in monitoring networks was based on construction 

information, availability of previous data, location, and use by other projects. The proposed sampling 

frequency and rationale for sampling (or not sampling) are provided for each well. Chapters 5 and 6 

describe the sampling requirements for those wells chosen for sampling. 

A2 References 

The references provided in this section are cited in Tables A-1 and A-2. 

DOE/RL-2010-95, 2012, Remedial Investigation/Feasibility Study for the 100-DR-1, 100-DR-2, 

100-HR-1, 100-HR-2, and 100-HR-3 Operable Units, Draft A, U.S. Department of Energy, 

Richland Operations Office, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0090581. 

Personal Communication, 2013, J.P. McDonald to M.J. Hartman, Hydrogeologic Units Monitored, 

CH2M HILL Plateau Remediation Company, January 14. Cited as JPM 1/14/13. 

PNL-8800, 1993, Hanford Wells, Pacific Northwest Laboratory, Richland, Washington. Available at: 

http://www.osti.gov/scitech/servlets/purl/10105933. 

PNL-8869, 1993, Preliminary Potentiometric Map and Flow Dynamic Characteristics for the 

Upper-Basalt Confined Aquifer System, Pacific Northwest Laboratory, Richland, Washington. 

Available at: http://www.osti.gov/scitech/servlets/purl/10103183. 

PNNL-13021, 1999, Water-Level Monitoring Plan for the Hanford Groundwater Monitoring Project, 

Pacific Northwest National Laboratory, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D2760519. 

SGW-38815, 2009, Water-Level Monitoring Plan for the Hanford Site Soil and Groundwater 

Remediation Project, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, 

Washington. 
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http://www.osti.gov/scitech/servlets/purl/10105933
http://www.osti.gov/scitech/servlets/purl/10103183
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D2760519
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Table A-1. Wells Screened in Upper Basalt-Confined Aquifer 
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Comments Rationale for Sampling or Not 

199-H4-2 A5686 
1952/ 

1993 
RRI SGW-38815 129.43 3.0 128.51 386 371.0 386.0 15.43 10.86 Y Y Y 0 Artesian well. Added pz 1993. Only need one in 100-H. 

199-H4-15CP A9496 1986 Upper SM 

PNNL-

13021; see 

comment 

125.26 1.9 124.68 330 325.0 327.0 25.62 25.01 Y Y Y B 

Well summary indicates some clay but 

probably not RRI, and no obvious confining 

layer. PNNL-13021 places with lower 

Ringold aquifer. However, water levels 

suggest basalt confined. 

In cluster with other wells; acceptable construction; 

good records. 

299-E16-1 A4727 1961 EM Interflow SGW-38815 212.87 1.8 212.32 510 468.0 510.0 69.67 56.87 Y Y Y 0 
Monitors a different aquifer than the others in 200 

East. 

299-E26-8 A4805 1982 RRI SGW-38815 189.82 x 189.21 400 326.0 396.0 89.84 68.51 Y Y Y T Monitor eastern 200 East. 

299-E33-12 A4839 1982 RRI SGW-38815 191.05 x 190.29 305.0 385.0 97.33 72.95 Y Y Y A 
Originally had faulty seal. Remediated in 

1992. 

Historically shows contamination believed to be 

due to poor construction in past. Monitor trends. 

299-E33-40 A4866 1991 SM/RRI 
Well 

summary 
191.39 x 190.38 318 294.0 305.0 100.77 97.42 Y Y Y A 

Screened across flow bottom and very top of 

RRI. 

Monitor northwestern 200 East for potential 

migration from E33-12. 

299-E33-50 C5195 2007 RRI SGW-38815 191.48 x 190.74 381 306.0 331.0 97.47 89.85 Y Y Y A 
Near E33-12 but virtually uncontaminated. Newer 

well; better completion. 

299-E33-340 C5853 2008 RRI 
Well 

summary 
189.11 x 188.34 359 308.0 323.0 94.46 89.89 Y Y Y A 

Monitor north of E33-12 for potential migration. 

Contaminants were dragged down during drilling, 

but disappeared after well was completed. 

399-5-2 A8091 1954 
Levey & EM 

Interflow 
SGW-38815 120.44 x 119.74 424 210.6 400.0 55.55 -2.18 Y Y Y 0 

Remediated 1993. Open hole in 

basalt/interbed. 
Not downgradient of 300 Area sources. 

699-2-E19 A8125 1974 
Ringold and 

Upper SM? 

Well 

summary 
118.07 118.07 288 273.0 288.0 34.86 30.29 N N Y 0 

Open hole below 273 ft depth; lower Ringold 

and upper basalt? 

Uncertain which unit(s) monitored; no previous 

data. 

699-10-E12P A9579 
1962/ 

1977 
Upper SM 

PNNL-

13021; see 

comment 

132.35 2.0 368 360.0 365.0 
-

109.73 

-

111.25 
N Y Y 0 

Pz added in 1967. In flow top; PNNL-13021 

places with lower Ringold aquifer, but water 

levels suggest basalt confined. 

Nearby wells better. 

699-13-1C A8262 1978 
EM Interflow 

& RRI 
SGW-38815 135.27 3.0 134.36 695 685.0 695.0 -74.43 -77.48 Y Y N 0 Completion info from PNL-8800. Other wells meet objective. 

699-20-E12P A9614 1961 
Ringold 8 & 

Upper SM 

PNNL-

13021 
134.36 3.0 133.45 357 97.5 105.2 103.73 101.38 N Y N 0 

Completion info from PNL-8800. PNNL-

13021 places with lower Ringold aquifer, but 

water levels suggest basalt confined. 

No as-built; no recent data. 

699-22-70P A9480 1962 Upper SM SGW-38815 188.47 3.0 187.55 373 315.0 320.0 91.54 90.02 N Y N 0 Completion info from PNL-8800. No as-built; no recent data. 

699-22-70Q A9481 1962 RRI/Pomona SGW-38815 188.47 3.0 187.55 373 73.2 88.4 165.24 160.61 N Y N 0 Completion info from PNL-8800. No as-built; no recent data. 

699-24-1P A8453 1966 RRI/Pomona SGW-38815 145.67 3.0 144.75 537 446.0 456.0 8.81 5.76 Y Y N T 
Completion info from PNL-8800 and drill 

log. 

Monitor southeastern Hanford Site (along flow path 

from 200 Areas). 
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Table A-1. Wells Screened in Upper Basalt-Confined Aquifer 
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Comments Rationale for Sampling or Not 

699-26-15C A8468 1980 Upper SM 
PNNL-

13021 
135.88 x 135.39 630 N Y Y 0 No screen or perf. Open on bottom only? Inadequate completion. 

699-26-83A A8476 1982 
Not open to 

an aquifer 
JPM 1/14/13 195.10 x 194.51 363 N Y Y 0 No screen or perf. Open on bottom only? Inadequate completion. 

699-29-70AP A5112 1984 RRI SGW-38815 192.97 3.0 192.06 737 715.0 737.0 -25.87 -32.58 N Y Y 0 Completion info from PNL-8869. 
2013 sample results show odd chemistry. Appears 

not to be representative of this aquifer. 

699-32-22B A8512 1992 RRI SGW-38815 158.58 x 157.85 840 775.0 836.0 -78.37 -96.96 Y Y Y T 
Monitor southeast of 200 East (along flow path). In 

pair with a shallow well. 

699-40-84 A8644 1982 
Not open to 

an aquifer 
JPM 1/14/13 196.14 x 195.53 621 N Y Y 0 No screen or perf. Open on bottom only? Inadequate completion. 

699-42-40C A5169 1982 RRI SGW-38815 167.35 x 166.77 390 307.0 390.0 73.20 47.90 Y Y Y T 
Monitor in B Pond region; well has somewhat 

elevated tritium. 

699-42-42A A8670 
1956/ 

1977 
RRI PNL-8869 184.54 3.0 183.63 1092 119.50 131.70 N Y Y 0 

Screen elevs from PNL-8869; they differ 

from PNL-8800. 
Nearby wells better. 

699-42-E9B A8674 1992 Upper SM 
PNNL-

13021 
118.76 x 117.88 389 348.0 384.0 11.81 0.83 Y Y Y 0 Located across the river. 

699-43-84 A8698 1982 
Not open to 

an aquifer 
JPM 1/14/13 199.27 x 198.66 577 N N Y 0 No screen or perf. Open on bottom only? Inadequate completion. 

699-43-91AP A5182 1984 RRI SGW-38815 205.50 x 205.29 861 813.0 830.0 -42.51 -47.70 N Y Y 0 No need to monitor west of 200 West. 

699-46-32 A8736 1982 RRI SGW-38815 144.93 3.0 144.02 425 349.0 412.0 37.64 18.44 N Y N 0 Information from PNL-8800. No as-built; no recent data. 

699-47-50 A5201 
1980/ 

1991 
RRI SGW-38815 179.09 x 178.33 295 260.0 295.0 99.09 88.42 N Y Y 0 Remediated in 1995. Nearby wells better. 

699-47-80AP A5203 1983 RRI SGW-38815 218.26 x 217.63 756 679.0 689.0 10.67 7.63 N Y Y 0 

Can only be sampled with a bailer, and due to 

dimensions it would take excessively long to purge 

it. Without purging the sample would not be 

representative. 

699-49-31 A8790 1980 Unknown Borehole log 161.05 3.0 160.13 675 N N N 0 
WIDL has geo descriptions but no 

construction info. 
No as-built; no recent data. 

699-49-32B A8792 1980 RRI SGW-38815 158.40 3.0 157.48 339 297.0 334.0 66.96 55.68 N Y N 0 Information from PNL-8800. No as-built; no recent data. 

699-49-55B A5218 1982 RRI SGW-38815 162.89 x 162.10 225 175.0 226.0 108.76 93.22 Y Y Y A 
Monitor Gable Gap (along flow path from 200 

East). Paired with a shallow well. 

699-49-57B A5220 1990 RRI SGW-38815 170.47 x 169.63 230 219.7 229.7 102.67 99.62 Y Y Y A 
Monitor Gable Gap (along flow path from 200 

East). Paired with a shallow well. 

699-50-42P A9486 1955 Upper SM SGW-38815 143.35 1.9 142.77 125 110.0 115.0 109.24 107.71 N N Y 0 Not on flow path from 200 East. 

699-50-45 A5225 1980 RRI SGW-38815 138.63 2.3 137.93 178 133.0 178.0 97.39 83.68 Y Y Y 0 Not on flow path from 200 East. 

699-50-48B A5226 1980 RRI SGW-38815 168.78 1.8 168.24 250 213.0 250.0 103.32 92.04 N Y Y 0 Not on flow path from 200 East. 
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Table A-1. Wells Screened in Upper Basalt-Confined Aquifer 
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Comments Rationale for Sampling or Not 

699-50-53B A5228 1991 RRI SGW-38815 170.98 x 170.19 225 214.7 224.7 104.75 101.70 Y Y Y 0 Nearby wells better. 

699-51-36B A8825 1980 Upper SM SGW-38815 159.12 3.0 158.21 573 118.0 160.0 122.24 109.44 N Y N 0 Information from PNL-8800. Not on flow path from 200 East. 

699-51-36C A8826 1980 

May not be 

open to any 

aquifer 

JPM 1/14/13 158.98 2.0 158.38 602 N Y N 0 
Other wells in series have logs in S/HNP-

PSAR but this does not. 
Not on flow path from 200 East. 

699-51-36D A8827 1980 

May not be 

open to any 

aquifer 

JPM 1/14/13 158.20 3.0 157.28 700 N Y N 0 
Other wells in series have logs in S/HNP-

PSAR but this does not. 
Not on flow path from 200 East. 

699-51-46 A5230 1980 RRI SGW-38815 136.55 2.1 135.93 168 113.0 163.0 101.49 86.25 N Y Y 0 Not on flow path from 200 East. 

699-52-46A A5234 1980 RRI SGW-38815 139.90 x 139.36 225 175.0 225.0 86.02 70.78 Y Y Y 0 Not on flow path from 200 East. 

699-52-48 A5235 1980 RRI SGW-38815 143.08 0.9 142.81 197 153.0 195.0 96.17 83.37 N Y Y 0 Not on flow path from 200 East. 

699-52-55B C5862 2008 RRI 
Well 

summary 
174.86 x 174.85 292 228.5 243.5 105.21 100.64 Y Y Y T 

Monitor Gable Gap (along flow path from 200 

East). Paired with a shallow well. 

699-53-50 A5243 1980 RRI SGW-38815 136.44 1.8 135.89 194 144.0 194.0 92.00 76.76 N Y Y 0 Not on flow path from 200 East. 

699-54-34 A5248 1971 Upper SM SGW-38815 168.75 3.1 167.80 166 156.0 166.0 120.25 117.20 Y Y Y 0 Not on flow path from 200 East. 

699-54-45B A8862 1980 RRI SGW-38815 151.29 x 150.97 314 299.0 314.0 59.83 55.26 Y Y Y 0 

pH >12 and sudden increase in conductivity 

indicate not representative samples. Water 

levels suggest no recharge to well. 

Not on flow path from 200 East; non-representative 

of groundwater. 

699-54-57 A5253 1955 RRI SGW-38815 176.64 3.0 175.87 321 236.0 321.0 103.93 78.02 Y Y Y 0 Nearby wells better. 

699-56-43 A5264 1973 Upper SM SGW-38815 165.77 3.0 164.86 155 145.0 155.0 120.66 117.61 Y Y Y 0 Not on flow path from 200 East. 

699-56-53 A5265 1982 RRI SGW-38815 133.41 x 132.87 270 190.0 270.0 74.96 50.58 Y Y Y 0 Not on flow path from 200 East. 

699-63-92 A5294 1973 Unknown SGW-38815 152.63 2.7 151.81 186 150.0 186.0 106.09 95.11 Y Y Y 0 Open hole below 150 ft depth. Not on flow path from contaminant sources. 

699-66-91 A5311 1973 Unknown SGW-38815 143.57 3.1 142.62 190 98.0 190.0 112.75 84.71 Y Y Y 0 Open hole below 90 ft depth. Not on flow path from contaminant sources. 

699-S11-

E12AP 
A9778 

1960/ 

1962 

Levey and 

others; see 

comment 

SGW-

38815; JPM 

1/14/13 

112.54 2.5 111.78 283 221.0 282.8 44.42 25.58 Y Y Y 0 

pz added in 1962; ends in open hole below 

cement plug in host well. Monitors Ringold 

unit 9, basalt, and Levey. 

Poor construction; open to multiple intervals. 

699-S18-51 A9198 1958 Multiple 
Well 

summary 
368.63 3.0 367.72 1000 742.0 1000.0 141.56 62.92 N N Y 0 

Open hole below 748 ft depth. Appears to be 

open to multiple units of basalt and interbeds. 
Upgradient of contaminant sources. 

699-S24-19P B2781 
1949/ 

1996 
Levey SGW-38815 130.32 2.4 129.59 89 62.5 67.5 110.54 109.02 Y Y Y T Pz added in 1996. Monitor southern boundary of Hanford Site. 

699-S31-1P A9786 1951 Upper SM 
PNNL-

13021 
141.28 1.2 140.92 228 177.4 228.0 86.84 71.42 Y Y Y 0 

Open hole below 177.4 ft depth. Top of 

basalt; no confining layer. 
Nearby wells better. 
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Comments Rationale for Sampling or Not 

699-S7-34P A9791 1950 Unknown SGW-38815 161.72 321 N Y N 0 P pz not included on S7-34 as-built. Insufficient information. 

699-S7-34Q A9792 
1951/ 

1963 
Unknown SGW-38815 161.72 0.3 161.64 321 240.0 260.0 88.49 82.39 N Y Y 0 Pz added in 1963; poor documentation. Nearby wells better. 

GEOLOGIC UNITS 

EM = Elephant Mountain basalt interflow zone 

Levey = Levey interbed  

RRI = Rattlesnake Ridge Interbed 

Pamona = Pamona basalt 

Upper SM = Upper Saddle Mountains basalt 

SAMPLING FREQUENCY 

A = Annual 

B = Biennial (every 2 years) 

T = Triennial (every 3 years) 

OTHER ABBREVIATIONS 

Pz = piezometer  

JPM = John P. McDonald, personal communication 

TOC = top of well casing 

WIDL = Well Information and Data Lookup (database) 
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Table A-2. Wells Screened in Ringold Confined Aquifers 
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Comments 

Rationale for Sampling or 

Not 

199-B2-12 A4550 1992 RUM 134.85 x 133.93 178.8 165.0 175.0 83.64 80.59 Y Y Y N 199-B3-47, -B3-51 1BC5 - B B VC; cosample 

199-B2-15 C7783 2011 RUM 135.01 x 134.27 193.8 158.5 168.6 85.95 82.88 Y Y Y N 199-B2-14 1BC5 - B 0 
Single well in 100-BC 

sufficient 

199-D5-134 C7624 2011 RUM 144.33 x 143.68 270.0 131.9 142.0 103.47 100.39 Y Y Y N None 100HR3IAM - A 0 Single well in 100-D sufficient 

199-D5-141 C7625 2011 RUM 144.94 x 144.21 316.7 161.0 171.0 95.14 92.09 Y Y Y N 199-D5-104 100HR3IAM - A B VC; cosample 

199-D8-54B A4583 1992 RUM 135.94 x 134.92 144.0 129.9 140.5 95.32 92.09 Y Y Y N 199-D8-54A None 0 Single well in 100-D sufficient 

199-F5-43B A4593 1992 RUM 121.39 x 120.43 190.0 144.8 154.8 76.29 73.24 Y Y Y N 199-F5-43A 1FR3 - B B VC; cosample 

199-F5-53 C7791 2010 RUM 125.93 x 125.11 116.0 95.0 105.0 96.15 93.10 Y Y Y N None 1FR3 - A 0 Single well in 100-F sufficient 

199-H2-1 C7631 2011 RUM 124.10 x 123.35 189.0 64.0 74.0 103.85 100.80 Y Y Y N None 100HR3IAM - Q A VC; cosample 

199-H3-2C A4613 1986 RUM 128.66 2.1 128.02 155.0 100.0 110.0 97.54 94.49 Y Y Y N 
199-H3-2A, 199-H3-

2B 
100HR3IAM - Q A VC; cosample 

199-H3-9 C7639 2011 RUM 127.02 x 126.36 218.1 78.1 88.1 102.55 99.50 Y Y Y N None 100HR3IAM - Q A VC; cosample 

199-H3-10 C7640 2011 RUM 129.01 x 128.25 230.8 102.9 112.9 96.89 93.85 Y Y Y N None 100HR3IAM - Q A VC; cosample 

199-H4-12C A4618 1986 RUM 127.23 2.9 126.34 220.0 72.0 82.0 104.40 101.35 Y Y Y N 199-H4-12A, B 100HR3IAM - Q A HX extraction well VC; cosample 

199-H4-15CQ A4623 1986 LM 125.32 1.9 124.74 330.0 295.0 297.0 34.82 34.21 Y Y Y Y 199-H4-15A, B 100HR3IAM - A B App. M of DOE/RL-2010-95 VC; cosample 

199-H4-15CR A4624 1986 Ringold B 125.35 1.9 124.77 330.0 194.0 196.0 65.64 65.03 Y Y Y Y as above 100HR3IAM - A B App. M of DOE/RL-2010-95 VC; cosample 

199-H4-15CS A4625 1986 RUM 125.37 1.9 124.79 330.0 78.0 80.0 101.02 100.41 Y Y Y Y as above 100HR3IAM - A B App. M of DOE/RL-2010-95 VC; cosample 

199-K-32B A4658 1992 RUM 136.78 x 135.84 176.0 157.5 167.5 87.83 84.79 Y Y Y N 199-K-32A 
100KR4IAM(2) - 

A 
A VC; cosample 

199-K-192 C7692 2010 RUM 134.80 x 134.06 192.9 175.2 185.2 80.65 77.61 Y Y Y N None 
100-KR4IAM(1) - 

Q 
A VC; cosample 

199-N-80 A4720 1992 RUM 140.53 x 139.61 126.0 110.6 120.6 105.90 102.85 Y Y Y N None 
100NR2IAM-LOI 

- A 
A VC; cosample 

299-W6-6 A5001 1991 Ringold A 217.47 x 216.50 472.0 418.6 429.3 88.91 85.65 Y Y Y N 299-W6-13 SALDS - A A LM not present 
Nitrate contamination; 

cosample 

299-W7-3 A5009 1987 Ringold A 207.19 x 206.45 476.7 449.0 470.0 69.60 63.20 Y Y Y N 299-W7-2 (DRY?) SALDS - SA A LM not present 
Nitrate contamination; 

cosample 

299-W11-88 C5572 2007 Ringold A 221.90 x 221.12 490.2 445.1 485.1 85.45 73.26 Y Y Y N None 2ZP1-LOI - A A LM not present 
Carbon tet in overlying aquifer; 

cosample 

299-W12-2 C7027 2009 Ringold A 224.36 x 223.48 505.0 367.0 482.0 111.62 76.56 Y N Y N None 200 West P&T A 
200 West extraction well; LM 

not present 
Carbon tet contamination 
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Comments 

Rationale for Sampling or 

Not 

299-W12-3 C7028 2009 
LM and 

Ringold A 
225.06 x 224.17 496.0 310.0 485.0 129.68 76.34 Y N Y N None 200 West P&T A 

200 West extraction well; LM 

not present 
Carbon tet contamination 

299-W14-73 C7021 2009 Ringold A 217.51 x 216.73 507.5 291.0 491.0 128.03 67.07 Y N Y N None 200 West P&T A 
No clear confining layer; 200 

West extraction well 
Carbon tet contamination 

299-W14-74 C7024 2009 
Ringold B 

and A? 
222.21 x 221.44 508.0 310.0 495.0 126.96 70.57 Y N Y N None 200 West P&T A 

200 West extraction well; LM 

not present 
Carbon tet contamination 

299-W22-24P A9568 
1960/196

2 
Ringold A 212.22 3 211.31 575.0 536.0 567.0 47.94 38.49 N N Y Y Other pz in host None T 

Presence of LM unclear from 

log; inferred present from map 

Only Ringold confined well in 

southern 200 West; sample if 

possible 

299-W22-24Q A9569 
1960/196

2 
Ringold A 212.22 2.8 211.36 575.0 480.0 497.0 65.06 59.88 Y Y Y Y Other pz in host None 0 

Presence of LM unclear from 

log; inferred present from map 

399-1-16C A5027 
1987/199

3 
Ringold A 117.99 x 117.07 178.0 167.5 178.0 66.01 62.81 Y Y Y N 399-1-16A, B, D 3FF5-300 - A B Remediated 1993 VC; cosample 

399-1-17C A5030 1987 Ringold A 116.26 x 115.50 173.0 160.6 171.0 66.55 63.38 Y Y Y N 399-1-17A, B 3FF5-300 - A B VC; cosample 

399-1-18C A5033 1987 Ringold A 119.30 x 118.47 153.0 130.0 140.0 78.85 75.80 Y Y Y N 399-1-18A, B 3FF5-300 - A B VC; cosample 

399-1-9 A5042 1987 Ringold A 118.31 x 117.82 181.0 170.0 180.0 66.01 62.96 Y Y Y N 
399-1-3, 1-7, 1-8, 1-

20 
3FF5-300 - A B VC; cosample 

399-8-5C A5418 1991 Ringold A 122.91 x 122.21 208.0 190.1 205.9 64.27 59.45 Y Y Y N 399-8-5A, B, D None B VC downgradient of 618-7 BG 

699-2-33BP A9478 1977 Ringold A 164.47 0.93 164.18 450.0 440.0 450.0 30.07 27.02 N Y Y Y 
699-2-33A pzs; 299-

2-33BQ 
None 0 

Not near sources; no recent 

data 

699-14-38P A9583 
1958/197

5 
Ringold A 157.97 2.25 157.28 425.0 415.0 120.0 30.79 120.71 N N Y Y Other pz in host None 0 Remediated 1975 

Not near sources; no recent 

data 

699-20-39P A9608 1960 Ringold A? 165.59 3 164.67 632.0 N N N Y Other pz in host None 0 
Not near sources; no recent 

data 

699-20-E12P A9614 1961 Ringold A 134.36 3 133.45 357.0 N N N Y Other pz in host None 0 
Not near sources; no recent 

data 

699-13-64 A8272 1950 Ringold A 169.27 3 168.36 167.0 120.0 147.0 131.78 123.55 N Y Y N None None 0 LM not present 
Not near sources; no recent 

data 

699-14-38P A9583 1958 Ringold A 157.97 3 157.06 425.0 N Y N Y Other pz in host None 0 
Not near sources; no recent 

data 

699-24-1R A8455 1966 Ringold A 146.60 3 145.68 316.0 304.0 314.0 53.02 49.98 Y Y Y Y Other pz in cluster None 0 

Individual pz. sampled with air 

lift pump 2012; samplers noted 

oil sheen 

Very low conductivity and 

high pH make data 

questionable  

699-28-40P A9628 
1956/196

4 
Ringold A 171.62 3 170.70 470.0 452.0 462.0 32.93 29.88 N Y Y Y Other pz in host None T 

2 pz added in 1964; borehole 

did not reach basalt 
In flow path from 200 East 
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Table A-2. Wells Screened in Ringold Confined Aquifers 
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Comments 

Rationale for Sampling or 

Not 

699-29-70AQ A5113 1984 Ringold A 193.08 3 192.16 804.0 497.0 577.0 40.68 16.29 N Y Y Y Other pz in host None 0 

Attempted 5/24/2012; could 

not get pump in; could not get 

enough water to bail samples. 

699-31-31 A5123 
1964/197

5 

See 

comment 
162.37 3 161.45 649.0 Y Y Y Y Multiple pz in host None 0 

Plug at 270 ft – set pz 1977; 

chemistry in host well 

indicates compromised seal 

Unrepresentative samples 

because of bad seal 

699-36-46P A8568 1966 Ringold A 216.09 1.5 215.63 533.0 510.0 520.0 60.19 57.14 N N Y Y Other pz in host None 0 Nearby wells sufficient 

699-40-36 A5154 1992 Ringold A 162.24 x 
161.28

9 
280.0 209.2 219.5 97.52 94.39 Y Y Y N None 2PO1 - T T LM not present 

Delimit tritium contamination; 

cosample 

699-41-40 A5161 1989 Ringold A 167.38 x 166.49 176.1 163.9 174.3 116.53 113.36 Y Y Y N None 2PO1 - T T 
Confined; no unconfined 

aquifer here 

Cosample; tritium 

contamination 

699-42-37 A5164 1992 Ringold A 159.34 x 158.36 268.0 144.2 154.5 114.41 111.27 Y Y Y N None None T 
Confined; no unconfined 

aquifer here 
Delimit tritium contamination 

699-42-39B A5166 1991 Ringold A 171.20 x 170.15 216.0 203.0 213.8 108.27 104.98 Y Y Y N 699-42-39A 2PO1 - T T 
Confined; no unconfined 

aquifer here 
VC; cosample 

699-42-40A A5167 1981 
LM and 

Ringold A 
167.16 x 166.74 176.0 139.0 173.0 124.37 114.01 Y Y Y N 699-42-40B 

2PO-1 - T; 2BP5 - 

A 
T LM not present? 

VC; cosample; tritium 

contamination 

699-42-40B A5168 1981 
LM and 

Ringold A 
167.44 x 166.87 150.0 130.0 150.0 127.24 121.15 N Y Y N 699-42-40A None 0 LM possibly present Nearby wells sufficient 

699-42-42B A5171 1988 Ringold A 178.75 x 177.72 250.0 192.4 202.7 119.07 115.94 Y Y Y N 699-42-42A 
BPOND - S; PO1 - 

A 
T LM not present? VC; cosample 

699-42-67 C8069 2011 Ringold A 229.06 x 228.27 524.4 409.7 509.6 103.39 72.94 Y N Y N None None 0 200 West injection well Will be injection well 

699-43-41G A5176 1991 Ringold A 169.08 x 168.05 201.3 188.3 198.6 110.65 107.51 Y Y Y N 699-43-41E, F None T LM not present VC 

699-43-67B C8386 2011 Ringold A 228.13 227.36 509.3 403.1 493.5 104.51 76.94 N N Y N 699-43-67 None 0 200 West injection well Will be injection well 

699-43-69 C5573 2008 Ringold A 227.36 x 226.54 501.5 400.2 435.2 104.55 93.89 Y Y Y N None 2ZP1-LOI - A A Carbon tet contamination 

699-44-67 C8068 2011 Ringold A 224.96 x 224.17 482.4 369.6 469.5 111.51 81.06 Y N Y N None None 0 200 West injection well Will be injection well 

699-45-42 A5195 
1948/197

5 
Ringold A 177.06 1.7 176.54 195.0 158.0 180.0 128.38 121.67 Y Y Y N None 

2BP5 - T; 2PO1 - 

T 
T LM not present North of B Pond; Cosample 

699-45-69C C5574 2008 Ringold A 222.57 x 221.67 455 367.0 382.0 109.81 105.24 Y Y Y N None 2ZP1-LOI - A A Carbon tet contamination 

699-47-35B A5199 1975 Ringold A 146.30 1.6 145.82 108.0 77.0 97.0 122.35 116.25 Y Y Y N 699-42-35A, C None 0 LM not present Not near sources 

699-47-60 A5202 1948 Ringold A 199.58 x 198.81 287.0 235.0 277.0 127.18 114.38 Y Y Y N None 
2ZP1-LOI - A; 2 

BP5 - A 
A LM not present 

Nitrate contamination; 

cosample 
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Comments 

Rationale for Sampling or 

Not 

699-47-80AQ A5204 1983 Ringold A 218.26 x 217.63 755.7 503.1 513.1 64.29 61.24 N Y Y Y Other pz in host None T 

No detailed geology; as-built 

says this monitors "basal 

Ringold" 

VC near 200 West; no recent 

data; may not be sampleable 

699-80-43P A8993 1965 Ringold A 127.14 1.5 126.68 450.0 435.0 445.0 -5.91 -8.96 N Y Y Y Other pz in host None 0 Not near sources 

699-97-43C C5685 2007 RUM 129.44 x 129.41 126.0 81.5 86.5 104.57 103.05 Y Y Y N 699-97-43B 100HR3IAM - A B VC; cosample 

699-97-45B C5686 2007 RUM 125.99 x 125.99 120.4 55.5 61.0 109.07 107.39 Y Y Y N 699-97-45 100HR3IAM - A B VC; cosample 

699-97-48C C5687 2007 RUM 128.85 x 129.07 123.0 75.0 80.0 106.21 104.69 Y Y Y N 699-97-48 100HR3IAM - A B VC; cosample 

699-S12-29P A9780 
1962/197

7 
Ringold A 149.66 1.5 190.00 190.0 185.0 190.0 133.61 132.09 N Y Y Y Other pz in host None 0 Pz installed in 1977 Not near sources 

699-S12-29Q A9781 
1962/197

7 
Ringold B? 149.66 1.5 190.00 190.0 150.0 155.0 144.28 142.76 N Y Y Y Other pz in host None 0 Pz installed in 1977 Not near sources 

699-S28-E0 A9206 1981 Unclear 137.72 4 136.50 236.0 90.0 180.0 109.07 81.63 Y Y Y N None None 0 
Hanford Patrol Academy well. 

Open to several Ringold units? 
Not near sources 

699-S29-

E16C 
A5431 1991 Ringold A 116.68 x 115.93 177.9 165.3 176.0 65.55 62.29 Y Y Y N 699-S29-E16A, B 1100EM1 - T T 

South of 300 Area; adjacent to 

river 

Monitor southern boundary of 

Site; cosample 

699-S6-E4CS B2831 
1953/199

6 
Unknown 132.61 x 132.61 461.0 145.0 150.0 88.41 86.89 Y N Y Y Other pz in host None 0 As-built has no geology Insufficient information 

699-S6-E4CT B2832 
1953/199

6 
Unknown 132.61 x 132.61 461.0 227.0 232.0 63.42 61.90 Y N Y Y Other pz in host None 0 As-built has no geology Insufficient information 

GEOLOGIC UNITS 

LM = Ringold Formation lower mud unit 

RUM = Ringold Formation upper mud unit 

SAMPLING FREQUENCY 

A = Annual 

B = Biennial (every 2 years) 

T = Triennial (every 3 years) 

OTHER ABBREVIATIONS 

Pz = piezometer 

TOC = top of well casing 

VC = vertical characterization 

WIDL = Well Information and Data Lookup (database) 
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