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2.14  Confined Aquifers
C. J. Martin

This section describes groundwater flow and quality within the deep Ringold 
Formation and upper basalt‑confined aquifer systems. The Ringold Formation 
confined aquifer exists beneath much of the Hanford Site, including the 100 and 
300 Areas, but has been described only for the 200 Area Central Plateau because few 
wells monitor this aquifer outside of this region. The upper basalt‑confined aquifer 
system has been identified beneath much of the Hanford Site, primarily the area 
south of Gable Butte and Gable Mountain.

Intercommunication between the upper basalt‑confined aquifer and the 
overlying unconfined aquifer systems may occur where there is a pathway for 
the movement of water, as well as a difference in hydraulic head between the two 
systems. Such an area existed in the vicinity of the 200 East Area, where there is 
evidence that intercommunication between aquifers has occurred. DOE/RL‑2008‑01 
provides a discussion of this evidence and an analysis of the potential for aquifer 
intercommunication in this region.

Some of the main concepts associated with the confined aquifer  include the 
following.

Contaminants of concern in the confined Ringold and upper basalt-confined •	
aquifers are associated with the overlying waste sites, such as nitrate, cyanide, 
and various radionuclides. 
One new well was installed during fiscal year (FY) 2008 in the upper basalt-•	
confined aquifer. 
In the upper basalt-confined aquifer system cyanide and nitrate continued •	
to be elevated near well 299-E33-12. These constituents were found in the 
new well 299-E33-340 at concentrations above their respective drinking 
water standards.
Cobalt-60, technetium-99, tritium, and uranium also have been measured in •	
this well at elevated concentrations.
Additional quarterly sampling is scheduled at well 299-E33-340 to better •	
define the concentrations and possible source of contaminants at this well.

2.14.1  Ringold Formation Confined Aquifer
Groundwater quality in the Ringold Formation confined aquifer is monitored to 

evaluate impacts to groundwater and to identify potential downward migration of 
contaminants from the overlying unconfined aquifer.

The Ringold Formation confined aquifer occurs within fluvial sand and gravel 
comprising the lowest sedimentary unit of the Ringold Formation (unit A in 
Figure  2.14‑1). It is confined between the top of the upper most basalt and by 
the bottom of the lower mud unit. Where unit A is overlain by fine‑grained units, 
confined conditions generally exist. Where unit A is absent beneath the lower mud 
unit, limited vertical groundwater flow may occur. Wells completed in the lower 
portion of the lower mud unit in regions where unit A is absent provide information 
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on the distribution of contaminants in the lower most portion of the sedimentary 
aquifer system.

The U.S. Department of Energy has begun to investigate groundwater conditions 
in other portions of the Ringold Formation, including the region between the 100‑D 
and 100‑H Areas (Sections 2.5 and 2.6).

2.14.1.1  Groundwater Flow in the Ringold Formation Confined 		
	 Aquifer

J. P. McDonald

Figure 2.14‑2 presents the interpreted potentiometric surface for a portion of 
the Ringold Formation confined aquifer. This map is subject to uncertainty because 
only a few wells monitor this aquifer. However, generalized flow patterns can be 
inferred from the available data when the hydrogeologic framework (i.e., extent of 
the confined unit, presence of basalt subcrops, influence of the May Junction Fault) 
is taken into account.

Groundwater flow in the Ringold Formation confined aquifer is generally west 
to east near the 200 West Area and along the south boundary of the aquifer near 
the Rattlesnake Hills. This flow pattern indicates that recharge occurs west of the 
200 West Area in upgradient areas within the Cold Creek Valley, as well as in the 
Dry Creek Valley and possibly the Rattlesnake Hills. Near the 200 East Area, flow 
in the Ringold Formation confined aquifer converges from the west, south, and east 
before discharging to the unconfined aquifer where the lower mud unit is absent 
(BHI‑00184, Miocene- to Pliocene-Aged Suprabasalt Sediments of the Hanford Site, 
South Central Washington). This water is thought to flow southeast over the top of 
the confined unit (PNNL‑15479, Groundwater Monitoring Plan for the Hanford 
Site 216‑B‑3 Pond RCRA Facility), 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, which monitor different depths 
in the unconfined aquifer, indicate a slight upward gradient along the confined unit 
boundary. This upward gradient is consistent with the discharge of groundwater from 
the confined aquifer to the overlying unconfined aquifer.

Elevated water levels are present in the Ringold Formation confined aquifer 
northeast of B Pond as a remnant of past wastewater discharges to this facility. This 
causes southwest flow beneath B Pond to the 200 East Area. Eastward flow away 
from the region of elevated water levels does not occur; this is attributed to the May 
Junction Fault, located east of B Pond. The May Junction Fault 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 moving northwest toward the 200 East Area and 
some moving east or southeast. The exact location of this flow divide is not known, 
because of a lack of water‑level data in this area and a need to define the southward 
extent of the May Junction Fault.

The potentiometric contours for the Ringold Formation confined aquifer 
(Figure  2.14‑2) are similar to the potentiometric surface contours for the upper 
basalt‑confined aquifer system (Section 2.14.2.1), 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 
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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 
the confined aquifers, which explains the similar flow patterns.

Water levels declined in the Ringold Formation confined aquifer from March 2007 
to March 2008. The decline in individual wells ranged from 0.04 to 0.25 m within 
the aquifer and up to 0.28 m in the 200 West Area along the boundary between the 
confined and unconfined aquifers. The potentiometric surface is responding to the 
curtailment of liquid effluent discharges to ground since the discharge volume peaked 
in the mid‑1980s.

2.14.1.2  Groundwater Quality in the Ringold Formation  
	Confined Aquifer

The 200 Areas Central Plateau and the area near the inactive B Pond System are 
the two known areas where conditions may allow contamination to migrate from 
the unconfined aquifer into the Ringold Formation confined aquifer. Groundwater 
chemistry data for the Ringold Formation confined aquifer are limited to wells north 
of the 200 Area and near the 216‑B‑3 Pond. During FY 2008, eight wells completed in 
the Ringold Formation confined aquifer were sampled (Figure 2.14‑3). Table 2.14‑1 
lists data for potential contaminants of interest. Iron and manganese were the only 
contaminants detected above drinking water standards (300  μg/L and 50  μg/L, 
respectively) for wells completed in the Ringold Formation confined aquifer. Only 
well 699‑S29‑E16C had iron concentrations above the secondary drinking water 
standard. FY 2008 was the first sampling of this well since 1995, when all constituents 
were below regulatory limits. This well is located in the south end of the 300 Area. 
Wells 699‑S29‑E16C, 399‑1‑9, 399‑1‑16C, 699‑S22‑E9C, and 699‑S27‑E9C had 
manganese above the secondary maximum contaminant level of 50 µg/L. These 
wells also are located in the 300 Area. Since both iron and manganese are common 
soil minerals and none of the primary contaminants of concern from the 300 Area 
are detected in these wells, the elevated concentrations of these two constituents 
are more likely the result of local groundwater/soil interactions than contamination 
from Hanford Site operations.

2.14.2  Upper Basalt‑Confined Aquifer System
Groundwater quality in the upper basalt‑confined aquifer system is monitored 

because of the potential for downward migration of contaminants from the overlying 
unconfined aquifer. Contaminants that reach the upper basalt‑confined aquifer system 
may have the potential to migrate through the aquifer to areas off the Hanford Site. 
The upper basalt‑confined aquifer system also is monitored to assess the potential 
migration of contaminants onto the Hanford Site from offsite sources. PNL‑10817 
and PNNL‑14107 provide additional information on the potential for contaminants 
to migrate off the Hanford Site.

Within the upper basalt‑confined aquifer system, groundwater occurs within 
basalt fractures and joints, interflow contacts, and sedimentary interbeds within the 
upper Saddle Mountains Basalt (Figure 2.14‑1). The thickest and most widespread 
upper sedimentary unit in this system is the Rattlesnake Ridge interbed, which is 
present beneath much of the Hanford Site. Groundwater also occurs within the Levey 
interbed, which is present only in the south portion of the Site. An interflow zone 
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occurs within the Elephant Mountain Member of the upper Saddle Mountains Basalt 
and may be significant to the lateral transmission of water where present. This system 
is confined by the dense, low‑permeability, interior portions of basalt flows and, in 
some places, by Ringold Formation silt and clay units overlying the basalt.

Figure 2.14‑3 shows the location of the upper basalt‑confined aquifer system 
monitoring wells on the Hanford Site. Most of the wells are completed in the 
Rattlesnake Ridge interbed near the 200 East Area. A few wells are completed in 
the Elephant Mountain interflow zone, the Levey interbed, or a composite of one or 
more interbeds and/or interflow zones within the upper Saddle Mountains Basalt.

2.14.2.1  Groundwater Flow in the Upper Basalt‑Confined                     	
  Aquifer System

J. P. McDonald

Figure  2.14‑4 presents an approximation of the March 2008 potentiometric 
surface for the upper basalt‑confined aquifer system south of Gable Butte and Gable 
Mountain. The region to the north of Gable Butte and Gable Mountain was not 
contoured because of insufficient well control. PNL‑8869, Preliminary Potentiometric 
Map and Flow Dynamic Characteristics for the Upper‑Basalt Confined Aquifer 
System, provides a generalized potentiometric surface map of this area. The upper 
basalt‑confined aquifer system does not exist in the Cold Creek Valley and along 
the west portion of the Gable Mountain/Gable Butte structural area because of the 
absence of the Rattlesnake Ridge interbed.

Recharge to the upper basalt‑confined aquifer system likely occurs from upland 
areas along the margins of the Pasco Basin and results from the infiltration of 
precipitation and surface water where the basalt and interbeds are exposed at or 
near ground surface. Recharge also may occur from the overlying aquifers (i.e., the 
unconfined aquifer or confined aquifer in the Ringold Formation) in areas where 
the hydraulic gradient is downward and from deeper basalt aquifers where an 
upward gradient is present. The Yakima River also may be a source of recharge to 
this aquifer system. The Columbia River represents a discharge area for this aquifer 
system in the southeastern portion of the Hanford Site but not for the northern 
portion (PNL‑8869). Discharge also occurs to the overlying aquifers in areas where 
the hydraulic gradient is upward. Discharge to the overlying unconfined aquifer in 
the vicinity of the Gable Butte/Gable Mountain structural area is believed to occur 
through erosional windows in the basalt. A detailed discussion of the impact from 
mounding in the unconfined aquifer on the upper basalt-confined aquifer systems is 
available in DOE/RL-2008-01. 

South of Gable Butte and Gable Mountain, groundwater in the upper basalt‑confined 
aquifer system generally flows from west to east across the Hanford Site toward the 
Columbia River. The north‑south trending May Junction Fault, located east of B Pond, 
acts as a barrier to groundwater flow in the unconfined aquifer and the confined aquifer 
within the Ringold Formation (BHI‑00184). It also may impede the movement of 
water in the upper basalt‑confined aquifer system by juxtaposing permeable units 
opposite impermeable units. As with the Ringold Formation confined aquifer, a flow 
divide is interpreted to exist southeast of the 200 East Area and B Pond in the upper 
basalt‑confined aquifer system, but the exact location of this divide is uncertain 
because of a lack of wells in the area.
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Groundwater flow rates within the Rattlesnake Ridge interbed have been estimated 
between 0.7 and 2.9 m/yr (PNL‑10817). This flow rate is considerably lower than 
most estimates for the overlying unconfined aquifer system. The sediment comprising 
the interbed consists mostly of sandstone (with silts and clays) and is less permeable 
than the sediments in the unconfined aquifer. Also, the magnitude of the hydraulic 
gradient is generally lower than in the unconfined aquifer.

The vertical hydraulic gradient between the upper basalt‑confined aquifer system 
and the overlying aquifer varies spatially, as shown by comparison of observed heads 
(Figure 2.14‑5). A downward gradient exists in the western 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 the 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 other areas of the Hanford Site, the hydraulic 
gradient is upward from the upper basalt‑confined aquifer system to the overlying 
aquifer system. DOE/RL-2008-01 provides a detailed discussion of the impact from 
mounding in the unconfined aquifer on the upper basalt-confined aquifer systems.

At the 200 East Area, the potentiometric surface (Figure 2.14‑4) is similar to the 
potentiometric surface for the Ringold Formation confined aquifer (Figure 2.14‑2). 
The basalt in this area was significantly eroded by late Pleistocene catastrophic 
flooding, which facilitates aquifer intercommunication (RHO‑BWI‑LD‑5). 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. It is 
likely the upper basalt‑confined aquifer system currently discharges to the overlying 
aquifer in this region.

Water levels in the upper basalt‑confined aquifer system generally declined 
over most of the Hanford Site from March 2007 to March 2008, although increases 
occurred in some wells. In the 200 East Area and to the immediate north and east 
(near B Pond), water‑level declines in wells were up to 0.15 m. Water‑level declined 
up to 0.20 m in wells near the 200 West Area. The declines are in response to curtailed 
effluent disposal activities in the 200 Area and are consistent with water‑level declines 
in the overlying unconfined aquifer and confined aquifer in the Ringold Formation. 
The largest increase was 0.02 m in well 699‑32‑22B.

2.14.2.2  Groundwater Quality in the Upper Basalt‑Confined                                                 	
	 Aquifer System

The upper basalt‑confined aquifer system is affected by contamination much 
less than the overlying unconfined aquifer system. Contamination found in the 
upper basalt‑confined aquifer system is most likely to occur in areas where the 
basalt‑confined units 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 constructed prior to implementation of WAC 173‑160 and that 
penetrated the upper basalt‑confined aquifer system lacked an impermeable seal 
between the well casing and the borehole wall. This provided a direct conduit between 
the upper unconfined and deeper confined aquifers. When recognized, these wells 
either were modified by installing an impermeable seal or were decommissioned 
by a method that isolated the aquifer. Because of these factors, intercommunication 
between the aquifers permitted groundwater flow from the unconfined aquifer to 
the underlying confined aquifer, increasing the potential to spread contamination. 
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DOE/RL‑2008‑01, Section 2.14.2.3 presents information on the communication 
between the upper basalt‑confined aquifer system and the overlying aquifers.

Wells completed in the upper basalt‑confined aquifer system are routinely 
sampled on the Hanford Site. Most of these wells are sampled every 3 years, but a 
few are sampled annually. During FY 2008, ten wells were sampled and 190 analyses 
performed for chemical and radiological constituents. Many of the samples were 
analyzed for tritium, iodine‑129, and nitrate. These constituents are the most 
widespread in the overlying unconfined aquifer and are some of the most mobile 
constituents in groundwater. Detection of tritium, iodine‑129, and nitrate provide 
an early warning for potential contamination in the upper basalt‑confined aquifer 
system. Groundwater samples from the upper basalt‑confined aquifer system also 
were analyzed for anions (besides nitrate), major cations, cyanide, gross alpha, gross 
beta, gamma‑emitters, strontium‑90, technetium‑99, and uranium isotopes. Data for 
the potential contaminants of interest are listed in Table 2.14‑2. A full data set is 
included in the data files accompanying this report.

Low levels of tritium (less than 1000  pCi/L) were measured near the center 
of the Hanford Site in FY 2008. Most positive tritium results are located in the 
200  East Area/Gable Mountain region, an area of intercommunication with the 
overlying contaminated unconfined aquifer. Nearby wells completed in the Ringold 
Formation (e.g., 699‑43‑41E) show elevated but declining trends. An upward 
hydraulic gradient exists at this location.

In the north part of the 200 East Area, technetium‑99 continued to be elevated 
in the upper basalt confined aquifer system in well 299‑E33‑12. This well is near 
the technetium‑99 plume in the overlying unconfined aquifer (Section 2.10.1). The 
technetium‑99 concentration in this well increased from 1,150 pCi/L in FY 2007 
to 1,300 pCi/L in FY 2008. This level, which exceeds the drinking water standard 
(900 pCi/L), is lower than the 1,850 pCi/L concentration observed prior to the 1990 
installation of a seal to shorten the open interval.

Cyanide and nitrate also are elevated in well 299‑E33‑12 (Figure  2.14‑6). 
However, these co‑contaminants are at levels that do not exceed their respective 
drinking water standards. Concentrations of cyanide and nitrate have declined slightly 
at this well since the early 1990s. Cyanide and nitrate are co‑contaminants with much 
higher concentrations in the unconfined aquifer in the vicinity of well 299‑E33‑12. 
Contamination in this well is attributed to migration of contaminated groundwater 
from the unconfined aquifer moving down the borehole during well construction 
when it was open to both the unconfined and confined aquifers (RHO‑RE‑ST‑12P, 
An Assessment of Aquifer Intercommunication in the B Pond‑Gable Mountain 
Pond Area of the Hanford Site).

Nitrate levels in the upper basalt‑confined aquifer system typically range 
from undetected to ~43  mg/L across the Hanford Site. Higher levels indicate 
intercommunication with the overlying contaminated unconfined aquifer 
(PNL‑10817; RHO‑BWI‑ST‑5; RHO‑RE‑ST‑12P). The majority of wells with higher 
nitrate in the upper basalt‑confined aquifer system occur near Gable Mountain and 
the 200 East Area (Table 2.14‑2).

Some samples collected from upper basalt‑confined aquifer system wells were 
analyzed for iodine‑129. These wells are located beneath or near the iodine‑129 
plume contained within the overlying unconfined aquifer. Iodine‑129 was not 
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detected in the upper basalt‑confined aquifer system during FY 2005 through 2008 
(Table 2.14‑2).

A few samples collected from upper basalt‑confined aquifer system wells also were 
analyzed for gamma‑emitting radionuclides and uranium isotopes. Gamma‑emitting 
radionuclides were not detected in the upper basalt‑confined aquifer system on 
the Hanford Site, including the Gable Mountain/200 East Area. Uranium isotopes 
were not observed above background levels in this aquifer in the eastern part of the 
Hanford Site during FY 2005 through 2008.

As part of the 200‑BP‑5 Operable Unit remedial investigation, one new well 
(299‑E33‑340) was installed to the north of well 299‑E33‑12 to provide additional 
information on the nature and extent of contamination within the upper basalt‑confined 
aquifer system. Initial results indicated 20,000 pCi/L of technetium‑99 at this well. 
Quarterly sampling is planned in FY 2009 to further evaluate the groundwater quality 
in this new well and make an initial determination whether the contamination is 
related to that associated with well 299‑E33‑12 or another source.

In summary, cyanide, nitrate, and technetium‑99 are elevated in the upper 
basalt‑confined aquifer system in the north part of the 200 East Area. Migration 
of contaminated groundwater via the well bore at well 299‑E33‑12 most likely is 
responsible for this contamination. Tritium was detected at low levels in three of the 
wells sampled in the upper basalt‑confined aquifer system. Iodine‑129, strontium‑90, 
gamma‑emitting radionuclides, and uranium isotopes were only detected above the 
minimum detection limits at the new well 299‑E33‑340 in the upper basalt‑confined 
aquifer system.
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Table 2.14‑1. Potential Contaminants of Interest in Ringold Formation Confined Aquifer, 
FY 2005 through FY 2008.

Well Sample Date
Specific 

Conductance 
(µS/cm)

Nitrate 
(mg/L)

Uranium 
(µg/L)

Tritium 
(pCi/L)

Barium 
(µg/L)

Iron 
(µg/L)

Manganese 
(µg/L)

199-H4-15CQ 12/06/2007 206 0.8721 60.7 59.9 C 4 U
199-H4-15CQ 11/24/2008 244  

399-1-9 01/04/2007 360 0.0177 U 0.0384 U   115 190 C 69.6
399-1-9 01/18/2008 370 0.0443 DU 0.05 U   112 173 65.6

399-1-16C 01/24/2006 374 9.16  
399-1-16C 12/08/2006 369 0.0177 U 0.0246 U 65.1 85 52.4
399-1-16C 01/31/2008 367 0.25 U 0.05 U   65.6 77.6 50.4
399-1-17C 12/08/2006 381 0.0177 U -0.00756 U   74.3 54.2 26.8
399-1-17C 01/17/2008 381 0.0465 BDX 0.05 U   77.5 52.7 17.7
699-43-69 03/12/2008 499 38 1.13 33.7 U      
699-43-69 03/14/2008 1,195 39 0.94 25.6 U  
699-43-69 03/18/2008 490 42 1.05 -35.6 U  
699-43-69 03/26/2008 486 31 1.48 113 U  
699-43-69 04/01/2008 499 30 1.24 9.36 U 32.1
699-43-69 04/02/2008 449 35 1.08 0 U  
699-43-69 04/04/2008 498 26 0.6 -94.6 U  
699-43-69 04/09/2008 415 23 1.12 -85.5 U  
699-43-69 06/10/2008 515 32.4 D  
699-43-69 09/28/2008 506 31.5 D  

699-S22-E9C 09/28/2007 372     7.36 U      
699-S22-E9C 02/28/2008 367 0.0443 DU     112 204 C 65.1
699-S27-E9C 08/28/2007 376 6.51 U  
699-S27-E9C 02/11/2008 381 0.0443 DU 0.05 U 13.1 U 95.1 202 C 95

699-S29-E16C 07/07/2006 387 6.15  
699-S29-E16C 07/03/2007 366 5.06 U  
699-S29-E16C 08/19/2008 381 0.1071 DU 0.05 U   110 3,290 139

B = analyte was detected at a concentration less than the contract required detection limit.
Blank Cell = not analyzed in fiscal year 2008.
C = analyte was detected in both the sample and the associated quality control blank, and the sample concentration was less than or equal to 5 
times the blank concentration.
D = analyte was identified in an analysis at a secondary dilution factor.
Shaded Cell = value above secondary maximum contaminant level.
U = undetected (value is below the detection limit).
X = additional result specific information is available.
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Table 2.14‑2. Potential Contaminants of Interest in Upper Basalt‑Confined Aquifer, FY 2005 through FY 2008.

Well Name Date Gross alpha 
(pCi/L)

Gross Beta 
(pCi/L)

Technetium-99 
(pCi/L)

Tritium 
(pCi/L)

Uranium 
(µg/L)

Cesium-137 
(pCi/L)

Cobalt-60 
(pCi/L)

Iodine-129 
(pCi/L)

Strontium-90 
(pCi/L)

Nitrate 
(mg/L)

Cyanide 
(µg/L)

Specific 
Conductance 

(µS/cm)

199-H4-15CP 11/03/2004     1.53 U -3.56 U 1.61         17.265 D   371
199-H4-15CP 12/06/2007 8.21 U -8.1 U 1.43 19.257 D 363

299-E16-1 06/14/2006 0.284 U 9.37   -38.2 U       -0.0269 U   0.018 U   312
299-E33-12 04/18/2006 1,060 340
299-E33-12 06/26/2007 1.2 U 840 1,150 134 2.8 2.23 U 3.71 U -0.0856 U 43.250 D 31.6 352
299-E33-12 06/25/2008 1 U 690 1,300 140 U 3.2 -3.18 U 4.27 U 0.0944 U 40.240 D 31.3 351
299-E33-40 07/26/2007 2.4 10 6.92 U 6.64 3.94 0.929 U 0.223 U     0.078 B 4 U 265
299-E33-40 12/08/2007 1.94 11.7 5.16 U -63 U 3.87 -4.58 U 2.48 U -0.309 U 0.044 DU 4 U 267
299-E33-40 03/30/2008 2 10 7.48 U -130 U 4.56 6.09 U 7.82 U 0.49 U 0.103 BD 4 U 272
299-E33-40 06/25/2008 1.9 4.6 -6 U 93 U 5.1 2.92 U -2.05 U 0.00933 U 0.319 DU 4 U 268
299-E33-40 09/16/2008 1.4 14 0.567 U 86 U 5.94 X -1.6 U -1.46 U -0.238 U   0.25 U 4 U 256
299-E33-50 03/02/2007 2 U 128 U 2.52 0.432 U 0.566 U -0.732 U 4 U 281
299-E33-50 03/06/2007 0.6 U 8.63 U 2.62 -7.52 U 1.44 U 0.168 U 4 U  
299-E33-50 03/07/2007 -0.6 U 25.5 U 2.66 4.75 U -3.41 U -0.667 U 4 U  
299-E33-50 03/07/2007 -1 U -33 U 2.76 -0.988 U -1.38 U -0.406 U 4 U  
299-E33-50 06/28/2007 24.1 -64 U 1.91 0.96 U 1.69 U 1.248 4 U 264
299-E33-50 09/09/2007 2.05 15.7 24 19 U 2.04 X -0.262 U 0.444 U 0.0462 U 0.00145 U 1.147 N 4 U 268
299-E33-50 02/14/2008 1.78 20.8 26 59 U 1.81 -0.0689 U 0.105 U -0.0755 U 0.075 U 1.279 D 4 U 265
299-E33-50 03/24/2008 0.935 U 20.1 76 U 2.31 0.51 U 0.777 U 0.0215 U 0.0916 U 1.713 D 4 U 271

299-E33-340 6/26/2008 20,000 5270 5.64 0 U 49.6 2.11 0 U 912 D 548
299-E33-340 6/26/2008 15,400 810 D
299-E33-340 7/2/2008 17,000 4270 5.71 0 U 40.5 1.46 U 0 U 695 D 860 DX
299-E33-340 7/2/2008 13,900 4160 5.66 0 U 45.1 1.43 U 0 U 651 825 DX
299-E33-340 7/2/2008 17,000 708 D
299-E33-340 7/2/2008 13,700 726
299-E33-340 7/18/2008 9,400 2510 4.58 0 U 38.6 1.08 U 0 U 419 DY 366 X
299-E33-340 7/18/2008 10,100 317 DF
699-13-1C 12/13/2006 1.44 7.64   -31 U           0.018 UN   317
699-24-1P 10/28/2005 0.569 U 5.99 11.2 U 0.044 U 374
699-24-1P 07/06/2006 1.33 U 8.91 113 U 0.248 357

699-32-22B 06/28/2006 1.27 U 12.5   -37.8 U       0.0329 U   0.018 U   377
699-32-22B 11/07/2006 0.238 U 11   5.9       -0.0355 U   0.053 B   383
699-42-40C 11/02/2006 2.19 10.5 4,640 0.171 U 5.312 DN 340
699-42-E9B 10/12/2005 0.276 U 10.6   7.15   1.12 U 0.785 U 0.0962 U   0.044 U   428
699-42-E9B 07/25/2006 0.985 U 13 4.38 U -0.669 U 0.425 U -0.00338 U 0.018 U 425
699-42-E9B 07/25/2006 0.0592 U 11.2 8.04 0.253 U -1.4 U 0.0222 U 0.124  
699-42-E9B 09/30/2007 0.14 U 1.2 U 8.36 0.299 U -0.482 U 0.0812 U 0.022 U 427
699-42-E9B 09/19/2008 0.004 U 6.9 -110 U 0.882 U -1.82 U -0.121 U 0.298 BD 401
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Table 2.14‑2. (cont.)

Well Name Date Gross alpha 
(pCi/L)

Gross Beta 
(pCi/L)

Technetium-99 
(pCi/L)

Tritium 
(pCi/L)

Uranium 
(µg/L)

Cesium-137 
(pCi/L)

Cobalt-60 
(pCi/L)

Iodine-129 
(pCi/L)

Strontium-90 
(pCi/L)

Nitrate 
(mg/L)

Cyanide 
(µg/L)

Specific 
Conductance 

(µS/cm)

699-42-E9B 09/19/2008 -0.18 U 10   -110 U   0.239 U 1.31 U -0.102 U   0.175 BD    
699-49-55B 08/06/2007 2.6 9.6 -3.33 U 1.8 U 4.09 0.615 U 1.67 U 0.691 4 U 274
699-49-55B 02/06/2008 2.96 7.97 1.23 U -170 U 3.32 -0.278 U 0.96 U -0.256 U 0.660 BD 4 U 278
699-49-57B 03/21/2005     1.35 U 14.3 U   0.423 U -1.2 U -0.0396 U   1.062 N 2 U 304
699-49-57B 03/13/2006 0.295 U -63.8 U 0.651 U -1.56 U 0.067 U 1.107 2.4 UN 300
699-49-57B 04/11/2007 0.907 U 5.86 -0.683 U -1.27 U 2.22 B 2.48 U -0.339 U 0.0399 U 1.062 2.4 UN 302
699-49-57B 04/11/2007 4 U  
699-49-57B 03/30/2008 0.781 U 6.24 -0.9 U -6.3 U 2.27 -0.976 U 0.0259 U 0.0317 U   1.399 D 4 U 303
699-52-55B 07/16/2008 0.001 U 18.9 U 1 1.68 U 3.18 U 0.083 U 33.201 D 4 UX  
699-52-55B 07/16/2008 -0.1 U -21 U 0.96 -2.87 U -2.07 U -0.57 U 32.050 D 9.1 X  
699-52-55B 07/16/2008 0.001 U  
699-52-55B 07/16/2008 -1.7 U  
699-52-55B 07/21/2008 0.001 -110 U 0.05 U 2.47 U -3.72 U 0.057 U 0.053 U 4 UX  
699-52-55B 07/21/2008 0.6 U  
699-52-55B 07/25/2008 0.35 U 15 0.001 U -12.5 U 2.87 2.64 U 1.93 U -0.62 U 2.691 4 U  
699-52-55B 07/25/2008 2 U  
699-52-55B 08/01/2008 0.001 U 20.4 U 6 -2.07 U -1.27 U 0.666 U 0.717 4 U 365
699-52-55B 08/01/2008 1.2 U  
699-S2-34B 03/31/2005       72.7 U       -0.0308 U   0.018 U   604
699-S2-34B 01/10/2006 -74.2 U 0.0139 U 0.044 U 609
699-S2-34B 01/30/2007 -94.7 U -0.016 U 0.018 UN 611
699-S2-34B 03/20/2008       97 U       -0.0013 U   0.044 DU   618

699-S11-
E12AP 02/01/2005 -0.298 U 362

699-S11-
E12AP 06/29/2006 -0.216 U 8.54 128 U 0.018 U 360

699-S24-19P 09/28/2007       17.7           1.766   306
699-S24-19P 02/28/2008 2.050 D 201

B = analyte was detected at a concentration less than the contract required detection limit.
Blank Cell = not analyzed in fiscal year 2008. 
D = analyte identified in an analysis at a secondary dilution factor.
F = result is undergoing further review. 
N = spike sample recovery is outside control limits.
U = undetected (value is below the detection limit).
X = additional result specific information is available.
Y = result is suspect. Review had insufficient data to show result valid or invalid. 
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Figure 2.14‑1. Hydrostratigraphy of the Hanford Site.
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Figure 2.14‑2. Potentiometric Surface Map of Ringold Formation Confined Aquifer (Unit A), 
Central Hanford Site, March 2008.
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Figure 2.14‑3. Groundwater Monitoring Wells Sampled in Ringold Formation Confined and 
Upper Basalt‑Confined Aquifers, FY 2005 through 2008.
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Figure 2.14‑4. Potentiometric Surface Map of Upper Basalt‑Confined Aquifer System, March 2008.
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Figure 2.14‑5. Comparison of Observed Heads for Upper Basalt‑Confined Aquifer and 
Overlying Unconfined Aquifer.
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Figure 2.14‑6. Cyanide and Nitrate Concentrations in Well 299‑E33‑12, Upper Basalt‑Confined Aquifer.
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