
5.8 Ground-Water Protection and Monitoring Program

P. E. Dresel

The strategy for protecting ground water at the Han
ford Site is presented in the Hanford Site Ground- 
Water Protection Management Plan (DOE 1994h). 
Two of the key elements of this strategy are to 1) 
protect the unconfined aquifer from further contam
ination, and 2) conduct a monitoring program to 
provide an early warning when contamination of 
ground water does occur. These elements are reaf
firmed by the recommendations of the Hanford Fu
ture Site Uses Working Group to “protect the Co
lumbia River from contamination” and to “deal 
realistically and forcefully with ground-water con
tamination” (Drummond et al. 1992). The ground
water monitoring program at Hanford monitors and 
documents ground-water quality to effectively meet 
the needs of these elements. The monitoring pro
gram at Hanford is designed to document the dis
tribution and movement of existing ground-water 
contamination. This information is used to assess

the movement of contamination into previously un
contaminated areas. The monitoring provides the 
historical baseline for evaluating current and future 
risk from exposure to the contamination and for de
ciding on remedial options. The geology and 
hydrology of the Hanford Site are the major con
trols on the movement of contaminants in ground 
water so hydrogeologic studies are integrated into 
the monitoring program.

Geology
The Hanford Site lies within the Pasco Basin, one 
of several topographic and structural basins within 
the Columbia Plateau. Principal geologic units be
neath the Hanford Site include, in ascending order, 
the Columbia River Basalt Group, the Ringold
Formation, and the Hanford formation 
(Figure 5.8.1).
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Figure 5.8.1 Geologic Cross Section of the Hanford Site
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Columbia River basalts erupted from volcanic fis
sures, starting 17 million years ago, to ultimately 
cover 163,000 km2 (62,900 mi2) of Washington, 
Oregon, and Idaho. The basalt flows consist of gen
erally dense, impermeable basalt that have more 
permeable top and bottom portions. At first, there 
was little time between eruptions for the develop
ment of soils or accumulation of sediments between 
flows. However, the frequency of eruptions eventu
ally slowed, and the regional river system eroded 
the basalt, depositing sediments across the basalt 
surfaces between eruptions. These sediments form 
the Ellensburg Formation of sedimentary interbeds 
that are found between the basalt flows. Zones be
tween the basalt flows and the sedimentary in
terbeds are frequently water-bearing zones that are 
used as water sources in areas around the Hanford 
Site. Flow between the basalt aquifers and the sur- 
ficial aquifer generally occurs along faults that 
bring a water-bearing interbed in contact with other 
sediments or where the overlying basalt has been 
eroded to reveal an interbed (Graham et al. 1984, 
Newcomb et al. 1972, Reidel et al. 1992).

During the period of basalt deposition, tectonic 
pressure was very slowly deforming the basalt 
flows into the generally east-west trending ridges 
that border the Pasco Basin today. Basins also de
veloped at this time. These basin ridges gradually 
began to affect the distribution of the river beds, 
moving them toward the Pasco Basin. Ringold 
Formation deposition began after the last major 
eruption 8.5 million years ago with the ancestral
Columbia River meandering across the relatively 
flat basalt surface and depositing sand and gravel in 
the central portion of the Pasco Basin. This pattern 
continued for the next 5 million years, with two ma
jor interruptions occurring when the Columbia Riv
er was blocked downstream, which caused a lake to 
develop in the Pasco Basin. Relatively thick mud 
layers accumulated in the lake each time. The mud 
layers are much less permeable than the sand and 
gravel layers, and act as partial barriers to vertical 
ground-water flow within the Ringold Formation.

About 3.4 million years ago, the Columbia River 
began to erode, rather than deposit, sediments in the 
Pasco Basin. The uppermost lacustrine mud was 
eroded from much of the Pasco Basin, and in places 
an impermeable caliche layer, part of the Plio- 
Pleistocene unit, developed on the eroded Ringold

surface. The Ringold Formation sediments have 
undergone varying degrees of consolidation and 
cementation, which has decreased their 
permeability.

The Hanford formation sediments in the Pasco 
Basin are represented primarily by sand and gravel 
deposited by catastrophic ice age floods during the 
past 700,000 years. These floods were caused by 
collapse of glacier ice dams blocking an immense 
lake in Montana. The floodwater eroded some of 
the sediments in the Pasco Basin and deposited 
large gravel bars in the main channels and sand in 
the turbulent areas. The Hanford formation sedi
ments are unconsolidated and generally much more 
permeable than similar Ringold Formation sedi
ments. In places, these sediments are covered by up 
to a few meters of recent alluvial or windblown 
deposits.

More detailed information on the geology of the 
Pasco Basin can be found in Connelly et al. (1992a 
and b), DOE (1988), Hartman and Lindsey (1993), 
Lindberg (1993a and b), Lindsey and Jaeger (1993), 
and Swanson (1992).

Ground-Water Hydrology
Both confined and unconfined aquifers are present 
beneath the Hanford Site. An aquifer is a water- 
saturated geologic unit that has a high permeability, 
meaning it can transmit significant quantities of wa
ter. A confined aquifer is bound above and below 
by low-permeability materials such as the central 
parts of basalt flows, clay, or well-cemented sedi
ments. The confined aquifers are found primarily 
within interflows and interbeds of the Columbia 
River basalts, as well as below the relatively imper
vious clays and silts of the Ringold Formation. In 
some areas of the Site, the lower units of the 
Ringold Formation are only locally confined by dis
continuous silty layers above. Unconfined aquifers, 
or water-table aquifers, are overlain by unsaturated 
sediments. In general, the unconfined aquifer is 
located in the upper parts of the Ringold Formation, 
the glaciofluvial sediments of the Hanford forma
tion, and in more recent alluvial sediments in some 
areas adjacent to the Columbia River. The uncon
fined aquifer forms the uppermost ground-water 
zone and has been directly impacted by waste-water 
disposal at Hanford. For this reason, it is the most 
thoroughly monitored aquifer beneath the Site.
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Figure 5.8.2 shows the locations where the water 
table (the upper surface of the unconfined aquifer) 
lies within the Hanford and Ringold Formations.

The saturated thickness of the unconfined aquifer is 
greater than 61m  (200 ft) in some areas of the 
Hanford Site and thins out along the flanks of the 
basalt ridges (Figure 5.8.3). Depth from the ground 
surface to the water table ranges from less than 0.3 
m (1 ft) near the Columbia River to more than 106 
m (348 ft) in the center of the Site. The unconfined 
aquifer is bounded below by either the basalt sur
face or, in places, the relatively impervious clays 
and silts of the Ringold Formation. The water table 
defines the upper boundary of the unconfined aqui
fer. Laterally, the unconfined aquifer is bounded by 
the basalt ridges that surround the Pasco Basin and 
by the Yakima and Columbia Rivers. The basalt 
ridges have a low permeability and act as a barrier 
to lateral flow of ground water where they rise 
above the water table (Gephart et al. 1979). The 
elevation of the water table in meters above mean 
sea level for the Hanford Site and adjacent portions 
of Franklin and Grant Counties is shown in 
Figure 5.8.4.
The water-table elevation contours shown in Figure 
5.8.4 indicate the magnitude of hydraulic gradient 
in the unconfined aquifer. Ground-water flow is 
generally perpendicular to the water-table contours 
from areas of higher elevation or head to areas of 
lower head. Areas where the contours are closer 
together are high-gradient areas where the “driving 
force” for ground-water flow is greater. However, 
sediments with low permeabilities inhibit ground
water flow and produce steeper gradients, therefore 
high gradient does not necessarily mean high 
ground-water velocity. The permeability of the 
Ringold sediments is generally lower than that of 
the Hanford sediments, so lower transmissivity and 
steeper gradients are often associated with areas 
where the water table is below the Hanford forma
tion. Figure 5.8.5 shows the distribution of trans
missivity used in current ground-water flow models.
Recharge to the unconfined aquifer originates from 
several sources (Graham et al. 1981). Natural re
charge occurs from infiltration of precipitation 
along the mountain fronts, runoff from intermittent 
streams such as Cold Creek and Dry Creek on the 
western margin of the Site, and limited infiltration

of precipitation on areas of the Hanford Site that 
have loose soil. The unconfined aquifer is 
recharged by the Yakima River where it flows along 
the southern boundary of the Hanford Site. The 
Columbia River recharges the unconfined aquifer 
for short periods during high stages when river wa
ter is transferred to the aquifer along the riverbank. 
For most of the year, the Columbia River is the pri
mary discharge area for the unconfined aquifer. 
Recharge from infiltration of precipitation is highly 
variable on the Hanford Site and depends on soil 
texture, vegetation, and climate (Gee et al. 1992). 
The recharge rate from precipitation ranges from 
near zero, where fine-grained soils and deep-rooted 
vegetation are present, to more than 10 cm/yr 
(4 in./yr) in areas where soils are coarse-textured 
and bare of vegetation.

Large-scale artificial recharge to the unconfined 
aquifer occurs from liquid-waste disposal in the op
erating areas and offsite agricultural irrigation. The 
operational discharge of water has created two ma
jor ground-water mounds in the 200 Areas. The 
first of these mounds was created by past disposal at 
U Pond in the 200-West Area. The water table be
neath U Pond rose 18 m (59 ft) from 1950 to 1980 
(Newcomer 1990). This mound is slowly dissipat
ing because the pond was decommissioned in 1984. 
The second mound was created by discharge to B 
Pond, east of the 200-East Area. The water-table 
elevation near B Pond increased by a maximum of 
about 9 m (29 ft) before 1990 (Newcomer 1990) 
and has decreased slightly over the last 5 years be
cause of reduced discharge. These mounds have 
altered the unconfined aquifer’s natural flow pat
tern, which is generally from the recharge areas in 
the west to the discharge areas (primarily the Co
lumbia River) in the east and north. Water levels in 
the unconfined aquifer have changed continually 
during Site operations because of variations in the 
volume and location of waste water discharge. 
Consequently, the movement of ground water and 
its associated constituents has also changed with 
time. Ground-water mounding has also occurred in 
some of the 100 Areas and the 300 Area. Ground
water mounding in these areas is not as great as in 
the 200 Areas because of lower discharge volumes, 
high permeability and proximity to the Columbia 
River.

187



1994 Environmental Annual Report

Figure 5.8.2 Geologic Units Present at Water Table, June 1993
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Figure 5.8.3 Saturated Thickness of the Unconfined Aquifer at the Hanford Site
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Figure 5.8.4 Water-Table Elevations for the Unconfined Aquifer at Hanford and Parts of Franklin County, 
June 1994
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Figure 5.8.5 Distribution of Transmissivity of the Unconfied Aquifer at the Hanford Site
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Water-table elevations are currently declining in 
response to the decrease in liquid-waste discharges 
from Hanford operations. One result of decreasing 
water levels is that a number of monitoring wells 
are becoming difficult to sample or are going dry.
A ground-water flow model based on predicted 
changes to discharge indicated that this trend will 
continue, and many more wells will become impos
sible to sample during the next 10 years (Wurstner 
and Freshley 1994).

In the 100 and 300 Areas, water levels are greatly 
influenced by river stage. Water levels in the 
Columbia River fluctuate greatly on annual and 
even daily cycles. The river level is controlled by 
the operation of Priest Rapids Dam upstream of the 
Hanford Site. As the river stage rises, the increased 
water pressure is transmitted inland, increasing wa
ter levels in wells near the river. Very near the river, 
water will flow from the river into the aquifer as the 
river stage rises and will flow in the opposite direc
tion as the river stage falls. This produces some 
dilution of contaminants near the river and makes it 
difficult to define the exact extent of contamination.

Recharge from irrigation in the Cold Creek Valley 
enters the Hanford Site as ground-water flow across 
the western boundary. Recharge to ground water 
across the Columbia River from the Hanford Site is 
primarily from irrigation and irrigation canal leak
age. As indicated in Figure 5.8.4, the water-table 
elevation to the east of the Columbia River is from 
100 to 150 m (328 to 492 ft) higher than the 
water-table elevation on the Hanford Site.

Contaminant Transport
The present distribution of contamination in ground

water at the Hanford Site is controlled by the dis
posal history and the physical and chemical prin
ciples of contaminant transport. The conceptual 
model of contaminant transport describes the pro
cesses that control the contaminant movement. Ma
jor features of a conceptual model for contamina
tion at the Hanford Site are discussed below.

Most ground-water contamination at Hanford re
sults from discharges in the reactor areas (the 100 
Areas), the fuel processing and plutonium purifica
tion areas (the 200 Areas), and the fuel fabrication 
and research area (the 300 Area). Table 5.8.1 lists 
major contaminants found in each area and the type 
of operation that generated the contaminants.

Most of the ground-water contamination onsite re
sulted from discharge of water contaminated by Site 
processes. In the 100 Areas, discharges included 
reactor cooling water, fuel storage-basin water, filter 
backwash, and smaller amounts of waste from a 
variety of other processes. Large quantities of con
taminated water from fuel processing were dis
charged in the 200 Areas. Other contamination 
sources in the 200 Areas include plutonium purifi
cation waste and decontamination waste. In con
trast to other major contaminant sources, the pluto
nium purification process also resulted in contami
nation from discharge of nonaqueous-phase liquid, 
including carbon tetrachloride. This liquid slowly 
releases contamination to the ground water and has 
a major impact on ground-water remediation strate
gy. Contamination in the 300 Area was mainly re
leased in process water that was discharged to 
ponds and trenches. The discharge of large quanti
ties of water during Site operations had a major im
pact on ground-water flow and thus on the rate and 
direction of contamination spread.

Table 5.8.1 Major Chemical and Radiological Ground-Water Contaminants and Their Link to Site 
Operations

Facilities Type Area Constituents Generated

Reactor operations 100

Irradiated fuel processing 200

Plutonium purification 200

Fuel fabrication 300

Tritium, 60Co, 90Sr, 125Sb, Cr+6, SO4 2 

Tritium, 90Sr, "Tc, 1291, 137Cs, Pu, U, CN', Cr, F', NO3 

Pu, 24lAm, carbon tetrachloride, chloroform, NO3 

"Tc, U, Cr+6, Cu, trichloroethylene
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As significant quantities of liquid effluents were 
discharged to the ground at Hanford facilities, these 
effluents percolated downward through the 
unsaturated zone to the water table. Radionuclide 
and chemical constituents moved through the soil 
column at varying rates, and in some cases, entered 
the ground water. In some locations sufficient wa
ter was discharged that the soil became saturated up 
to the surface.

Not all contaminants travel at the same rate as the 
water in the subsurface. Chemical processes such 
as adsorption onto soil particles, chemical preci
pitation, and ion exchange slow the movement of 
some constituents such as cesium-137, pluto
nium-239,240, and strontium-90. Other radionu
clides such as iodine-129, technetium-99, tritium, 
and ions such as nitrate are not as readily retained 
by the soil and move vertically through the soil col
umn at a rate nearly equal to the infiltrating water. 
When the liquid effluents reach the water table,
their concentrations are reduced by dilution. As
these constituents move with the ground water, ra
dionuclide and chemical concentrations are further 
reduced by adsorption and spreading (dispersion), 
and radionuclide concentrations are reduced by 
radioactive decay.

Outside the source areas at the Hanford Site there is 
typically little or no downward gradient so contami
nation tends to remain close to the water table.
Flow in the unconfined aquifer is toward the 
Columbia River. Contamination that reaches the 
river is further diluted by the river water.

Ground-Water Protection
The effort to protect ground-water quality is being 
implemented through programs to minimize wastes 
being discharged to the soil column and through site 
remediation activities being carried out in accor
dance with an agreement among Ecology, DOE, and 
EPA. This agreement, called the Hanford Federal
Facility Agreement and Consent Order, or the Tri- 
Party Agreement, provides a framework for remedi
ation of the Hanford Site over a 40-year period. A 
summary of accomplishments in waste minimiza
tion and Site remediation is presented in Sec
tion 2.0, “Environmental Compliance Summary.”

In 1987, Congress directed DOE to prepare a Plan 
and Schedule to Discontinue Disposal o f Liquids

Into the Soil Column at the Hanford Site (DOE 
1987b). That document presents an implementation 
plan for providing alternative treatment and disposal 
of contaminated effluent discharged to the soil on 
the Hanford Site. The 33 major waste streams that 
have been identified will be addressed in two 
phases. Phase I projects are considered higher 
priority, and cessation or alternative treatment and 
disposal systems will be implemented during 1995 
for most of those waste streams. Phase II streams 
will be dealt with after completion of Phase I proj
ects. Preparations are being made to treat remain
ing Phase I streams before diverting them to a 
treated effluent disposal facility, which will be lo
cated east of the 200-East Area. In addition, plans 
are being made to discharge process condensate 
from the 242-A Evaporator to the CO-18 facility 
north of the 200-West Area. This discharge will 
also be treated to remove contaminants; however, 
the discharge will contain tritium because there is 
currently no viable treatment technology for tritium 
removal. The disposal facilities for the 33 major
streams are shown in Figure 5.8.6. Ground water is 
pumped for drinking water and other uses at a few 
locations on the Hanford Site. These locations are 
shown in Figure 5.8.7. Drinking water supplies are 
monitored at the point of use by the Hanford Envi
ronmental Health Foundation (Thurman 1992). 
Water samples are collected directly from water 
supply wells by the Ground Water Surveillance 
Project.

Ground-Water Monitoring

Ground-water monitoring at the Hanford Site is an 
integral part of the Hanford Site Ground-Water 
Protection Management Plan (DOE 1994h). The 
plan includes monitoring at active waste disposal 
facilities to comply with RCRA (DOE 1993b), op
erational monitoring in and adjacent to reactor and 
chemical processing facilities, and environmental
surveillance. Monitoring is also carried out during 
cleanup investigations under the CERCLA pro
grams (DOE 1992d). The RCRA and operational 
monitoring programs are managed by the Site oper
ating contractor. CERCLA characterizations are 
managed by the Environmental Restoration Con
tractor and the U.S. Army Corps of Engineers. 
Additional details on RCRA-compliant monitoring
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95tbw025.eps

Figure 5.8.6 Disposal Facilities for the Major Liquid Waste Streams at the Hanford Site
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95tbw022.eps

Figure 5.8.7 Water Supply Wells at the Hanford Site
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are presented in Section 2.0, “Environmental 
Compliance Summary.”

The environmental surveillance program assesses 
the impact of Hanford operations on ground water, 
both onsite and offsite, independently of the operat
ing contractor’s programs. The Hanford Ground- 
Water Surveillance Program has been designed to 
assess the distribution and movement of existing 
ground-water contamination, and to identify poten
tial and emerging ground-water contamination 
problems. The program integrates information on 
contaminant distribution and transport into a 
sitewide evaluation of ground-water quality.

Sample Collection and Analysis
Ground-water samples were collected as part of the 
Hanford Ground-Water Surveillance Program and 
other monitoring programs. The Hanford Ground- 
Water Surveillance Program uses data from other 
programs to provide a more complete interpretation. 
Data from past years of monitoring supplement the 
current analyses and allow for the evaluation of 
trends through time. Wells monitored by the vari
ous programs are shown in Figures 5.8.8 and 5.8.9. 
Ground-water monitoring was conducted at the faci
lities shown in Figure 5.8.10 to comply with RCRA 
(Hartman 1994).

Ground-water samples were collected from approxi
mately 800 wells for the monitoring programs dur
ing 1994. The monitoring frequency for the wells 
was selected based on regulatory requirements, 
proximity to waste sources, and characteristics of 
the ground-water flow system at the sample loca
tion. Of the wells sampled, 241 were sampled once, 
280 were sampled twice, 116 were sampled three 
times, 111 were sampled four times and 58 were 
sampled more frequently during the year.

Each monitoring program has access to ground-wa
ter data collected by other programs through a com
mon database used to store and manage data. This 
database, called the Hanford Environmental In
formation System, currently contains approximately 
1.3 million ground-water monitoring result records. 
After the data are verified and/or validated, they are 
made available to federal and state regulators for 
retrieval.

Most ground-water monitoring wells on the Site are 
10 to 20 cm (4 to 8 in.) in diameter. Monitoring 
wells for the unconfined aquifer are constructed 
with well screens or perforated casing generally in 
the upper 3 to 6 m (10 to 20 ft) of the unconfined 
aquifer, extending across the water table. This 
construction allows sample collection at the top of 
the aquifer, where maximum concentrations of ra
dionuclides tend to be found. Wells monitoring the 
shallowest of the confined aquifers have screens, 
perforated casing, or an open hole within the moni
tored aquifer. Wells drilled before 1985 were gen
erally constructed with carbon steel casing. Wells 
recently constructed for RCRA monitoring projects 
and CERCLA characterizations have been 
constructed with stainless-steel casing. Most moni
toring wells onsite are sampled using either sub
mersible or Hydrostar pumps although some wells 
are sampled with bailers or air-lift systems.

Samples were collected for all programs following 
documented sampling procedures (PNL 1993, WHC 
1991b) based on EPA guidelines (EPA 1986b). 
Analytical techniques used are listed in Bryce et al. 
(1991), the Environmental Monitoring Plan (DOE 
1991b), and CERCLA work plans. The radionu
clides and chemicals analyzed are listed in 
Table 5.8.2. Several of the parameters listed in 
Table 5.8.2 were seldom analyzed during 1994 be
cause sufficient characterization has been obtained 
by past analyses.

Most ground-water samples collected onsite in 1994 
were analyzed for tritium. Selected samples were 
analyzed for other radionuclides. Sample results for 
radionuclides are generally presented in pCi/L. 
However, the results for total uranium, which is 
usually measured by laser fluorescence, are given in 
[Xg/L. The results for analysis of individual 
uranium isotopes are reported in pCi/L.

Nitrate analyses were performed on most samples 
collected during 1994 because of the extensive 
areas with elevated nitrate concentrations originat
ing from onsite and offsite sources. Selected moni
toring wells were used for additional chemical sur
veillance. Chemical sampling wells were chosen by 
considering the results of previous chemical analy
ses and the proximity to known active and inactive 
chemical disposal sites.
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Figure 5.8.8 Hanford Site Unconfined Aquifer Monitoring Well Locations, 1994
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Figure 5.8.9 Hanford Site Confined Aquifer Monitoring Well Locations, 1994
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Figure 5.8.10 Locations of RCRA Ground-Water Monitoring Projects and Landmarks on the Hanford Site

Data Interpretation

Each analysis of a ground-water sample provides 
information on the composition of ground water at 
one time at one location in the aquifer. Uncertainty 
in the analyses results from a number of sources. 
Some of the sources of uncertainty are discussed 
below. Several techniques used in this discussion to 
interpret the sample results are also discussed.

Sampling techniques are designed to provide a sam
ple that is reasonably representative of the

constituent concentration in the aquifer when the 
sample is taken. However, there are limitations in 
collecting representative samples or even defining 
precisely the volume of the aquifer represented by 
the sample. Proper well construction and mainte
nance, well purging, sample preservation, and, in 
some instances, filtering are used to help ensure 
consistent and representative samples. Careful sam
ple labeling protocols, chain-of-custody documenta
tion, and bottle preparation avoid many gross errors 
in sample results. Duplicate samples and field 
blanks are used to assess the sampling procedure.
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Table 5.8.2 Radionuclides and Chemicals Analyzed for in Ground Water

Radiological Parameters Chemical Parameters

3h pH (field and laboratory)
14C Conductance (field)

60Co Alkalinity

9<>Sr Total carbon

"Tc Total organic carbon

'° 3 R u Total organic halogens

'° 6 R u B, Be, Na, Mg, Al, K, Co, Si

I25Sb Ca, V, Cr, Mn, Fe, Ni
129j Cu, Zn, Sr, Ag, Cd, Sb, Ba
13IJ P , C1-, N 0 3- , PO4-3 , SO4 2 , N 0 2- , B r

l37Cs CN-

24'Am NH44-

Total alpha Volatile organic compounds (VOCs)

Total beta Semivolatile organic constituents

Plutonium isotopes PBCs

Uranium isotopes Dioxins/furans

Uranium (total) Pesticides/herbicides

Biological oxygen demand/chemical oxygen demand 

Dissolved oxygen

Uncertainties are inherent in laboratory analysis of 
samples. Gross errors can be introduced in the lab
oratory or during sampling. Gross errors include 
transcription errors, calculation errors, mislabeling 
results, or other errors that result from not following 
established procedures. Often, these gross errors 
can be recognized because unreasonably high or 
unreasonably low values result. Data review proto
cols are used to investigate and correct gross errors. 
Even if the source of a possible gross error cannot 
be identified, a marker is entered into the database 
indicating the review has occurred and the datum 
may be suspect.

Random errors are unavoidably introduced in the 
analytical procedures. Usually there are insufficient 
replicate analyses to assess the overall random error 
at each sample location. Instruments for analysis of 
radioactive constituents count the number of radio
active decay products at a detector, and background 
counts are subtracted. The nature of radioactive 
decay and the instrument design result in a random 
counting error, which is reported with the analytical

result. Generally, sample results less than the 
counting error indicate the constituent was not de
tected. The background subtraction may result in 
the reporting of results that are less than zero. Al
though below-zero results are physically 
impossible, the negative values are of use for some 
statistical analyses.

Systematic errors may result from instrument cal
ibration, standard or sample preparation, chemical 
interferences in analytical techniques, as well as 
sampling methodology and sample handling. Sam
ple and laboratory protocols have been designed to 
minimize systematic errors. The laboratories used 
by the Ground-Water Surveillance and other pro
grams participate in interlaboratory comparisons in 
which many laboratories analyze blind samples pre
pared by the EPA. The laboratories used have 
compared favorably with other laboratories, 
indicating that systematic error is within acceptable 
limits.

In 1994, double-blind samples for specific constitu
ents were analyzed as part of the Ground-Water
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Surveillance Program (see Section 7.0, “Quality 
Assurance,” for further discussion of double-blind 
results). Several wells were also co-sampled with 
DOH for intercomparison. Co-sampling results for 
1994 are presented in the Environmental Radiation 
1994 Annual Report (DOH 1995).

The chemical composition of ground water may 
fluctuate from differences in the contaminant 
source, recharge, or the ground-water flow-field. 
The range of this concentration fluctuation can be 
estimated by taking many samples, but there is a 
limit to the number that can be practicably taken. 
Comparison of results through time help interpret 
this variability.

Overall sample uncertainty may be factored into 
data evaluation by considering the concentration 
trend in a given well over time. This often helps 
identify gross errors, and overall long-term trends 
can be distinguished from short-term variability. 
The interpretation of concentration trends depends 
on an understanding of chemical properties as well 
as site hydrogeology. The trend analysis in turn 
aids in refining the conceptual model of the 
chemical transport.

Plume maps presented in this section are diagrams 
that interpret Site ground-water chemistry. Al
though analytical data are only available at specific 
points where wells were sampled, contours are 
drawn to join the approximate locations of equal 
chemical concentration or radionuclide activity. 
The contour maps are simplified representations of 
plume geometry because of map scale, the lack of 
detailed information, and the fact that plume depth 
and thickness cannot be fully represented on a two- 
dimensional map. Plume maps are a powerful tool 
because knowledge of concentrations in surround
ing wells, ground-water flow, site geology, and 
other available information may be factored into 
preparation of the maps. Integration of data from 
multiple sources minimizes the impact of 
uncertainty or error in any particular sample.

Results

Ground-water monitoring information obtained for 
the RCRA monitoring program is reported by DOE 
(DOE 1995d), and information on drinking water 
supplies on the Hanford Site is reported by the 
Hanford Environmental Health Foundation

(Thurman 1992). Onsite drinking water supply 
wells at the FFTF are discussed in Section 6.0, “Po
tential Radiation Doses from 1994 Hanford Opera
tions.” Information gathered in support of the CER
CLA program is reported in remedial investigation 
reports (DOE 1992d). Sitewide ground-water mon
itoring results for the year are detailed in the 
Ground-Water Surveillance Programs’ annual report 
(Dresel et al. 1995), which provides further in
formation on the interpretations reported below.
This report also includes a summary of ground
water analytical results for the year in electronic 
format.

One way to assess the impact of radionuclides and 
chemicals in ground water is to compare the con
centrations to EPA’s Drinking Water Standards and 
DOE’s Derived Concentration Guides (Appendix C, 
Tables C.2, C.3, and C.6). Derived Concentration 
Guides are presented in DOE Order 5400.5. Specif
ic drinking water standards had been proposed for 
only a few radiological constituents at the time this 
report was prepared. Drinking water standards re
sulting in an annual dose of 4 mrem/yr have been 
calculated for other radionuclides by considering 
the half-life of the isotope, the energy and nature of
the radioactive decay for that isotope, and physio
logical factors such as the buildup of the isotope in 
particular organs. Drinking water standards are 
more restrictive than the Derived Concentration 
Guides because the Drinking Water Standards are 
based on an annual dose to the affected organ of 4 
mrem/yr, and the Derived Concentration Guides are 
based on an effective dose equivalent of 100 mrem/ 
yr (see Appendix C, “Applicable Standards and Per
mits”). The Derived Concentration Guides are 
available only for radionuclides. Primary and sec
ondary Drinking Water Standards are given for 
some chemical constituents. Secondary Drinking 
Water Standards are based on aesthetic rather than 
health considerations.

Radiological Monitoring Results for the 
Unconfined Aquifer

Radionuclides analyzed in ground water are listed 
in Table 5.8.2. Iodine-131, ruthenium-103, and ru
thenium-106 have relatively short half-lives and 
historically have been detected near operating reac
tors or liquid waste disposal facilities near active 
fuel reprocessing facilities. These radionuclides
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have not been observed in concentrations above the 
Drinking Water Standards, and in general, have not 
been detected since soon after the shutdown of N 
Reactor and the PUREX Plant. The detection limit 
for ruthenium-106 by gamma scan is higher than 
the Drinking Water Standard, but with a half-life of 
only 1 year ruthenium-106 decays rapidly to con
centrations less than the Drinking Water Standard. 
Gross (total) alpha and beta are used as indicators of 
radionuclide distribution and are not discussed in 
detail because the specific radionuclides contribut
ing to these measurements are discussed. The dis
tribution of antimony-125, cobalt-60, cesium-137, 
iodine-129, plutonium, strontium-90, 
technetium-99, tritium, and uranium will be dis
cussed in the following sections. The types of op
erations resulting in the release of these radionu
clides to ground water are listed in Table 5.8.1. The 
table also lists the locations where these operations 
were performed.

Tritium

Tritium was present in many waste streams dis
charged to the subsurface and is the most mobile 
radionuclide onsite. As a result, tritium reflects the 
extent of contamination in the ground water from 
Site operations and is the radionuclide most fre
quently monitored at the Hanford Site. Significant 
quantities of tritium are associated with irradiation 
of nuclear fuel. The source of the tritium is general
ly believed to be low-yield ternary fission (rare 
events, in which the nucleus decays into three atom
ic fragments) although irradiation of lithium impuri
ties in the fuel could also be responsible. Tritium is 
released through decladding and dissolution of the 
fuel. Process condensates associated with the ele
vated temperature portions of the fuel processing 
cycle provide a release pathway for that tritium. 
Tritium was also manufactured as part of the Site 
mission. Tritium was produced by irradiating lithi
um-containing targets in the 100-H and 100-B reac
tors from 1949 to 1952 (Gerber 1993). In the late 
1960s, tritium production took place in the 100-N 
reactor (Gerber 1992). Figure 5.8.11 shows the 
1994 distribution of tritium in the unconfined 
aquifer.

Tritium in the 100 Areas. Tritium concentrations 
greater than the 20,000-pCi/L Drinking Water Stan
dard were detected in the 100-D, 100-F, 100-K, and

100-N Areas. Tritium concentrations greater than 
the Drinking Water Standard were detected in five 
wells in the 100-D Area. The maximum tritium 
level reported was 69,000 pCi/L in monitoring well
199-D5-17. Many of the wells were installed re
cently as part of the CERCLA program, and 
long-term trend data are unavailable.
Only one well in the 100-F Area (199-F8-3) con
tained tritium at concentrations greater than the 
Drinking Water Standard (98,300 pCi/L).
The 100-K Area well, 199-K-30, continued to con
tain the highest tritium concentration within the 100 
Areas, with a maximum concentration of 1,040,000 
pCi/L reported in November 1994. This well con
tained tritium in excess of the Derived Concentra
tion Guide (2,000,000 pCi/L) in April and May
1993. The tritium trend for well 199-K-30 is shown
in Figure 5.8.12. Concentrations in this well fluctu
ate; the previous high value was in late 1987. The 
source of tritium contamination found in well
199-K-30 is subject to some dispute. Although the 
contamination has been attributed to leakage of the 
K-East reactor fuel storage basin, another potential 
source is past disposal to a french drain east of the 
reactor building (DOE 1993a). A careful evaluation 
of the contaminant trends and distribution of other 
constituents such as antimony-125, carbon-14, and 
strontium-90 suggests that the source of tritium is 
not leakage of the fuel storage basin. However, ba
sin leakage has possibly contributed to contamina
tion found in well 199-K-27. Tritium concentra
tions in monitoring well 199-K-27 remained high 
but below the Derived Concentration Guide 
(maximum of 628,000 pCi/L) in 1994.

Tritium in the 100-N Area is found in concentra
tions greater than the Drinking Water Standard in 
the northern part of the area, extending to the sur
rounding 600 Area. This plume is associated with 
two liquid waste disposal trenches, 1301-N Liquid 
Waste Disposal Facility and 1325-N Liquid Waste 
Disposal Facility. The maximum tritium level re
ported in the 100-N Area in 1994 was 74,200 pCi/L. 
This value is comparable to most results for the past 
several years.
Tritium in the 200 Areas. The highest tritium con
centrations in the 200-East Area continued to be in 
wells near cribs that received effluent from the PU
REX Plant. Concentrations greater than the 
2,000,000-pCi/L Derived Concentration Guide were
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Figure 5.8.11 Tritium Concentrations in the Unconfined Aquifer, 1994
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Figure 5.8.12 Tritium Concentrations in Well 199-K-30, 1981 Through 1994

detected in only one well in 1994 in the 200-East 
Area, 299-El7-9. The tritium level detected in this 
well monitoring the 216-A-36B Crib was 3,370,000 
pCi/L, which was the highest concentration detected 
in any well onsite. The tritium trend in this well is 
shown in Figure 5.8.13. Concentrations in monitor
ing wells downgradient of the 216-A-10 Crib de
creased to less than the Derived Concentration 
Guide in 1993 and remained below the DCG in
1994. Although tritium concentrations are general
ly decreasing in wells near the PUREX cribs, 
tritium concentrations exceeding the Drinking 
Water Standard continued to occur in many wells 
affected by PUREX Plant discharge.

The movement of the widespread tritium plume (see 
Figure 5.8.11) extending from the southeastern por
tion of the 200-East Area to the Columbia River 
was consistent with patterns noted earlier (Dirkes 
et al. 1994, Dresel et al. 1994). Separate tritium 
pulses associated with the two episodes of PUREX 
operations can be distinguished in the plume. The 
200,000-pCi/L lobe of the plume east of the 
200-East Area near the Columbia River is a result 
of discharges to ground water during the operation 
of the PUREX Plant from 1956 to 1972. Following 
an 11-year shutdown, plant operation began again in

1983 and ceased in December 1988. Elevated tri
tium concentrations measured in several wells (e.g., 
wells 699-32-43 and 699-24-33) downgradient from 
the 200-East Area represent a second pulse of tri
tium moving away from PUREX waste disposal 
facilities. Movement of the leading edge of this 
plume is clearly observable in well 699-24-33, Fig
ure 5.8.14, which shows arrival of the plume in ear
ly 1987 following the passage of the plume from the 
earlier operation of the PUREX Plant. Tritium con
centrations from the first plume were much higher 
than from the second. By contrast, a trend plot of 
the tritium concentrations in well 699-40-1 located 
near the shore of the Columbia River (Fig
ure 5.8.15) shows the arrival in the mid-1970s of 
the plume from the first campaign and no indication 
that the second pulse has yet arrived. The area near 
the Columbia River with tritium concentrations 
greater than 200,000 pCi/L continues to shrink from 
approximately 4.2 km2 (16 mi2) in 1988 (Evans et 
al. 1989) to 5 km2 (2 mi2) in 1994. However, the 
overall extent of contamination from the PUREX 
Plant at levels greater than the 20,000 pCi/L Drink
ing Water Standard remained nearly the same as in 
previous years.
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Figure 5.8.13 Tritium Concentrations in Well 299-E17-9, 1980 Through 1994
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Figure 5.8.14 Tritium Concentrations in Well 699-24-33,1962 Through 1994
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Figure 5.8.15 Tritium Concentrations in Well 699-40-1, 1962 Through 1994

The tritium plume resulting from Site activities has 
been monitored for much of the time the Site has 
been in operation, providing information on the 
change in extent of contamination over time. Fig
ure 5.8.16 shows the extent of tritium from 1964 to 
1988. This figure was created from maps in Wilson 
(1965), Raymond et al. (1976), Prater et al. (1984), 
and Jaquish and Bryce (1989). The contours in the 
original references were recalculated and inter
preted to provide uniform contour intervals. Fig
ure 5.8.16 shows that tritium at concentrations 
greater than the Drinking Water Standard reached 
the Columbia River in approximately the 
mid-1970s. Variation in the extent of tritium 
mapped in the 100 Area appears to result from dif
ferences in the monitoring network and different 
interpretation of results between investigators.

The eastern portion of the tritium plume continues 
to move to the east-southeast and discharge into the 
Columbia River. Figure 5.8.17 shows the trend of 
tritium concentrations in well 699-S19-E13, located 
just north of the 300 Area. In recent years, this well 
has shown a general increase in tritium, reaching a 
maximum value of 13,300 pCi/L in November 
1994. The tritium plume has reached the 300 Area

but is not expected to impact the North Richland 
well field because of the influence on ground-water 
flow from the Yakima River and recharge from in
filtration ponds at the North Richland Wellfield.
The Yakima River is at a higher elevation and re
charges the ground water in this area, which dis
charges to the Columbia River (Newcomer et al. 
1991). As a result, as shown in Figure 5.8.18, 
ground water flows from west to east, decreasing 
the southward movement of the contaminant plume. 
Recharge ponds at the North Richland Wellfield are 
supplied with Columbia River water, which infil
trates to the ground water. The amount of recharge 
water exceeds the amount pumped at the wellfield 
by a factor of approximately 2:1, resulting in 
ground-water flow away from the wellfield. This 
further ensures that the Site ground water will not 
reach the wellfield.

The configuration of the western portion of the tri
tium plume closely matches previous predictions of 
the direction of contaminant movement from the 
200-East Area (Freshley and Graham 1988). Move
ment is forced to the south by the flow originating 
at the ground-water mound beneath B Pond. Flow 
to the southeast also appears to be promoted by a
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Figure 5.8.16 Historical Tritium Concentrations on the Hanford Site
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Figure 5.8.17 Tritium Concentrations in Well 699-S19-E13,1975 Through 1994

zone of high-permeability sediments stretching 
from the 200-East Area toward the 400 Area (Ja
cobson and Freshley 1990). Tritium is largely ab
sent from recent disposal to B Pond, which pro
duces a spreading area of essentially uncontaminat
ed water. However, in the immediate vicinity of the 
pond samples from several wells contain tritium at 
levels above the Drinking Water Standard. This 
tritium apparently results from earlier disposal to B 
Pond. Tritium in the vicinity of B Pond can be seen 
in the 1974 plume map shown in Figure 5.8.16.
The mound under B Pond is expected to start to dis
sipate in 1995 as flow is diverted to the 200-East 
treated effluent disposal facility. A new mound will 
presumably form farther east under the treated ef
fluent disposal facility as long as it is used for 
disposal of Site effluent.

Tritium is also found at levels above the Drinking 
Water Standard in the northwestern part of the 
200-East Area. This plume appears to extend to the 
north through the gap between Gable Mountain and 
Gable Butte, indicating a divide in ground-water 
flow direction across the 200-East Area.

The extent of tritium plumes in and around the 
200-West Area is also consistent with previous ob
servations. Tritium from sources near the Reduc- 
tion-Oxidation (REDOX) Plant forms the most ex
tensive and highest concentration plume in the 
200-West Area. The REDOX Plant is located in the 
southeastern part of the 200-West Area and operated 
from 1951 through 1967. Only one well in the 
200-West Area continued to show tritium levels in 
excess of the Derived Concentration Guide during
1994. This well, 299-W22-9, contained 2,400,000 
pCi/L of tritium, continuing its decline in con
centration (Figure 5.8.19). The movement of 
ground water in the 200-West Area is slow because 
the Ringold sediments have low permeability. Dis
sipation of the plumes in the 200-West Area is also 
slow as a result of declining gradients since the 
closure of U Pond in 1984.
A smaller area of tritium contamination is found in 
the north-central part of the 200-West Area in the 
vicinity of the WMA-TY-TX single-shell high-level 
waste tanks (Figure 5.8.10) and disposal facilities, 
which received liquid waste from T-Plant opera
tions. This plume extends northeast past the 
boundary of the 200-West Area.
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Figure 5.8.18 Tritium Concentrations and Ground-Water Flow Near the 300 Area, 1994
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Figure 5.8.19 Tritium Concentrations in Well 299-W22-9, 1976 Through 1994

Iodine-129
The presence of iodine-129 in ground water is sig
nificant because of its relatively low Drinking Water 
Standard (1 pCi/L), its potential for accumulation in 
the environment as a result of long-term releases 
from nuclear fuel reprocessing facilities (Soldat 
1976), and its long half-life (16,000,000 years).
The relatively low fission yield for production of 
iodine-129 combined with its long half-life limits its
specific activity in Hanford wastes. Iodine-129 may 
be released as a vapor during fuel dissolution and 
other elevated-temperature processes and thus may 
be associated with process condensate wastes. At 
Hanford, the main contributor of iodine-129 to 
ground water has been liquid discharges to cribs in 
the 200 Areas. The highest concentrations observed 
onsite are downgradient from the PUREX and 
REDOX Plants in the 200-East and 200-West 
Areas, respectively. No iodine-129 samples were 
above the Derived Concentration Guide of 500 pCi/ 
L. Iodine-129 extends into the 600 Area as shown 
in Figure 5.8.20.
The highest iodine-129 concentrations in the 
200-East Area are in the northwest near the 216-BY 
Cribs and in the southeast near the PUREX Plant.

The maximum concentration of iodine-129 detected 
in 1994 in the 200-East Area was 11.8 pCi/L in well 
299-El7-9. This well is located south of the 
PUREX Plant near the 216-A36B Crib. The io- 
dine-129 plume from the PUREX area extends 
southeast into the 600 Area and appears coincident 
with the nitrate and tritium plumes. The more lim
ited extent of the iodine-129 detection at levels 
above the Drinking Water Standard shown in Fig
ure 5.8.20 results from the lower initial concentra
tions of iodine-129 than the initial concentrations of 
nitrate and tritium. However, current data indicate 
that iodine-129 levels above the Drinking Water 
Standard are approaching the Columbia River (Fig
ure 5.8.20). The iodine-129 plume likely had the 
same sources as the nitrate and tritium plumes. Io- 
dine-129 has essentially the same high mobility in 
ground water as nitrate and tritium. Iodine-129 is 
also present in ground water at levels above the 
Drinking Water Standard in the northwestern 
200-East Area near the BY Cribs and the 
WMA-B-BX-BY high-level waste, single-shell 
tanks. This plume extends northwest into the 
600 Area into the gap between Gable Mountain and 
Gable Butte.
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Figure 5.8.20 Distribution of Iodine-129 in the Unconfined Aquifer, 1994
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The highest iodine-129 concentration observed in
1994 in Hanford ground water was 86.1 pCi/L in 
well 299-W22-9, in the southern part of the 
200-West Area near the REDOX Plant. This plume 
is essentially coincident with the nitrate and tritium 
plumes although there appears to be a contribution 
from cribs to the north, near the U Plant. A second 
iodine-129 plume originates near the WMA-T-SST 
tank farm and nearby disposal facilities and extends 
northeast toward T Plant, coincident with the 
technetium-99 and tritium plume in this area.

Strontium-90

Strontium-90 is produced as a high-yield fission 
product and is present in waste streams associated 
with fuel processing. Reactor operations may also 
result in the release of some strontium-90 associated 
with fuel element breaches. Strontium-90 mobility 
in Hanford ground water is reduced by adsorption 
onto sediment particles. Because this adsorption is 
much weaker than for cesium-137, cobalt-60, and 
plutonium isotopes, the strontium-90 is still moder
ately mobile. The sorption does mean that a signifi
cant portion of the strontium-90 in the subsurface is 
not in solution. If ground-water concentrations de
crease due to natural processes or remediation acti
vities, the sorbed strontium-90 will desorb and re- 
mobilize. This limits the options for ground-water 
remediation.

Concentrations of strontium-90 were greater than 
the 8-pCi/L Drinking Water Standard in wells in the 
100-B, 100-D, 100-F, 100-H, 100-K, 100-N, 
200-East, 200-West, and 600 Areas. Concentrations 
of strontium-90 were greater than the 1,000-pCi/L 
Derived Concentration Guide in the 100-N and 
200-East Areas.

Strontium-90 in the 100 Areas. Strontium-90 is 
found at levels greater than the Drinking Water 
Standard in the 100-B Area and extends into the 
600-Area to the east. The maximum concentration 
detected in 1994 was 56.7 pCi/L in a sample from 
monitoring well 199-B3-46. The extent of

strontium-90 greater than the Drinking Water Stan
dard in the 100-B Area is shown in Figure 5.8.21. 
The sources for the strontium-90 appear to be liquid 
waste disposal sites near the B Reactor and liquid 
overflow trenches near the Columbia River (DOE 
1993b). The extent of strontium-90 to the east of 
the 100-B Area is not completely defined by the 
current monitoring network.

Strontium-90 continues to be detected at levels 
greater than the Drinking Water Standard in the 
100-D Area in well 199-D5-12. The maximum 
concentration in 1994 was 44.0 pCi/L, similar to 
that in 1993. This is the only well in the 100-D 
Area with strontium-90 concentrations greater than 
the Drinking Water Standard.

Ground water within a small part of the 100-F Area 
has strontium-90 concentrations greater than the 
Drinking Water Standard. The maximum con
centration detected in 1994 was 20.5 pCi/L in moni
toring well 199-F5-1. Concentrations greater than 
200 pCi/L have been detected in well 199-F5-3 in 
previous years, so the 1994 value of only 18.4 pCi/ 
L is suspect. The 100-F Area strontium-90 plume is 
shown in Figure 5.8.22.

The extent of strontium-90 at levels greater than the 
Drinking Water Standard in the 100-H Area is 
shown in Figure 5.8.23. The maximum concentra
tion detected in the 100-H Area in 1994 was 28 pCi/ 
L in monitoring well 199-H4-13. This is similar to 
the level detected in 1993.

The extent of strontium-90 at levels greater than the 
Drinking Water Standard in the 100-K Area is 
shown in Figure 5.8.24. The maximum concentra
tion detected in 1994 was in new well 199-K-109A, 
where the concentration reached 803 pCi/L. This 
level is considerably higher than levels noted in 
wells sampled in past years and indicates a pre
viously unidentified strontium-90 plume. Stron- 
tium-90 is also found near the K-West reactor build
ing, and an extensive plume continues to be found 
near the liquid waste trench.
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Figure 5.8.21 Concentrations of Strontium-90 in the Unconfined Aquifer in the 100-B Area, 1994
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Figure 5.8.22 Concentrations of Strontium-90 and Uranium in the Unconfined Aquifer in the 100-F Area, 
1994
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Figure 5.8.23 Concentrations of Strontium-90 and Uranium in the Unconfined Aquifer in the 100-H Area, 
1994
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Figure 5.8.24 Concentrations of Strontium-90 and Chromium in the Unconfined Aquifer in the 100-K and 
100-N Areas, 1994
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Strontium-90 was detected in concentrations greater 
than the 1,000 pCi/L Derived Concentration Guide 
in the 100-N Area in 1994. The maximum level 
detected was 4,030 pCi/L in well 199-N-67. This 
well is located between the 1301-N Liquid Waste 
Disposal Facility and the Columbia River. The dis
tribution of strontium-90 in the 100-N Area is 
shown in Figure 5.8.24. Concentrations in well
199-N-67 have dropped to less than one-fourth of 
the maximum of 23,400 pCi/L measured in 1989 
but the concentrations have leveled off in recent 
years as shown in Figure 5.8.25. Strontium-90 dis
charges to the Columbia River in the 100-N Area 
through springs along the shoreline, which are 
sampled as part of the surface water surveillance 
and near-facility environmental monitoring pro
grams. The strontium-90 plume spread northward 
in the 1980s is illustrated by the trend data from 
well 199-N-14 (Figure 5.8.26). The strontium-90 
concentrations in this well have remained approxi
mately level since 1989. Wells farther northeast do 
not show detectable strontium-90. The steady lev
els indicate the plume is not spreading at any 
discernible rate at this time.

Strontium-90 in the 200 Areas. Concentrations of 
strontium-90 in the 200-East Area ranged up to 
9,740 pCi/L in well 299-E28-23 near the 216-B-5 
Reverse Injection Well. Strontium-90 was also 
found at 69.3 pCi/L in well 299-E28-2, which is 
approximately 150 m (490 ft) from the 216-B-5 in
jection well. Strontium-90 distribution in the
200-East Area is shown in Figure 5.8.27. Stron- 
tium-90 has been detected in past years at levels 
above the Drinking Water Standard in wells near the 
PUREX Plant cribs.

Strontium-90 is detected occasionally in the
200-West Area. In 1994, samples from two wells 
exceeded the Drinking Water Standard, with the 
maximum concentration detected at 14.5 pCi/L in 
well 299-W 19-24.

Strontium-90 in the 600 Area. Concentrations of 
strontium-90 greater than the Drinking Water Stan
dard but less than the Derived Concentration Guide 
of 1,000 pCi/L are detected in several wells in the 
former Gable Mountain Pond area (Figure 5.8.27). 
Strontium-90 contamination in this area resulted 
from the discharge of radioactive waste to the
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Figure 5.8.25 Strontium-90 Concentrations in Well 199-N-67, 1988 Through 1994
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Figure 5.8.26 Strontium-90 Concentrations in Well 199-N-14,1973 Through 1994

former Gable Mountain Pond during its early use. 
Strontium-90 has since migrated through the sedi
mentary column to the ground water, which is 
relatively close to the surface at that location. Ini
tial breakthrough occurred in 1980 in some areas. 
The depth to bedrock is also small in the former 
Gable Mountain Pond area, and strontium-90 has 
been detected in wells completed in the basalt just 
below the unconsolidated sediments. The maxi
mum concentration of strontium-90 detected in the 
former Gable Mountain Pond area was 994 pCi/L in 
well 699-53-48B.

Technetium-99

Technetium-99 is produced as a fission product and 
is present in waste streams associated with fuel pro
cessing. Reactor operations may also result in the 
release of some technetium-99 associated with fuel 
element breaches. Technetium-99 is normally pres
ent in an anionic form and thus tends to migrate in 
Hanford ground water essentially unretarded.

Technetium-99 was found at concentrations greater 
than the 900-pCi/L Drinking Water Standard in two 
areas of the Hanford Site. The first area is the 
northwestern part of the 200-East Area and a part of 
the 600 Area extending north toward the gap

between Gable Mountain and Gable Butte (Figure 
5.8.27). The source of this technetium was appar
ently the BY Cribs (DOE 1993c, Dresel et al.
1994). The technetium-99 plume is associated with 
cobalt-60, cyanide contamination, and tritium. The 
maximum technetium-99 concentration detected in 
this plume in 1994 was 4,310 pCi/L in well 
699-52-54, which represents an increasing con
centration from monitoring in past years 
(Figure 5.8.28).

Technetium-99 is also detected at levels greater than 
the Drinking Water Standard in the 200-West Area 
and the adjacent 600 Area (Figure 5.8.29). The 
largest technetium-99 plume in the 200-West Area 
originates in the cribs that received effluent from U 
Plant. The maximum technetium-99 concentration 
detected in the 200-West Area in 1994 was in well 
299-W19-24. This well had a technetium-99 con
centration of 23,700 pCi/L. This plume extends 
well into the 600 Area towards the 200 Area. As 
shown in Figure 5.8.29, several smaller areas with 
technetium-99 greater than the Drinking Water 
Standard were also found in the 200-West Area.
The northernmost technetium-99 plume in the
200-West Area is essentially coincident with the 
northern tritium plume and appears to originate near
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Figure 5.8.27 Concentrations of Strontium-90 and Technetium-99 in the Unconfined Aquifer Near the 
200-East Area, 1994
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Collection Date
Figure 5.8.28 Technetium-99 Concentrations in Well 699-52-54, 1991 Through 1994

the disposal facilities in the vicinity of the WMA- 
TY-TX single-shell, high-level waste tanks. The 
southernmost plume in the 200-West Area origi
nates near the disposal facilities of the WMA-S-SX 
high-level waste, single-shell tank farm.
Uranium

There are numerous possible sources of uranium 
released to the ground water at Hanford including 
fuel fabrication, fuel processing, and uranium re
covery operations. Uranium may exist in several 
states including elemental uranium or uranium ox
ide as well as tetravalent and hexavalent cations.
Only the hexavalent form has significant mobility in 
ground water, largely by forming dissolved carbon
ate species. Uranium mobility is thus dependent on 
both oxidation state and pH. Uranium is observed 
to migrate in Hanford ground water but is retarded 
relative to more mobile species such as technetium 
and tritium.
The EPA has proposed a Drinking Water Standard 
of 20 [ig/L for uranium. This is in contrast to other 
radionuclides for which the standards are given in 
pCi/L. The reason for the difference is evidence 
that uranium ingestion may cause kidney damage, 
which is assessed as a chemical hazard rather than a

radiological hazard. However, uranium may be 
analyzed by an alpha-counting method and has an 
associated risk through its radioactivity, so it is im
portant to be able to convert between ground-water 
concentrations expressed in [xg/L and those ex
pressed in pCi/L. The conversion factor depends on 
the proportions of uranium-234, -235, and -238 in 
the ground water. The EPA considers the Drinking 
Water Standard of 20 [ig/L  to be equivalent to a 
standard of 30 pCi/L, based on a series of ground
water analyses throughout the United States (EPA 
1986c). However, site-specific data for Hanford 
indicate that the proportion of the different uranium
isotopes in ground water is similar to the average 
proportion in natural rock. In this case, the uranium 
activity in [ig/L should be multiplied by 0.67 to 
convert to the concentration in pCi/L. This gives a 
proposed Drinking Water Standard equivalent of
13.4 pCi/L. The site-specific conversion factor 
provides a more stringent standard for activity data 
and will be used in the discussion below.

Uranium has been detected at concentrations greater 
than the proposed Drinking Water Standard in the 
100-F, 100-H, 200-East, 200-West, and 300 Areas. 
The highest concentrations detected onsite in 1994
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Figure 5.8.29 Concentrations of Technetium-99 and Uranium in the Unconfined Aquifer in the 200-West 
Area, 1994
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were in the 200-West Area near the 216-U-l and 
216-U-2 cribs.

Uranium in the 100 Areas. In 1994, uranium was 
detected at concentrations greater than the proposed
Drinking Water Standard near the reactor building 
in the 100-F Area (Figure 5.8.22). The maximum 
concentration detected was 133 (xg/L in well
199-F8-1.

Uranium was detected at concentrations greater than 
the proposed Drinking Water Standard in two wells 
in the 100-H Area (Figure 5.8.23). The maximum 
concentration detected in 1994 was 93.9 jig/L in 
well 199-H4-3. Uranium concentrations in this well 
fluctuate widely; the lowest concentration detected 
in this well in 1994 was 1.37 [ig/L.

Uranium in the 200 Areas. A few wells in the
200-East Area contained uranium at concentrations 
greater than the proposed Drinking Water Standard 
for at least one sampling event. The highest 
concentration detected in the 200-East Area was 
64.3 ^g/L  in well 299-E28-6 located to the east of 
B Plant in the central part of the area.

The highest uranium levels in Hanford ground wa
ter occurred near U Plant in the 200-West Area in 
wells adjacent to the inactive 216-U-l, 216-U-2,

and 216-U-17 cribs (Figure 5.8.29). Uranium con
centrations in these wells have been decreasing over 
the last 5 years following remediation activities 
associated with those cribs. A trend plot of uranium
concentrations in samples from well 299-W19-3, 
immediately downgradient from the 216-U-l and 
216-U-2 cribs, is shown in Figure 5.8.30. The ura
nium levels in this well continue to decrease slowly 
but remain greater than the proposed Drinking Wa
ter Standard. The maximum concentration detected 
in this area was 2,720 [xg/L in a sample from well 
299-W19-29. Results from that well have been er
ratic since 1991. However, the concentration de
tected in well 299-W 19-29 represents isotopic val
ues greater than the Derived Concentration Guide of 
500 pCi/L for uranium-234 and 600 pCi/L for ura
nium-238. Other areas within the 200-West Area 
with uranium contamination are also shown in 
Figure 5.8.29, including fairly widespread areas 
west and northwest of the REDOX Plant.

Uranium in the 300 Areas. A plume of uranium 
exists in the unconfined aquifer beneath the 300 
Area in the vicinity of uranium fuel fabrication faci
lities and inactive waste sites known to have re
ceived uranium waste. The plume extends down
gradient from active and inactive Liquid Waste

Jan-84 Jan-85 Jan-86 Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95
Collection Date 95JLR002.EPS

Figure 5.8.30 Uranium Concentrations in Well 299-W-19-3, 1984 Though 1994
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Disposal Facilities (Figure 5.8.31). The maximum 
concentration of uranium detected in the 300 Area 
in 1994 was 150 [xg/L in well 399-2-2. An Expe
dited Response Action performed on the 300 Area 
Process Trenches in mid-1991 was aimed at reduc
ing the uranium source in that area. Use of the 
trenches for disposal of cooling water and small 
quantities of nonhazardous maintenance and pro
cess waste (Borghese 1994) was resumed following 
completion of the remedial action, although recent 
discharge to the trenches was much lower than prior 
to the expedited response. Uranium levels in well 
399-1-17A, located near the trenches, appear to 
have been reduced following that remedial action; 
levels apparently stabilized about a factor of 10 be
low the maximum values seen in 1990. However, 
levels from a number of samples collected since the 
remediation remained greater than the proposed 
Drinking Water Standard. A trend plot showing the 
uranium concentrations in well 399-1-17A is shown 
in Figure 5.8.32.

Cobalt-60

Cobalt-60 is a neutron activation product typically 
associated with wastes generated by processing of 
reactor effluent water. Cobalt-60 is normally pres
ent as a divalent transition metal cation and as such 
tends to be highly immobile in ground water but 
may be mobilized by complexing agents.

Cobalt-60 results reported in 1994 were generally at 
or below the detection limit of approximately 20 
pCi/L. The only value greater than the Drinking 
Water Standard of 100 pCi/L was reported in 100-N 
Area well 199-N-33 (732 pCi/L). The water level 
in this well has declined to near the bottom of the 
well screen because of reduction in discharge in the 
100-N Area, and the high values appear related to 
increased suspended solids in the samples. Co
balt-60 adsorbs strongly to aquifer sediments, and 
the samples were not filtered. Thus, although the 
samples are probably not representative of mobile 
ground-water concentrations, they indicate that 
radionuclides continue to be present, adsorbed to 
solid particles.

Cobalt-60 was detected near the PUREX Plant in a 
June 1994 sample from the 200-East Area well 
299-E17-16 (40.1 pCi/L). This well consistently 
shows detectable but low levels of cobalt-60. Sev
eral 200-East Area wells near the BY Cribs had low

levels of cobalt-60, with the highest reported value 
of 36 pCi/L from well 299-E33-12, completed in 
the upper basalt confined aquifer system. Cobalt-60 
levels above detection form a plume that extends 
into the 600 Area to the northwest; however, the 
concentrations remained less than the Drinking Wa
ter Standard in all 1994 samples. The cobalt in the 
plume from the BY Cribs is apparently mobilized 
by reaction with cyanide or ferrocyanide, forming a 
dissolved cobalt species. Only one 200-West Area 
well, 299-W 14-12, contained detectable cobalt-60 
in 1994 samples. The highest value reported in this 
well was 13.2 pCi/L.

Cesium-137

Cesium-137 is produced as a high-yield fission 
product and is present in waste streams associated 
with fuel processing. Reactor operations may also 
result in the release of some cesium-137 associated 
with fuel element breaches. Cesium-137 is normal
ly observed to be strongly sorbed on soil and thus is 
very immobile in Hanford ground water.

Cesium-137 is consistently detected in two wells, 
299-E28-23 and 299-E28-25, located in the 
200-East Area near the 216-B-5 Injection Well.
The injection well received cesium-137-bearing 
wastes from 1945 to 1947. The maximum 1994 
concentration of cesium-137 in well 299-E28-23 
was 2,310 pCi/L, and the maximum concentration 
in well 299-E-28-25 was 191 pCi/L. The Drinking 
Water Standard for cesium-137 is 200 pCi/L, and 
the Derived Concentration Guide is 3,000 pCi/L. 
Cesium-137 appears to be restricted to the immedi
ate vicinity of the injection well by its extremely 
low mobility in ground water. One sample from 
200-West Area, well 299-W23-7, contained 21.8 
pCi/L of cesium-137.

Plutonium
Plutonium has been released to the soil column in 
several locations in both the 200-West and 200-East 
Areas. Plutonium is generally considered to bind 
strongly to sediments and thus has limited mobility
in the aquifer.
Ground water sampled at 200-East Area wells lo
cated near the 216-B-5 Injection Well ranged up to 
2,670 pCi/L of plutonium-239,240 in well 
299-E28-24 in 1994. Plutonium-238 was also de
tected but at considerably lower levels, up to 7.79 
pCi/L, in the same sample from well 299-E28-24.

223



1994 Environmental Annual Report

Figure 5.8.31 Uranium Concentrations in the Unconfined Aquifer in the 300 Area, 1994
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Figure 5.8.32 Uranium Concentrations in Well 399-1-17A, 1987 Through 1994

These levels are significantly higher than detected 
in previous years but the presence of plutonium has 
been detected continuously in this area. Because 
plutonium is strongly adsorbed to sediments and 
may have been injected into the aquifer as sus
pended particles, it is likely that the values mea
sured result in part from solid rather than dissolved 
material. However, plutonium-239,240 was also 
detected in a sample from well 299-E28-2, which is 
approximately 150 m (490 ft) from the injection 
well. The 216-B-5 Injection Well received an esti
mated 244 Ci of plutonium-239,240 during its op
eration from 1945 to 1947 (Stenner et al. 1988).
The Derived Concentration Guide for either pluto
nium-239 or plutonium-240 is 30 pCi/L. There is 
no explicit Drinking Water Standard for pluto
nium-239; however, the gross alpha Drinking Water 
Standard of 15 pCi/L would be applicable at a mini
mum. Alternately, if the Derived Concentration 
Guide (which is based on a 100-mrem dose stan
dard) is converted to the 4-mrem dose equivalent 
used for the Drinking Water Standard, 1.2 pCi/L 
would be the relevant guideline.

Antimony-125

Antimony-125 is produced as a fission product and 
is present in waste streams associated with fuel pro
cessing. Reactor operations may also result in the 
release of some antimony-125 associated with fuel 
element breaches. Antimony-125 tends to migrate 
in Hanford ground water with low retardation but 
generally has not been observed in recent years be
cause of its relatively short half-life (2.7 years).

Antimony-125 has been measured in the past in a 
few wells in the 100-N and 100-K Areas. Levels 
detected in 1994 were all well below the Drinking 
Water Standard of 300 pCi/L.

Chemical Monitoring Results for the 
Unconfined Aquifer

Chemical analyses performed in past years on 
ground-water samples by various monitoring pro
grams at Hanford have identified eight hazardous 
chemicals that have been found in recent years at 
concentrations greater than existing or proposed 
federal drinking water standards. These are nitrate,
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cyanide, fluoride, chromium, carbon tetrachloride, 
chloroform, trichloroethylene, and 
tetrachloroethylene.

A number of the parameters measured such as con
ductance, total carbon, total organic carbon, and 
total organic halogens are used as indicators of con
tamination. These will not be discussed in detail in 
this report because the specific contaminant contrib
uting to these parameters will be discussed. Other 
chemicals and parameters listed in Table 5.8.2 are 
indicators of the natural chemical composition of 
ground water and in general are not contaminants 
from operations at Hanford. These include alkalin
ity, pH, sodium, magnesium, potassium, aluminum, 
silica, calcium, manganese, and iron. Chloride and 
sulfate are both naturally occurring and site-related 
constituents. There is no primary Drinking Water 
Standard for chloride or sulfate (the secondary stan
dard for each is 250 mg/L and is based on aesthetic 
rather than health considerations) so they will not be 
discussed in detail. The analytical technique used 
to determine the concentration of metals in ground 
water provides results for a number of constituents 
such as antimony, barium, beryllium, boron, cad
mium, copper, nickel, silver, strontium, vanadium, 
and zinc that are rarely observed at greater than 
background concentrations.

The following subsections present additional in
formation on the eight chemical constituents occur
ring in ground water at concentrations greater than 
existing or proposed Drinking Water Standards.

Nitrate

Most ground-water samples collected in 1994 were 
analyzed for nitrate. Nitrate was measured at con
centrations greater than the Drinking Water Stan
dard (45 mg/L as nitrate ion) in wells in all opera
tional areas except the 100-B and 400 Areas. Ni
trate is associated primarily with process condensate 
liquid wastes but other liquids discharged to the 
ground also contained nitrate. Nitrate contamina
tion in the unconfined aquifer reflects the extensive 
use of nitric acid in decontamination and chemical 
reprocessing operations. However, additional 
sources of nitrate are located offsite to the west and 
southwest. The distribution of nitrate on the Han
ford Site is shown in Figure 5.8.33; this distribution 
is similar to previous evaluations. Although nitrate 
contamination can be detected over large areas of

the Site, the areas impacted by levels greater than 
the Drinking Water Standard are much more 
restricted.
Nitrate in the 100 Areas. Nitrate is found at levels 
greater than the Drinking Water Standard in parts of 
the 100-D Area. The highest nitrate value found in 
the 100-D Area in 1994 was 205 mg/L as nitrate in 
well 199-D8-3.

The 100-F Area also contains nitrate in ground wa
ter at levels greater than the Drinking Water Stan
dard. This plume appears to extend to the south 
into the 600 Area but the extent of nitrate at low 
levels in the 600 Area west and south of the 100-F 
Area suggests there is also an unknown source up- 
gradient. The maximum nitrate detected in the 
100-F Area in 1994 was 110 mg/L in well
199-F7-3.

Nitrate in the 100-H Area is restricted to a small 
area downgradient of the 183-H Solar Evaporation 
Basins. The maximum concentration of nitrate de
tected in this area in 1994 was 730 mg/L in well
199-H4-3.
Nitrate at levels greater than the Drinking Water 
Standard in the 100-K Area is found downgradient 
of both the K-East and K-West reactor buildings. 
The maximum concentration detected in 1994 was 
110 mg/L in samples from wells 199-K-106A and
199-K-30.

Minor nitrate contamination is found in parts of the 
100-N Area. The maximum detected in a 1994 
sample was 65 mg/L in well 199-N-26, located in 
the southwestern part of the area.

Nitrate in the 200-East Area. The highest nitrate 
concentrations in the 200-East Area continued to be 
found near Liquid Waste Disposal Facilities that 
received effluent from PUREX operations. Nitrate 
concentrations in wells near the 216-A-10 and 
216-A-36B cribs generally have tended to decrease 
in the past few years but remained greater than the 
Drinking Water Standard even though these facili
ties were removed from service in 1987. The maxi
mum nitrate concentration detected in this vicinity 
was 120 mg/L in well 299-El7-15 adjacent to the 
216-A-36B Crib. High nitrate concentrations in the 
600 Area north of the 200-East Area are apparently 
related to past disposal practices at the BY Cribs. 
Nitrate was detected in well 699-55-57 at 100 mg/L 
in 1994. Nitrate is also found in a few wells near
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Figure 5.8.33 Distribution of Nitrate in the Unconfined Aquifer, 1994
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the former Gable Mountain Pond, north of the 
200-East Area. The nitrate plume related to PU
REX operations is coincident with the tritium plume 
shown in Figure 5.8.11. However, as shown in Fig
ure 5.8.33, nitrate is only found at levels above the 
Drinking Water Standard in a few restricted areas.

Nitrate in the 200-West Area. Nitrate concentra
tions greater than the Drinking Water Standard were 
widespread in ground water beneath the 200-West 
Area and adjacent parts of the 600 Area. The major
nitrate plumes were found in wells east of U Plant 
and wells in the north-central part of the 200-West 
Area. The highest nitrate concentrations across the 
Site continued to be found in wells east of U Plant 
near the 216-U-17 Crib, where the maximum con
centration detected in 1994 was 1,700 mg/L in well 
299-W 19-23. The presence of nitrate in wells near 
this crib was observed before February 1988 when 
the crib went into operation. The source of nitrate 
is believed to be wastes disposed of in the 216-U-l 
and 216-U-2 Cribs. These cribs received over
1,000,000 kg of nitrate during their operation from 
1951 to 1967 (Stenner et al. 1988). Nitrate con
centrations in wells located near the 216-U-l and 
216-U-2 Cribs west of U Plant continued to

decrease, with concentrations in several of the wells 
dropping to less than the Drinking Water Standard. 
For example, the nitrate concentration in well 
299-W19-3 located near U Plant has decreased to 
less than the Drinking Water Standard, as shown in 
Figure 5.8.34.

Several wells in the northwestern part of the 
200-West Area continued to contain nitrate at con
centrations greater than the Drinking Water Stan
dard. These wells are located near several inactive 
Liquid Waste Disposal Facilities that received waste 
from early T Plant operations. Maximum con
centrations in these wells in 1994 ranged up to 
1,100 mg/L in well 299-W 10-1. The area with 
ground-water nitrate at levels greater than the 
Drinking Water Standard extends from the vicinity 
of the Plutonium Finishing Plant to approximately 
the northeast comer of the 200-West Area.

Nitrate in Other Areas. Although most nitrate 
observed onsite is the result of Hanford operations, 
elevated nitrate concentrations in wells in the 
western part of the Site appear to be the result of 
increasing agricultural activity in Cold Creek 
Valley, west of Hanford. There is no known source 
of nitrate in that area associated with Site operations
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Figure 5.8.34 Nitrate Concentrations in Well 299-W19-3, 1972 Through 1994
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and the ground-water flow is from the west toward 
the Hanford facilities to the east. Nitrate levels 
have fluctuated considerably in wells upgradient of 
the 200 Areas over the past 30 years. Nitrate levels 
have been near or greater than the Drinking Water
Standard in well 699-36-93 since 1985.

Nitrate concentrations near the City of Richland and 
in the 1100 Area, 3000 Area, and adjacent parts of 
the 600 Area are also apparently affected by offsite 
nitrate sources. These sources may include agricul
ture, food processing, urban horticulture, and nu
clear fuel processing at offsite commercial facilities. 
The part of this plume that is greater than the Drink
ing Water Standard extends from offsite to the 300 
Area.

Cyanide

Waste fractionation activities performed in the late 
1950s used large quantities of sodium and nickel 
ferrocyanide to recover cesium-137. Large volumes 
of aqueous supernatant waste containing excess fer
rocyanide were disposed to the ground in both the 
north and south portions of the 200-East Area. 
Smaller quantities were also disposed to cribs in the
200-West Area. Analytical tests performed accord
ing to EPA procedures do not distinguish between 
ferrocyanide and free cyanide. Cyanide results re
ported here are thus normally assumed to be residu
al ferrocyanide associated with the discharges from 
the waste fractionation activities performed more 
than 30 years ago.

No samples collected onsite in 1994 exceeded the 
Drinking Water Standard of [Xg/L cyanide. Cyanide 
was detected in samples collected from wells in the 
northwestern part of the 200-East Area and in sam
ples from north of the 200-East Area. Samples tak
en from the 200-East Area in 1994 had a maximum 
cyanide concentration of 39.5 [xg/L in well 
299-E33-12, which is east of the BY Cribs. The 
highest concentration detected in the plume to the 
north of the 200-East Area was 110 (xg/L in well 
699-52-55. Wells containing cyanide often contain 
concentrations of several radionuclides, including 
cobalt-60. Although cobalt-60 is normally immo
bile in the subsurface, it appears to be chemically 
complexed and mobilized by cyanide or ferrocya- 
nide. A chemical speciation study performed in 
1988 indicated that approximately one-third of the 
cyanide is present as free cyanide, and the rest may

be present as ferrocyanide (Evans et al. 1989a and 
b).

Low-level cyanide contamination is found in lim
ited locations in the 200-West Area. Cyanide is 
found near the 216-T-26 Crib, which received a to
tal estimated inventory of 6,000 kg of ferrocyanide 
from 1955 to 1956 (Stenner et al. 1988). The maxi
mum cyanide detected in this vicinity was 20 jxg/L 
in 299-W 14-2. Low levels of cyanide are also de
tected near the U Plant and into the 600 Area 
between the 200-West and 200-East Areas.

Fluoride

Fluoride currently has a primary Drinking Water 
Standard of 4.0 mg/L and a secondary standard of
2.0 mg/L. Secondary standards are based primarily 
on aesthetic considerations and are not federally 
enforceable rules, although the state of Washington 
claims the right to require corrective action from 
drinking water suppliers if secondary standards are 
exceeded. Both standards will be used in the dis
cussion below; however, it should be remembered 
that only the primary standard is based on health 
considerations. Fluoride was detected at levels 
greater than the primary Drinking Water Standard in 
the 200-West Area. Fluoride concentrations greater 
than the 2.0-mg/L secondary standard were detected 
in past years in the 200-East Area in well 
299-E28-24 near the 216-B-5 Reverse Injection 
Well. Well 299-E28-24 was not sampled for 
fluoride in 1994.

A few wells in the 200-West Area near T Plant had 
fluoride concentrations greater than the secondary 
standard in 1994, although only one well was great
er than the primary Drinking Water Standard. Well 
299-W 10-15 showed a maximum fluoride con
centration of 5.1 mg/L in 1994. Aluminum fluoride 
nitrate used in the 200-West Area processes is the 
probable source of the fluoride plume.

Chromium

Chromium use on the Hanford Site has been exten
sive. In the 100 Areas, sodium dichromate was 
added to cooling water as a corrosion inhibitor, and 
some residual chromium remains from that use. 
Hexavalent chromium was also used for decontami
nation in the 100, 200, and 300 Areas. Hexavalent 
chromium was also used for oxidation state control 
in the REDOX process. In the hexavalent form,
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chromium is present in an anionic state. Hexavalent 
chromium is thus freely mobile in the ground water.

Both filtered and unfiltered samples were collected 
for chromium and other metals from many of the 
wells onsite. Unfiltered samples may contain met
als present as particulate matter, while filtered sam
ples are representative of the more mobile dissolved 
metals. Filtered samples may also contain some 
colloidal particles fine enough to pass through the 
filter. Drinking water standards are based on unfil
tered concentrations; however, differences in well 
construction and pumping between monitoring 
wells and water-supply wells make it difficult to 
predict potential drinking water concentrations from 
monitoring well data when the metals are present as 
particulate matter. Comparison of filtered to unfil
tered samples provides a greater understanding of 
the transport of chromium onsite.

Chromium in the 100 Areas. Chromium has been 
detected in ground water from wells in each of the 
100 Areas. However, concentrations in the 100-B/C 
Area were less than the federal Drinking Water 
Standard of 100 fxg/L and the Washington State 
maximum contaminant level of 50 \ig/L.

High chromium concentrations were detected at 
similar levels in both filtered and unfiltered samples 
from the 100-D Area. This indicates that the chro
mium concentrations are representative of the mo
bile concentrations in the ground water. The maxi
mum chromium concentration from samples in the 
100-D Area in 1994 was 1,360 [ig/Linw ell
199-D5-15. The chromium distribution in the 
100-D Area is shown in Figure 5.8.35.

Relatively few chromium analyses were available 
from the 100-F Area in past years. Recent well 
installation activities in the 100-F Area have im
proved the coverage. The highest chromium level 
observed in 1994 in the 100-F Area was 82.4 jig/L 
in well 199-F8-3.

Many samples from the 100-H Area contained chro
mium at levels greater than the Drinking Water 
Standard (Figure 5.8.35). Chromium was often 
present at similar levels in both filtered and 
unfiltered samples. The maximum chromium con
centration from 100-H Area samples in 1994 was 
300 [ig/L in well 199-H4-3. Chromium is also 
found at levels above the Drinking Water Standard

in deeper parts of the unconfined aquifer in the 
100-H Area. For example, samples from well
199-H4-12C contained up to 290 [xg/L chromium 
in filtered samples. Potential chromium sources in 
the 100-H Area include disposal of sodium dichro- 
mate near the reactor building and to the 107-H Liq
uid Waste Disposal Trench, and chromium in acid 
wastes stored in the 183-H Solar Evaporation Ba
sins (Peterson and Connelly 1992). Chromium was 
also detected in parts of the 600 Area upgradient 
from the 100-H Area indicating an upgradient 
source.

Chromium is found in both filtered and unfiltered 
samples from the 100-K Area at levels greater than 
the Drinking Water Standard (Figure 5.8.24), with a 
maximum concentration in 1994 of 210 fig/L in 
well 199-K-108A, near the K-West reactor building. 
Chromium is also found near the 100-K Area 
Liquid Waste Disposal Trench.
At the 100-N Area, only one well sampled in 1994,
199-N-80, contained filtered chromium at con
centrations greater than the Drinking Water Stan
dard. This well is completed in a sandy layer in the 
lower part of the unconfined aquifer or a confined 
zone within the Ringold Formation. The maximum 
concentration detected in samples from this well 
was 200 [ig/L. The occasional and erratic high 
chromium concentrations in unfiltered samples col
lected in the 100-N Area may result from greater 
amounts of particulate matter in the samples and do 
not appear to represent actual dissolved 
ground-water concentrations.

Chromium in the 200 Areas. Chromium at con
centrations greater than the Drinking Water Stan
dard in the 200-East Area is generally found only in 
unfiltered samples with the exception of samples 
from well 299-E24-19, where the concentration de
tected in a filtered sample was 60 [xg/L, and well 
299-E25-43, where the maximum concentration 
detected was 73 [xg/L. In past years, filtered sam
ples from well 299-E24-9 have contained hundreds 
to over 1,000 jxg/L of chromium. Other 1994 
samples from well 299-E25-43 contained chromium 
at levels well below the Drinking Water Standard. 
The widespread presence of chromium associated 
with particulate matter in the 200-East Area may be 
related to the stainless-steel well construction. 
Chromium is a component of stainless steel, and it 
is not clear that the sample concentrations are
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Figure 5.8.35 Distribution of Chromium in the 100-D and 100-H Areas, 1994

231



1994 Environmental Annual Report

representative of the ground water. Chromium con
centrations in well 299-E24-9 are possibly related to 
well corrosion because nickel (another stainless- 
steel component) concentrations are also high.
Some of the chromium and nickel may be associ
ated with ultra-fine or colloidal particles that pass 
through the 0.45-um filters used in ground-water 
sampling.

Chromium contamination has been found at several 
locations in the 200-West Area. Chromium in the 
200-West Area is found in both filtered and unfil- 
tered samples, although the filtered concentrations 
tend to be somewhat lower in many instances. The 
highest filtered chromium concentration observed in 
that area in 1994 was 500 (ig/L in one sample from 
well 299-W10-15.

Chromium in the 300 Area. Chromium is sporad
ically detected at concentrations greater than the 
Drinking Water Standard in unfiltered samples from 
the 300 Area. The concentrations in filtered sam
ples were in all cases less than the Drinking Water 
Standard. This difference suggests that the high 
chromium concentrations found in these monitoring 
wells represent particulate matter that may be re
lated to well construction and are affected by the 
well purging procedures, the time between samples, 
or other effects that do not reflect the general 
ground-water quality.

Chromium in Other Areas. Chromium concentra
tions greater than the Drinking Water Standard have 
also been detected locally in filtered samples from 
600 Area monitoring wells. As discussed above, 
chromium contamination in the vicinity of the 
100-D and 100-H Areas extends into the 600 Area. 
Chromium is also measured at levels above the 
Drinking Water Standard in unfiltered samples near 
B Pond. In the B Pond area, high chromium levels 
were found in wells monitoring the top of the un
confined aquifer or monitoring what is referred to 
as the semi-confined aquifer. It appears that the 
stainless-steel well casings or well screens may be 
contributing particulate chromium to the unfiltered 
samples.

Carbon Tetrachloride and Chloroform

Carbon tetrachloride contamination was found in 
the unconfined aquifer beneath much of the
200-West Area. The contamination is believed to

be from waste disposal operations associated with 
the Plutonium Finishing Plant. Carbon tetrachloride 
was used as the carrier solvent for tributyl phos
phate in the final purification of weapons-grade plu
tonium. Carbon tetrachloride was also used in the 
same facility as a nonflammable thinning agent in 
association with lard oil for machining of pluto
nium. Carbon tetrachloride is immiscible in water 
but exhibits a relatively high solubility 
(805,000 |xg/L at 20° C). Carbon tetrachloride 
has been found to have a relatively high degree of 
mobility in ground water. Mobilization above the 
water table can also occur through vapor transport. 
A concentration of 8,100 |ig/L was found in a well 
near the Plutonium finishing Plant first monitored in 
October 1988 (well 299-W15-16). Carbon tetra
chloride concentrations in well 299-W 15-16 re
mained fairly constant in 1994, reaching a maxi
mum of 5,200 (xg/L. Other wells in the vicinity of 
the Plutonium Finishing Plant had carbon tetrachlo
ride levels ranging from 1,000 to 5,000 ng/L. The 
distribution of carbon tetrachloride in the 200-West 
Area greater than the Drinking Water Standard is 
shown in Figure 5.8.36.

The carbon tetrachloride distribution in the
200-West Area ground water has remained relative
ly stable since the presence of the contaminant 
plume was first noted in 1987. Figure 5.8.36 shows 
the trends in carbon tetrachloride concentrations 
with time for wells located at the east, west, north, 
and south parts of the plume. Well 699-39-79 
shows a major increase during 1987 and 1988, indi
cating arrival of the bulk of the plume at that time. 
Since 1988, the concentration in well 699-39-79 has 
remained relatively constant or decreased slightly. 
Wells 299-W7-4 and 299-W6-2 in the north show 
an increase in concentrations in recent years, al
though the most recent measurement in 299-W6-2 
is low. Concentrations in well 299-W18-21 exhibit 
increased concentrations of carbon tetrachloride 
since approximately 1992, and values continue to 
climb. Concentrations in wells 299-W 19-16 to the 
southeast of the Plutonium Finishing Plant have 
risen in recent years, while well 699-38-70 exhibits 
fairly steady concentrations.

The extent of carbon tetrachloride contamination is 
poorly defined in several directions. The greatest 
uncertainty lies in the extent of contamination to the 
west and the northeast. In addition, there is
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considerable uncertainty regarding the extent of 
contamination in deeper parts of the aquifer.

Changes in ground-water flow since decommission
ing U Pond may influence the exact plume configu
ration and the concentrations at particular locations. 
Another potential influence is the continued spread
ing of carbon tetrachloride above the water table, in 
either the liquid or vapor phase. Free-phase liquid 
carbon tetrachloride above and possibly below the 
water table provides a continuing source of contam
ination. Thus, expansion of the carbon tetrachloride 
plume is expected to continue slowly.

The Drinking Water Standard for carbon tetrachlo
ride is 5 [tg/L. In addition to carbon tetrachloride, 
significant amounts of other chlorinated hydrocar
bon solvents were found in 200-West Area ground 
water, including chloroform. The highest level re
corded in 1994 was 107 [xg/L in one sample from 
well 299-W 18-4. Well 299-W 18-2, which con
tained the highest concentrations of chloroform in
1993 samples, was not sampled by the CERCLA 
Program in 1994. The chloroform plume appears to 
be associated with, but not exactly coincident with, 
the carbon tetrachloride plume. The Drinking Wa
ter Standard for chloroform is 100 [xg/L (total tri-
halomethanes), 20 times higher than that for carbon 
tetrachloride. The location of the chloroform plume 
is shown on Figure 5.8.37. Chloroform may result 
from the degradation of carbon tetrachloride, either 
in the process or in the subsurface, as the result of 
biodegradation. The extent of chloroform 
contamination appears to be decreasing

Trichloroethylene

Trichloroethylene has a Drinking Water Standard of 
5 [xg/L. In 1994, trichloroethylene was detected at 
levels greater than the Drinking Water Standard in 
wells in the 100-F, 100-K, 200-West, 300, and parts 
of the 600 Area.

Trichloroethylene in the 100 Areas. Trichloroe
thylene was detected in 1994 at levels less than the 
Drinking Water Standard in 100-B/C Area wells. It 
was detected at levels greater than the Drinking Wa
ter Standard in 100-F Area wells. The maximum 
concentration detected in the 100-F Area in 1994 
was 27 [Xg/L in a sample for well 199-F7-1. In 
addition, trichloroethylene was found at 25 jig/L in

well 699-77-36, west of the 100-F Area, indicating 
a potential source upgradient.
Only one well sampled in 1994 in the 100-K Area 
contained trichloroethylene at levels above the 
Drinking Water Standard. However, other wells 
sampled in previous years had reported concentra
tions above the Drinking Water Standard for at least 
one sample event. The maximum concentration 
detected in 1994 was 20 (xg/L in monitoring well
199-K-33.

Trichloroethylene in the 200 Areas. Trichloroe
thylene was detected in 1994 at levels greater than 
the Drinking Water Standard in the 200-West Area 
in several areas (Figure 5.8.38). The first location 
is to the west of T Plant, and concentrations up to 
44 [xg/L were detected in 1994. The second loca
tion is near the U Plant. Although only a few wells 
in this area contained trichloroethylene at levels 
above the Drinking Water Standard, the plume ex
tends into the 600 Area to the east, and the down
gradient spread has not been well-defined. Trichlo
roethylene contamination is found near the Pluto
nium Finishing Plant, near the source area for the 
carbon tetrachloride plume. Trichloroethylene was 
also measured at 33 |xg/L in a sample from well 
299-W22-20 near the REDOX Plant.

Trichloroethylene in the 300 Area. Trichloroethy
lene was detected in several wells throughout the 
300 Area although levels were generally below the 
Drinking Water Standard. The highest level de
tected in the northern half of the 300 Area was
5.4 [xg/L in well 399-1-16B. This well monitors 
the lower portion of the unconfined aquifer system. 
Samples from this well also contained up to 
130 jig/L of cis-l,2-dichloroethylene, which is 
commonly found as a biodegradation product of 
trichloroethylene. The Drinking Water Standards 
for trichloroethylene and cis-l,2-dichloroethylene 
are 5 (xg/L. Trichloroethylene was also detected at 
levels above the Drinking Water Standard in a few 
wells in the southern half of the 300 Area. The 
maximum concentration reported in 1994 was 
6.1 [xg/L in well 399-3-12.

Trichloroethylene in the 600 Area. Several wells 
at the Solid Waste Landfill (part of the central land
fill) contained trichloroethylene levels less than the 
Drinking Water Standard (maximum of 2.7 [Xg/L in 
well 699-23-34A). Solid Waste Landfill wells had 
shown trichloroethylene concentrations greater than
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Figure 5.8.37 Distribution of Chloroform in the Unconfined Aquifer in the 200-West Area, 1994
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Figure 5.8.38 Distribution of Trichloroethylene in the Unconfined Aquifer in the 200-West Area, 1994
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the Drinking Water Standard in previous years. The 
source of the trichloroethylene in this area is appar
ently disposal of waste from vehicle maintenance 
operations in the mid-1980s through 1987. A sam
ple from one well south of Gable Mountain, 
699-54-45A, contained 12 |xg/L of trichloroethy
lene in 1994. Trichloroethylene is found at levels 
above the Drinking Water Standard in a number of 
wells in the vicinity of Horn Rapids Landfill in the 
southern part of the Site. This contamination forms 
a plume leading towards the 300 Area but appears 
to have an origin off the Hanford Site. The maxi
mum trichloroethyene contamination detected in 
this plume in 1994 was 46 [Xg/L in weH 
699-S31-E10A. DOE monitors this plume under 
the 1100-EM-l Record of Decision and through the 
Environmental Surveillance Program. The Envi
ronmental Surveillance Program also monitors the 
plume through analyzing for concentrations of 
trichloroethylene in soil gas above the plume. This 
provides a cost-effective way to obtain further detail 
on contaminant distribution.
Tetrachloroethylene
Tetrachloroethylene, also referred to as perchloroe- 
thylene, was detected at low levels in a number of 
areas of the Site including the 200-West Area, the
300 Area, and parts of the 600 Area. A number of 
samples from wells in the 1100 and North Richland 
Areas contained low concentrations of tetrachloroe
thylene. In 1994, tetrachloroethylene was not de
tected at concentrations greater than the Drinking 
Water Standard of 5 [xg/L in the Solid Waste Land
fill, where the concentrations reached a maximum 
of 4.9 (xg/L in well 699-24-34C. In past years, te
trachloroethylene has exceeded the Drinking Water 
Standard near the Solid Waste Landfill. Tetrachlo
roethylene is commonly used as a degreasing 
solvent.

Radiological and Chemical Monitoring 
Results for the Confined Aquifer

The uppermost (Rattlesnake Ridge) confined

aquifer was monitored to determine the extent of 
ground-water contamination resulting from interac
tion between the confined and unconfined aquifers. 
Intercommunication between aquifers has been pre
viously identified by Gephart et al. (1979) and 
Graham et al. (1984). Ground-water samples from 
selected confined aquifer wells have been analyzed 
for a variety of radionuclides and hazardous chemi
cals. In most cases, no indication of contamination 
was observed. Detection of radionuclides in well 
299-E33-12 is attributed to contamination by high- 
salt waste that migrated by density flow into the 
borehole when it was open to both the unconfined 
and the confined aquifer during drilling (Graham et 
al. 1984). The 1994 samples from well 299-E33-12 
contained up to 770 pCi/L of tritium, similar to lev
els detected since 1991. The 1994 samples from 
this well also contain cobalt-60 at levels up to 36.4 
pCi/L, nitrate at levels up to 46 mg/L, techne- 
tium-99 at levels up to 1530 pCi/L, and cyanide at 
levels up to 39.5 |xg/L. Although all of these are 
indicators of contamination, only nitrate and techne
tium-99 were detected at levels greater than the 
Drinking Water Standard.

Elevated levels of tritium have been measured in 
ground water from the Rattlesnake Ridge interbed 
in well 699-42-40C located adjacent to B Pond.
This well contained a maximum of 7,050 pCi/L of 
tritium in 1994 samples, which were slightly lower 
levels than in 1993, and well below the Drinking 
Water Standard.

Samples collected in 1994 from well 199-B3-2P in 
the 100-B Area, contained up to 20.9 pCi/L of 
strontium-90 and 504 pCi/L of tritium. This well is 
currently completed in the confined aquifer but was 
open to both the unconfined and confined aquifer 
between 1953 and 1970 so it is possible that the 
well provided a conduit downward for contamina
tion in the unconfined aquifer. The current extent 
of contamination in the confined aquifer is 
unknown.
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