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EXECUTIVE SUMMARY 

The 183-0 Water Treatment Facility (WTF) discharges effluent to the 
120-0-1 Ponds (100-0 Ponds) located north of the 100-0 Area perimeter fence. 
This report satisfies one of the requirements of the Hanford Federal Facility 
Agreement and Consent Order (Tri-Party Agreement) Milestone M-17-008 as agreed 
by the U.S. Department of Energy, Washington State Department of Ecology, and 
the U.S. Environmental Protection Agency. Tri-Party Agreement Milestone 
M-17-008 includes a requirement to assess impacts to groundwater from disposal 
of the 183-0 WTF effluent to the 100-0 Ponds. In addition, the 100-0 Ponds 
are a Resource Conservation and Recovery Act of 1976 treatment, storage, and 
disposal facility covered by the 100-D Ponds Closure Plan (DOE-RL 1993a). 

There is evidence of groundwater contamination, primarily nitrate, 
tritium, and chromium, in the unconfined aquifer beneath the 100-0 Area and 
100 Areas in general. The contaminant plumes are area wide and are a result 
of past-practice reactor and disposal operations in the 100-0 Area currently 
being investigated as part of the 100-DR-l and 100-HR-3 Operable Units 
(DOE-RL 1992b, 1992a). 

The 100-0 Ponds are constructed in a former coal ash disposal basin. In 
these sediments, solid metal hydroxides formed and continue to dissociate, 
thus increasing the pH of the groundwater in the vicinity of the ponds in 
relation to the rest of the 100-0 Area. Mobile metal oxyanions are rapidly 
flushed from the system. Less mobile metals form metal-hydroxy silicates, 
carbonates, and hydroxides and are retained on the soil column. 

Based on current effluent conditions , continued operation of the 
100-0 Ponds will not adversely affect the groundwater quality in the 
100-0 Area. Monitoring wells near the pond have slightly higher alkaline pH 
values than wells in the rest of the area. Concentrations of known 
contaminants in these wells are lower than ambient 100-0 Area groundwater 
conditions and exhibit a localized dilution effect associated with discharges 
to the pond. Hydraulic impact to the local groundwater system from these 
discharges is minor. The groundwater monitoring well network for the 100-0 
Ponds is adequate. 

i i i 
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1.0 INTRODUCTION 

Groundwater impact assessments are required for a number of liquid 
effluent receiving sites according to the Hanford Federal Facjljty Agreement 
and Consent Order (Tri-Party Agreement) Milestones M-17-00A and 
M-17-00B, as agreed by the U.S. Department of Energy (DOE), Washington State 
Department of Ecology (Ecology), and the U.S. Environmental Protection Agency 
(EPA), (Ecology et al. 1991). This report assesses the impacts to groundwater 
from the disposal of past and present effluent from various 100-0 Area 
facilities to the 120-0-1 Ponds (100-0 Ponds). 

1.1 BACKGROUND 

In response to public comments on the original Tri-Party Agreement and at 
the request of the signatories on the Tri-Party Agreement, the DOE Richland 
Operations Office (RL) conducted a study to assess the impact of liquid 
effluents discharged to the ground at the Hanford Site (WHC 1990a, 1990b). 
The EPA and Ecology expressed several concerns regarding uncertainties in the 
evaluations made by RL. Foremost among these concerns were the lack of site­
specific data, the need to consider interactions with adjacent liquid 
discharge facilities, and the need for more rigorous models of contaminant 
transport. As a result of these concerns, the RL, Ecology, and EPA (the three 
parties) created a series of Tri-Part Agreement Milestones, including 
M-17-00A, M-17-00B, M-17-13, and M-17-13A, which pertain to groundwater impact 
assessments. 

Tri-Party Agreement Milestones M-17-00A and M-17-00B require impact 
assessments for Phase I and II waste streams. Phase I and II waste streams 
are defined in Stordeur and Flyckt (1 988). The 100-0 Ponds were defined as a 
Phase II waste stream. Tri-Party Agreement Milestone M-17-13 required the 
development of a methodology for assessing the impact of liquid effluent 
discharge on groundwater , which resulted in the document A Methodology for 
Assessjng Impacts to Groundwater from o;sposal of Ljqujd Effluent to the Sojl 
at the Hanford Sjte (Tyler 1991) . Thirty days after regulatory approval of 
the methodology document , as required by Tri-Party Agreement Milestone 
M- 17-13A, a schedule for performing assessments at 13 receiving sites was 
completed. The 100-0 Pond s are identified to undergo assessment to support 
the 216 Permit application process (Tyler 1991) . Sampling of the effluent for 
characterization required for the 216 Permit application occurred in June 
1993 . Results of this sampling are not yet available. 

1.2 METHODOLOGY 

The previously mentioned methodology document (Tyler 1991) was followed 
in preparing the groundwater impact assessment for the 100-0 Ponds. Included 
in that document is the categorizat ion of each of the 13 receiving sites into 
1 of 3 levels, based on the amount of effort needed to perform the assessment . 
A level 1 receiving site groundwate r impact as sessment relies on available 
information . A groundwater impact assessment of a level 2 receiving site may 
require nonintrusive field work to verify the extent of existing 
contamination . A level 3 site may requi re intrusive field work . If through 
the course of performing a leve l 1 impact a~sessment , it is discovered that 
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existing information is inadequate , the assessment may be raised to a level 2 
or 3. 

The methodology document outlines several tasks to be conducted as part 
of the groundwater impact assessment for level 1 receiving sites: 

• Prepare and present a plan describing how the groundwater 
assessment will be conducted 

• Characterize the liquid effluent stream 

• Evaluate the site-specific hydrogeology 

• Develop a site conceptual model 

• Assess the hydrologic impact of the liquid effluent stream 

• Assess the contaminant impact of the liquid effluent stream 

• Evaluate the adequacy of the existing monitoring well network 

• Prepare a written report of the results. 

The tasks required for level 2 and 3 receiving sites include those 
outlined above (with minor differences) and include field work related 

r,,• activities, as follows: 

• Organize and plan facility-specific assessment (same as level 1 
tasks) 

• Characterize effluent using existing data (same as level 1 tasks) 

• Develop a preliminary site conceptual model--aids in 
identification of information necessary to refine the conceptual 
model and support assessment techniques that may have more 
rigorous data requirements 

• Identify addit i onal information needs ~nd plan data collection-­
may include collection of field data and laboratory analyses 
(water chemistry sampling, shallow soil samples, remote sensing, 
geophysical surveys, water level measurements, and physical and 
chemical analyses of archived soil samples) 

• Level 3 data collection may also include borehole drilling and 
sampling, monitoring well construction (Resource Conservation and 
Recovery Act of 1976 [RCRA] standard) , aquifer testing, and more 
extensive data collection for activities listed in the previous 
bullet 

• Collect field data 

• Analyze and interpret data to refine conceptual model 

1- 2 
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• Assess groundwater impacts and identify additional information 
needs 

• Prepare a written report of the results. 

In the methodology report, the 100-D Ponds were categorized as a level 3 
receiving site on the basis of a lack of groundwater data for characterization 
purposes. New monitoring wells were installed at this site to characterize 
the groundwater in support of permitting the ponds as a RCRA treatment, 
storage, and disposal (TSO) facility (Hartman 1992). In addition, this site 
is part of the 100-HR-3 Groundwater Operable Unit and the 100-DR-l Source 
Operable Unit, which are controlled by the RCRA Facility Investigation/ 
Corrective Measures Study Work Plans (DOE-RL 1992a, 1992b). This impact 
assessment incorporated data collected under the RCRA-TSD program and RCRA 
Corrective Measures Study Work Plans . 

Several key assumptions inherent to all groundwater impact assessments 
are explained in the methodology document and warrant summarizing here. For 
this impact assessment, the follo~ing assumptions are relevant. 

• The expected level of impact from the use of the receiving site 
determines how well the chemistry, geology, and hydrology need to 
be understood. 

• Modeling sophistication is tailored to available information and 
the expected level of impact to the receiving site. 

• New site-specific geologic, hydrologic, and groundwater data 
obtained through drilling require 1.5 to 2 years to acquire. 

• Data collection and modeling activities are integrated with other 
Tri-Party Agreement milestones. 

• Existing data are treated as fully validated. 

1-3 
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2.0 100-D AREA FACILITIES DESCRIPTION 

2.1 LOCATION 

The Hanford Site is a 560-mi 2 (l,450-km2
) tract of land located in Benton, 

Franklin, and Grant Counties in the south-central portion of Washington State. 
The 100-D Area is located along the south shore of the Columbia River in the 
northern part of the Hanford Site, approximately 46 mi (74 km) north of the 
city of Richland (Figure 2-1). The 100-D Ponds are located immediately north 
of the 100-D Area perimeter fence (Figure 2-2). 

2.2 HISTORY 

In 1943 the Hanford Site was chosen as a location for the Manhattan 
Project to produce plutonium for use in nuclear weapons. The 100-D Area at 
Hanford was used from 1944 to 1967 for plutonium production reactors and 
related operational support facilities. These operations resulted in the 
release of chemical and radioactive wastes into the area soil, air, and water. 
The 100-D Ponds facility began disposal of wastewater in 1977 and continues 
operations today (DOE-RL 1993a). 

2.3 FACILITIES 

The 100-D Ponds currently receive only nonregulated effluent from the 
183-D Water Treatment Facility by way of the process sewer system. However, 
in the past other facilities discharged regulated wastewater to the ponds by 
way of the same process sewer system. In addition, the ponds were constructed 
within the boundaries of what was the 188-D (Coal) Ash Disposal Basin, and the 
coal ash may be contributing contaminants to the ponds (DOE-RL 1993a) . 

2.3.1 100-D Ponds 

The 100-D Ponds consist of two interconnected surface ponds for disposal 
of nonradioactive, nondangerous liquid effluent from the 183-D Water Treatment 
Facility. The 100-D Ponds began operation in 1977 as a single, uncovered and 
unlined pond approximately 0.5 acre (0.2 hectare) in size. The original pond 
was constructed by excavating an area in the eastern half of what was 
originally the 188-D Ash Disposal Basin to a depth of 30 ft (9 m). The pond 
level was established at an elevation approximately 18 ft (6 m) below that of 
the 100-D Area. In 1979, the original pond design was modified to eliminate a 
bottom sealing problem caused by the accumulation of flocculent. Construction 
of an east-west dike separated the pond into two north-south aligned ponds 
(Figure 2-3). The ponds have a combined surface dimension of 160 by 220 ft 
(50 by 67 m) and the original surface elevation of the first pond was 
maintained (DOE-RL 1993a). 

The south pond has dimensions of 95 ft in length by 120 ft in width by 
12 ft in depth (24 by 49 by 4 m), a design capacity of 400,000 gal 
(1.5 million L), and functions as a settling pond (see Figure 2-3). Presently 
it is half-full of standing water and sediment. The sediment depth varies 
from 1 to 5 ft (0.3 to 1.5 m) within the pond. There is minimal aquatic 
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vegetation in the pond. On occasion there is floating brown biologic material 
on the water surface, and several types of wind-blown vegetation can be found 
floating in the pond at a given time (e .g., tumbleweeds). Tall grasses and 
cattails grow along the edges of the pond. At this time, the pond is not 
designated as a wetlands area (DOE-RL 1993a). 

The north pond has dimensions of 105 ft in length by 160 ft in width by 
18 ft in depth (32 by 49 by 6 m), a design capacity of 570,000 gal 
(2 million L), and functions as a percolation pond (see Figure 2-3). 
Currently the pond is dry, but it occasionally has received a small amount of 
water from the settling pond. During January 1993, the valve between the 
ponds was open and there was small but constant flow into the north pond. 
Personnel in charge of the pond discovered the open valve and turned it off; 
the valve between the two ponds is supposed to be closed. The pond has very 
sparse grass and brush and an accumulation of tumbleweeds. The pond contains 
no aquatic vegetation, which indicates the absence of water in the near past 
(DOE-RL 1993a) . 

Two horizontal effluent transfer pipes placed within the dike connect the 
two ponds (see Figure 2-3). The upper pipe is 6 in. (15 cm) in diameter and 
located 1 ft (0.3 m) below the top of the dike. The second pipe is 8 in. 
(20 cm) in diameter and enters the north pond at a depth of 12 ft (4 m) below 
the top of the pond. The pipe outflow into the north pond is approximately 
6 ft (2 m) below the current level of water in the south pond (DOE-RL 1993a). 

A carbon steel weir is located in the northeast portion of the south pond 
(see Figure 2-3). The exact design of the weir is unknown, and only a small 
portion of it is visible above the water level. This portion is a 2-ft­
(0.6-m-) diameter metal pipe with a removable lid. A valve control arm sticks 
out of the dike directly above the discharge pipe and likely operates the 
control valve between the two ponds. The weir is most likely a crude 
filtration system between the settling and percolation ponds (DOE-RL 1993a). 

The 100-D Ponds are surrounded on the east , north, and west side by 20-
to 30-ft (6- to 9-m) high berms of the excavated material from the pond site 
(see Figure 2-3) . This excavated material consists mainly of soil and coal 
ash. There is up to 60 ft (18 m) of coal ash in the soil column at this 
location, because of its past use as the ash disposal basin for the 100-D 
Area. A large amount of coal ash is visible in the strata exposed on the 
sides of both ponds (DOE-RL 1993a). 

2.3.2 188-D (Coal) Ash Disposal Basin 

The 100-0 Ponds are constructed within the boundaries of the old 
188-D (Coal) Ash Disposal Basin (see Figure 2-2). From 1944 to 1968 (when the 
184-D Powerhouse was decommissioned) coal ash was discharged to the disposal 
basin in a slurry made up of coal ash and raw Columbia River water. During 
ash disposal sluicing activities, process sewer effluent was temporarily 
diverted from its normal path to the 1904-D (Columbia River) Outfall and was 
routed to the 188-D Ash Disposal Basin. There were no reported process sewer 
diversions between 1968 and 1977 . After the ponds were constructed in the 
former ash disposal basin , all process sewer liquid effluents were diverted to 
the 100-0 Ponds instead of the Columbia River (DOE - RL 1993a). 

2-2 

-· 



0 

!J') 

WHC-EP-0666 

2.3.3 183-D Water Treatment Facility 

The 100-0 Ponds currently r eceive effluent di scharge from four 
intermittent nonradioactive, nondangerous waste streams from the 183-0 WTF 
(see Figure 2-2). This facility provides fire protection water and potable 
water for the 100-0, 100-F, and 100-H Areas. The current average daily 
discharge rate is 5 gal/min (18.9 L/min). During filter backwash activities, 
the rate increases to 70 gal/min (265 L/min). The facilities that contribute 
to these four streams are the 183-0 WTF sand filters, clearwells, settling 
basins, and building floor and trench drains (DOE-RL 1993a). The 183-D WTF 
has discharged to the ponds from 1977 to the present. 

2.3.4 182-D Reservoir 

The 182-0 Reservoir stores raw Columbia River water. If the reservoir 
were to overflow , the 100-0 Ponds would receive the excess raw river water 
(see Figure 2-2). The overflow would contain no sludge or significant 
sediment concentrations and is therefore considered nonregulated 
(DOE-RL 1993a). This facility has had the potential to discharge· to the ponds 
from 1977 to the present. 

2.3.5 189-D Mechanical Development Laboratory 

r • The 189-0 Mechanical Development Laboratory (MDL) operated from 1944 to 
1988. Its operations consisted of the collective activities that occurred in 
the combined 185-0/189-0 Building and the attached 190-0, 190-DA , and 1724-DA 
Buildings (see Figure 2-2). The facilities within these buildings that 
contributed to the effluent discharge were a mechanical development 
laboratory; the Thermal Hydraulics Test Facility, which had two high­
temperature/high-pressure test loops; a craft shop and storage area; and the 
Fuel Discharge Trampoline Test Facility. Floor and sink drains within this 
building complex drain to the process sewer system and therefore the 100-0 
Ponds (DOE-RL 1992b, 1993a). 

2.3.5.1 185-D/189-D Building. The 185-0 Thermal Hydraulics Test Facility and 
189-0 MDL occupy the same bu i l ding and were used for fuel element testing and 
as thermal hydraulics and mechanical development laboratories (see 
Figure 2-2). A storage yard (189-0) was located just west of the main 
building. The Thermal Hydraulics Test Facility used two demineralizers to 
treat water for the 189-0 MDL high-temperature/high-pressure test loops 
(DOE-RL 1992b , 1993a). Wastewater from the demineralizers could have been 
discharged to the process sewer system and the 100-0 Ponds from 1977 to 1988 . 

2.3.5.2 190-D/190-DA/1724-DA Buildings. The 190-0, 190-DA, and 1724-0 
facilities are part of the same building as 185-0/189-0 (see Figure 2-2). The 
190-0 Building housed the pumphouse operations , the 190-DA Building housed the 
pumphouse annex operations , and the 1724-DA Building housed the Underwater 
Test Facility/ Fuel Discharge Trampoline Test Facility . The pumphouse and 
pumphouse annex dealt primarily with filtered and / or chlorinated water. The 
Underwater Test Facility/ Fuel Di scharge Trampoline Test Facility contained a 
mockup of the 100-N Reactor face wi t h a small concrete-lined basin at the 
base. This setup was used to test 100-N Reactor fuel discharge trampoline 
components. Unirradiated (green) f uel elements were used in this testing 
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(DOE-RL 1992b, 1993a). Water from the unirradiated fuel storage basin and 
wastewater from the floor and sink drains in the complex could have been 
discharged to the process sewer system and the 100-0 Ponds from 1977 to 1988. 
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Figure 2-1. Location of the 100-0 Area on the Hanford Site. 
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Figure 2-2. Location of the 100-0 Ponds in 100- 0 Area . 
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3.0 100-D PONDS EFFLUENT CHARACTERISTICS 

3.1 SOURCES 

3.1.1 Past-Practice Sources 

The major source of effluent to the 100-0 Ponds has always been the 
183-0 WTF and related facilities. However, other facilities contributed to 
the effluent stream from 1977 to 1988. These facilities included the 
189-0 MDL and related facilities. Table 3-1 is a listing of the various 
effluent stream sources for the 100-0 Ponds. 

In addition to the types of effluent listed in Table 3-1, there were 
other potential sources of effluent to the ponds. Until 1988, the ponds may 
have received effluent discharges from the regeneration of the demineralizers 
in the 189-0 MDL complex. The chemicals involved in this process are 
hydrochloric and/or sulfuric acid and sodium hydroxide. It is unlikely that 
any effect from this process will be detected at this time, By their very 
nature, these substances would neutralize each other and dilute within the 
large volumes of effluent discharge water from the 183-0 WTF. 

Prior to 1968, it was common practice to sweep mercury spills (from 
manometers and switches) into floor and sink drains. At that time, the site 
was used as the 188-0 Ash Disposal Basin, and any mercury disposed in this 
manner could have entered the drains in the 189-0 MDL complex and flowed into 
the process sewer lines. Mercury in the process sewer lines might have then 
been sluiced out to the ash disposal basin with the coal ash slurry. Mercury 
has been visually confirmed in one of the drains in the 189-0 MDL building, 
and therefore is being addressed as a potential contaminant under the RCRA 
Closure Plan for this site (OOE-RL 1993a). 

Other chemicals also used in the shops of the 189-0 MDL, such as thinners 
and solvents, could have entered the pond site via the same route as mercury. 
These types of chemicals were never procedurally discharged to the process 
sewer system, but the possibility of spills exists. The large volumes of 
effluent from the 183-0 WTF would have greatly diluted any quantities of 
spilled chemicals, and therefore it is highly unlikely that any traces of 
organics will be found. However, sampling for these substances is being 
addressed as part of the RCRA Closure Plan (OOE-RL 1993a). 

The site of the 100-0 Ponds is located in the 188-0 (Coal) Ash Disposal 
Basin. Coal ash can be enriched in trace elements, particularly heavy metals, 
and therefore could affect the chemistry of the pond and groundwater. 

3.1.2 Present Sources 

The 183-0 WTF treats raw Columbia River water for fire protection system 
and potable water for the 100-0, 100-F, and 100-H Areas use (Figure 3-1). The 
treatment facility consists of the 183-0 Settling Basins, the 183-0 Facility 
Multimedia Filter Basins, and the 182-0 Reservoir. Wastewater from the filter 
backwashing and settling basin washdown operations are the processes that 
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comprise the majority of the effluent now discharged to the 100-D Ponds 
(Herman 1992, WHC 1993). 

3.2 SYSTEM CONFIGURATION AND OPERATION 

3.2.1 Past-Practice Sources 

The following is a description of past-practice effluent sources to the 
100-D Ponds, which discharged to the site after the ponds were built in 1977. 
The 189-D MDL and associated facilities are the primary other sources of 
effluent discharged to the ponds . The facilities were in operation from 1944 
to 1988. A more detailed description of these facilities is found in 
Section 2.3.5. Post-1977 activities responsible for the discharge of several 
intermittent streams of liquid effluent were (1) demineralizer recharge 
effluent drainage, (2) high-temperature and - pressure test loop drainage, 
(3) Fuel-Discharge Trampoline Test Facility basin drainage, and (4) shop floor 
and sink drain drainage. Some of these effluent streams may have contained 
corrosive chemicals and/or radiological contamination. The only pre-1977 
effluent from the 189-D MDL discussed here is shop floor and sink drain 
discharge to the process sewer system before 1974, which presents an 
historical potential to have deposited elemental mercury in process sewer 
piping that was later used to send effluent to the 100-D Ponds. The only data 
that exist for estimating the amount of effluent that was discharged to the 
ponds is for the 189-D High-Temperature/High-Pressure Loop drainage system. 
It discharged 200 to 300 gal (757 to 1136 L) at an unknown frequency to the 
100-D Ponds. There is no data for discharge amounts or frequency from the 
Fuel Discharge Trampoline Test Facility (DOE- RL 1993a). 

3.2.2 Present Sources 

The 181-D Pumping Station pumps water from the Columbia River into the 
182-D Reservoir. Water from the reservoir (approximately 100,000 gal/day 
[378,540 L/day]) is then pumped into the 183- D Settling Basins (Figure 3-2). 
At this time chlorine gas to control microbial growth and alum to flocculate 
suspended sediment s are added to treat the water. Separan (a trademark of Dow 
Chemical) was added at the filter plant as an additional flocculent to aid in 
the filtering process. Separan , which contains sodium carbonate, 
polyacrylamide, sodium sulfite, and sodium sulfate, was first tested onsite in 
the mid-1950's as a replacement for activated silica in water treatment 
processes (Richman 1956) , and is no longer in use at 100-D. The treated water 
is then passed through the 183-D multi-media filters and into the 
183-D Clearwells (Herman 1992, WHC 1990c). 

The two multimedia filters are backwashed once a month with water from 
the clearwells to remove trapped sediments. The filters are backwashed by 
pumping water in the reverse direction through the filters. The pumps (which 
are rated at 11 , 000 gal/min [41 ,639 L/ min]) operate for 15 to 20 min at less 
than capacity. This process generates approximately 70,000 gal/filter 
(264,978 L/filter) for a total 140 , 000 gal (529 ,956 L) of effluent that is 
discharged via the proces s sewer system (concrete piping and trenches) to the 
100-D Ponds . Floor and trench drains within the 183-D WTF contribute 
approximately 20 gal (76 L) of effluent to the pond s on a weekly basis. The 
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overflow from the clearwells also discharges to the ponds on a contingency 
basis (Herman 1992, WHC 1990c). 

3.3 DISCHARGE VOLUME AND FLOW REGIME 

3.3.1 Past-Practice Sources 

Past discharges to the 100-D Ponds are sunvnarized in Table 3-1. The 
only data for past-practice discharges are 200 to 300 gal (757 to 1136 L) of 
effluent from the 189-D MDL facilities. An annual total is unavailable. For 
the purposes of this investigation, the above amount was assumed to be the 
annual total. The 189-D MDL discharged to the ponds from 1977 to 1988, giving 
a total of 2,200 to 3,630 gal (8,328 to 12,719 L) discharged to the 
100-D Ponds from the 189-D MDL complex . Compared to the present sources of 
effluent to the ponds, this is a relat i vely small amount of effluent and would 
have had a negligible effect on the system as a whole. 

3.3.2 Present Sources 

The current average discharges to the 100-D Ponds consist of 
140,000 gal/mo (529,958 L/mo) from filter backwash operations, and 1,440,000 
gal/yr (5,450,993 L/yr) from settling basin washdown operations. Floor and 
trench drains in the 183-D WTF contribute 20 gal (76 L) per week of effluent 
to the ponds. In January 1993 an additional 300,000 gal (1,135,624 L) of 
effluent was discharged to the ponds when the settling basins inadvertently 
emptied. Based on these flow rates and discharges, the total estimated volume 

r-, of effluent discharged to the ponds for the period January 1977 to May 1993 
from these sources is as follows (DOE-RL 1993a): 

M Filter backwash -
Settling basin washdown -
Floor and trench drains -
January 1993 discharge -

3.4 EFFLUENT CONSTITUENTS 

3.4.1 Quantities 

27 , 580,000 gal 
23 ,640,000 gal 

17,073 gal 
+ 300,000 gal 
51,537,073 gal (195,067,821 L) 

The estimated total for past and present effluent sources for the 
100-D Ponds from January 1977 through May 1993 is as follows: 

Past Sources Present Sources 

3,360 gal + 51,537,073 gal 
(12,719 L + 195,089,043 L 

Total All Sources 

= 51,540,433 gal 
= 195,101,762 L) 

Table 3-1 and Sections 3.3.1 and 3.3 . 2 explain these numbers in more detail. 
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3.4.2 Loading Rates 

The information in this section was adapted from the RCRA Closure Plan 
for the 100-0 Ponds (DOE-RL 1993a) and the Liquid Effluent Study Project Final 
Report (WHC 1990a). It contains actual and potential waste sources for the 
100-D Ponds TSO unit as well as radiological and chemical loading estimates 
(Table 3-2). 

3.4.2.1 Estimate of Nondangerous Waste. The major portion of the effluent 
discharged to the 100-0 Ponds (from 1977 to the present) has always come from 
the 183-0 WTF. The four identified waste streams that initiate from this 
facility were designated as nondangerous based on the following criteria: 

• Dangerous Waste Lists (WAC 173-303- 080) 
• Dangerous Waste Lists (WAC 173-303-100) 
• Dangerous Waste Lists (WAC 173-303- 090) . 

The four waste streams were evaluated against the criteria in each of the 
above sections and did not meet any of the dangerous waste characteristics 
listed therein (WHC 1990c). The documented discharges from the 189-0 MDL 
complex to the 100-0 Ponds were clean streams (see Table 3-1) . 

3.4.2.2 Estimate of Dangerous Waste. This section addresses the potential 
for dangerous wastes to have been discharged to the 100-0 Ponds. The 
following dangerous waste constituents were identified using process knowledge 
and historical information : (1) corrosive chemicals, (2) elemental mercury, 
(3) dangerous shop chemicals, (4) radiological constituents (addressed merely 
for information), and (5) coal ash contaminants (i.e., trace metals). The 
estimated maximum potential volume of dangerous wastes received by the 
100-0 Ponds is given in Table 3-3 . 

3.4.2.2.1 Corrosive Chemicals. From 1977 to 1986 , the 189-0 MDL 
occasionally discharged potentially corrosive effluents to the process sewer 
system and ultimately to the 100-0 Ponds . This effluent consisted of 
potentially corrosive liquids from the regeneration of three demineralizers. 
These effluents may have had pH values of as low as 2.0 or as high as 12.5 
when they arrived at the ponds , but there are no records to verify this 
possibility. Thi s potential for having rece i ved co r rosive effluent is what 
caused the ponds to become a RCRA TSO unit (DOE-RL 1993a). 

It is estimated that no more than eight regeneration events took place 
during the operation of the demineralizers . The amounts of chemicals used 
during regeneration are reported as 95 lb (43 kg) sodium hydroxide and 70 lb 
(32 kg) hydrochloric or sulfuric acid. The maximum potential inventory is 
estimated at 760 lb (344 kg) sodium hydroxide and 560 lb (253 kg) acid. 

It is highly unlikely that any chemicals persist at the ponds in a 
corrosive state at present . Even if corrosive chemicals had been discharged 
to the ponds, the naturally occurring slightly alkaline sediments/coal ash in 
the unlined pond would have eventually neutralized the effluent. The process 
of regeneration is performed by injecting acid and base in sequence or 
cogenerating them (required . by procedures after 1986) into the system. The 
effluent was diluted twice with water during the process and checked with 
litmus paper before disposal. This neutral (nondangerous) effluent was then 
disposed of to the ponds. RCRA effluent sampling performed in the 
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100-HR-3 Operable Unit for the closure plan indicated pH values in the 6 to 7 
range (neutral) , which is considered normal for this effluent (DOE-RL 1993a). 

3.4.2.2.2 Elemental Mercury. The presence of elemental mercury was 
confirmed in the floor drain of the 189-D MDL in 1989 (Price 1989). This 
drain branches off the main process sewer system that drains to the 
100-0 Ponds. This discovery indicates the potential for mercury spilled from 
manometers and switches to have entered the drain and therefore the ponds. 
There are no records to check for this possibility, so investigation personnel 
determined a worst-case estimate. The estimate used was 5 lb (2.6 kg) as the 
total amount spilled from equipment (Price 1989). 

It is assumed that only a small amount of this estimated quantity could 
have actually reached the pond system. Between 1950 and 1968, the operational 
period of the 188-D Ash Disposal Basin, coal ash slurries could have carried 
small amounts of elemental mercury to the ponds from the powerhouse ash 
sluicing operations. From 1968 until 1977 (when the ponds were built), there 
were no discharges to this site. In 1974, mercury traps were placed on 
189-0 MDL instruments, which effectively stopped any mercury from entering the 
piping system after that time. Therefore, the maximum amount of mercury that 
could have entered the system is much less than the 5-lb (2.6-kg) . estimate, 
and this residual mercury would remain in the process sewer piping. After 
1977, the process sewer system discharged at a reduced rate (as compared to 
pre-1966 flow rates to the Columbia River). Any elemental mercury remaining 
in the process sewer would most likely still be in the system piping or be 
very close to the influent line in the settling pond. Mercury found elsewhere 
in the ponds is assumed to be attributed to the coal ash that was deposited at 
this site (DOE-RL 1993a). 

3.4.2.2.3 Dangerous Shop Chemicals. Commonly used volatile shop 
chemicals such as thinners or solvents could have been released to the 
100-0 Ponds through open floor and sink drains within the 189-0 MDL complex. 
However, this facility did not normally store any of these chemicals in bulk 
quantities. In addition , the facility procedures did not discharge these 
types of chemicals into the process sewer system. It is reasonable to assume 
that any spills would have been of small quantities and that the larger volume 
of effluent in the system would dilute them . Chemical persistence and 
detectability would decrease wit h time due to vo latilization and degradation. 
Volatile organics are included in the analyte list for samples collected for 
operable unit characterization studies (DOE-RL 1993a). 

3.4.2.2.4 Radioactive Constituents. The potential for radiological 
contamination in the 100-D Ponds is minimal, based on process. knowledge. 
Unirradiated uranium fuel elements were used at the 189-D MDL Fuel Discharge 
Trampoline Test Facility for fuel discharge trampoline testing and 
occasionally were reported to have been purposely ruptured. However unlikely, 
the rupture of fuel elements could have resulted in radiological contamination 
of the test basin and subsequently the ponds . This possibility is being 
investigated through sampling of the 100-0R- l Operable Unit (DOE-RL 1993a). 

3.4.2.2.5 Coal Ash Contaminants. The 100-0 Ponds are built within the 
old 188-0 (Coal) Ash Disposal Basin . The coal ash was excavated to create the 
ponds and therefore is found on the si des and bottom of the pond, making up 
the bulk of the surrounding sediment (DOE-RL 1993a). 
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Studies of the coal and coal ash at Hanford show that the coal is 
relatively "clean" (low concentrat i ons of metals , sulfur , etc.) and that the 
ash is nonradioactive and nondangerous pe r WAC 173- 303 (DOE-RL 1992c, Wil son 
1990, Rasmussen and Carlson 1987, Dorian and Richards 1978). Table 3-4 is a 
comparison of data from a recent analysis of Hanford coal ash slurry leachate 
with the Washington State dangerous waste (OW) regulations (WAC 173-303) and 
the Washington State water quality standards (WWQS) (WAC 173-200) . Table 3-5 
shows results for three leachate samples (coal, bottom ash , and fly ash) from 
the 200-E Powerhouse. Table 3-6 displays results from 12 samples of mixed fly 
and bottom ash leachate from both 200-E and 200-W Powerhouses. It is believed 
that coal in use at Hanford has historically come from the same places from 
which the site is receiving coal today. Also, the past methods used to 
process and burn coal are similar to present practices. Therefore , these 
results should be analogous to the coal ash at 100-0 Area. The coal ash in 
the 100-0 Area i s also being sampled as part of the 100-0R-l Operable Unit 
sampling activities (DOE- RL 1993a , 1992b) . 

The results given in Table 3- 4 show that the coal ash slurry leachate 
does not exceed any of the OW criteria (WAC 173-303) and i s therefore 
designated nondangerous. However, it does exceed or could potentially exceed 
several WWQS criteria (WAC 173-200). The pH of the slurry is alkaline and 
almost a full pH unit above the maximum allowed by state regulations (~9. 5) . 
In addition , it exceeds the fluoride and sulfate regulatory standards. The EP 
toxicity tests for arsenic , cadmium , chromium , lead, selenium , and silver were 
performed with too high a detection limit for comparison with WWQS criteria . 

Table 3-5 shows that there are concentration differences in the leachate 
based on the initial form of the coal , i.e ., coal vs. coal ash . The coal 
leachate tends t o be an order of magnitude less in concentration than the coal 
ash leachate for most parameters of interest. The bottom ash and fly ash 
leachate appear to have comparabl e concentrations for most parameters. 
Arsenic, barium , chromium , copper , fluorine , lead , mercury , and selenium 
values exceed the WWQS by at least two orders of magnitude . Cadmium and 
silver values have too high a detection limit to be of any use for comparison 
to the standard . While leachate data are useful, actual groundwater samples 
are a better indicator of contamination or exceedance of the standards. The 
leachate would be diluted by i ntermix ing wit h pond effluents and groundwater . 

In Table 3-6, t he detec t i on limi t s make most of the se data unusable for 
comparison to the groundwater st andards. The bar i um data just barely exceed 
the WWQS. Mercury values are at the WWQS but do not exceed it. The pH of 
all but four of the samples falls outside the WWQS pH range on the alkaline 
side . This is to be expect ed for coal ash leachate samples, and it would be 
reduced when mixed with raw water for slu i ci ng purposes. The data given do 
show that the coal ash does not exceed state OW criteria and is therefore 
designated as nondangerous . 

3.4.3 Operational Factors 

Effluent di scharged t o t he 100-0 Pond s currently consists of Columbia 
River water that has been fi lte red t o remove suspended solids, treated with 
alum to flocculate out additi onal sus pended solids , and then treated with 
chlorine gas as a dis infectant. Thes e process es could cause elevated (above 
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normal river water) concentrations of aluminum and chlorine in the resultant 
effluent stream. 

3.5 CONSTITUENTS OF INTEREST AND KEY PARAMETERS 

The key constituents of interest identified in the Liquid Effluent Study 
(WHC 1990a) are chromium, iron, lead, manganese, mercury, sulfate, and 
aluminum. All of these parameters have exceeded the WWQS in effluent samples. 
In addition to these parameters, trichloromethane (chloroform) and arsenic 
have also exceeded the WWQS. Table 3-7 shows the averaged sample results for 
the years 1987 to 1990, compared with the WWQS. 

Iron , manganese , and trichloromethane exceeded the standards for all four 
years . Chrom i um, l ead , mercury, and sulfate exceeded the standa rds only in 
1987 . The pH values for 1987 and 1989 were below the lower end of the 
regulatory standard range for pH , with sl ightl y acid ic values. Arsenic 
exceeded the standard in 1989 and 1990 , but it should be noted that the values 
for arsenic are within the normal background range for the Hanford Site 
(DOE- RL 1992d , Johnson 1993) . With a few exceptions , almost all of the 
parameters showed their highest values in the 1987 sample set , with markedly 
lower values in subsequent years. This is not unexpected as all other 
facilities that contributed to the effluent stream shut down in 1988, leaving 
the 183- 0 WTF as the only regular contributor to the effluent stream. 
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Figure 3-1. The 183-0 Water Treatment Facility (WTF) (Herman 1992). 
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Table 3-1. Past and Present Effluent Stream Sources and Amounts Discharged 
to the 100-D Ponds (adapted and modified from DOE-RL 1993a). 

Stream Origin Release Effluent Frequency Quantity - gal (L) 
Period 

Per event Annual 

183-D IHF: 

- Sand-filter backwash 1977 to Sanitary water, Monthly 140,000 1,680,000 
(totals for both filters) present alum, and raw (-530,000) (-6,360,000) 

river water 

- 183-D Settling basin Same Same B i -Annual l y 720,000 1,440,000 
washdown (totals for both (-2,725, 200) (-5,451,000) 
basins) 

- Floor and trench drains Same Sanit ary water Week ly 20 1040 
(- 76) (-3937) 

Contingency 
- Clearwell overflow Same Same 

182-D Reservoir overflow Same Raw river water Continqencv 

189-D MDL: 

- High-temperature/high- 1977 to Demineralized Undocumented 200-300 Undocu-
pressure loop drainage 1986 water (-757-1136) mented 

- Fuel discharge Same Filtered/ Same Indeter- Same 
Trampoline Test Facility chlorinated minate 

water 
WTF: Water Treatment Facility 

MDL: Mechanical Development Laboratory 
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Table 3-2. Radionuclide and Chemical Loading , 183-0 Filter 
Backflush Wastewater (WHC 1990a) . 

Flow rate: l.89E+05 L/mo 
Constituent kg/La kg/moa Constituent kg/La kg/moa 

Aluminum 2. 25E-05 4.26E+OO Sulfate 1. 72E-05 3.26E+OO 

Arsenic 8.75E-09 1. 66E-03 Uranium 3.53E-09 6.68E-04 

Barium 4.45E-08 8.42E-03 Vanadium 7. 25E-09 l .37E-03 

Boron 2.SOE-08 4.73E-03 Zinc 6.02E-08 1.14E-02 

Calcium 2.0SE-05 3.88E+OO Ammonia 6.45E-08 l.22E-02 

Chloride 2.85E-06 5.39E-01 2- butanone l.07E-08 2.02E-03 

Chromium l.37E-08 2.59E-03 Trichloromethane 2.05E-08 3.88E-03 

Copper 4.25E-08 8.04E-03 Unknown 4.00E-07 7.57E-02 
aliphatic 
hydrocarbon 

Fluoride 1.59E-07 3.0lE-02 Unknown compound 1. 60E-06 3.03E-Ol 

Iron 2.61E-06 4.94E-Ol Unknown fatty 1. 45E-08 2.74E-03 
acid 

Lead l.OOE-08 1. 89E-03 Alpha activitya 3.90E-12 7.38E-07 

Magnesium 4. 57E-06 8.65E-Ol Beta 3. 53E-12 6.68E- 07 
activitya 

Manganese 8. lSE-08 l.54E-02 Suspended 6.37E-05 1. 21 E+Ol 
solid s 

Mercury 7.37E-10 l.39E-04 Total dissolved 7.65E-05 l.45E+Ol 
solids 

Potassium 8.63E-07 1.63E-Ol Total organic 7.0SE-06 l.33E+OO 
carbon 

Silicon 5. l?E-06 9.78E- Ol Total carbon l.49E-05 2.82E+OO 

Sodium 2.34E-06 4.43E- Ol Total organ ic 2.00E-07 3.79E-02 
halides 
as Chloride 

Strontium 1.13E-07 2.14E-02 Ruthenium-66a l.29E-ll 2.44E-06 

NOTES: 
1. Data collected from October 1989 through March 1990 . 
2. Flow rate is average of rates from the Hanford Site Stream­

Specific Reports (WHC 1990c, Addendum 33). 
3. Constituent concentrations are average values from the 

statistics in the Hanford Site Stream-Specific Reports 
(WHC 1990c, Addendum 33) . 

aconcentrat i on units of these constituents are reported as curies 
per liter. Loading units of these constituents are reported as curies 
per month. 
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Table 3-3. Maximum Potential Inventor~ of Dangerous 
Waste to 100-0 Ponds (DOE-RL 1993a). 

Stream Origin Stream Constituents Total Quantity 
kg (lb) 

189-D Mechanical Development Laboratory 

Demineralizer recharge Hydrochloric and/or 245.0 (560) 
sulfuric acid 

Sodium hydroxide 344.7 (760) 

Floor and sink drains Mercury 2.3 (5) 

3- 13 



.. 

M 

WHC-EP-0666 

Table 3-4. 200 Area Coal Ash Slurry Leachate Analysis Results (Wilson 1990). 

Anal . WAC WAC 
Parameter Result s 173 -200 173 -303 

WWQS Lmts OW Lmts 

pH 9.42 6.5-8.5 ~2 -~12.5 

Nitrate 7.00 nnm 10 nl"WII --
Sulfate 471 com 250 com --

Fluoride 12.6 oom 4.0 com --

Chloride * 2.50 ppm 250 com --

Phosphate * 5.00 nnm - - --

Bromide * 5.00 ppm -- - -

Nit rite * 5.00 oom - - - -

Beryllium * 50 ppb - - --

Strontium 2080 ppb -- - -

Zinc * 50 ppb -- --

Calcium 28.700 nnb -- --

Sodium 3640 oob -- --

Nickel * 100 oob -- --

Coooer * 100 ppb 1000 ppb --

Vanadium * 50 oob -- - -

Ant imony * 1000 ocb . - --

Aluminum * 1500 ppb - - - -

Manganese * 50 ppb 50 ppb - -
*Denotes a result less than detection l1m1t. 
WAC=Wash ington Administ rative Code 

Anal. WAC WAC 
Parameter Result s 173- 200 173-303 

WWQS Lmts OW Lmts 

Potassi um * 1000 ccb - - - -

Iron * 300 ccb 300 ppb - -

Maimesiun 3430 nob -- --
EPT·Arsenic * 500 oob 0. 05 ppb 5000 oob 

EPT · Barium * 1000 ppb 1000 ocb 100.000 ccb 

EPT-Cadmium * 100 ccb 10 oob 1000 oob 

EPT- * 500 ppb 50 ppb 5000 ppb 
Chromium 

EPT·Lead * 500 oob 50 oob 5000 oob 

EPT- * 500 ppb 10 ppb 1000 ppb 
Selenium 

EPT ·Silver * 500 ccb 50 ppb 5000 cob 

Boron 1460 ppb -- --

Cobalt * 200 nnb - - - -

Lithium * 100 ccb - - --

Molybdenum * 400 oob - - --
Si licon 2780 ppb -- --

Tin * 300 oob -- --

Titanium * 600 ppb -- --

Zirconium * 500 ppb - - - -

-- - - -- --
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Table 3-5. Analyt ical Results for Coal and Coal Ash 
Leachate Samples (DOE-RL 1992c) . 

Constituent Sample number WWQS 
in leachate (ppm) 

(ppm) WHC-S-1 WHC-BA-2 WHC-GA-1 

Antimony <20 <20 <20 --
Arsenic 165 2.0 31.3 0.00005 

Barium 217 1370 2230 1.0 

Beryllium <5 <5 6 --
Boron 148 690 1060 --

Cadmium <6 <5 <5 0.01 

Chlorine 100 <100 200 250 

Chromium 8.6 94 140 0.05 

Cobalt 4.5 30 28 --

Copper 9.0 52 74 1.0 

Fluorine 100 <100 300 4.0 

Germanium <10 <10 10 --
Lead <10 48 60 0.05 

Lithium 6 40 40 --

Mercury <0.2 0.3 0.2 0.002 

Molybdenum <0.3 <3 <3 --

Nickel 3.7 34 32 --

Selenium 0.06 0.6 2.4 0.01 

Silver <0.5 <5 <5 0.05 

Tha 11 i um <5 <50 <50 --

Tungsten <3 <30 <30 --

Uranium 0.5 6 6 --

Vanadium <5 <50 <50 --

Zinc 13 76 87 --

Samples: (1) WHC-S-1: Coal from Surge Bin at Boiler #3; (2) 
WHC-BA-2: Bottom ash - Boiler #3; (3) WHC-GA-1: Fly ash -
Boiler #3 ; all samples from 200-E Powerhouse. 
WWQS=Washington State water quality standards 
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Constituent Arsenic Barillll Cacinillll Chromillll 

IIAC 173-303 
D11 Regs 5 100 1 5 

Std in ppm 
(llaste No.) (D004) (0005) (0006) (0007) 

IIS-523-1 0.50 1. 1 0.30 0.10 

IIS-523-2 0.50 1.5 0.030 0.10 

IIS-523-3 0.50 1.4 0.030 0.10 

IIS-523-4 0.50 1.3 0.030 0.10 

IIS-523-5 0.50 1.3 0.030 0.10 . 
IIS-523-6 0.50 1.3 0.030 0. 10 

ES-523-1 0.50 1. 1 0.030 0. 10 

ES-523-2 0.50 2.3 0.030 0.10 

ES-523-3 0.50 1.6 0.030 0. 10 

EM-523-4 0.50 1.6 0.030 0.10 

EH-523-5 0.50 1.8 0.030 0.10 

EL-523-1 0.05 0.17 0.030 0.10 

IIAC 173-200 0.00005 1.0 0.01 0.05 
WQS (ppm) 

DW=Dan g erous Waste 
WAC=Washington State Administrative Code 
WWQA=Washington State Water Quality Standards 
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Constituent 

Aluminum 

Arsenic 

Barium 

Boron 

Ca lei um 

Chloride 

Chromium 

Copper 

Cyanide 

Fluoride 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Silicon 

Sodium 

Strontium 

Sulfate 

Sulfide 

Uranium 

Regulatory 
standard 

None 

0. 05 

1000 

None 

None 

2. 5 X 105 

50 

1000 

None 

4000 

300 

50 

None 

50 

2 

None 

None 

None 

None 

None 

2. 5 X 105 

None 

None 

9 . 3 

1987 

1. 65 X 105 

--

116 

- -

2. 26 X 104 

8 . 15 X 104 

131 a 

196 

40 . 2b 
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2. 04 X 104a 

80.3a 
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5. 9ya 

16 . 3b 

1430 
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2690 

242b 
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') 6 
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9.30 a 
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30 
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77 .oa 
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Constituent Regulatory 1987 1988 1989 standard 

Vanadium None 55.3 15.0 7.00 

Zinc None 567 106 61.0 

Ammonia None 287b 52.0 92.0 

Trichloromethane 7 13 .0a 21.08 19.0a 

Alkalinity None -- -- 4. 90 X 104 

Alpha activity 15 pCi/L 13.0 .745 4.91 
(pCi/L) 
Beta activity 50 pCi/L 16.2 4.15 5.39 
(pCi/L) 
Conductivity None 127 171 136 
(µmhos/cm) 
lgnitabil ity (OF) None -- -- 212 

pH 6.5 to 8.5 5. 99a 7 .11 6.30a 

Suspended solids None -- -- 1.08 X 105 

TDS 5. 0 X 105 -- -- 7. 50 X 104 

Temperature (OC) None 18.3 4.60 6.30 

TOt None 5.76 X 104 5.93 X 103 1. 76 X 104 

Total carbon None -- -- 1.37 X 104 

TOX (as Chloride) None 116 150 251 

Ru-106 (pCi/L) None -- -- --
NOTE: Results are in parts per billion unless indicated otherwise. 
aResults exceeded regulatory standards. 
bless-than values included in average calculations. 
TDS=total dissolved solid TOC=total organic carbon TOX=total organic halogen 
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4.0 CONCEPTUAL MODEL OF HYDROLOGIC R~SPONSE AND CONTAMINANT MIGRATION 

4.1 HYDROGEOLOGIC FRAMEWORK 

4.1.1 Regional and Hanford Site Geology 

The Pasco Basin and the Hanford Site are underlain by pre-Miocene 
sedimentary and crystalline rocks (Campbell 1989), Miocene-aged (17.5 to 6 Ma) 
basalts of the Columbia River Basalt Group (Myers et al . 1979, Reidel and 
Fecht 1981, DOE 1988, Tolan et al. 1989, Reidel et al. 1989, 1992) and 
interbedded sediments of the Ellensburg Formation (Reidel and Fecht 1981, 
DOE 1988, Smith 1988), and a Late Miocene to Holocene-aged (<8.5 Ma to 
present) suprabasalt sediment sequence (Myers et al. 1979; Tallman et al. 
1981; DOE 1988; Smith et al. 1989; Lindsey 199la,199lb; Reidel et al. 1992). 

4.1.1.1 Columbia River Basalt Group. The Columbia River Basalt Group is an 
assemblage of tholeiitic, continental flood basalts that cover an area of more 
than 63,000 mi 2 (163,157 km2

) in Washington, Ore~on, and Idaho and have an 
estimated volume of about 40,800 mi 3 (174,356 km) (DOE 1988, Reidel and 
Hooper 1989, Tolan et al. 1989). The Columbia River Basalt Group is divided, 
from oldest to youngest, into five formations: Imnaha Basalt, Picture Gorge 
Basalt, Grande Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt (DOE 
1988 Tolan et al. 1989) (Figure 4-1). The Saddle Mountains Basalt (the 
uppermost basalt at the Hanford Site) is ~ivided into (from oldest to 
youngest) the Umatilla, Wilbur Creek, Asotin, Esquatzel, Pomona, Elephant 
Mountain, and Ice Harbor Members (Reidel and Fecht 1981). 

4.1.1.2 Ellensburg Formation. The Ellensburg Formation consists of 
volcaniclastic and silisiclastic deposits that occur between Columbia River 
Basalt Group basalt flows (DOE 1988; Smith 1988). At Hanford the three 
uppermost units of the Ellensburg Formation are , from oldest to youngest, the 
Selah interbed, the Rattlesnake Ridge interbed, and the Levy interbed. A 
detailed discussion of the Ellensburg Formation at the Hanford Site is given 
in Reidel and Fecht (1981). Smith (1988) and Smith et al. (1989) discuss the 
Ellensburg Formation and correlative units throughout the region. 

4.1.1.3 Suprabasalt Sediments. Di sc ussions of various aspects of suprabasalt 
sediment geology are found in Myers et al. (1979), Tallman et al. (1979, 
1981), PSPL (1982), Bjornstad (1984), Fecht et al. (1987), DOE (1988), Baker 
et al. (1989), Smith et al. (1989), Delaney et al. (1991), Lindsey (1991a, 
1992), Lindsey et al. (1991) , and Reidel et al. (1992). Delaney et al. 
(1991), Lindsey (1991a), and Reidel et al. (1992) provide the most recent 
synopsis of suprabasalt sediment geology for the Hanford Site. The following 
discussion is summarized from these recent reports. 

The suprabasalt sedimentary sequence (Figure 4- 2) is up to 750 ft (229 m) 
thick at the Hanford Site. It is dominated by the laterally extensive late 
Miocene to Pliocene Ringold Formation and the Pleistocene Hanford formation. 
Laterally discontinuous units , referred to as the Plio-Pleistocene unit, early 
"Palouse" soil, and pre-Missoula gravels , separate the Hanford formation and 
Ringold Formation locally. Holocene-aged alluvial and eolian deposits cap the 
suprabasalt sequence. 
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4.1.1.3.1 Ringold Formation. The Ringold Formation is up to 600 ft (183 m) 
thick within the Pasco Basin; it pinches out against basalt ridges around the 
edge of and within the basin; and it consists of semi-indurated clay, silt, 
fine- to coarse-grained sand, and pebble to cobble gravel. Ringold deposits 
are grouped into five sediment facies associations (fluvial gravel, fluvial 
sand, overbank-paleosol, lacustrine, basaltic alluvium) that are defined on 
the basis of lithology, petrology, stratification, and pedogenic alteration. 
The associations are summarized as follows: 

1. Fluvial gravel--Consists of clast and lesser matrix-supported pebble to 
cobble gravel with a fine- to medium-grained sand matrix. Grain size 
distributions tend to be bimodal with granules and coarse-grained sand 
being rare. Crude to well-defined stratification and low angle, 
lenticular bedding geometries generally dominate. 

2. 

3. 

4. 

5. 

Fluvial sand--Fine- to coarse-grained quartzo-feldspathic sands 
displaying well-defined stratification dominate. Fining upwards packages 
less than one to several meters thick are common . 

Overbank-paleosol--Laminated to massive silty sand, silt, and clay 
displaying evidence of pedogenic alteration dominates. 

Lacustrine--Characterized by well-stratified clay with interbedded silt 
and silty sand. 

Basaltic alluvium--Massive to crudely stratified, weathered to 
unweathered, basaltic pebble to cobble gravel, commonly with a mud-rich 
matrix dominates. 

The distribution of facies associations within the Ringold Formation 
forms the basis for stratigraphic subdivision (Lindsey 1991a, 1991b). The 

M lower half of the Ringold Formation is characterized by fluvial gravel and 
sand- dominated intervals designated units A, B, C, D, and E (Figure 4-3) that 
interfinger with fine-grained deposits typical of the overbank-paleosol and 
lacustrine facies associations. The lowest of these fine-grained intervals is 
designated the lower mud unit (see Figure 4-3). Interstratified deposits of 
the fluvial sand and overbank-paleosol facies associations and strata 
dominated by the lacustrine facies association form the upper half of the 
Ringold Formation (commonly referred to as the upper Ringold). 

Several localized, informal units separate the Ringold Formation from the 
Hanford formation. These units are the (1) Plio-Pleistocene unit, 
(2) pre-Missoula gravels, and (3) early "Palouse" soil (see Figure 4-3) 
(Myers et al. 1979; Tallman et al. 1979, 1981; DOE 1988; Reidel et al. 1992) . 
The Plio-Pleistocene unit and early "Palouse" soil consist of loess, pedogenic 
calcium carbonate, and basaltic sands and gravels . Uncemented mixed lithology 
gravels with a quartzo-feldspathic matrix dominate the pre-Missoula gravels. 

4.1.1.3.2 Hanford Formation. The Hanford formation consists of uncemented 
gravel, sand, and silt deposited by Pleistocene cataclysmic flood waters 
(Fecht et al. 1987, DOE 1988, Baker et al. 1991). The Hanford formation is 
thickest in the vicinity of the 200 West and 200 East Areas where it can be up 
to 350 ft (107 m) thick. The Hanford formation is divided into three facies 
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(gravel , sand, and silt dominated) that are gradational with each other. The 
facies are summarized as follows: 

1. Gravel-dominated facies--Generally consist of cross stratified, coarse­
grained sand and granule to boulder gravel that contain minor 
intercalated silt-rich horizons. These gravels generally are uncemented 
and matrix-poor, displaying an open-framework texture. 

2. Sand-dominated facies--Well stratified, fine- to coarse-grained sand and 
granule gravel dominate. Silt content is variable, but where it is low 
an open-framework texture is common. Small pebbles and rip-up clasts in 
addition to lenticular, pebble-gravel interbeds, and silty interbeds may 
be present. 

3. Silt-dominated facies--lnterbedded silt and fine - to coarse-grained sand 
forming well - stratified normally graded rhythmites are characteristic. 

In addition to the three facies, elastic dikes also are commonly found in 
the Hanford formation as well as locally in other sedimentary units in the 
Pasco Basin (Black 1979). These elastic dikes are structures that generally 
cross-cut bedding, although they do locally parallel bedding. The dikes 
usually consist of thin, alternating vertical to subvertical layers of silt, 
sand, and granules. Where the dikes intersect the ground surface, a feature 
known as patterned ground can be observed. 

4.1.1.4 Holocene Surficial Deposits. Holocene surficial deposits consist of 
silt, sand, and gravel that form a thin (<16 ft [4.9 m]) veneer across much of 
the Hanford Site. These sediments were deposited by a mix of eolian and 
alluvial processes . 

4.1.1.5 Structural Geology. The Columbia Plateau is divided into three 
informal structural subprovinces : Blue Mountains, Palouse, and Yakima Fold 
Belt (Reidel et al . 1989 , Tolan and Reidel 1989). These structural 
subprovinces are delineated on the basis of their structural fabric. The 
Hanford Site is located in the eastern Yakima Fold Belt near its junction with 
the Palouse subprovince. 

The Yakima Fold Belt con sis t s of a series of segmented , narrow , 
asymmetric, and generally east-west trending anticlines that separate broad, 
low amplitude structural basins (Reidel 1984, Reidel et al. 1989). The Pasco 
Basin (where the Hanford Site is situated) is one of the largest structural 
basins within the Yakima Fold Belt. The Pasco Basin is bounded on the north 
by the Saddle Mountains anticline, on the west by the Hog Ranch-Naneum Ridge 
anticline, and on the south by the Rattlesnake Mountain anticline. The 
Palouse slope, a west-dipping monocline, bounds the Pasco Basin on the east. 
The Pasco Basin is divided into the Wahluke and Cold Creek synclines by the 
Gable Mountain anticline, the easternmost extension of the Umtanum Ridge 
anticline . 

4.1.2 . 100-D Area Geology 

The 100-D Area geology i s illu strated in a generalized stratigraphic 
column (Figure 4- 4). St r atig r aphic data specific to the 100-D Area are only 
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available down to the upper units of the Ringold Formation. Data on deeper 
units are derived from deeper boreholes in nearby areas (100-N and 100-H). 
Most of the data on the upper units were derived from recently installed 
monitoring wells, including four around the 100-0 Ponds (DOE-RL 1993a). 

4.1.2.1 Columbia River Basalt Group. The uppermost unit of the Columbia 
River Basalt Group in the 100-0 Area is the Elephant Mountain Member of the 
Saddle Mountains Basalt. This unit underlies the entire "horn" area of the 
Hanford Reach and dips gently to the south toward the axis of the Wahluke 
syncline (Lindsey and Jaeger 1993). The contact between the Columbia Basin 
Basalt Group and the Ringold Formation lies at an elevation of Oto 50 ft 
(0 to 15 m) above sea level (DOE-RL 1993a). Only two boreholes (199-H-2 and 
199-H4-15C) in the "horn'' area penetrate to the Elephant Mountain Member, so 
little data are available for descriptive purposes (Lindsey and Jaeger 1993). 

4.1.2.2 Ellensburg Formation. Only one of the two boreholes (199-H4-2) 
mentioned above goes deep enough to intersect sediments that are believed to 
be part of the Rattlesnake Ridge interbed of the Ellensburg Formation. 
Descriptions of the unit are limited, but it appears to consist of interbedded 
tuff, paleosols, and fluvial sands and gravels (Lindsey and Jaeger 1993). 

4.1.2.3 Suprabasalt Sediments. 

4.1.2.3.l Ringold Formation. The top of the Ringold Formation is 
encountered between 129 and 109 m (422 and 358 ft) above sea level (45 to 90 
ft [14 to 28 m] below the surface) in the 100-0 Area (Figure 4-5). Throughout 
most of the 100-0 Area, the top of the Ringold Formation consists of the 
fluvial gravels of unit E. However, along the northern and eastern boundaries 
of the area, these gravels are absent, and the top of the Ringold consists of 
muds that underlie unit E. The distribution of unit Eis related to both 
Ringold depositional trends and post-Ringold erosion (Lindsey and Jaeger 
1993). The muds underlying unit E are dominated by the overbank-paleosol 
facies association. The top of this sequence is irregular, being highest in 
the north-central and southeastern parts of the area. From this high, the 
contact slopes to the north, northeast, and west. It is not clear from 
boreholes in the vicinity of the 100-0 Area if the contact also slopes to the 
south and southeast . However, interpretations presented by Lindsey (1992), 
indicate the top of these muds slope to the south towards the axis of the 
Wahluke syncline. Where the muds are overlain by Hanford formation deposits, 
the contact is erosional. Where the Ringold gravels overlie the muds, the 
contact reflects both erosion and structure (Lindsey and Jaeger 1993). The 
total thickness of the Ringold Formation is approximately 300 to 400 ft (90 to 
120 m) (DOE-RL 1993a). 

4.1.2.3.2 Hanford Formation. The Hanford formation in the 100-0 Area 
consists of sand and minor silt and gravel typical of the sand-dominated 
facies and pebble-cobble gravel typical of the gravel-dominated facies 
(Lindsey and Jaeger 1993). Throughout most of the area, the upper one-half to 
two-thirds of the Hanford formation is characterized by interbedded strata 
typical of both facies (see Figures 4-4 and 4-5). Studies of inferred outcrop 
analogues suggest these interbedded strata consist of sand-rich horizons that 
locally may be pebble-rich alternating with pebble to cobble gravel horizons. 
The scale of interbedding usually is on the order of a less than 3 to 10 ft 
(< 3 m). Pebble-cobble gravel deposits with few , if any, sand and silt 
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interbeds comprise the lower 10 to 20 ft (3 to 6 m) of the Hanford formation. 
The Hanford formation disconfo rmably overlies either the fluvial gravel­
dominated or overbank/paleosol -dominated strata of the Ringold Formation 
(Lindsey and Jaeger 1993). 

The Hanford formation is 40 to 50 ft (12 to 15 m) thick throughout the 
100-D Area except locally where it has been excavated (see Figures 4-4 and 
4-5). Where excavation has occurred, a few feet to several tens of feet 
(a meter to several meters) of the unit have been removed. In the area of the 
100-D Ponds, the entire unit appears to have been removed in the vicinity of 
borehole 199-D8-6 (Lindsey and Jaeger 1993). In boreholes 199-D8-4, -5, and 
199-D5-13, there is a small part of the Hanford formation beneath the backfill 
(coal ash) (Hartman 1992). 

4.1.2.4 Holocene Surficial Deposits. Holocene deposits in the vicinity of 
the 100-D Area consist of Columbia River overbank sediments and eolian 
deposits. North of 100-D (downstream), Holocene river deposits are common. 
These deposits are concentrated between the river and the 400-ft (122-m) 
contour and are found in a series of abandoned and intermittently active 
channels. Localized accumulations of overbank deposits filling topographic 
depressions also may be found above these channels. Eolian deposits 
consisting of fine- to medium-grained sand form a thin (usually <5 ft [<2 m] 
thick), discontinuous layer across much of the area (Lindsey and Jaeger 1993). 

4.1.2.5 Backfill. Backfill occurs locally throughout the 100-D Area. The 
backfill is dominantly composed of power plant coal ash. The coal ash can be 
characterized as angular to subangular grains, ranging in size from medium 
sand to small pebble. This material does not contain any significant 
cementation , commonly being loose and friable in the pit face at the 
100-D Ponds. The largest accumulation of backfill in the 100-D Area is found 
in the vicinity of the 100-D Ponds , in boreholes 199-D8-4 , -5 , -6, and 199-DS-
13 (see Figures 4-4 and 4-5) (DOE-RL 1993a). At this location, the backfill 
is as much as 65 ft (20 m) thick and the bulk of or entire Hanford formation 
has been removed by excavation (Lindsey and Jaeger 1993). 

The 100-D Ponds were constructed within the boundaries of what was 
formerly the 188- D (Coal ) Ash Dis po sal Ba s in . Before construction of the 
ponds, an unknown quant ity of coal ash from the powerhouse boilers in D Area 
was flushed out to this locat i on us i ng raw Columbia River water. This 
practice occurred from 1950 until 1968, when the powerhouse was decommissioned 
(DOE-RL 1993a). 

4.1.3 Regional and Hanford Site Hydrology 

4.1.3.1 Surface Water. Surface drainage enters the Pasco Basin from several 
other basins, which include the Yakima River Basin, Horse Heaven Basin, Walla 
Walla River Basin , Palouse / Snake Basin , and Big Bend Basin (Figure 4-6) (DOE 
1988). Within the Pasco Basin , the Columbia River is joined by major 
tributaries including the Yakima , Snake, and Walla Walla Rivers . No perennial 
streams originate within the Pasco Basin. Columbia River inflow to the Pasco 
Basin i s recorded at the United States Geological Survey (USGS) gauge below 
Priest Rapids Dam , and outflow i s recorded below McNary Dam. Average annual 
flow at the se recording stat i ons i s approximately 8.7 x 107 acre-ft 
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(1.1 x 1011 m3
) at the USGS gauge and 1.3 x 108 acre-ft (3.9 x 106 m3

) at the 
McNary Dam gauge (DOE 1988). 

Total estimated precipitation over the basin averages less than 
6.2 in./yr (15.8 cm/yr)· Mean annual runoff from the basin is estimated to be 
less than 1.1 x 109 ft /yr (3.1 x 107 m3/yr), or approximately 3% of the total 
precipitation. The remaining precipitation is assumed to be lost through 
evapotranspiration with a small component (perhaps less than 1%) recharging 
the groundwater system (DOE 1988). 

Primary surface water features associated with the Hanford Site are the 
Columbia River and its major tributaries and the Yakima River. West Lake, 
about 10 acres (40,470 m2

) in size and less than 3 ft (1 m) deep, is the only 
natural lake within the Hanford Site (DOE 1988). Wastewater ponds, cribs, and 
ditches associated with nuclear fuel processing and waste disposal activities 
are also present on the Si te (Figure 4-7) . 

The Columbia River flows through the northern part of the Hanford Site 
and along the eastern border of the Site. This section of river, the Hanford 
Reach, extends from Priest Rapids Dam to the headwaters of Lake Wallula (the 
reservoir behind McNary Dam). Flow along the Hanford Reach is controlled by 
Priest Rapids Dam. Several drains and intakes are also present along this 
reach, including irrigation outfalls from the Columbia Basin Irrigation 
Project, the Washington Public Power Supply System Nuclear Project No. 2 
intakes, and Hanford Site intakes for onsite water use. 

Routine water-quality monitoring of the Columbia River is conducted by 
DOE for both radiological and nonradiological parameters and has been reported 
by Pacific Northwest Laboratory since 1973. Ecology has issued a Class A 
(excellent) quality designation for Columbia River water along the Hanford 
Reach from Grand Coulee Dam , through the Pasco Basin, to McNary Dam. This 
designation requires that all industrial uses of this water be compatible with 
other uses, including drinking, wildlife habitat, and recreation. In general, 
the Columbia River water is characterized by a very low suspended load, a low 
nutrient content, and an absence of microbial contaminants (DOE 1988). 

Approximately one-third of the Hanford Site is drained by the Yakima 
River system. Cold Creek and its tributary, Dry Creek, are ephemeral streams 
within the Yakima River drainage system. Both streams drain areas along the 
western part of the Hanford Site and cross the southwestern part of the Site 
toward the Yakima River. Surface flow, which may occur during spring runoff 
or after heavier-than-normal precipitation, infiltrates and disappears into 
the surface sediments. Rattlesnake Springs, located on the western part of 
the Site, forms a small surface stream that flows for about 2.9 km (1.8 mi) 
before infiltrating into the ground. 

4.1.3.2 Groundwater. (Information in this section is summarized from Delaney 
et al. 1991). The hydrogeology of the Pasco Basin is characterized by a 
multiaquifer system that consists of four hydrogeologic units that correspond 
to the upper three formations of the Columbia River Basalt Group (Grande Ronde 
Basalt, Wanapum Basalt, and Saddle Mountains Basalt) and the suprabasalt 
sediments. The basalt aquifers consist of the tholeiitic flood basalts of the 
Columbia River Basalt Group and relatively minor amounts of intercalated 
fluvial and volcaniclastic sediments of the Ellensburg Formation. Confined 
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zones in the basalt aquifers are present in the sedimentary interbeds and/or 
interflow zones that occur between dense basalt flows. The main water-bearing 
portions of the interflow zones are networks of interconnecting vesicles and 
fractures of the flow tops and flow bottoms (DOE 1988). The suprabasalt 
sediment or uppermost aquifer system consists of fluvial, lacustrine, and 
glaciofluvial sediments. This aquifer is regionally unconfined and is 
contained largely within the Ringold Formation and Hanford formation. Table 
4-1 presents hydraulic parameters for various water-bearing geologic units at 
the Hanford Site. 

Local recharge to the shallow basalt aquifers results from infiltration 
of precipitation and runoff along the margins of the Pasco Basin and in areas 
of artificial recharge where a downward gradient from the unconfined aquifer 
system to the uppermos t conf i ned ba salt aquifer may occur . Regional recharge 
of the deep basalt aquifers is infe r red to result from interbasin groundwater 
movement originating no rtheas t and northwest of the Pasco Basin in areas where 
the Wanapum and Grande Ronde Basalt s crop out extens ively (DOE 1988). 
Groundwater discharge from shallow basalt aquifers is probably to the 
overlying aquifers and to the Columbia River. The discharge area(s) for the 
deeper groundwater system is uncertain, but flow is inferred to be generally 
southeastward with discharge thought to be south of the Hanford Site 
(DOE 1988). 

Erosional "windows" through dense basalt flow interiors allow direct 
interconnection between the uppermost aquifer system and underlying confined 
basalt aquifers. Graham et al. (1984) reported that some contamination was 
present in the uppermost confined aquifer (Rattlesnake Ridge interbed) south 
and east of Gable Mounta i n Pond . Graham et al . (1984) evaluated the 
hydrologic relationships between the Rattlesnake Ridge interbed aquifer and 
the unconfined aquifer i n thi s area and delineated a potential area of 
intercommunication beneat h the northeast portion of the 200 East Area. 

The uppermost aquife r syst em i s regionally unconfined beneath the Hanford 
Site and lies at depth s r ang i ng from less than 1 ft (0.3 m) below ground 
surface near West Lake and the Columbia and Yakima Rivers to greater than 350 
ft (107 m) in the centra l porti on of the Cold Creek syncline. Groundwater in 
this aquifer sys t em occurs with in the gl ac iofl uvial sands and gravels of the 
Hanford format i on and the fluvial / lac ust ri ne sedimen ts of the Ringold 
Formation. Ringold sedi ment s are div ided into five lithofacies: (1) fluvial 
gravel, (2) fluvial sand , (3-) overbank deposit s consisting of silt and sand, 
(4) lacustrine deposits , and (5) basaltic debris flow gravel. 

The position of the water table in the southwestern Pasco Basin is 
generally within Ringold fluv i al gravels of un i t FSE . In the northern and 
eastern Pasco Basin the water table is generally within the Hanford formation. 
Hydraulic conductivities for the Hanford formation (2 , 000 to 10,000 ft/d 
(610 to 3048 m/ d] ) are much greater than those of the gravel facies of the 
Ringold Formation (610 to 3,050 ft / d (186 to 930 m/ d] ) (Graham et al. 1981). 
The main body of t he unconf i ned aqu ifer generally occurs within the Ringold 
Formation . 

The base of the upp ermost aquifer ~ystem is defined as the top of the 
uppermost basalt f l ow. Howe ver , fine- gra i ned overbank and lacustrine deposits 
in the Ringol d Formation locally form confining layers for Ringold fluvial 
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gravels (units FSA, FSB, FSDl, FSC) underlying unit FSE. The uppermost 
aquifer system is bounded laterally by anticlinal basalt ridges and is 
approximately 500 ft (152 m) thick near the center of the Pasco Basin. 

Sources of natural recharge to the uppermost aquifer system are rainfall 
and runoff from the higher bordering elevations, water infiltrating from small 
ephemeral streams, and river water along influent reaches of the Yakima and 
Columbia Rivers. The movement of precipitation through the unsaturated 
(vadose) zone has been studied at several locations on the Hanford Site 
(Gee 1987, Routson and Johnson 1990, Rockhold et al. 1990). Conclusions from 
these studies vary. Gee (1987) and Routson and Johnson (1990) concluded that 
no downward percolation of precipitation occurs on the 200 Area Plateau where 
the sediments are layered and vary in texture, and that all moisture 
penetrating the soil is removed by evapotranspiration. Rockhold et al. (1990) 
suggested that downward water movement below the root zone is common in the 
300 Area, where soils are coarse textured and precipitation was above normal. 

Artificial recharge of the uppermost aquifer system occurs from the 
disposal of large volumes of wastewater on the Hanford Site (principally in 
the 200 Areas), and from large irrigation projects surrounding the Hanford 
Site. Figures 4-8 and 4-9 illustrate the groundwater table for the Hanford 
Site during the periods January 1944 and June 1989. Effluent disposal at the 
Hanford Site altered these hydraulic gradients and flow directions. Before 
operations at the Hanford Site began in 1944, the hydraulic gradient in all 
but the southwestern-most portion of the Hanford Site was approximately 
5 ft/mi (1.5 m/km). Regional groundwater flow was generally toward the east­
northeast, although flow north of Gable Mountain was more to the north. 
Groundwater flow north of Gable Mountain now trends in a more northeasterly 
direction as a result of mounding near reactors and flow through Gable Gap. 
South of Gable Mountain, flow is interrupted locally by the groundwater mounds 
in the 200 Areas. There is also a component of groundwater flow to the north 
between Gable Mountain and Gable Butte from the 200 Areas. 

Wastewaters discharged on the Hanford Site have reached the unconfined 
aquifer and the confined aquifer of the Rattlesnake Ridge interbed. The 
primary constituents that have reached the upper confined aquifer and the 
uppermost aquifer system are tr i ti um, iodine- 129 , ruthenium-106, 
technetium- 99 , uranium , ni trate , and chromium (DOE 1987). The groundwater is 
routinely and extensively monitored to record the movement of contaminants and 
to determine any impact from the Site to the public. Groundwater monitoring 
reports are produced annually (e.g., Serkowski and Jordan 1989). 

Temporary reversal of groundwater flow entering the Columbia River may 
occur during transient, high-river stages. This occurrence is known as bank 
storage. Correlations were made between groundwater level and river-stage 
fluctuations along a 50-mi (81-km) reach of the Columbia River adjacent to the 
Hanford Site by Newcomb and Brown (1961) . They concluded that a 100-mi 2 

(260-km2
) area within the Hanford Site was affected by bank storage. During a 

45-day rise in river stage , it was estimated that water infiltrated at an 
average rate of 3, 700 acre-ft / ct (111 m3/d) versus 1,000 acre-ft/ct (30 m3/d) 
during the 165-day recession period (time between consecutive storage events) . 
Since this study was conducted , dam control on the Columbia River has reduced 
the magnitude of bank storage on the groundwater system. 
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4.1.4 100-D Area Hydrology 

There is very little site- spec i fic hydrologic i nformation available for 
the 100-0 Area. There are fewer boreholes than in other 100 Areas and no deep 
boreholes . Information from surrounding areas (100-N and 100-H), can be used 
to extrapolate conditions in the 100-0 Areas (Lindsey and Jaeger 1993, Hartman 
and Peterson 1992, Hartman 1991) . A generalized stratigraphic column of the 
100-0 Area, including hydrologic units, is shown in Figure 4-4. 

4.1.4.1 Vadose Zone. The vadose zone beneath the 100-0 Area includes 
backfill, Holocene surficial deposits, the Hanford formation, and the 
uppermost portion of the Ringold Formation (see Figure 4-4). Not all of these 
units are present in all locations. The vadose zone ranges from Oto 90 ft 
(0 to 27 m) thick (DOE-RL 1993a) . In wells 199-D2-5 , 199-05-12, and 199-08-3, 
this unit is 70 to 80 ft (21 to 24 m) thick. The majority of the vadose zone 
lies within the gravels and lesser sands of the Hanford formation; the 
exception is in the area of the 100-0 Ponds, where a thick accumulation of 
backfill (coal ash) is found (OOE-RL 1993a). Part of what is now the vadose 
zone was saturated when the 100-0 groundwater mound was present in the 1960's 
(Hartman 1991). The only Ringold Formation strata found in the vadose zone 
are the fluvial gravel deposits of unit E (OOE-RL 1993a, Lindsey and 
Jaeger 1993, and Hartman 1991). 

4.1.4.2 Uppermost Aquifer System. The first aquifer system beneath the 
100-0 Area is referred to as the uppermost aquifer system. This term refers 
to the entire saturated portion of the suprabasalt sediments (OOE-RL 1993a). 
This aquifer system is found almost entirely within the Ringold Formation and 
includes a series of confining and producing layers (aquitards and aquifers) 
(see Figure 4-4) . The uppermost or suprabasalt aquifer system is underlain by 
the multilayered aquifer system found within the Columbia River Basalt Group 
(see Figure 4-4). Because of the lack of deep boreholes in the 100-0 Area, 
the generalized hydrogeologic model for the uppermost and underlying aquifers 
shown in Figure 4-4 is extrapolated from deep boreholes elsewhere in the 
100 Areas (Lindsey and Jaeger 1993 , Hartman 1992, Hartman and Peterson 1992 , 
Hartman 1991). 

• Unconfined (uppermo st) aqu ifer- -The hydrologic unit of primary 
importance to the 100- D Pond s groundwater impact assessment. This 
aquifer is 10 to 25 f t (3 to 8 m) thick and is bounded on top by the 
water table and on the bottom by the· shallowest confining unit 
(Ringold mud) (see Figures 4- 4 and 4-5). The aquifer comprises 
partially cemented pebble to cobble gravel (Ringold Formation) with a 
sand matrix (OOE-RL 1993a , Hartman 1992 , 1991). Slug tests in this 
aquifer yield hydraulic conductivities in the range of 3.9 to 130 
ft/d (1.2 to 39.6 m/d) (Hartman 1992). 

Water level measurements have been taken for every month in 1992 for 
wells in and near the 100- D Area as part of the RCRA monitoring 
program. The water table currently lies approximately 80 ft (24 m) 
beneath land surface at the 100- D Ponds , within the Ringold Formation 
gravels (see Figure 4- 4 and 4- 5) . Figure 4-lO _shows the water table 
in the 100-0 Area in J une 1992 , when the river stage was high. 
Groundwater flow i s i nferred to be to the northeast beneath the 100-0 
Ponds , approximat el y parallel t o t he Columb i a River. The groundwater 
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gradient in June was very low southwest of the ponds . The ~adient 
to the northeast, between wells 199-D8-4 and -3, was 1 x 10-. Figure 
4-11 shows the water table in October of 1992, when the river stage 
and water table were lower. Groundwater flow is interpreted to be to 
the northwest (toward the river) beneath the 100-D Ponds in October 
and most of the rest of 1992. The ~oundwater gradient beneath the 
ponds in October was between 2 x 10- and 3 x 10-3 (DOE-RL 1993b). The 
normal direction of groundwater flow in the 100-D Area (when 
unaffected by artificial recharge and the changes in river stage), is 
towards the northwest and the river. 

• Shallow/confining unit--A clay-rich unit composed of Ringold 
Formation overbank/ paleosol muds is the confining unit underlying the 
unconfined aquifer. This unit appears to be continuous throughout 
the 100-D Area. The unit is approxi mately 50 ft (15 m) thick at Well 
199-D8-54B (the only well that completely penetrates this unit in the 
100-D Area). No estimates of hydraulic conductivity are available 
for this unit (DOE-RL 1993a). 

• Confined aquifer(s)--Well 199-D8-54B is completed in a 1.5 m- (5 ft-) 
thick silty sand unit in the Ringold Formation beneath the shallow 
confining unit. Data from boreholes near 100-N Area indicate that 
this is one of a series of thin aquifers and aquitards that extends 
down to the lower mud unit of the Ringold Formation. No estimates of 
aquifer properties are available for these units. 

• Ringold lower mud confining layer--No boreholes in the 100-D Area 
reach the lower mud unit . Delaney et al. (1991) states that the 
vertical hydraulic conductivity of the lower mud is approximately 10-8 

ft/d (3 x 10-9 m/d) in the 100-H Area. 

-4.2 HYDROLOGIC RESPONSES TO EFFLUENT DISPOSAL 

Effluent from filter backwashing is discharged in batches to the 
100-D ponds approximately once a month. Additional effluent from basin 
washdown activit ies is discharged to t he ponds twice a year. Occasionally , 
there appears to be some effect to the water table from the ponds when water 
table measurements were taken immed i ately after a discharge event (Figure 4-
12). This particular figure illustrates the effects on the water table from a 
discharge of over 300 ,000 gal (1,135,624 L) to the ponds at one time. The 
event occurred when the settling basins inadvertently emptied in mid-January 
1993. However , most of the time the changes to the water table are small , 
making it difficult to say if the effect is from discharges to the ponds or 
influence of the changes in river stage. The routine amounts and timing of 
the discharges are such that their effects on the water table are small 
compared to the effects from fluctuations i n the water level of the Columbia 
River . Over the history of the ponds , there have been large volumes of water 
discharged to the unconfined aquifer , but the effects on the overall 
hydrologic system have been minimal. 
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4.3 GROUNDWATER QUALITY 

Parameters of concern in the 100 Areas are gross alpha, gross beta, 
tritium, nitrate, and hexavalent chromium. Plume maps have been generated for 
all of these contaminants. These contaminants are highly mobile in 
groundwater and were present in waste liquids and reactor coolant released in 
the 100 Areas. There is also evidence that points to migration of tritium 
from the 200 Areas northward through Gable Gap and towards the river. Several 
wells in the Gable Gap area and northward towards 100-K Area show elevated 
concentrations of tritium. 

Hartman and Peterson (1992) present interpretations of groundwater 
chemistry for the 100-D Area based on data collected in 1990, before 18 new 
RCRA and Comprehensive Environmental Response Compensation and Liability Act 
of 1980 (CERCLA) monitoring wells were installed. At that time, their 
conclusions were that groundwater beneath most of the 100-D Area appeared to 
be contaminated by tritium, nitrate, and chromium. Data collected in 1992 
from the RCRA and CERCLA monitoring wells indicate that the groundwater 
beneath the 100-D Ponds is less contaminated than the surrounding groundwater 
(Figures 4-13, 4-14, and 4-15). This distribution pattern appears to be the 
result of dilution caused by recharge from the 100-D Ponds (DOE-RL 1993b). 

Most of the pH measurements taken at Wells 199-D8-4 and -6 were above the 
upper drinking water standard (8.5) (Figure 4-16a). The pH is higher in Wells 
199-D8-4 and -6 than other wells farther away from the ponds. It is not clear 
at this time if the elevated pH values are due to current or past effluent 
discharges to the pond (DOE-RL 1993b). Effluent discharges in the past have 
tended to be below the lower drinking water standard (6.5), making the 
effluent slightly acidic. This effect would be neutralized when effluent 
comes into contact with the local sediments. Hanford surficial and near­
surface sediments would tend to buffer the solution and make it slightly 
alkaline. Also, the 100-D Ponds are built in the old 188-D (Coal) Ash 
Disposal Basin; coal ash is very alkaline and tends to significantly increase 
the pH of the groundwater in contact with it. 

Specific conductance is lower at the wells nearest to the 100-D Ponds 
(199-D8-4 and -6) than at other nearby wells (Figure 4-16b). This relatively 
low specific conductance i s probably caused by recharge to the unconfined 
aquifer from the 100-D Ponds effluent. Influx of Columbia River water during 
high river stages could also be contributing to the lower values in wells 
nearest the river. However, in Well 199-D8-5, which is nearer the river than 
Wells 199-D8-4 and -6, this is not the case, as it has higher specific 
conductance values than the others (DOE-RL 1993b). Other wells in the area 
exhibit elevated specific conductance (Figure 4-17). 

Total organic carbon (TOC) and total organic halogen (TOX) values were 
also available as part of the monitoring program. TOC values were less than 
1,000 ppb. TOX values are under review for quality assurance reasons 
(DOE-RL 1993b). 

Hydrochemical results for the groundwater monitoring wells at 100-D were 
compared to Hanford Site averages for the unconfined aquifer as a whole 
(Table 4-2), to determine if the 100- D and surrounding area unconfined aquifer 
differed in chemistry. All of the resul ts are from samples collected in the 
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1990's, with one exception: data from the 1980's were also used for chloride 
to increase the size of the data set. The results of this comparison are as 
follows: 

• Groundwater quality parameters (Table 4-3). The pH values for most 
of the wells monitored at 100-D and the surrounding area fall within 
the WWQS range of 6.5 to 8.5. Well 199-D8-3 has had pH values 
slightly above this range for 1991 and 1992. The RCRA monitoring 
wells for the 100-D Ponds tend to be on the high end of the range or 
slightly alkaline. The two wells completed in the coal ash have the 
higher values of the four, which is consistent with the observation 
that groundwater occurring in coal ash tends to be alkaline. 

Specific conductivities in the RCRA monitoring wells are relatively 
low, in the 100 to 250 µmho/cm range. The effect of the effluent 
being discharged into the ponds is evident in these values. The 
effluent has a specific conductivity range of 127 to 171 µmhos/cm, 
which is much lower than the unconfined aquifer (~360 µmhos/cm). 
When the effluent and groundwater mix, the wells nearer the pond 
should have specific conductance· values that fall between the two 
ranges. In wells nearer the river, mixing of river water and 
groundwater can occur, also decreasing the specific conductivities. 

Turbidity values for the RCRA wells are low, ranging from 0.4 to 3.9 
nephelometric turbidity units (NTU) for 1992 and 0.6 to 2.8 NTU for 
1993. The lowest value is at Well 199-D8-6, which is furthest 
upgradient. Wells 199-D-8-4 and -5 have much higher values . This 
could be a result of the effects of the coal ash backfill in the area 
or because the wells are relatively new and the suspended solids have 
not been fully flushed from the well screen. 

Alkalinity concentrations in the 100-0 Area range from 47,500 to 
116,000 ppb. The hardness ranges from 92,000 to 140,000 ppb. The 
total dissolved solid (T0S) concentrations range from 312 to 627 ppb. 

• Cation concentrations (Table 4-4). Calcium concentrations for the 
100-0 Area range from 21 , 000 to 101 , 000 ppb. Most of the 
concentrations are near the site average for the unconfined aquifer 
(See Table 4-2). The exceptions are lower values in the RCRA wells 
(199-08-4, -5, -6) near the 100-0 Ponds. The highest values are in 
wells near the old reactors and disposal facilities (Figure 4-18) . 

Potassium concentrations range from 1, 970 to 7,770 ppb. Most of the 
values are slightly higher than the site average for the unconfined 
aquifer (see Table 4-2). The lowest values are in the RCRA wells 
near the ponds (199-08-4, -5 , -6) and the upgradient RCRA well 
(199-05-13). The highest values are in wells near the old reactors 
and disposal facilities (see Figure 4- 18). 

Sodium concentrations range from 500 to 20,700 ppb. Almost all of 
the values are higher than the site average for the unconfined 
aquifer (see Table 4-2). The exception is well 199-D5-13, the RCRA 
upgradient well , which shows the lowest concentration in the area. 
The next lowest values are in the RCRA wells near the ponds 
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(199-D8-4, -5, -6). The highest values are in wells near the old 
reactors (see Figure 4-18). 

• Anion concentrations (Table 4-5) . Chloride concentrations for the 
100-D Area range from 2,900 to 28,200 ppb. All of the concentrations 
are well above the site average for the unconfined aquifer except 
those near the ponds (see Table 4-2). The wells that are highest in 
chloride are near the old reactors (see Figure 4-18). Elevated 
chloride concentrations may be from disposal of demineralizer 
regeneration wastes, which would be high in "NaCl." 

Fluoride concentrations range from less than 100 to 610 ppb. Most of 
the concentrations are below the Site average for the unconfined 
aquifer (see Table 4-2). The lowest values are found in the RCRA 
wells (199- D8-4 , -5 , -6) near the 100-D Ponds and one well (199-D5-
19) which is upgradient of the old reactors (see Figure 4-18). The 
highest values are in wells near the old reactors and disposal 
facilities (see Figure 4-18). 

Nitrate concentrations range from 700 to 21,000 ppb. All of the 
concentrations are above the Site average for the unconfined aquifer 
(see Table 4-2). The lowest values are found in the RCRA wells (199-
D8-4, -5, -6) near the 100-D Ponds and one well (199-D5-20) located 
east of the 100-D Ponds near the river (see Figure 4- 18). The 
highest values are in wells near the old reactors and disposal 
facilities (see Figure 4-18). There is a nitrate plume in the 
100-D Area from past-practice disposal activities (see Figure 4-15). 

Nitrite concentrations are less than the contractually required 
quant i fication limit (C QRL ) of 200 ppb for the RCRA wells and 100 ppb 
for the CERCLA wells , in all but two of the wells sampled. The two 
wells with reportable concentrations are 199-D5-13 with 375 ppb and 
199-D8-3 with 700 ppb. 

Phosphate concentrations range from less than the CQRL (400 ppb) to 
800 ppb. The RCRA well s all have concentrations less than the CQRL . 
The other well s moni tored fal l i n t he 600- to 800- ppb range . These 
concentrat i ons are be l ow t he Si te average fo r the unconfined aquifer 
(see Table 4- 2) . 

Sulfate concentrations range from 11,800 to 94 , 500 ppb. Half of the 
wells have concentrations above the Site average for the unconfined 
aquifer (see Table 4-2) . Of the remaining wells , most are close to 
the Site average. The lowest values are found in the two wells (199-
D2-5, -6) located upgradient of most of the facilities (see Figure 
4-18). The highest values are in well s near the old reactors and 
disposal facilit i es (see Figure 4-18) . The RCRA wells near the 100-D 
Ponds (199- D8- 4, - 6) are near the Site average. Well 199-D8- 5, which 
is downgradient , shows elevated concent rat i on s. The pond effluent is 
close to the Site ave rage values, so it i s not the cause of any of 
the elevated values seen i n the area . 

Sulfide concent r at i on s are around 1 ppb in t he we l ls in the area. 
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• Metal concentrations-unfiltered (Table 4-60). Antimony 
concentrations are less than the CQRL (200 ppb) in the RCRA wells. 
The other wells have concentrations that range from 16 to 31 ppb. 

Arsenic concentrations are less than the CQRL (5.0 ppb) in the RCRA 
wells. The other wells range in concentration from 2 to 5 ppb. 
These concentrations are below or near the site average for the 
unconfined aquifer, which is approximately 5 ppb. 

Barium concentrations range from less than 20 to 122 ppb . All but 
two of the wells have concentrations above the site average for the 
unconfined aquifer (see Table 4-2). The lowest values are found in 
the RCRA wells (199-D8-4, -5) near the 100-D Ponds. The highest 
values are in wells near the old reactors (see Figure 4-18). None of 
the wells exceed the WWQS for barium (1 , 000 ppb). 

Beryllium concentrations are less than the CQRL (3.0 ppb) in the RCRA 
wells. The other wells have concentrations that range from 0.7 to 
0.9 ppb. Beryllium is present only in trace con~entrations in wells 
where it was detected . 

Cadmium concentrations are less than the CQRL (10 ppb) in the RCRA 
wells. Concentrations range from 2 to 3 ppb in the other wells. 
Cadmium is present only in trace concentrations in wells where it was 
detected . 

Cobalt concentrations are less than the CQRL (20 ppb) in the RCRA 
wells. The concentrations range from 3 to 5 ppb in the other wells. 
Cobalt is present only in trace concentrations in wells where it was 
detected. 

Chromium concentrations range from 28 to 1,920 ppb. All but two of 
the wells have concentrations above the Site average for the 
unconfined aquifer (see Table 4-2) and exceed the WWQS for chromium 
(50 ppb). The lowest values are found in the RCRA wells (199-D8-4, 
and -5) near the 100- D Ponds . Chromium concentrations can be 
elevated in unfiltered samples from new wells due to influence of the 
stainless steel casing and well screen. There is a chromium plume 
(see Figure 4-14) in the 100-D Area from past- practice operations in 
the area. 

Copper concentrations are less than the CQRL (20 ppb) in the RCRA 
wells. The concentrations range from 3 to 12 ppb in the other wells. 
These values are all below the Site average for the unconfined 
aquifer (see Table 4-2). 

Iron concentrations range from 60 to 4,833 ppb. Half of the wells 
have concentrations above the Site average for the unconfined aquifer 
(see Table 4-2) and exceed the WWQS for iron (300 ppb). The lowest 
values are found in wells (199-D8-3 , and -5) on the northeast corner 
of the 100-D ·Area and near the 100-D Ponds, respectively. The 
highest values are in wells near the old reactors (see Figure 4-18). 
Iron concentrations can be elevated in unfiltered samples from new 
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wells as a result of the influence of stainless steel casing and well 
screen. 

Magnesium concentrations range from 1,110 to 26,700 ppb. Half of the 
wells have concentrations above the Site average for the unconfined 
aquifer (see Table 4-2). The lowest values are found in wells 
(199-02-6, 199-08-4, -6, and 199-08-3) on the southwest corner of the 
100-0 Area, near the 100-0 Ponds, and in the northeast corner of the 
area, respectively. The other two wells are likely unaffected 
because of their location at the edges of the area. The highest 
values are in wells near the old reactors (see Figure 4-18). The 
high magnesium concentrations may be a result of past-practice 
disposal activities in the area. 

Manganese concentrations range from 3 to 253 ppb. Some of the wells 
have concentrations above the Site average for the unconfined aquifer 
(see Table 4-2) and three exceed the WWQS for manganese (50 ppb). 
The lowest values are found in wells (199-08-3 and 199-05-12) on the 
northeast corner of the of the 100-0 Area and near the old reactors 
on the east side of the area, respectively. These two wells are 
likely unaffected because of their location at the edges of the area. 
The highest values are in wells near and downgradient of the old 
reactors (see Figure 4-18). Well 199-05-12 is upgradient of the 
reactors, which could be why it is unaffected. The high manganese 
concentrations may be a result of past-practice disposal activities 
in the area or localized reducing conditions (DOE-RL 1992a, 1992b, 
WHC 1990a) . 

Mercury concentrations are less than the CQRL (0.2 ppb) in all but 
two of the wells . The two well s with detectable concentrations are 
199-05-13 and -15. The concentrations are 0.33 and 0.62 ppb, 
respectively . These concentrations are below the WWQS for mercury 
(2 ppb). These wells are located southeast of the 100-0 Ponds and 
just north of 0-Reactor, respectively (see Figure 4-18). The source 
of this mercury occurrence is uncertain at this time. Mercury is 
being investigated as part of the RCRA Closure Plan (OOE-RL 1993a) 
and the 100- HR- 3 Operable Uni t (DOE-RL 1992a). 

Nickel concentrations range from 4 to 39 ppb . Many of the wells have 
concentrations slightly above the Site average for the unconfined 
aquifer (see Table 4-2). The lowest values are found in wells 
(199-02-5 and 199-05-12) on the southeast corner of the 100-0 Area 
and near the old reactors on the east side of the area, respectively . 
These two wells are likely unaffected because of their location at 
the edges of the area. The highest values are in wells near and 
downgradient of the DR-Reactor (see Figure 4-18). Well 199-05-12 is 
upgradient of the reactors , which may explain the lower nickel 
concentration . The slightly elevated nickel concentrations may be a 
result of past - practice disposal activities in the area. 

Selenium concentration s are les s than the CQRL (10 ppb) in the RCRA 
wells. The other wells have concentrations that range from 4 to 
12 ppb . Four wells exceed the WWQS for selenium (10 ppb); they are 
199-05-15 , - 19 , - 20 , and 199- 08-3. These wells are located 
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immediately north of the D-Reactor, on the northwestern edge of the 
100-D Area near the river , and on the northeast corner of the area, 
respectively. The slightly elevated selenium concentrations may be a 
result of past-practice disposal activities in the area. 

Tin concentrations are less than the CQRL (10 ppb) in the RCRA wells. 
There are no data available for the other wells in the area. 

Vanadium concentrations range from 6 to 18 ppb. The four RCRA wells 
had concentrations below the CQRL (30 ppb). The highest 
concentrations of vanadium occur in a few wells near the old reactors 
(199-D5-14, -15, -19, -20, and 199-D8-3). With one exception, Well 
199-D5-14, these are the same wells that showed slightly elevated 
selenium concentrations. The slightly elevated vanadium 
concentrations may be a result of past-practice disposal activities 
in the area. 

Zinc concentrations range from 9 to 112 ppb. The four RCRA wells had 
concentrations below the CQRL (10 ppb). These values are consistent 
with the Site average values for zinc (see Table 4-2), except for two 
wells. Wells 199-D5-17 and -18 had concentrations of 112 and 43 ppb, 
respectively. These wells are located just north of the DR-Reactor 
building. These values are higher than the other wells in the area. 
The cause of these elevated values in relation to the other wells in 
the area is unknown. 

Radionuclide concentrations (Table 4-7). Gross alpha concentrations 
are near background levels in the 100-D Area. There does not appear 
to be any significant alpha contamination. 

Gross beta concentrations range from 2.4 to 76 pCi/L. The majority 
of the values are below 10 pCi/L. Only two wells exceed 10 pCi/L; 
they are 199-D8-3 and 199-D5-12, which are located in the northeast 
corner of the area and at the southeast corner of the D-Reactor 
building (see Figure 4-18). The values in these two wells correlate 
well with the strontium-90 results . 

Cobalt-60 concentration s are near background levels in the 100-D 
Area. There does not appear to be any significant cobalt-60 
contamination. 

Cesium-137 concentrations are near background levels in the 100-D 
Area. There does not appear to be any significant cesium-137 
contamination. 

Strontium-90 concentrations range from negative values (actual result 
minus the background value) to 53 pCi/L. Only two wells have values 
above ''background; tt they are 199-D8-3 and 199-D5-12, which are 
located in the northeast corner of the area and at the southeast 
corner of the D-Reactor building (see Figure 4-18). The values in 
these two wells correlate well with the gross beta results. 
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Technetium-99 concentrations are all less than the detection l imit 
(15 pCi/L) in the 100- D Area . There does not appear to be any 
significant technetium-99 contamination . 

Tritium concentrations range from 97 to 74 , 000 pCi/L. The 
concentrations in the RCRA wells are at background in the two wells 
nearest the pond (199-D8-4, -6) and the lowest value in the area is 
at another RCRA well (199-D8-5) (see Figure 4-18). All other wells 
show varying levels of tritium, with the highest being near the old 
reactors and disposal activities (see Figure 4-18). There is a 
tritium plume (see Figure 4-13) in the 100-D Area from past-practice 
operations in the area . 

4.4 SOIL COLUMN CHEMICAL FACTORS 

Sediment samples were recently taken in the 100-D Ponds as part of the 
100-DR-l Operable Unit sampling efforts. Three background samples were also 
taken of the coal ash at the Site. The sediments have some elevated toxicity 
characteristic leaching procedure (TCLP) values for metals, but only barium 
and lead exceed drinking water standards. The higher detection limits for 
this test were appropriate for comparison with the WAC 173-303 (OW) criteria 
but not WAC 173-200 (WWQS) criteria. It is unknown whether the lead and 
arsenic exceeded drinking water standards because the detection limits used 
were too high for comparison of the data with the WWQS. 

All of the elevated TCLP values for chromium, cadmium, and lead occurred 
in the settling pond sediments and were distributed throughout the areas 
sampled. Elevated values of barium were found in both ponds and again were 
distributed throughout the areas sampled . 

It does not appear that leaching of heavy metals from the pond sediments 
is a major factor in potential groundwater contamination. All of the pond 
sediment leachate values for chromium and cadmium are below drinking water 
standards. Only one elevated lead value exceeded the drinking water standard. 
This value was from sediments near the settling pond influent pipe. Elevated 
values of barium above and ju st below t he drinking water standards occurred in 
both pond sediments, al th ough t here i s no discernable pattern to its 
distribution. 

4.5 SUMMARY OF CONCEPTUAL MODEL OF MOISTURE MOVEMENT AND 
CONTAMINANT TRANSPORT 

A hydrochemical conceptual model was developed to explain the groundwater 
monitoring results in the vicinity of the 100-D Ponds. Figure 4-19 
illustrates the following discus sion. The effluent entering the 100-D Ponds 
has low specific conductance (<150 µmhos / cm), is slightly acidic pH (6.7), and 
is generally lower in concentration of most ions than the unconfined aquifer 
groundwater . The pond sediments con s i st of coal ash up to 65 ft (20 m) thick. 
The ash was sluiced out to the pond s as a slurry . When coal ash is "fresh" or 
unweathered, it has the following characteristics: (1) it is enriched in 
heavy metals , (2) has an alkal ine pH (9.5) , and (3) is composed of unburned 
coal-carbon , periclase-MgO , li me -C ao, Fe oxides-magnetite , etc ., minor 
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sulfates, and a- quartz (McCarthy and Groenewold 1983) . When the pond effluent 
comes in contact with the fresh ash , the major ini t ial reactions are as 
follows : 

1. Formation of hydroxides 

Cao + H20 ~ Ca(OH) 2 (portlandite) 

MgO + H20 ~ Mg(OH) 2 (brucite) 

2. Formation of mobile metal oxyanions 

2• 2· HA O 2· A O 3• Sb 2· 2· Se04 , Cr04 , s 4 , s 4 , 04 , Mo04 , etc. 

( 1) 

(2) 

(3) 

The mobile metal oxyanions are removed from the system by groundwater 
that flows into Columbia River. Over time, the portlandite and brucite flush 
down through the ash layer and into the sediments of the Ringold Formation 
that underlie the ash backfill . Here the portlandite and brucite undergo 
dissociation: 

3 . Dissociation of hydroxides 

Ca(OH) 2 ... Ca2+ + 20W 

Mg(OH) 2 
.., Mg2+ + 20W 

The continual di ssolution and prec i pitation of portlandite and brucite 
supplies OH - ion to maintain the pH of the groundwater (just beneath and 
immediately downgradient of the pond s) in the 8.5 to 9 range. Surrounding 
groundwater pH values are i n t he 7 to 8 r ange . 

(4) 

(5) 

Other continuing react i ons wi t hi n the system involve the formation of 
calcite-CaCO~, calcium bicarbonate- Ca(HC03)f, and numerous Al-, Mg-, Mn-, and 
Fe-hydroxy silicates. Less mobile metals ike Zn, Pb , Cu , Hg, and Cd would be 
trapped in the zone beneath the backfill. Portlandite and brucite, which form 
in the vadose zone beneath the ponds , are a continuing source of OH- ion and 
therefore alkaline pH values . In addition , there are sources of HC03-

(bicarbonate) and CO 2· (carbonate) within the soil column of the Ringold 
Formation. The alka~ine carbonate zone created by these ions becomes, in 
effect, a "geochemical trap " for cationic heavy metals. Alkaline carbonate 
solution controls on heavy metal solubility and precipitation can be 
illustrated using cadmium as an example (F igure 4-20) . This figure shows the 
basic reactions that would occur and the types of species that would form in 
an alkaline carbonate envi ronmen t. Although this illustrates only the species 
for cadmium , similar react ions wou l d occur for other cationic heavy metals 
(Pb , Zn, Cu , and Hg). 
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The other major effect of the pond effluent is to add water of lower 
concentration (for most chemical parameters) into the ambient groundwater 
system. The monitoring results discussed in Section 4.3 i llustrate this 
effect in several cases. 

The conceptual model presented in this section is summarized as follows: 

• Effluent with low concentrations for most chemical parameters and 
slightly acidic in pH is discharged to the 100-D Ponds. 

• The effluent percolates through the backfill/ash and the water reacts 
with the lime and periclase in the ash to form hydroxides (e.g., 
portlandite and brucite). 

• In the vadose zone beneath the backfill/ash , the hydroxides 
dissociate to Ca2

+, Mg 2
+ , and OH -, thereby raising the pH to a slightly 

alkaline range (8.5 to 9). 

• Fe, Mn, Mg, and Al form metal-hydroxysilicates, and less mobile metal 
cations (Cu, Pb, Zn, Cd, and Hg) ·form carbonates and hydroxides and 
are retained on the soil column. 

• Mobile metal oxyanions (chromium, arsenic, antimony, molybdenum, and 
selenium) are rapidly flushed through the system. 

• Concentrations of local contaminants are diluted by effluent 
discharge to the ponds . 
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Generalized Stratigraphy of t he Pasco Bas in 
and Surround i ng Area. 
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Figure 4-2. Generalized Stratigraphy of the Suprabasalt 
Sediments in the Pasco Basin. 
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Figure 4-3. Generalized Stratigraphy of the Miocene-Pl iocene Ringold 
Formation in the Pasco Basin. Figure Al so Illust r ates 

t he Distribution of Major Sediment Facies 
in the Formation (Lindsey 1991). 
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Figure 4-4. Generalized Hydrologic Setting of the 100-D Area. 
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Figure 4- 7. Location of Wate r Di spos al Pond s on t he Hanford Site . 
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Hindcast Water Table Map of t he Hanford Site , 
January 1944 (ERDA 1975) . 
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Figure 4-9. Hanford Site Water Table Map, June 1989 (Smi th et al . 1990) . 
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Figure 4-16 . (a) pH vs. Time and (b) Specific Conductance in Upg r adient Well 
199-05-13 and 0owngradient Wells 199-08-4 , - 5, and - 6. 
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Figure 4-18. 100-0/ DR Area - Selected Waste Disposal Faci li ties 
and Monitoring Wells . 
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Figure 4-20. Elementary Reactions and Reaction Products for Cadmium 
in an Alkaline Carbonate System (Rubin 1974). 

Cd 2 + + HCO -3 
~ CdHCO3 + 

CdHCO3 + + OH- ~ CdCO3(s) + H2O 

CdOH + + HCO3- ,.... CdCO 3(s) + H2O 

Cd 2 + + CO 2 -3 
~ CdCO 3(s) 

CdCO3(aq) .... CdCO 3(s) 

CdOH + + OH- ,..a, Cd(OH) 2(s) 

HCdO2- + H2O ~ Cd(OH) 2(s) + OH-

Cd(OH) 2(aq) ~ Cd(OH) 2(s) 

( 1 ) 

(2) 

( 3) 

(4) 

( 5) 

( 6) 

(7) 

( 8) 

In the lower pH range of 8 to 10, the predominate reactions for the formation 
of CdC03 (cadmium carbonate) are 1 through 5. In the higher pH range of 10 to 
12, reactions 6 through 8 are the dominate ones. In this perspective, Cd 2+ 
and CdOH+ are the only reasonable species that could form CdC03 and they do 
not exist at pH value s above 12 . It i s po ss ible for cadmium hydroxide to form 
and exist in the lower pH ranges , but formation of the carbonate species is 

favored (Rubin 1974). 
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Table 4-2. Hanford Site Maxima and Average Concentrations (ppm) for 
Unconfined Aquifers, Springs, and Confined Aquifers (DOE-RL 1992d). 

Chem. Unconfined Springs Confined Unconfined Springs Confined 
average average average maxima maxima maxima 

Al 0 .145 0 .15 0.069 0.202 0.2 0.14 

B 0.072 0.08 0.009 0.101 0 . 1 0.02 

Ba 0.036 0.01 0.078 0.062 0.025 0.129 

Ca 35 23 29.9 56 34 92 

Cl 3.9 6 .1 12 .3 6.3 16.9 28 

Co 0. 02 0.016 0.026 0.12 34 0.16 

Cr 0.032 0.033 0.006 0.033 0.036 0.012 

Cu 0.023 0.021 0.003 0.03 0.03 0.01 

F 0.39 0.35 0.73 0.61 0.7 3.3 

.n F-a 1 k 136 94 120 215 134 158 
-

Fe 0.215 0.024 0.097 0.695 0.034 0.61 

K 4 .1 2.2 8.1 5.5 6.2 13 . l 

Li 0.013 0.013 0.02 0.016 0.016 0.02 

Mg 11. 3 10.3 8.9 16.5 15.4 15.9 

Mn 0.06 0.008 0 .18 0. 164 0.01 0.5 

Mo 0. 41 -- 0.11 0.61 0.61 0.2 

Na 12 9.6 26.2 17 22.9 5.8 

Ni 0.03 0.03 0.012 0.036 0. 03 0. 02 

NO-:r 3.4 6. 5 3 7.1 39.8 8 

Pb 0 .18 0 .17 0.043 0.2 0. 18 0.1 

Si 19 21 30 27 28 37 

SO, 17 13 24 24 24 40 

Sr 0.15 0.08 0.09 0.25 0 .12 0 .16 

Zn 0.018 0.97 0.1 0.62 7.2 0.226 
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Introduction t o Tables 4-3 Through 4- 7. 

All tables contain data t aken fr om the Hanford Environmental Information Syste 
(HEIS) database. The following cri t eria apply to t hese data : 

1. Data include RCRA, CERCLA , operational, and historical sampling data that have 
been entered into the database up to May 1993. 

2. All data are from samples collected in the 1990 ' s except chloride data where 
1980's data were also used to make a more complete data set . 

3. The data given for a year are the average of all the data available for that 
year and are rounded to the nearest tenth or hundredth of a decimal 
(e .g., 0. 15 ~ 0.2 or 0.03 1 ~ 0.03). 

4. Al l data are for unf i l t ered samples. 

5. Units for each parameter are given in the header of the table . 

6. Radionuclide data include some negative values, which result when samples 
are at or near the detection limit and/or background values are subtracted fro 
the results. 

7. A "U" flag after a data entry means "undetected " and value i s less than the 
contractually required quantificat i on limit (CQRL) . 
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dissolved Field temperature (OC) Turbidity (NTU) Hardness 
Wells solids (ppb) 

(ppb) 

+>-
I 

w 

G") 

1992 1990 1991 1992 1993 1992 1993 1992 -s 
0 
C: 

199- D2 - 5 406 17 .8 18 .1 17.9 -- -- -- -- :::I 
0. 
~ 

199-D2-6 441 -- - - -- -- 0.4 0.6 -- 1:1) 

c-t-
ct) 

199- D5- 12 627 22 .8 22 .8 21. 9 -- -- -- 130000 -s 
,0 

199- D5-13 -- -- - - 17.1 16.3 - - -- -- C: 
1:1) __, 

199- D5- 14 441 - - -- -- - - -- -- - - c-t-
'-< 

199-D5-15 382 - - -- -- -- -- -- -- ...... 
:::I :::e:: 

199-D5- 16 348 - - -- -- - - -- - -
0. :::I: 

n 
(') I 

199- D5-17 461 - - -- -- -- - - -- --
1:1) IT1 

. c-t- -0 
0 I 
-s 0 

199- D5-18 476 -- -- -- - - -- -- -- en 
·-3: en 

0 en 
199- D5 - 19 514 - - -- -- - - - - -- -- :::I 

c-t-

199-D5- 20 312 -- -- -- -- -- -- -- 0 
-s 

199- D8-3 545 27 .6 27 .8 26 . 7 -- -- -- 140000 :::I 
tC 

199-D8-4 -- -- - - 15.4 14.7 3.9 2.8 --
;::c, 
ct) 

- V, 

199-D8- 5 - - -- -- 19.1 18.4 3 . 5 2.5 - -
C __, 
c-t-

199-D8-6 -- -- -- 14.3 14 .. 1 3.6 0.4 --
V, 

699-87-55 -- 15.7 17 . 2 -- -- - - -- 92000 ........ 
V, 

=:I" 

699-90-45 -- 15 .8 16.3 16 . 5 -- -- -- -- ct) 
ct) 

c-t-

699-96-49 -- 19.4 20.2 19 . 4 -- -- -- -- N 

699-97-51A -- 17.2 17.4 17.8 -- -- -- -- 0 
-t-, 

N -



9 ~ , 9 

Calcium (ppb) Potassium (ppb) Sodium (ppb) 
Wells 1990 1991 1992 1993 1990 1991 1992 1993 1990 1991 1992 1993 

199- D2-5 -- -- 47900 -- -- -- 4060 -- -- -- 12200 --

199- D2 - 6 -- -- 80000 -- - - -- 5140 - - -- - - 12300 --

199- D5- 12 -- -- 98700 -- - - -- 5050 - - -- - - 13400 --
---l 

199- D5-13 -- - - 31500 -- -- -- 3200 3600 -- -- 4950 500 
llJ 
0-...... 
CD 

199- D5- 14 -- -- 60400 -- -- -- 6200 -- -- -- 19200 --
~ 
I 

199- D5- 15 -- - - 60000 - - - - - - 4800 -- -- -- 15600 - - ~ 

199- 05- 16 -- -- 46100 - - -- -- 6710 - - -- -- 16200 - - n 

199- D5-17 -- -- 68900 -- -- -- 7670 - - -- -- 20700 --

199- D5-18 - - -- 84000 -- -- -- 5330 -- - - -- 11500 - -

199- D5- 19 - - -- 84500 -- -- - - 5560 -- -- - - 13900 - -

llJ :=:: c+ ...... :I: 
0 n 
:::, I 

rr, 

3: -0 

0 I 
:::, 0 

a-, 

199- D5-20 - - -- 47300 -- -- -- 4520 -- -- -- 14500 --
c+ a-, 

0 
a-, 

-,; 

199- D8-3 -- -- 101000 - - -- -- 7770 -- -- -- 7600 - - :::, 
t.O 

199- D8-4 -- -- 22000 21000 - - -- 3400 3600 -- -- 3580 3700 ;:o 
CD 
(/') 

199-D8-5 - - -- 36300 29000 -- -- 3950 3900 -- -- 6000 5200 C: ...... 
c+ 

199- D8- 6 - - -- 25300 26500 -- - - 1970 2400 -- - - 4000 2850 (/') 

699-87-55 30600 29500 -- -- 9700 9000 -- -- 15600 15000 -- --

699-90-45 33500 51700 -- -- 5300 -- -- -- 17500 -- - - - -

699-96- 49 -- -- -- -- -- -- -- -- - - -- -- --

699-97- 49800 47500 -- - - 2800 5000 -- -- 11400 10700 -- --

51A 
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Chloride (ppb) Fluoride Nitrate (ppb) Ni trite 
(ppb) (ppb) 

Wells 
1980'sa 1990 1992 1991 1992 1990 1991 1992 1992 

199- 02-5 22700 22100 -- - - 167 54800 -- 9700 100 u 
199- 02- 6 - - -- 23400 -- 450 - - -- 13500 100 u 
199-05-12 25900 37200 26700 - - 250 118000 -- 20000 100 u 
199-05-13 -- -- 5400 -- 100 u - - -- 5800 375 

199- 05-14 -- -- 20500 - - 300 -- -- 8100 100 u 
199-05-15 -- -- 20400 -- 300 -- -- 10600 100 u 
199- 05- 16 - - -- 15500 -- 450 - - -- 7900 100 u 
199-05-17 -- -- 19500 -- 450 -- -- 14500 100 u 
199- 05- 18 - - - - 21900 - - 250 -- - - 15000 100 u 
199-05-19 -- -- 22000 - - 150 -- -- 15400 100 u 
199-05-20 -- -- 19200 -- 233 -- -- 710 100 u 
199-08- 3 17400 19100 28200 -- 275 109000 -- 17200 700 

199-08-4 -- - - 3100 -- 100 u -- -- 1375 200 u 
199-08- 5 - - -- 3500 -- 100 u - - - - 1800 200 u 
199-08-6 -- -- 2900 -- 100 u -- -- 700 200 u 
699-87-55 -- - - -- -- -- -- -- -- --

699-90-45 4880 -- - - 610 600 -- 4560 - - --

699-96-49 16000 -- 15100 320 250 -- 23700 21000 200 u 
699-97-51A 22700 -- 19700 -- 250 -- -- 18000 200 u 

(Note: al980's data presented in addition to 1990 1 s data to augment the data set for 
comparison purposes . ) 

--l 
QJ 
Cl'" 
--' 
(1) 

""" I 
(J1 

)::, 
:::s 

0 
:::s 

3: 
0 
:::s 

~ 
c+ :I: 
0 n 
-; I 

l"T'1 
:::s ""Cl 

<.O I 
0 

;:o 0) 
(1) 0) 
V, 0) 

C 
--' 
c+ 
V, 

,......._ 
V, 

::::r 
(1) 
(1) 
c+ 
....., 
0 
--t, 

N .__, 



3 6 7 I 

Phosphate (ppb) Sulfate (ppb) Sulfide 
(ppb) 

Wells 
1990 1992 1990 1991 1992 1992 

-l 
199- D2 - 5 1000 u 800 -- -- 12400 1.0 p., 

0-__, 

199- D2- 6 -- 400 u - - -- 11800 0. 1 u ro 
+=-

199-D5-12 1000 u 1000 275000 -- 50100 1.0 I 
u, 

199- D5- 13 -- 400 u -- -- 35500 --
l=-

199- D5- 14 - - 600 -- -- 94500 1.0 
::::, ..... 
0 

199-D5-15 -- 600 -- -- 86000 1.0 
::::, 

3: 

199- D5 - 16 -- 600 -- -- 84500 1.0 
0 
::::, 

~ 

199-D5-17 -- 600 -- - - 14400 1.0 
ri" :I: 
0 n ....., I ..... l"T1 

199-D5-18 - - 600 -- -- 15500 1.0 ::::, -u 
t.O I 

0 

199- D5 - 19 -- 600 -- -- 17100 1.0 :::0 O"I 
ro O"I 
Vl O"I 

199-D5-20 - - 400 u -- -- 85300 1.0 C __, 
ri" 

199- D8- 3 1000 u 800 - - -- 18300 0. 1 u Vl 

199-D8-4 -- 400 u -- -- 19800 -- ......... 
Vl 

199-D8-5 -- 400 u -- -- 47300 --
::::,-
ro 
ro 

199- D8- 6 -- 400 u -- -- 18500 --
ri" 

N 

699-87-55 -- -- -- -- - - -- 0 
-n 

699- 90-45 - - -- - - 39700 34000 - - N 

699-96-49 -- 400 u -- 82600 70000 --

699-97-51A -- 400 u -- -- 66000 --



3 I 1 3 7 2 

Antimony (ppb) Arsenic (ppb) Barium (ppb) Beryllium (ppb) 
Wells 1992 1993 1992 1993 1990 1991 1992 1993 1992 1993 

--l 
'11 
0-
---' 
Cl) 

199-02-5 16.2 -- 2.8 -- -- -- 47.9 -- 0.8 -- .i,. 
I 

en 

199-D2- 6 30.1 -- 2.6 - - -- -- 65 .9 - - 0.9 --

199-D5- 12 16 .3 -- 1. 7 - - -- -- 96.9 -- 0.7 --
3: 
Cl) 

rt 

199-D5- 13 200 u 200 u 5.0 u 5.0 u - - -- 63 .8 65 .0 3.0 u 3.0 u '11 
---' 

3: 
199-05- 14 16.3 -- 5. 2 -- - - -- 90 .0 -- 0.7 -- 0 

~ 

199- D5- 15 16.2 -- 3.7 -- - - -- 83.5 -- 0.9 -- rt 
0 
~ 

199-D5-16 16.3 - - 3 .1 -- -- -- 88.5 -- 0.7 -- ~ 

199- D5 - 17 16 .3 -- 2.5 -- -- -- 139 -- 0.7 - -

199-D5-18 16 . 2 -- 2.8 - - -- -- 107.9 -- 0.9 --

lO :i:::: 
:::0 :c 
Cl) n 
c:n I 
C 

rr, 
---' ""O 

199- D5-19 16.2 -- 2.9 - - - - - - 88.2 -- 0.9 -- rt I 
0 c:n en 

199-D5-20 16 .2 -- 3 . 1 -- -- -- 76.2 -- 0.8 -- - en 
C en 
~ 

199-D8-3 30.7 -- 1. 9 -- -- -- 122.3 - - 0.9 --
-t-i ..... 
---' 
rt 

199-08-4 200 u 200 u 5.0 u 5.0 u -- -- 27.3 27.0 3 .0 u 3.0 u CD 
~ 
CD 

199-D8- 5 200 u 200 u 5.0 u 5. 0 u -- - - 55.8 43 .0 3.0 u 3.0 u 0. .__.. 

199- D8- 6 200 u 200 u 5.0 u 5.0 u -- -- 22 .3 20 .0 u 3.0 u 3.0 u 
......... 

699-87-55 -- -- -- -- 0.02 0.02 -- -- -- -- c:n 
::::r 
CD 

699-90- 45 - - -- - - -- 0.02 -- -- -- -- -- CD 
rt 

699-96-049 -- -- -- -- -- 0.09 -- -- -- --
...... 
0 

699-97- 51A -- -- -- - - 0.08 0.08 -- -- ~- -- -t-i 

u, .__.. 



~ 
I 

u, 
0 

Wells 

199-02- 5 

199-02-6 

199-05-12 

199-05-13 

199- 05- 14 

199-05- 15 

199-05-16 

199- 05-1 7 

199-05-18 

199-05-19 

199-05-20 

199-08-3 

199- 08- 4 

199-08-5 

199-08-6 

699-87-55 

699-90-45 

699-96-49 

699-97-51A 

Cadmium 

1992 

1. 7 

2.9 

1.8 

10 .0 u 
1.8 

1.8 

1. 7 

1. 7 

1.8 

1.8 

1. 7 

2.9 

10.0 u 
10.0 u 
10 .0 u 

--

- -

--

--

(ppb) 

1993 

--

--

--

10.0 

- -

--

--

--

--

--

--

--

10.0 

10.0 

10.0 

--

--

--

--

·3 

Cobalt (ppb) 

1992 1993 1990 

3.3 -- --

4.6 -- --

2. 7 -- --

u 20.0 u 20 .0 u --

2.7 - - --

3.3 -- - -

2.7 - - --

2. 7 -- --

3.3 - - --

3.3 -- --

3.3 -- --

4.6 -- --

u 20.0 u 20.0 u --

u 20.0 u 20.0 u --

u 20.0 u 20.0 u --

-- -- 0. 04 

-- -- --

-- -- --

-- --- 0.05 

. 7 

Chromium (ppb) 

1991 1992 1993 

-- 158 --

-- 221 --

-- 416 --

-- 423 740 

-- 413 --

-- 1920 --

-- 794 --

-- 89.6 --

-- 131 - -

-- 152 --

-- 293 - -

-- 175 --

-- 28.0 84 .0 

-- 42.8 83 .0 

-- 51.0 50 .0 

-- -- --

-- -- --

0. 05 -- --

0.06 -- --

Copper (ppb) 

1992 1993 

3.2 --

5.0 --

3.4 --

20.0 u 20.0 

4.9 --

3.3 - -

2.6 --

12.3 --

9.3 --

7.0 --

4.9 --

4 .0 --

20.0 u 20.0 

20.0 u 20.0 

20.0 u 20.0 

-- --

-- --

-- --

-- --

u 

u 
u 
u 

---l 
jlJ 
CT 
-' 
ct) 

~ 
I 

0) 

3: 
ct) 

c-+ 
jlJ 
-' 

3: 
0 
::I 

c-+ 
0 
--s 
::I 

lO 

:::0 
ct) 
Vl 
C 
-' 
c-+ 
Vl 

........ 
C 
::I 
-ti 

-' 
c-+ 
ct) 

--s 
ct) 

Cl.. 

Vl 
~ 
ct) 
ct) 

c-+ 

N 

0 
-ti 

u, -

~ 
:c 
n 
I 

rri 
-0 
I 

0 
0) 
0) 
0) 



~ 
I 

(J1 
....... 

Wells 

199-D2-5 

199-D2-6 

199-D5- 12 

199-D5-13 

199- D5 - 14 

199-D5- 15 

199- D5-16 

199- D5 - 17 

199-D5-18 

199- D5-19 

199- D5-20 

199-D8-3 

199-D8-4 

199-D8-5 

199-D8-6 

699-87-55 

699-90-45 

699-96-49 

699-97-51A 

1990 1991 

-- --

-- --

- - --

-- --

- - --

-- --

-- --

-- - -

-- --

-- --

-- --

-- --

-- --

-- --

-- --

0.02 0.07 

1. 2 --

-- 0.04 

0. 03 0.04 

3 

Iron (ppb) 

1992 1993 1990 

243 -- --

224 -- --

137 -- --

213 300 --

411 -- --

297 -- --

206 -- --

4833 - - --

2977 -- --

1240 -- --

1002 -- --

59.9 -- --

790 800 --

260 550 --

542 205 --

-- -- 10.4 

-- -- 11. 4 

-- -- --

-- -- 11. 5 

7 

Magnesium (ppb) Manganese (ppb) 
-I 

1991 1992 1993 1992 1993 0J 
0-_, 

-- 13900 -- · 11.0 CD 

~ 
I 

-- 1700 -- 37.3 - 0) 

-- 21800 -- 4.6 3: 
CD 

-- 7625 8500 10.0 u 10.0 u rl-
0J _, 

- - 16700 -- 88.8 3: 
0 
:::::l 

-- 15400 -- 17 .4 
...... 
rl-
0 

-- 17100 - - 38.6 
~ 

:::::l 

-- 21500 -- 253 

- - 26000 -- 214.7 

lO :=::: 
:;:o :::I: 

CD 
("') 

Vl I 

C: 
rr, 

_, -0 

-- 26700 -- 39.0 -
rl- I 

Vl 0 
0) 

-- 14100 -- 39.1 
..--. 0) 

C: 
0) 

:::::l 
-+, 

-- lll0 -- 3.3 
...... _, 
rl-
CD 

-- 1095 1000 27.8 43.0 ~ 
CD 
0. 

-- 8800 7500 27.5 14.0 --
-- 1770 1750 24.3 10.0 u ..--. 

Vl 
:::::r 

10.8 -- -- -- CD 
CD 
rl-

11. 7 -- -- -- w 
0 

-- -- -- -- -+, 

(J1 

11. 0 -- -- -- --



~ 
I 

(J1 

N 

Wells 

199-02-5 

199-02-6 

199-05- 12 

199-05-13 

199- 05- 14 

199-05-15 

199-05- 16 

199- 05- 17 

199-05-18 

199-05- 19 

199- 05- 20 

199-08- 3 

199- 08- 4 

199-08-5 

199-08-6 

699-87-55 

699- 90- 45 

699-96-49 

, 699-97-51A 

Mercury 

1992 

0.2 u 
0. 2 u 
0. 2 u 
0 . 33 

0. 2 u 
0. 62 

0.2 u 
0.2 u 
0. 2 u 
0. 2 u 
0. 2 u 
0. 2 u 
0.2 u 
0 . 2 u 
0. 2 u 

--

--

--

--

9 3 3 

(ppb) Ni eke 1 

1993 1992 

-- 4.3 

-- 24.5 

-- 6.3 

-- 39.3 

- - 20.5 

0.2 u 20.8 
-- 11.8 

-- 33.1 

- - 32.4 

-- 38.8 

- - 22 . 7 

-- 10.8 

0.2 u 30 .3 

0 . 2 u 33.8 

0.2 u 33 .0 

-- --

-- --

-- - -

-- --

7 5 

(ppb) Selenium (ppb) --l 
f:11 
O" 

1993 1992 1993 --' 
Ct) 

-- 3.9 -- ~ 
I 

°' -- 4.4 --

-- 3.6 --
3: 
Ct) 

rl" 

30 .0 u 10 .0 u 10 .0 u f:11 
--' 

3: 
- - 9.8 -- 0 

::, 

-- 12.0 -- rl" 
0 
~ 

-- 3.6 -- ::, 

-- 3.6 --

-- 4.0 --

-- 12.0 --

lO 
~ 

;:o I 
n Ct) 
I (/) 

C: l"T1 

--' -u 
rl" I 

C> (/) 

°' 
-- 11.8 --

..--.. °' C °' ::, 

-- 11. 5 --
-t, 

--' 
rl" 

30 .0 u 10 .0 u 10 .0 u Ct) 

~ 
Ct) 

30 .0 u 10.0 u 10.0 u 0. 

30 .0 u 10.0 u 10 .0 u 
..--.. 
(/) -- -- -- -;:r-
Ct) 
Ct) -- -- -- rl" 

~ -- - - --
0 
-t, 

-- -- --
(J1 ........ 



~ 
I 

u, 
w 

Wells 

199-02-5 

199-D2-6 

199-D5- 12 

199-D5-13 

199-05-14 

199- 05-15 

199-D5-16 

199- D5-17 

199-D5-18 

199-D5-19 

199-D5-20 

199-08-3 

199- 08- 4 

199-08-5 

199-D8-6 

699-87-55 

699-90-45 

699-96-49 

699-97-51A 

Tin (ppb) 

1992 

--

--

--

10.0 u 
--

--

--

- -

--

--

--

--

10.0 u 
10.0 u 
10.0 u 

--

--

--

--

3 

Vanadium 

1993 1992 

-- 8.9 

-- 8.0 

-- 8.8 

10.0 u 30.0 u 
- - 15.8 

- - 11. 3 

-- 6.0 

-- 9.6 

-- 9.5 

-- 12.4 

-- 17.6 

-- 12.6 

10.0 u 30.0 u 
10.0 u 30.0 u 
10.0 u 30.0 u 

-- --

-- --

-- --

-- --

7 

(ppb) Zinc (ppb) 
-i 

1993 1992 1993 0J 
0-_, 

15 .4 
(0 

-- --
~ 
I 

-- 12.3 -- °' 
-- 12.8 -- 3: 

(0 

30.0 u 10.0 u 10.0 u c-+ 
0J _, 

-- 12.2 -- 3: 
0 
:::, 

10.7 
...... -- -- c-+ 
0 

10.6 
-s -- -- ...... 
:::, 

i<.C 
-- 112. 2 - - ::::0 

(0 

42.7 Vl -- -- C: _, 
c-+ 

-- 18.6 -- Vl 

-- 15.1 -- C 
:::, 
-+, 

9.3 
...... 

-- -- _, 
c-+ 
(0 

30.0 u 10.0 u 10.0 u -s 
(0 

0.. 

30.0 u 10.0 u 10.0 u -
30.0 u 11.8 10.0 u ........ 

Vl = -- -- -- (0 
(0 

c-+ 

-- -- -- u, 

0 
-- -- -- -t, 

u, 

-- -- :------



9 3 .. , 7 7 

Gross Gross beta alpha (pCi/L) Co-60 (pCi/L) Cs-137 (pCi/L) 
Wells (pCi/L) --l 

p., 

1992 1990 1992 1990 1991 1992 1990 1991 1992 CT __. 
Cl) 

199-D2-5 2. 5 3.4 6. 2 2. 4 -0.5 -- -1 . 90 .900 -- ~ 
I 

199-D2- 6 0.7 -- 6.4 -- -- -- -- -- --
........ 

199-D5-12 0 .1 38.1 75.5 0.3 1.6 -- -2 .14 -.020 -- :::0 
p., 
0. 

199-D5- 13 0.8 -- 4 .1 -- -- -5.69 -- -- -3 .8 0 
:::I 

199-D5- 14 2. 2 -- 6.4 - - -- -- -- -- - - C 
n __. 

199-D5-15 1.1 - - 9.2 -- -- -- -- -- -- 0. 
Cl) 

199- D5- 16 2.7 -- 6. 9 - - -- -- -- -- --

199-D5-17 4.5 -- 8.7 -- -- -- -- -- --

199-D5- 18 5.0 - - 7.0 -- -- -- -- -- - -

3: ~ 

0 :::c 
:::I n 

I 

c+ rr, 

0 "'U 

""'S I 
0 

199- D5-19 2.6 -- 4. 7 - - -- -- -- -- --
:::I O"I 

l.C O"I 
O"I 

199-D5-20 1.0 -- 3.3 -- -- -- -- -- - -
:::0 
Cl) 
(/) 

199- D8-3 0.4 14.2 16.0 1.8 -0.6 -- 1. 27 -1.17 --
C __, 
c+ 
(/) 

199-D8-4 0.5 -- 3.5 -- -- -9.26 -- -- -2.4 

199-D8-5 0.8 -- 3.9 -- -- 3.05 -0.260 -- -- ......... 
(/) 

::r 
199-D8-6 0.5 -- 2.4 -- -- -1.16 3.37 -- -- Cl) 

Cl) 

c+ 

699-87-55 -- -- -- -- -- 1.88 -- 0.180 -- ...... 

699-90-45 -- - - -- - - -- -- -- -- -- 0 
-t-, 

699-96-49 -- -- -- -- -- -1.56 -- -- -- N 

-----
699-97-51A -- -- -- -- -- -- -- -2.00 --



+'> 
I 

(J1 
(J1 

Wells 

199-D2-5 

199-D2-6 

199- D5- 12 

199-D5- 13 

199-D5-14 

199- D5- 15 

199-D5- 16 

199- D5 - 17 

199- D5 - 18 

199-D5-19 

199- 05- 20 

199-D8-3 

199-D8-4 

199-D8-5 

199-D8-6 

699-87- 55 

699-90-45 

699-96- 49 

699-97-51A 

Sr-90 
(pCi/L) 

1990 

0.2 

--

52.6 

- -

--

--

--

- -

--

--

--

2.6 

- -

--

--

--

--

--
--

Sr-90 
(pCi/L) 

1992 

0.2 

0.2 

34 .3 

-0.2 

0 . 03 

1.1 

0. 1 

1. 5 

0. 5 

0 . 1 

- 1. 4 

3. 7 

0 . 01 

-0 . 2 

- 0.2 

- -

--

--

- -

9 3, I 3 I , . 7 

Tc-99 Tc-99 (pCi/L) (pCi/L) 

1992 1990 1991 1992 

2.9 0.6 0.7 --

3.0 11. 6 0.8 --

0.6 -- - - --

0 .1 -- -- 0.6 

1. 7 -- -- --

0.9 -- - - --

2.9 -- - - --

1.3 -- - - - -

0.9 -- - - --

0. 9 -- -- - -

5. 9 -- -- --

1. 7 -2 . 1 1. 7 --

2.5 - - -- 0.8 

1.4 -- -- 0.2 

2.3 -- -- --

- - 3.4 2.1 --

-- 9 . 1 1.3 --

- - -- - 1.0 --

-- -- 0 . 1 --

Tritium (pCi/L) 
(1992-2 different methods) 

1990 1991 1992 1992 

- - - - 39700 40000 

-- -- -- 2230 

- - -- 14000 18500 

-- -- 96 .6 --

- - -- -- 345 

-- -- -- 600 

-- -- -- 3200 

-- -- -- 73000 

-- -- -- 74000 

-- -- -- 39500 

- - - - -- 287 

-- -- 3610 3767 

-- -- -98 . 5 --

- - - - 1880 --

-- - - -81.8 --

52800 47600 -- --

1590 1510 1350 --

-- 10300 9280 --

10600 8000 8130 --

-I 
PJ 
er 
---' 
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5.0 IMPACT ASSESSMENT 

5.1 HYDROLOGIC IMPACTS 

Perturbation of the local groundwater flow regime is an unlikely 
consequence of the average discharge rate to this site . For example, the 
discharge rate to the ponds is small in relation to the natural recharge to 
the unconfined aquifer (i.e., less than upper Cold Creek flaw rate) . 
Additionally, natural fluctuations in water table elevation due to river stage 
changes will mask any small flow perturbations due to waste discharge. 

The discharge event that took place in January 1993 (300 ,000 gal 
[1 , 135 ,620 L]) was an exception to the statement above. The effect this 
discharge had on the water table was detected because water table measurements 
were taken within a few days of the discharge. Normally, the effect on the 
water table would not be detected , as compared to other effects such as the 
changes in river stage. 

5.2 CONTAMINANT IMPACTS 

5.2.1 One-Dimensional Flow and Transport 
Analysis (Analytical Methods) 

The same one-dimensional analytical method described in the Liquid 
Effluent Study Final Project Report (WHC 199Oa) was employed to estimate the 
rate of moisture and contaminant movement through the soil column beneath the 
ponds. The method considers only flow in the vertical direction and does not 
allow for lateral spreading. Thus it is expected to provide migration rates 
that are faster than those that occur under actual conditions. 

The method is based on steady-state flow conditions in the unsaturated 
zone and assumes a unit hydraulic gradient . The basic equation for any layer 
of sediments i s 

t = L X 0/q 

where: 

t time of travel through layer, sec 
L = thickness of layer , cm 
0 = moisture content of sediment , related to hydraulic conductivity 
q = Darcy velocity or moi sture flux in layer, cm/ sec. 

5-1 
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The total travel time , T, is determined as the summat i on of the travel 
ti mes for each of the II i II layers: 

n 
T = I. Li x 0dqi 

1=1 
(2) 

where n is the number of sediment layers. For transport calculation purposes, 
the soil column beneath the settling pond was treated as a single layer of 
coarse sand and gravel with a depth to water of approximately 66 ft (20 m) 
(Figure 5-1). 

The relationsh i p between hydraulic conductivity , K, and moisture content, 
0, is described graphically in Figure 5- 2. These curves were derived 
empirically from laboratory tests on over 20 different Hanford Site sediment 
types and were used to establish five major sediment types , as noted in the 
figure. 

For unsaturated flow the steady-state Darcy velocity or water flux is 
described by the Green-Ampt equation (Bouwer 1978 , p. 253), which results in 
the flux, q, being equal to the saturated hydraulic conductivity, K

5
• 

The one-dimensional flow analysis embodied in equation 2 was carried out 
on a Symphony (a registered trademark of the Lotus Development Corporation) 
spreadsheet. The total travel time , T, obtained with equation 2 is divided 
into the vadose zone thickness to provide an estimate of the rate of moisture 
migration from the disposal facility to the groundwater . 

To obtain an estimate of the rate of contaminant migration, the 
retardation factor , Rf , for each of the contaminants identified was estimated 
from the following approximation for Hanford soils : 

(3) 

The Kd values were selected from Ames and Serne (1991) . When the rate of 
moisture migration is divided by the Rf for the contaminant of interest , the 
result is an estimate of the contaminant migration rate. These computations 

.were also carried out using the Symphony spreadsheet method . 

The effluent discharge rate , as described previously, is entered as 
liters per month in the spreadsheet computational method . Effluent volumes 
through 1987 listed in WHC- EP-0287 , Vol. 3, were updated to include 1988 and 
1989 (WHC 1989) for the Liquid Effluent Study (WHC 1990a ; the same average 
infiltration rate was also assumed for the time period subsequent to 1989) . 
The total volume (l i ters) was divided by the corresponding operating period 
(months) to establ i sh an average rate of inflow (L / mo) . This effluent 
discharge rate was divided by the effective pond area to obtain an estimate of 
the average infiltration rate . Because the ponds are only partially wetted, 
an estimate of thi s area wa s used . 

5- 2 
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More details and an illustrative example for application of the overall 
computational approach are provided in WHC (1990a). 

5.2.2 Results of Initial Analytical Solution 

(The following discussion summarizes the results from the Liquid Effluent 
Study Final Project Report [WHC 1990a]). 

Based on general effluent characteristics and corresponding sorption 
parameters (Section 5.2.1) for the key constituents identified in Table 5-1, 
the calculated migration rates (Table 5-2) are 1.3 in./day (3.4 cm/day) for 
mobile constituents (sulfate and chromium), and 0.004 to 0.012 in./day 
(0.01 to 0.03 cm/day) for the less mobile constituents (manganese, mercury, 
lead, aluminum, and iron) . These migration rates suggest that after a 16-year 
discharge period (1977 to present) , and assuming a continuous average 
discharge rate of 5.02E+05 gal/mo (l.9E+05 L/mo) (see Table 5-2), the maximum 
depth of penetration of the less mobile constituents is less than 7 ft (2 m). 
Breakthrough of the mobile constituents occurs after less than 2 years (see 
Table 5-2). 

Migration rate estimates for most of the key constituents in the effluent 
stream (see Table 5-2) suggest that they are retained on the soil column. 
Sulfate and chromium, on the other hand, would be expected to occur in 
vicinity groundwater; for example, based on average effluent conditions 
indicated in Table 5-1, maximum groundwater concentrations about five times 
WWQS may occur. Mitigating factors include dispersion and dilution by mixing 
with groundwater and, eventually, additional dilut i on by mixing with the 
nearby river water . 

5.2.3 Results of Revised Analytical Solution 

The method described in Section 5.2.1 was rerun using updated input 
parameters for effluent discharge rate (9.9 x 10+5 L/mo) and the area of the 
settling pond (1176 m2

). Five additional constituents of interest (cadmium, 
zinc, antimony , molybdenum, and selenium) were added to the list. In 
addition, the method wa s r un usi ng t he initial solution Rf values and a lower 
boundary set of Rf values (all calculated from Kd values tound in Ames and 
Serne 1991). 

Based on general effluent characteristics and corresponding sorption 
parameters (Section 5.2.1) for the key constituents identified in Table 5-1 
and additional constituents of interest, the calculated migration rates 
(Table 5-3) are as follows: 

• 6.4 in./day (16.3 cm/ day) for mobile constituents (chromium, sulfate, 
antimony, molybdenum, and selenium) for both sets of Rf values 
(preferred and lower bound) . 

• 0.03 to 0.13 in. / day (0.07 to 0.33 cm/day) for less mobile 
constituents (iron , manganese, and aluminum); ranges are given as 
preferred to lower bound. 
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• 0.04 in./day (0.11 cm/day) for the least mobile constituents (lead , 
mercury , cadmium , and zinc) for both sets of Rf values (preferred and 
lower bound). 

These migration rates suggest that after a 16-year discharge period 
(January 1977 to May 1993), and assuming a continuous average discharge rate 
of 2.6E+05 gal/mo (9.9E+05 L/mo) (see Table 5-3), the maximum depth of 
penetration of the less mobile constituents would be less than 20 ft (6 m). 
Breakthrough of the most mobile constituents occurs after less than a half 
year (see Table 5-3) . Breakthrough of the less mobile constituents would 
occur in about 17 years and the least mobile constituents would not 
breakthrough for over 50 years. 

Migration rate estimates for most of the key constituents in the effluent 
stream (see Table 5-3) suggest that they are retained on the soil column . 
This is consistent with the conceptual mode l illustrated in Figure 4-19, 
showing iron, manganese, magnesium, and aluminum form metal-hydroxysilicates 
in the vadose zone beneath the backfill and the less mobile metal cations 
(lead, mercury, zinc, copper, and cadmium) form carbonates and hydroxides (see 
Figure 4-20). Chromium, sulfate, antimony, molybdenum, and selenium, on the 
other hand, would be · expected to be flushed from the system based on the 
predicted migration rates (see Table 5-3). 

In summary, the predicted migration rates (see Table 5-3) are consistent 
with the geochemical conceptual model of the 100-D Ponds (section 4.5). 
However, additional soil column depth distribution data are needed to actually 
"calibrate'' the one-dimension model used in this evaluation. 

5.4 EVALUATION OF MONITORING NETWORK ADEQUACY 

The RCRA monitoring program for the 100-D Ponds began in 1991 and is 
described by Hartman (1991). The four wells within the RCRA network were 
sampled for the first time in 1992 (see Figure 4-18). The program has 
established baseline conditions for the network and is now in detection 
monitoring (DOE-RL 1993b) . 

Groundwater in t he 100-D Area is also being studied under the CERCLA 
program. The work for thi s program is covered by the 100-HR-3 Operable Unit. 
Twelve monitoring wells were installed for the CERCLA program in 1992 (see 
Figure 4-18). 

5.4.1 Groundwat.er Monitoring Well Placement 

Four wells are sampled under the RCRA program for the 100-D Ponds. 
Additional wells are used to monitor water levels. Sampling began on the four 
RCRA wells in March and April of 1992. Table 5-4 lists the wells that are 
monitored for water levels and / or chemistry for the RCRA program. Figure 5-3 
shows the well locations . 

The RCRA Sampling network consists of one upgradient well (199-D5-13) and 
three downgradient well s. Two of the downgradient wells (199-D8-4 and -6) are 
adjacent to the pond. The remaining one (199- D8-5) is located farther from 
the facility , outside the ash mounds , and nearer the river. This well was 
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located based on discussions with Ecology, to provide more information on 
river/aquifer interactions. Samples are collected from this well, but they 
are not statistically compared to the upgradient well (DOE-RL 1993b). The 
CERCLA Sampling network consists of 12 new wells supplemented by the RCRA 
wells and older wells (see Figure 5-3). These wells were installed in 1992 
and are currently being sampled quarterly (DOE-RL 1992a). 

5.4.2 Reporting of Monitoring Data 

All hydrochemical monitoring data are reported in the HEIS database, 
which is publicly accessible. Monitoring results for the wells in 100-D Area 
for the period January 1990 through May 1993 are summarized in Tables 4-3 
through 4-7 in the previous section. 

The monitoring results are consistent with the proposed conceptual model 
for the 100-D Ponds, and well placement is adequate . 
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Figure 5-1. Lithology of Well 199- 08- 3 Near 100- 0 Ponds (WHC 1990a). 
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Figure 5-2 . Hydraulic Conductivity Versus Moisture Content (WHC 1990a). 
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Table 5~1. Effluent Stream Sampling Data, 183-0 Filter 
Backflush (WHC 1990a) . 

Sample 
Key Detection Detection/ concentration 90% 

constituents l imit8 analyses confidence 
interval 

Apri 1 1987 to January 1988, During Routine Operation 

Aluminum NA 4/4 290,000 

Chromium 10 4/4 220 

Iron 30 4/4 32,000 

Lead 5 4/ 4 120 

Manganese 5 4/ 4 910 

Mercury 0 .1 4/4 10 

Sulfate 500 4/4 1,500,000 

October 1989 to March 1990, During Routine Operation 

Aluminum NA 4/4 34,800 

Chromium 10 3/4 17b 

Iron 30 4/4 3,930 

Lead 5 3/4 13b 

Manganese 5 4/4 120 

Mercury 0 .1 4/ 4 lb 

Sulfate 500 4/4 19,000b 
8 Units: chemical--ppb , radionuclides- - pCi/L. 
bConcentration be l ow Group A and C study guidelines; value 
given for comparison purposes only. 
NA= not available . 
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Table 5-4 . Wells Monitored for Chemistry or Water Levels for the 
100-0 Pond s (OOE-RL 1993b) . 

RCRA Water Well 
Wella Aquifer Sampling Levels Standard 

Frequency s 

199-02-560 Top of unconfined -- M NON 

199-02- 692 Top of unconfined -- M RCRA 

199-05-1260 Top of unconfined -- M NON 

199-05-1391 u Top of .unconfined Q M RCRA 

199-05-14 92 Top of unconfined - - M RCRA 

199-05-1592 Top of unconfined -- M RCRA 

199-05-1692 Top of unconfined -- M RCRA 

199-05-1792 Top of unconfined -- M RCRA 

l 99-05-1892 Top of unconfined -- M RCRA 

199-05-1992 Top of unconfined -- M RCRA 

199-05-2092 Top of unconfined -- M RCRA 

199-08-352 Top of unconfined -- M NON 
199-08-491

b Top of unconfined Q M RCRA 

199-08-591 Top of unconfined Q M RCRA 

199-08- 691 Top of unconfined Q M RCRA 

199-08- 5392 Top of unconfined -- M RCRA 

199-08-54A92 Top of unconfined - - M RCRA 

l 99-08-54892 Top of unconfined -- M RCRA 

l 99-08-5592 Top of unconfined - - M RCRA 
699-87- 55c To p of unco nf in ed -- M NON 
699-90- 45c Top of unconfined -- M NON 
699-92-49c Top of unconfined -- M NON 

699-96-4962 Top of unconfined - - M NON 
699-97-51Ac Top of unconfined -- M NON 

baSuperscript number following well number denotes year of i ns tall at i on. 
Well 199-08-5 will not be used for detection purposes per agreement with Ecology. 

cThe year of t he we ll completion i s unknown. 
M = frequency on a month ly bas i s . 
NON = well was not cons tructed t o RC RA s t andards . 
Q = frequency on a quarterly basi s . 
RCRA = well is i n compliance with RCRA s t andards . 
U = upgradient well i n sampl i ng net work . 

5- 13 

Other 
Networks 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR- 3 

100-HR- 3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100- HR-3 

100-HR-3 

100-HR-3 

100-HR-3 

100-HR-3 
--

--

- -

100-HR-3 

100-HR-3 



WHC-EP-0666 

5-14 



WHC-EP-0666 

6.0 SUMMARY AND CONCLUSIONS 

Based on current effluent conditions , continued operation of the 100-D 
Ponds will not adversely affect groundwater quality in the 100-D area . The 
ponds are contributing to a slightly elevated pH in the wells nearest to and 
immediately downgradient of the pond. This can be attributed to pond 
construction within the old coal ash disposal basin . The pond sediment TCLP 
data exhibit slightly elevated concentrations of chromium, cadmium, and lead, 
but they do not exceed the WWQS . The coal ash may be contributing cationic 
metals to the soil column further beneath the ponds , but due to the slightly 
alkaline pH, there is no evidence of elevated concentrations of metals in 
solution in the groundwater samples from near the pond. It appears that the 
bulk of the leachable metals have already been removed from the system . 
Metals that might remain in the pond sediment and the soil column beneath the 
pond are likely retained by the slightly alkaline pH/carbonate "geochemical 
trap" illustrated in Figure 4- 19. The conceptual model for this "geochemical 
trap" should be evaluated using actual soil column depth distribution data . 

LO The pond effluent water dilutes the groundwater in the immediate 
vicinity. This effect is most prominent in the wells nearest the pond but can 
be seen downgradient of the ponds in a few wells. Water elevations in 
monitoring wells near the ponds respond slightly to discharges. However, the 
hydraulic influence on local groundwater flow patterns is minor . The 
groundwater monitoring well network for this site is adequate . 
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