
GENERAL DESCRIPTION (IDAPA 58.01.05.012 & 40 CFR 
270.14(B)(1)) 

USEI owns and operates an approximately 160-acre Treatment, Storage and Disposal Facility 
(TSDF) for hazardous waste.  This facility is located at the end of Lemley Road approximately 
10½ miles west of the town of Grand View, Owyhee County, Idaho. 
  
The site had previously operated as a waste storage and landfill disposal facility by a different 
owner from 1973 to 1981.  Current activities at this facility include storage, treatment, and 
disposal at an on-site landfill(s) of industrial and hazardous wastes.  USEI serves several types of 
industries including chemical, manufacturing, steel, petroleum and pharmaceutical industries.  
Furthermore, some hazardous wastes are generated on-site from various site activities.  These 
activities include leachate generation from landfills, liquids collected from various containment 
areas/systems and other waste streams generated during the operation of various on-site waste 
management units including the Stabilization Facility, Stabilization Building, Containment 
Building, various container management units, landfill(s), surface impoundments, and other 
existing hazardous waste management units and support facilities. 
 
The active disposal portion of the facility is comprised of three (3) active landfill disposal cells, 
designated as Cells 14 and 15, Trench 5, and four (4) surface impoundment disposal units, 
designated as the Evaporation Pond and Collection Pond #’s 1, 2 and 3.  Additionally, there are 
two landfill disposal units, Trenches 10 and 11, which are undergoing a five year evaporative cap 
performance demonstration which began during the year 2000. If the performance objectives for 
the alternative cap are not satisfied per the specifications outlined in the November, 2000 Report 
“Trenches 10 & 11 Alternative Demonstration Cover and Test Pad Construction”, Trenches 10 
and 11 will be closed.  
 
Historically, the site has been used for management of non-hazardous and hazardous wastes, 
and PCB under a separate TSCA permit.  Throughout the 1970’s, the facility was operated by 
Wes-Con, Inc. as an industrial waste landfill and received wastes for disposal in the abandoned 
on-site Titan missile silos and then active chemical waste landfill.   In 1980 Wes-Con, Inc. (Now 
operated by USEI) obtained interim status under RCRA for management of hazardous wastes, 
including treatment, storage and disposal of approved hazardous wastes.  USEI received a 
“Hazardous Waste Treatment, Storage and Disposal Facility Permit” from U.S. EPA and IDEQ on 
December 15, 1988. 
 
The Grand View, Idaho waste management facility has been in operation since 1973.  Prior to the 
purchase of the facility by US Ecology Idaho, Inc., portions of the Titan missile silo complex were 
used for waste disposal in addition to the on-site trenches.  Because of the timing of the USEI 
purchase of the site and the promulgation of current environmental regulations, the only 
information available regarding past disposal practices is the records that were maintained at the 
facility by previous owners and information that USEI has been able to obtain from past owners 
and long-term employees at the site.   
 
 

  

 

 

 



General Hydrogeologic Information 

Regional Setting 

Introduction 
The following is a summary of the Physiographic Setting and Regional Hydrogeology of USEI 
Site B presented in the 1986 Site Characterization Report (CH2M HILL, February 1986).  This 
information has been assembled pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)). 
 

Physiography 
USEI Site B is situated in the western portion of a 20,000-square-mile physiographic unit known 
as the Snake River Plain.  The plain extends from the vicinity of Ashton, Idaho, to north of 
Ontario, Oregon.  The Snake River Plain is approximately 350 miles in length and varies in width 
from 25 to 75 miles.  USEI Site B lies within the lowland area of the Owyhee subunit of the Snake 
River Plain at an elevation of between 2,525 ft. and 2,635 ft. 
 
The Snake River, which flows to the northwest, lies approximately three (3)miles east of the site 
and is the most prominent water resource of the area.  The site is approximately 250 ft. higher 
than the Snake River flood plain, which locally extends outward up to one mile along either side 
of the river.  Castle Creek, a perennial stream that flows northward to the Snake River, lies 
approximately one mile west of Site B. Cloudburst Wash, a small ephemeral (intermittent) stream, 
lies about two (2) miles to the east of Site B and also empties into the Snake River.  The facility 
straddles the Castle Creek and Cloudburst Wash drainage basins.  However, since the facility 
contains all runoff from active areas, it does not contribute runoff to either drainage.  The area is 
characterized by badlands-type topography and exhibits varied relief.  Major topographic features 
of the area include several prominent buttes, remnant basaltic cinder cones, and canyons cut by 
the Snake River.  Vegetation in the area is typical of a semiarid environment.  The lowland area 
within which the site is located is inhabited by low brush and grasses, including sagebrush, rabbit 
brush, wheat grass, and cheat grass.  Land use in the area consists of undeveloped rangeland 
and some limited irrigated agriculture.  Irrigation water in the area is derived from the Snake 
River, Castle Creek, and from the deep, regionally extensive, geothermal groundwater system.  
The area is sparsely populated with isolated farms and ranches being the dominant habitation. 
 

Climate 
The semiarid western portion of the Snake River Plain has one of the highest annual average 
temperatures in the state.  For a 64-year period (1933 to 1996) at the Grand View U.S. Weather 
Bureau Station, located ten (10) miles east of the site, the average temperature was 
52.2 degrees Fahrenheit (EarthInfo, Inc., 1997). The range in temperature during the winter 
months of December through February was -1 degree Fahrenheit to 58 degrees Fahrenheit.  
From March to November, the temperatures ranged from 12 degrees Fahrenheit to 
101 degrees Fahrenheit. 
 
The site is influenced by prevailing westerly maritime winds via the Columbia River and Snake 
River valleys; consequently, most precipitation falls during the winter. Over the same 64-year 
period at the Grand View U.S. Weather Bureau Station, the average annual total precipitation 
was 7.1 inches. The precipitation in this area is evenly distributed from November through June, 
with only a minor amount falling during the summer, usually associated with isolated 
thunderstorms.  The mean annual pan evaporation for the Grand View area is approximately 
53 inches (U.S. Weather Bureau, 1959). 
 



Regional Well Inventory 
A records search of the well log files at the Idaho Department of Water Resources (IDWR) in 
March 2003 turned up 26 logs for wells installed within a 3-mile radius of Section 19.  There were 
no new wells drilled in this search area between the 1998 and current submittals of this permit 
application document. Note that the test well LP-40 discussed previously was not included in this 
summary.  
 
Figure E-6 shows the approximate location of the wells based on the location information 
included on the log.  Included in Figure E-6 is a table showing the well depth, date drilled, and 
stated use.  Four (4) of the well logs were for USEI monitoring wells and there were two duplicate 
logs filed for the same well (well No. 13).  The plugged and abandoned water well exploratory 
well drilled west of Site B by USEI to a depth of 800 ft. is shown as well No. 18 and the plugged 
and abandoned deep artesian well drilled by the U.S. Air Force in 1958 is shown as well No. 14.  
Appendix E.1 provides copies of the well logs as filed with IDWR.  
 
There are five existing wells in the immediate vicinity of Site B that are of interest because they 
may be hydraulically downgradient of the facility.  Four of these wells, Nos. 12, 13, 21, and 22, 
are domestic wells that probably cannot be impacted by shallow groundwater at Site B because 
they are deep artesian wells (greater than 600 ft. deep) and either flow at the surface or have 
very shallow static water levels (less than 12 ft. bgs).  The fifth well, No. 23, was drilled for stock 
watering and draws water from sands and gravels with a reported yield of over 50 gallons per 
minute.  The location provided on the Well Drillers Report places this well about 1.5 miles west of 
the Snake River (one mile east of Site B) in an area where saturated gravel deposits are not 
expected.  However, in a telephone interview with the owner of the well, the actual location of the 
well is approximately ½ mile west of the Snake River and 50 ft. northwest of the Grand View 
Irrigation Canal.  This places the well approximately 2.0 miles east of Site B in the NW ¼ NE ¼ of 
Section 21 as shown in Figure E-6, not NW ¼ NE ¼ of Section 20 as stated on the Well Driller’s 
Report.  Based on well No. 23’s proximity to the Snake River and the irrigation canal, and the 
lithology provided in the Well Drillers Report, this well apparently draws water from saturated 
gravels that are recharged by the Snake River and possibly the canal.  Thus, well No. 24 will not 
likely be impacted by shallow groundwater at Site B. 
 

Regional Geology 
Several investigators have been active in the delineation of the geology of the area at the regional 
scale.  Malde and Powers (1962), Littleton and Crosthwaite (1957), Anderson (1965), and 
Ralston and Chapman (1969) have all contributed to establishing the geology of southwestern 
Idaho, including the general area of Site B.  The information from these researchers is 
summarized and synthesized in this section to provide an overview of the geologic setting.  The 
intent of this section is not to provide a definitive and detailed examination of the geology of the 
area, but only to place the site in the regional geologic framework as a basis for the detailed site 
geology and hydrogeology.  

Stratigraphy 
The regional stratigraphy of the area is dominated by the Idaho Group of Miocene to Pleistocene 
Age.  This depositional sequence consists of up to 5,000 ft. of sedimentary and interspersed 
basaltic lava deposits that accumulated in the Snake River Plain over a basement of thick, older 
silicic volcanic rocks, primarily rhyolites. 
 
The sedimentary deposits of the Idaho Group were laid down under three distinct episodes of 
lava damming (and subsequent dam breaking) of the ancestral Snake River.  These episodes 
resulted in the formation of large lakes across the region.  Fine-grained (silt and clay) lacustrine 
(lake bed) deposits are frequently intertongued with coarser-grained (silt and sand) of fluvial 
(river) and flood plain deposits throughout the area.  These discontinuous and interbedded sand, 



silt, and clay beds form complex stratigraphic relationships on a regional scale. As a general rule, 
the deposits are unconsolidated except for some minor sandstone and freshwater limestone and 
localized, discontinuous, basaltic lava beds.  Generally, however, the lacustrine deposits 
predominate and form the most contiguous sedimentary beds across the Snake River Plain and 
the Site B area.  The lacustrine and fluvial sediments of the Glenns Ferry Formation of the Idaho 
Group are the primary strata of concern at Site B. 
 
The several-hundred-foot-thick Snake River Basalt forms a cap rock over the Idaho Group 
sediments throughout much of the area and is the youngest formation in the regional sequence.  
Locally, the Snake River has eroded through the Snake River Basalt and into the underlying 
Idaho Group sediments.  The Idaho Group sediments north of the Snake River, north of Site B, 
are capped by the resistant Snake River Basalt that forms steep cliffs adjacent to the river.  The 
Idaho Group sediments south of the river (and within the vicinity of Site B) generally lack the 
protective basalt cap and have been eroded, forming the badlands topography characteristic of 
the area. 
 

Structure 
The Snake River Plain appears to be a downdrop fault-block basin, or graben, bounded by 
normal faults to the northeast and the southwest.  Subsidence in the center of the basin was 
greatest and, consequently, the Idaho Group sediments are thickest near the center.  The 
regional dips (angle from horizontal that the strata slopes) of the Idaho Group sediments range 
from near horizontal near the center of the basin to a maximum of about ten (10) degrees toward 
the margins of the basin.  In the vicinity of Site B, regional dips of 2 to 4 degrees have been 
reported, with strike directions (perpendicular to direction of dip) approximately north 70 degrees 
west. 
 
As a result of the structural attitude (dip) of the Idaho Group strata, older units tend to be exposed 
at a considerable distance south of the Snake River, with younger units exposed progressively 
nearer the river.  Faults are apparent throughout the region because of differential settlement of 
sedimentary beds and movements along the principal regional faults that border the Snake River 
Plain.  Minor faults locally cut older units of the Idaho Group; the younger units, however, are 
generally unaffected since they were deposited after the faulting occurred.  The faults typically 
parallel the plain; faulting transverse to the plain is not common. 
 

Local Geology 
This section focuses on the characteristics of the Idaho Group sediments present in the vicinity of 
Site B.   

Local Stratigraphy 
In ascending order (deepest and oldest first), the localized formations are the Poison Creek 
(600+ feet thick); the Banbury Basalt (200+ feet thick); the Chalk Hills (200+ feet thick); the 
Glenns Ferry (1,500+ feet thick); and the Bruneau (0 to 100+ feet thick).  A detailed stratigraphic 
column prepared from the driller’s log for the artesian well drilled in 1958 at Site B illustrates the 
stratigraphic sequence at Site B. 
 
The Chalk Hills and Poison Creek Formations represent two individual lacustrine periods affecting 
the central and western portions, respectively, of the Snake River Plain.  In some reports, 
particularly in many of the older geologic reports concerning the area and on numerous deep-
drilling logs, the Poison Creek Formation is shown as occurring stratigraphically above the 
Banbury Basalt.  This is due to lithologic similarities between the Chalk Hills and Poison Creek 
Formations and the volcanism responsible for the deposition of Banbury Basalt into the lacustrine 
environments present. 



 
The Glenns Ferry and Bruneau Formations are of prime interest to the site; the Glenns Ferry is 
the unit where groundwater is first encountered and the Bruneau forms the uppermost geologic 
unit beneath Site B. Together, these two units form a composite thickness of about 1,600 ft.  The 
deeper Banbury Basalt and Poison Creek Formations are of secondary importance to site-scale 
hydrogeology only because of their depth.  However, these formations provide a regional source 
of deep-flowing artesian groundwater, generally obtained from depths in excess of 2,000 ft. to 
3,000 ft. beneath Site B. The artesian aquifer discussion is provided below.  Because of the 
importance of the Bruneau and Glenns Ferry Formations to the Site B characterization, these 
units are discussed in detail below. 
 

Glenns Ferry Formation 
The Glenns Ferry Formation is of interest since the uppermost zone of saturation beneath Site B 
exists within the upper portions of this formation.  Although the Glenns Ferry Formation is 
approximately 1,500 ft. thick in the site area, the following discussion focuses on roughly the 
upper 800 ft.  The Glenns Ferry Formation was deposited in the area under three ancestral 
depositional environments:  lacustrine, fluvial, and flood plain.  The three stratigraphic facies, 
each representing a different energy of deposition that is reflected in the typical grain size of the 
sediments, differ from one another in lithologic composition and areal persistence and tend to 
grade vertically from one facies to the next.  The overall sedimentary pattern in the upper few 
hundred feet of the Glenns Ferry Formation is of upward coarsening, reflecting the climate and 
drainage pattern changes that ultimately led to the complete disappearance of the Glenns Ferry 
lake. 
 
For discussion purposes, the Glenns Ferry Formation has been divided into two units.  The lower 
unit of the Glenns Ferry Formation consists of a lower lacustrine facies that upwardly becomes 
increasingly interbedded with fine-grained fluvial sands.  The upper unit of the Glenns Ferry 
Formation consists of predominantly fluvial sands grading vertically into flood plain facies.  The 
lacustrine facies is the most extensive and areally persistent sedimentary body in the Glenns 
Ferry Formation.  Because of the structural dip of the beds in the Snake River Plain, all three 
facies are exposed at the land surface within the general area. 
 
The extensive lacustrine facies consists of a thick-bedded, silty clay to clayey silt that grades with 
depth into a massive clay. Within the lacustrine facies are discrete intervals of thin lenses of very 
fine, tuffaceous sand interbedded with thicker, clayey, silt beds.  These intervals represent 
periods of unstable lake margins.  As water levels fluctuated, lake margin and fluvial sands were 
deposited farther into the lake.  When the lake levels rose again, the sand lenses were covered 
with additional fine-grained lacustrine sediments.  Where these sand zones are saturated, they 
represent the water-bearing portions of the lacustrine facies of the Glenns Ferry Formation.  The 
water-bearing zones being monitored at Site B consist of two groups of these thin sand beds 
sand beds interbedded in the lacustrine sediments.  At some exposures, the thick-bedded silt unit 
is overlain by several feet of very fine sand, alternately interbedded with additional silt.  In many 
exposures, the fine sands are cross-bedded and show the presence of ripple marks.  The fine 
sands generally denote the regional top of the lacustrine facies. 
 
A less extensive fluvial facies overlies the lacustrine deposits, and generally consists of a fine- to 
medium-grained sand reaching a thickness of about 60 ft.  Frequently, a 1” thick, tuffaceous, fine-
grained sandstone is found at the top of the fluvial sand.  Some cross-bedding is evident in the 
fluvial facies and, on a local scale, the sand unit intertongues laterally with the lacustrine facies. 
 
The flood plain facies, where present, overlies the fluvial facies and denotes the top of the Glenns 
Ferry Formation; it consists of an interbedded sequence of clay, silt, and sand. sand beds.  
Individual beds vary in thickness from about two (2)  to four ft. (4’) in the general area and 
laterally persist for several hundred feet.  The flood plain sediments are areally discontinuous, 



however, and range from being absent to about 200 ft. thick.  Plant fragments and other detritus 
are evident in the flood plain facies.  Texturally, the flood plain deposits appear banded (that is, 
possessing thin, laminae-like alternating beds) compared to the more homogeneous underlying 
fluvial and overlying Bruneau Formation sediments. 

Bruneau Formation 
The Bruneau Formation consists of a variety of lithologic types ranging from unconsolidated lake 
deposits that contain basalt flows and tuff beds to high energy river gravels.  In the vicinity of 
Site B, the formation is approximately 100 ft. thick, but the thickness varies greatly and the 
formation is absent in some locations. The Bruneau Formation is generally more coarse-grained 
than the underlying Glenns Ferry Formation and has been divided regionally into a basal gravel 
unit (approximately 40 ft. thick), an overlying lower unit (approximately 70 ft. thick), followed by an 
upper unit (approximately 20 ft. thick).  A 10- to 15-foot tuff layer separates the upper and lower 
units. 
 
The basal gravel unit is composed of rounded pebbles, cobbles, and coarse-grained, cross-
bedded sand lenses.  The origin of the unit is interpreted as a river and beach deposits of 
ancestral Lake Bruneau.  The lower unit, which overlies the basal gravel, consists of a thin, 
basaltic, cinder bed, an intervening mottled clay, and a fine-grained tuffaceous sand.  The upper 
unit of the Bruneau is lithologically similar to the lower unit, but regionally occurs above the 10- to 
15-foot-thick tuff layer.  Locally, the thicknesses and lithologic characteristics of the Bruneau units 
can vary considerably. Only the basal gravel unit of the Bruneau Formation is present at USEI 
Site B. 
 
Minor recent and Pleistocene surficial deposits are also intermittently present in the local area 
and consist of Snake River terrace gravels, colluvium, and stream alluvium.  The stream alluvium 
exists along the margins of permanent drainages, and the colluvium consists of random slope 
debris.  These minor deposits are difficult to distinguish from the unconsolidated coarse-grained 
Bruneau Formation deposits on a local scale.  For purposes of classification in this report, all 
surficial deposits in the vicinity of Site B are considered to be part of the Bruneau Formation, even 
though they may be of more recent geologic origin. 
 

Regional Hydrogeology 
The groundwater resources of the area have been examined at the regional scale by several 
investigators.  Mundorff, Crosthwaite, and Kilburn (1964) prepared a report on the occurrence of 
groundwater within the entire Snake River Plain.  Ralston and Chapman (1969) investigated the 
groundwater resources of northern Owyhee County, and Young and Lewis (1982) examined the 
hydrology of deep thermal groundwater in southwestern Idaho.  Several other groundwater 
availability and geothermal resource studies have been performed in the region, most notably by 
Brott, Blackwell, and Mitchell (1978) and Young, Lewis, and Bracken (1979).  On the basis of 
these principal research studies, an overview of the groundwater resources of the region is 
presented in the following sections. 
 

Principal Groundwater Systems 
The regional studies indicate that three groundwater systems are present in the area of Site B.  
These systems are as follows: 
 
1. A deep groundwater system found primarily within the silicic volcanics, Banbury Basalt and 

the Poison Creek Formation.  Groundwater is found at depths ranging from 600 to more than 
3,000 ft. in this system.  Water in this system is under considerable artesian pressure and 
geothermally heated.  Many wells tapping the aquifer are capable of flowing at the land 
surface.  Several flowing geothermal wells in the Castle Creek drainage are used for irrigation 



and contribute to the general water resources available in that area.  In the 3,000-foot-deep 
water supply well drilled by the U.S. Air Force (USAF) at Site B, the first significant water was 
encountered at 2,980 ft.  The USAF test well flowed at over 300 gpm at a temperature of 
170 degrees Fahrenheit.  The USAF geothermal well was plugged and abandoned in 1986 
by USEI (CH2M HILL, June 1986). The geothermal aquifer system, herein referred to as the 
deep artesian aquifer, is the most important groundwater resource in the area.  Recharge to 
the deep artesian system in the area is believed to originate in the Owyhee Mountains, where 
precipitation exceeds 50” annually. 

2. A local veneer of saturated alluvium exists along Castle Creek.  The alluvium and the creek 
are reported to be hydraulically connected.  Some shallow domestic wells have been installed 
in the alluvium, generally to depths not exceeding 50 ft.  Most of this alluvial system 
development occurs approximately eight (8) miles southwest and upstream of Site B (Ralston 
and Chapman, 1969).  As Castle Creek flows northeastward from this area to the Snake 
River, it passes to within one (1) mile of Site B.  It can reasonably be assumed that a veneer 
of saturated alluvium exists along Castle Creek in this downstream area as well.  Recharge to 
this system is primarily by surface water runoff derived locally from precipitation and from the 
Owyhee Mountains. 

3. Groundwater is found within the fine-grained sand beds and interbedded silts of the upper 
parts of the Glenns Ferry Formation at depths on the order of 140 to 350 ft. below ground 
level.  Well yields and water quality in this system vary greatly.  The Glenns Ferry Formation 
provides water to scattered low-yielding stock watering and domestic wells in the general 
vicinity of the site.  In the area of the town of Oreana, seven (7) miles southwest of Site B, 
numerous wells provide groundwater for small irrigation and domestic uses from the Glenns 
Ferry Formation (Ralston and Chapman, 1969).  In this area, local leakage from the 
Catherine Creek alluvial system probably contributes significantly to the recharge and well 
yields from the Glenns Ferry Formation.  Recharge to the shallow Glenns Ferry aquifer 
comes from direct precipitation on exposed permeable beds, infiltration where the formation 
is exposed to surface water sources, and by vertical leakage from underlying artesian zones 
on a broad regional scale.  The potential for recharge to the Glenns Ferry Formation from 
Site B is minimal because all site runoff is directed to lined collection ponds. 

 
The water-bearing intervals being monitored at USEI Site B are in the upper portion of 
the shallow Glenns Ferry Formation.  At Site B, however, the formation is not very permeable and 
most wells yield less than 0.5 gallon per minute.  The shallow Glenns Ferry aquifer as it exists at 
Site B is not a true aquifer in the context of water resources because of low yield.  The detailed 
characterization of the water-bearing properties and geochemical properties of the shallow 
Glenns Ferry system beneath Site B is provided in Section E.3.c. 
 

Regional Flow Characteristics 
Deep Artesian System 

Groundwater in the deep artesian system generally moves from the mountains toward the Snake 
River, which is the regional hydrologic base level and therefore the likely discharge point for at 
least a portion of the groundwater in the deep artesian system.  The observed northeast direction 
of flow in this system is consistent with the generalized orientation of the landscape, the trend of 
regional surface water drainages, and the regional trend of the Owyhee Mountains relative to the 
position of the Snake River.  Strong upward gradients exist between the deep artesian system 
and shallower systems over most of the area.  Where intervening confining strata are thin, more 
permeable, or breached by faults or wells, the deep artesian system also has a vertical flow 
pattern and contributes water to shallower systems.  This is particularly noted to be occurring in 
the Castle Creek drainage area southwest of Site B where uncased or uncontrolled artesian wells 
are contributing to the base flow of Castle Creek and therefore also to the localized alluvial 
groundwater system in communication with the creek. 
 



Shallow Glenns Ferry Groundwater 

Because of the remoteness and sparsely populated nature of the area, coupled with the limited 
and sporadic groundwater resource potential of the Glenns Ferry Formation, there is insufficient 
information available to make definitive regional interpretation of flow directions and rates for the 
Shallow Glenns Ferry system.  In general, the shallow groundwater system flows toward, and 
probably discharges into, the Snake River.  However, smaller scale flow directions are expected 
to be highly variable because of localized points of recharge from surface waters and vertical 
leakage from the deeper system, and from localized discharge points such as wells and natural 
drainages.  Locally, southeasterly, northeasterly, and easterly flow directions have been identified 
in the shallow Glenns Ferry groundwater system at Site B.  All of these flow directions are 
generally toward the Snake River where it either discharges directly or enters the local alluvial 
groundwater system along the Snake River. 
 

Relationship of the Deep Artesian System to Site B 
A deep artesian well was drilled on Site B by the USAF in 1958 as a water supply well (Shannon 
and Wilson, 1959).  The artesian well was plugged and abandoned by USEI in 1986 (CH2M HILL, 
June 1986).  The well abandonment was completed methodically and thoroughly using oil-field 
cementing techniques and cementing service contractors.  There have been no data suggesting 
any vertical leakage from the deep artesian well, either before or after plugging.  Although the 
well was abandoned, because of the location of the artesian well in the center of Site B and 
because much of the understanding of the deeper geologic formations beneath Site B came from 
the artesian well records, it is appropriate to preserve the documentation of the well in this 
application.  Pertinent information regarding the deep artesian well is summarized below.   In 
addition, important information on the nature of the deep regional flow system can be gained by a 
review of the characteristics of this well.   
 
The geologic section beneath Site B is dominated by blue clays and shales.  The aquifers of 
interest at Site B occupy a very small portion of the uppermost geologic formation.  
 
The shut-in pressure of 70 psi at the wellhead reported in 1958 was confirmed in 1986 prior to 
well abandonment.  This value represents a head approximately 160 ft. above the land surface at 
Site B and approximately 335 ft. above the heads observed in the shallow Glenns Ferry 
Formation at Site B.  These data confirm that a strong upward hydraulic gradient exists between 
the deep artesian system and the shallow Glenns Ferry system immediately beneath Site B.  The 
drillers log of the artesian well did not report any major aquifer zones between the shallow Glenns 
Ferry system and the deep artesian zone, spanning an interval of several thousand feet.  This 
was confirmed at the 800-foot-deep exploratory borehole that was drilled by USEI as an 
exploratory water well west of the site in 1984.  Drilling logs from this well indicate that strata 
below 300 ft. are predominantly blue clay and shale, which is consistent with the drillers log 
recorded for the artesian well.  This hydrogeologic setting and head relationship indicates it is not 
possible for waste constituents from the site to migrate downward to the deep artesian aquifer.  
Therefore, the shallow water-bearing zones within the Glenns Ferry Formation are the primary 
“aquifers” of interest in this Document, and the remainder of this section is devoted to describing, 
in detail, the characteristics of these two groundwater systems. 
 
 

Site Hydrogeologic Characteristics 

Introduction 
In this section, the results of the site-specific hydrogeologic investigations conducted at Site B are 
presented in detail.  The goal of the hydrogeologic investigations to date has been to characterize 



the geologic and hydrogeologic properties of the uppermost aquifer and any aquifer hydraulically 
connected to it.  At Site B this involved a detailed investigation of the upper 400 ft. of 
unconsolidated sediments beneath the site.  This information has been assembled pursuant to 
IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)). 
 
The uppermost water-bearing zone beneath Site B actually consists of two discrete, low-yielding, 
finely bedded sand zones that are separated by a 20- to 30-foot-thick confining clay bed.  Under 
the nomenclature used in this report, these two zones are called the Upper and Lower Aquifers, 
respectively.  Both zones occur in the Glenns Ferry Formation. 
 
An unsaturated zone, ranging from 140 ft. to 200 ft. in thickness, overlies the uppermost aquifer 
and consists of silts and clays of the Glenns Ferry Formation overlain by coarser-grained sands, 
silty sands, dense clay beds, and sandy gravels of the Bruneau Formation. 
 
The following sections develop in detail the generalized concepts presented above.  A description 
of the site-specific subsurface geology is provided, followed by a detailed examination of the 
hydraulic and hydrochemical aspects of the uppermost aquifer system.  The system is complex 
as a result of subtle stratigraphic differences within the Glenns Ferry Formation and the effect of 
dipping strata.  To orient the reader, an overview of the uppermost aquifer concept is presented in 
Section E.3.c.(3), following the site-specific geology discussion below. 
 

Site Geology 

Formation Identification 
Quaternary and Tertiary sediments of the Bruneau and Glenns Ferry Formations directly underlie 
the site.  The veneer of surficial gravels present over much of the site is interpreted as basal 
conglomerate of the Pleistocene-Age Bruneau Formation (Benfer, 1984).  Fine-grained sediments 
of the Pliocene- to Pleistocene-Age Glenns Ferry Formation underlie the Bruneau Formation 
gravels.  The Glenns Ferry then persists throughout the remaining depth of the investigation. 
 

Stratigraphy 
 
Throughout the remainder of this section, references will be made to the observed thicknesses of 
various geologic strata penetrated.  Qualitative descriptive terms have been numerically classified 
according to Krumbein and Sloss (1963).   
Geologic and geophysical logs have been used to construct several geologic cross sections 
depicting the stratigraphy at USEI Site B.  Previous reports and submittals on file with DEQ 
contain these large cross section plates which are not reproduced in this application.   
 
With two minor exceptions, the basal gravels of the Bruneau overlie the entire site.  The 
exceptions are where the basal gravels are thinly covered by recent soil or ash layers, or where 
they have been removed by site construction activities.  Typically, the gravels are present only to 
about 50 ft. bgs but were found to extend to approximately 100 ft. in the southeast and northeast 
corners of the site. 
 
The Glenns Ferry is present beneath the Bruneau gravels and represents sedimentary deposition 
in a large lake system with peripheral and capping fluvial and flood plain facies (Smith et 
al., 1982).  As such, the Glenns Ferry consists of lake-margin deposits containing fluvial deposits 
(stream and beach shoreline sands and near-shore silts).  Underlying the  fluvial  deposits are the  
lacustrine  facies (lake deposits) of the Glenns Ferry.  The entire sequence exhibits upward 
coarsening (finer grained with depth).  As such, this represents a period of lake regression (a 



lowering of the water level in the ancient lake [Selley, 1972]).  Lithologic and facies contacts are 
gradual and are controlled by the predominance of grain size and bedding. 
 
The upper (fluvial) sequence of the Glenns Ferry Formation contains very thick-bedded (greater 
than ten (10) ft.) fine sands and silts containing a few clay seams.  Typically, the sands are well 
sorted, moderately indurated, and thickly bedded.  Calcite cementing predominates.  The clay 
seams distributed within the sand are generally thin-bedded (several inches to one (1)  ft. thick) 
and are plastic (soft and moldable).  Near the base of the sequence, thin-bedded carbonates 
(limestone) occur.  These sedimentary sequences are representative of lake margin 
environments (Selley, 1972).  This section persists to approximately 130 ft. in depth at the center 
of the site, where the finer grain size and thinner bedding exists.  Where the predominance of 
finer grain size and thinner bedding exists, this facies change is interpreted as the bottom contact 
of the fluvial facies overlying lacustrine sediments of the Glenns Ferry Formation. 
 
The lacustrine facies consists of thick-bedded clays and silts containing very thin beds of silt, 
sand (generally less than one ft. (1) thick), and sand-silt lamina.  The sequence expresses cyclic 
sedimentation for the depth investigated.  The formation transcends through thick-bedded 
sequences of clay and silts containing discrete, thinly bedded sands (one ft. (1) thick or less) and 
reflects deposition representative of a lacustrine environment as the lake waters rose and fell.  
The sands and silts (linear and lense-like in form) represent near-shore and shoreline deposits.  
Portions of this sequence are deltaic in nature and contain abundant plant debris.  Sheet-like clay 
and finer silts are representative of offshore and deeper lacustrine deposition. 
 
The first sequence of shoreline and near-shore deposits underlying the fluvial facies occurs at an 
approximate depth of 160 ft. at the center of the site.  In the northwest portion of the site, the 
sequence contains numerous thin-bedded silty sands and lamina that are separated by thin- to 
thick-bedded silts and clays.  These sand beds appear to pinch and thin toward the south and 
east, forming thickly bedded clay and silt in those directions.  Although a continuous zone exists, 
individual sand beds appear discontinuous across the site.  This may indicate that the source of 
the sands was from the northwest, where increased bedding and coarser grain sizes would be 
expected.  This may also be a result of a lateral facies change, such as a transition to a flood 
plain or deltaic sequence, occurring within the northern portion of the site, or may represent 
younger deposition upon paleo-erosional surfaces.  It is this zone of thin, discontinuous, and 
laterally variable sands and silts that represents the Upper Aquifer.  Within the upper portion of 
the sequence, the unit changes color from brown to gray, which may represent a change from 
oxidizing to reducing conditions at the time of deposition. 
 
These near-shore deposits transcend downward into offshore (deep lake) deposits consisting of 
thickly bedded clay containing silt.  This clay unit is approximately 20 ft. thick at the center of the 
site, extending to a depth of approximately 230 ft.  This zone thickens from approximately 20 ft. 
thick in the northwest portion of the site to more than 30 ft. thick in the southeast portion of the 
site.  This unit is the confining bed separating the Upper and Lower Aquifers. 
 
This offshore deposit transcends into another shoreline and near-shore sequence, generally 
comprising thick-bedded silt and thin-bedded clay that contains thin-bedded sands and sand 
lamina.  This zone (the Lower Aquifer) is continuous across the site, although individual sand 
beds gradually thin and pinch out.  This unit extends to a depth of approximately 250 ft., where 
again, deposition transcends into deeper offshore deposits of thick-bedded clay and fine silt, 
which provide the basal confinement of the Lower Aquifer.  It appears from the limited information 
and from the deep borings that this facies again transcends into another sequence of near-shore 
sands and silts at approximately 290 ft. in depth.  These sands are very thin-bedded and have not 
been investigated. 
 
The drilling logs of the deep artesian well onsite and the 800-foot-deep exploratory water well 
(WWI) west of the site indicate that the strata below 300 ft. are predominantly blue clay and shale 
to at least 1,770 ft.   



Structure 
Units of the Glenns Ferry Formation at the site strike north 69 degrees west, and dip 
approximately 3.5 degrees to the northeast.  Gradual differences have been noted within the 
formation and reflect changes in depositional environment reflective of lacustrine sedimentation 
and Snake River Plain downwarping.  The upper near-shore sequence (i.e., the Upper Aquifer 
measured at its base) strikes north 70 degrees west and dips 1.8 degrees northeast.  The next 
near-shore sequence (i.e., the Lower Aquifer measured at its center) strikes north 70 degrees 
west and dips 2.4 degrees northeast, as measured from Coreholes D-32, D-22, and D-21. 
 
No evidence of faulting exists within the depths of the investigation at the site as determined by 
surface mapping of existing trenches and analysis of geologic cores.  Units can be traced across 
the site using geophysical logs and direct core logs, all of which conform to measured strike and 
dips.  No indications of faulting (such as displacement, associated fracturing, or alteration) have 
been witnessed throughout the entire geologic section investigated. 
 

Site Hydrostratigraphy 
This section will describe in detail the hydrologic and hydrochemical properties of two interbedded 
sand zones that have been defined as uppermost aquifer(s) beneath the site pursuant to IDAPA 
58.01.05.012 (40 CFR 270.14(c)(2)). 
 

Overview 
Two low-yielding, water-bearing zones denoted as the Upper and Lower Aquifers have been 
identified within the shallow Glenns Ferry Formation beneath Site B.  Although neither zone 
would be classified as an aquifer for water resources development because of the definition of the 
uppermost aquifer in the regulatory context, they represent the uppermost aquifer(s) of concern 
for groundwater monitoring purposes.  The Upper Aquifer at Site B consists of finely bedded, fine, 
silty sand in 80 ft. to 90 ft. of silt and clay.  The top of the Upper Aquifer sequence is a gradational 
contact with the overlying fluvial facies of the Glenns Ferry Formation.  The top of the Upper 
Aquifer section is 120 to 160 ft. below ground level.  A massive clay, 20’ to 30 ft. thick, 
hydraulically separates the Upper Aquifer from another group of fine, silty, and clayey sands 
referred to as the Lower Aquifer.  The top of the Lower Aquifer is 220 ft. to 275 ft. below ground 
level and the aquifer section is 30 ft. to 40 ft. thick.  Because of structural dip, both aquifers slope 
to the northeast at approximately 2 to 4 degrees. 
 
As a result of the northeasterly structural dip, the Upper Aquifer sands gradually emerge out of 
the water from north to south across the site.  The entire Upper Aquifer becomes unsaturated 
along a general east-west trend that crosses the south-central portion of the site.  South of this 
emergence, the sands comprising the Upper Aquifer are present but they are above the 
potentiometric surface and are not saturated.  Conversely, the saturated thickness of the Upper 
Aquifer increases from south to north as more sands become saturated. 
 
The potentiometric surface of the Upper Aquifer varies from 140 ft. to about 200 ft. below ground 
level.  Groundwater in the Upper Aquifer flows into the site all along the northern border, but most 
enters from the northwest corner.  Flow in the Upper Aquifer is to the east and southeast.  The 
permeabilities of the Upper Aquifer are low, and sustained well yields are generally less than 
1.0 gpm. 
 
The Lower Aquifer consists of two (2’) ft. to  nine (9’) ft. of thinly bedded, very fine sand and silty 
sand seams in a 30- to 40-foot-thick section of silts and clays.  Most sand beds are found within a 
15-foot-thick interval.  The Lower Aquifer is saturated beneath the entire site.  The permeabilities 
of the Lower Aquifer are low, and well yields are generally less than 0.5 gpm. Water in the Lower 
Aquifer is under moderate artesian pressure.  Along the northern edge of the site, water levels 



rise 60 ft. to 80 ft. above the top of the aquifer.  Groundwater in the Lower Aquifer flows to the 
northeast. 
 

Upper Aquifer 
The Upper Aquifer sequence consists of thinly bedded sands and sand lamina separated by thin- 
to thick-bedded silts and clays.  The individual sand seams range from less than 1.5 ft. thick to 
partings less than 1/16 of an inch thick.  Most are between 0.5ft. and 0.1 ft. thick and consist of 
very fine-grained, silty sand.  Lateral continuity of individual sands is difficult to demonstrate, but 
the aquifer sequence is present across the entire site.  The total cumulative thickness of the sand 
beds changes laterally east and west because of depositional variations. 
 
In the northwest portion of the site, the cumulative thickness of saturated sand beds in the Upper 
Aquifer ranges from about eight ft.  (8) ft. to 36 ft., occurring over approximately 70 ft. of fine- to 
thick-bedded silts and clays.  The individual sand beds thin and pinch-out toward the east and 
south.  Therefore, the Upper Aquifer contains less sands and therefore does not yield as much 
water to the east and south.  The cumulative thickness of bedded sands underlying the water 
table in the eastern portion of the site is approximately two (2’) ft. to 12 ft., occurring over 
approximately 20 ft. to 50 ft. of fine- to thick-bedded silts and clays. 
 
The bottom of the aquifer sequence is represented by a relatively rapid gradational change from 
bedded silts and silty clay to the massive silty clay and clay of the underlying confining bed.  The 
bottom of the Upper Aquifer section ranges from 185 ft. to 250 ft. below ground level. 
 
The top of the Upper Aquifer is also a gradational contact.  As discussed earlier, the Upper 
Aquifer is developed in the lacustrine facies of the Glenns Ferry Formation.  The contact between 
the lacustrine and overlying fluvial sediments is a gradational facies change represented by a 
thinning of beds and dominance of silts and clays from fluvial to lacustrine.  The top of the 
lacustrine facies (top of the Upper Aquifer sequence) ranges from 120 ft. below ground level in 
the northwest corner to about 160 ft. below ground level in the northeast corner; across the 
central portion and eastern sides it is 120 ft. to 140 ft. below ground level.  Thickness of the 
sequence ranges from 80 ft. to 90 ft. 
 
The top of the saturated water-bearing portion of the Upper Aquifer is a function of the 
intersection of the dipping stratigraphic sequence and the potentiometric surface.  Because of the 
dip, the section rises above the potentiometric surface and becomes unsaturated across the 
southern portion of the site.  From south to north, the dip causes progressively more sand seams 
to intercept the potentiometric surface and become saturated.  Consequently, the saturated 
thickness of the aquifer increases to the north and the top of saturation is found progressively 
higher in the geologic section comprising the Upper Aquifer. 
 
Each individual saturated sand seam is probably under confined conditions as a result of the 
adjacent silt and clay beds.  Given the scale of the bedding, it is impossible to isolate individual 
sand seams to verify this assumption.  Taken as a whole, however, there appears to be little 
evidence of vertical gradient within the Upper Aquifer section, and, therefore, the aquifer is 
considered to be unconfined. 
 

Intermediate Clay Bed 
The inner confining clay between the Upper and Lower Aquifers ranges from 20 ft. to 30 ft. thick 
across the site.  As discussed in the previous section, the top of the inner confining clay is 
gradational with the silts of the bottom of the Upper Aquifer.  A similar transitional contact exists 
between the bottom of the confining clay and the top of the Lower Aquifer.  In both cases, the 
gradational contact occurs within about five ft. (5).  This clay consists of blue-gray, massive to 



thickly bedded clay.  In Corehole D-23, in the northwest corner, there are seven (7) to ten 
(10) silty sand lamina (less than 1/8” thick) within the 20 ft. thick clay, while along the east side, 
no sand lamina are found in the entire 20 ft. thick section. 
 
This clay unit is persistent and consistent across the site and hydraulically separates the Upper 
and Lower Aquifers.  This hydraulic separation is evidenced by differences in water level, flow 
directions, and water chemistry between the Upper and Lower Aquifers.  These indicators of 
hydraulic separation are discussed in more detail in subsequent sections. 
 

Lower Aquifer 
The Lower Aquifer is a sand sequence within silts and clays of the Glenns Ferry Formation.  
Although the persistence and thickness of individual thinly bedded sands varies laterally, the 
aquifer is present and saturated everywhere beneath the site. 
 
The bedded sands occur within a 30 ft. to 40 ft. thick sequence of thick-bedded silts and clays.  
The majority of sands occur within a 10 ft. to 15 ft. interval.  Coreholes and geophysical logs of 
borings indicate that the bedded sands pinch and thin toward the west and south, forming very 
thin-bedded sands and sand lamina less than ¼” thick. Some sands are discontinuous and pinch 
out.  The total cumulative thickness of bedded sands in the western portion of the site is less than 
four (4) ft. 
 
Along the east side of the site, the individual beds range from sand lamina (less than ¼ inch 
thick) to one ft. (1)  thick bedded sands, the latter consisting of fine- to very fine-grained silty 
sand.  Most of the water is probably being carried in the upper portion of the sequence, where 
greater sand thickness and persistence exist.  The total cumulative thickness of bedded sands in 
the Lower Aquifer along the eastern side is less than nine fi. (9)  The top of the Lower Aquifer 
section is 205 ft to 275 ft. below ground level, and the bottom is 305 ft. to 250 ft. below ground 
level.  The Lower Aquifer section generally ranges from 30 ft. to 40 ft. thick. 
 

Basal Confining Clay 
Underlying the Lower Aquifer is a massive to thickly bedded clay at least 25 ft. thick.  This clay 
was penetrated in only a few borings, and it has not been tested extensively.  Visual descriptions 
indicate it to be massive (does not contain sand lamina) and “fat,” having high plasticity.  
Properties of this clay are expected to be similar to the inner confining clay. 
 

Hydraulic Properties 

Introduction 
Pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)), the hydrogeologic regime at USEI Site B 
was characterized as part of the initial permit application process (CH2M HILL, February 1986).  
Subsequent to the issuance of the permit, considerable additional information has been 
developed on the hydraulic properties of the Upper and Lower Aquifers at Site B.  This portion 
presents a complete reexamination of the hydrologic properties of Site B, using both previously 
presented information and new information.  The objectives of the hydrologic characterization 
program were to 1) examine the factors that influence the rate and direction of groundwater 
movement; 2) evaluate overall groundwater availability; 3) evaluate the degree of hydraulic 
separation of the Upper and Lower Aquifers; and 4) estimate the degree of containment afforded 
by the clays and other sediments found above, below, and between the aquifers. 
 



Information from the available data were used individually and conjunctively to determine the 
hydraulic characteristics that define the groundwater flow properties at USEI Site B.  The aquifers 
at Site B consist of finely bedded, fine sand and silt beds in a predominantly silty clay matrix.  
Because most groundwater flow, and therefore most of the potential contaminant migration, 
would occur in the sand beds, the ultimate aquifer property being sought from the aquifer test 
data was the hydraulic conductivity (K) of the sand beds, as opposed to a composite hydraulic 
conductivity of the entire saturated thickness.  Most of the test data available, however, provided 
either an estimate of the composite K or the transmissivity (T) of the entire saturated thickness of 
the aquifer. 
 
To estimate the K of the sand beds, the T and/or K values from the aquifer tests were adjusted to 
reflect only the cumulative thickness of sand beds identified in the wells as estimated from review 
of the geologic and geophysical logs for each well.  Once a K was determined, an estimated 
groundwater velocity was calculated.  Aquifer transmissivities were also used to compare the 
relative water flux across the site through and between aquifers. 
 
To evaluate the degree of containment afforded by the clays and other sediments found above, 
below, and between the aquifers, laboratory testing was performed on soils collected from the 
Upper and Lower Aquifers and the inner and lower confining units.  Grain-size analyses and 
permeability testing were performed on 79 samples of materials from three (3)borings, D-21, 
D-22, and D-23, at the USEI site.  These data were previously reported in CH2M HILL 
(February 1986) as part of USEI’s 1985 Part B permit application.   

Results 
Usable data are not available on all wells but the large amount of data that was available provides 
valuable information on both aquifers beneath all portions of the site. Soil hydraulics testing data 
are presented in CH2M HILL (February 1986). 
 
In Section E.3.b., a transmissivity value was estimated for each pumping and recovery test, slug 
test, and specific capacity test (Table E-9).  Based on the individual tests, an average  T  value  
for each  well  was  calculated as shown in Table E-9.  The average T value is the average of all 
aquifer tests performed over the lifespan of the well.  Additionally, if an individual test was 
analyzed by more than one analytical technique and more than one analytical technique provided 
a valid solution, then all valid solutions are included in the calculation of the average T value. 
 
K values were calculated from the average transmissivity data through the relationship K = T/b 
where b = the saturated aquifer thickness.  Representative thickness values were obtained for 
22 of 28 test wells in the Upper Aquifer and 14 of 15 test wells in the Lower Aquifer where 
successful transmissivity values were obtained.  Representative thickness values were 
determined via an interpretation of subsurface conditions at each respective test site.  Information 
from all geologic and geophysical logs were used to estimate the actual thickness of sandbeds 
present within each test interval.  This was done to adjust the aquifer test results under the 
premise that most of the aquifer response during the tests occurs from the sandier aquifer zones, 
and not the adjacent confining zones, a portion of which is generally included in the test interval.  
This resulted in a conservative reduction in the thickness values and an associated conservative 
increase in hydraulic conductivities. 
 
As a supplement to the in situ determination of hydraulic conductivity provided by the aquifer 
tests, hydraulic conductivity values were also calculated from grain-size distribution information 
by the Hazen Method. Thirteen (13) of the 79 samples had grain-size analysis performed on the 
most permeable beds in the Upper and Lower Aquifers.  Table E-11 summarizes the calculated 
hydraulic conductivity estimates for these 13 soil samples based on the Hazen Method.  The 
Hazen Method is one of several predictive equations that relate hydraulic conductivity values to 
the grain-size distribution of representative aquifer materials.  The techniques are approximation 
methods, but generally provide useful estimates of hydraulic conductivity (Freeze and Cherry, 



1979).  Todd (1980) cautions that the empirical formulas may not give reliable results because of 
the difficulty of including all possible variables in porous media.  Therefore, field and laboratory 
methods are preferable as a general rule. 
 
The Hazen Method estimates K through the following relationship (Equation E.3-2): 
 
K = A (d10)

2 

where: 
 
K is the hydraulic conductivity, A is a conversion factor (equal to 1.0 when K is reported in cm/sec 
and grain size in millimeters [mm]), and d10 is the grain-size diameter at which ten (10) percent by 
weight of the particles are finer. 
 
Upper Aquifer 

For the Upper Aquifer, transmissivity values were obtained from 28 test wells.  Average T values 
ranged from a low of 0.1 ft2/day for U-26 to a high of 51.1 ft2/day for D-18 (abandoned).  The 
mean transmissivity for the Upper Aquifer is 7.0 ft2/day, based on an average of the average 
T values.  Figure E-12 denotes the average transmissivity values obtained for each Upper Aquifer 
test site.  Figure E-12 also shows the distribution of T values in the Upper Aquifer.  In Figure E-
12, T values are grouped into ranges of α 0.1 ft2/day, 0.1 to 2.0 ft2/day, 2.0 to 5.0 ft2/day, and 
> 5.0 ft2/day.  The highest T values of the Upper Aquifer occur beneath the north/northwest 
portions of the facility and generally decrease toward the south and east. 
 
To understand the significance of these transmissivity values, they can be compared to minimum 
values required for a domestic water supply.  The U.S. Bureau of Reclamation (USBR) has 
investigated and published the transmissivity values necessary for water supply development 
purposes (USBR, 1977).  Transmissivity values below one (1) ft2/day are considered infeasible 
for domestic well purposes, while transmissivity values between one (1) ft2/day and 10 ft2/day are 
considered poor.  Fair well potential can be achieved   with   transmissivity   values   between   
10   and  100  ft2/day.   Thus,  the transmissivity values obtained for the test sites are generally in 
the infeasible to poor well potential  range, with  only five (5) average T values of the Upper 
Aquifer test locations falling in the fair range.  As shown in Figure E-12, the five higher-yielding 
wells are located in the north/northwest portion of the Upper Aquifer. 
 
The calculated hydraulic conductivity values derived from the average T for the Upper Aquifer 
materials range from a minimum of 4.0 x 10-2 ft/day (1.4 x 10-5 cm/sec) at U-26 to a maximum of 
4.2 ft/day (1.5 x 10-3 cm/sec) at UP-7.  These values are representative of very fine sands and 
mixtures of sand, silt, and clay, which are reported to have conductivity values ranging from 10-

3 cm/sec to 10-6 cm/sec (Todd, 1980).  Consistent results were observed between the geologic 
classification of subsurface materials and their calculated conductivity values.  From Table E-11 it 
can be seen that the range of empirically derived hydraulic conductivity values (Hazen Method) in 
the Upper Aquifer is significantly lower than the range determined with the pump tests.  For the 
Upper Aquifer, empirically derived hydraulic conductivity values ranged from 2.6 x 10-2 ft/day 
(9.0 x 10-6 cm/sec) to 0.5 ft/day (1.69 x 10-4 cm/sec). The hydraulic conductivity values obtained 
from the grain-size analyses may include finer-grained materials from the confining zones that are 
adjacent to the sandier aquifer zones.  This could account for the somewhat lower values 
observed.  It is important to note that the hydraulic conductivity values obtained from the grain-
size analyses were not used in the computation of groundwater velocities.  Rather, they have 
been included for exemplary purposes and as an additional check on pumping test-derived 
hydraulic conductivities. 
 
 

 



Lower Aquifer 

For the Lower Aquifer, transmissivity values were obtained from 15 test wells.  Average T values 
ranged from a low of 0.4 ft2/day for MW-6 (abandoned) to a high of 3.3 ft2/day for MW-5 
(abandoned).  The mean transmissivity for the Lower Aquifer is 1.0 ft2/day, based on an average 
of the average T values.  T values in the Lower Aquifer are low and do not appear to follow a 
discernible distribution pattern.  Based on the USBR criteria discussed above, the transmissivity 
values obtained from the Lower Aquifer test sites are in the infeasible to poor well potential range 
for a domestic water supply. 
 
The calculated hydraulic conductivity of the Lower Upper Aquifer materials range from a minimum 
of 6.9 x 10-2 ft/day (2.4 x 10-5 cm/sec) at L-38 to a maximum of 8.3 x 10-1 ft/day (2.9 x 10-

4 cm/sec) at MW-5 (abandoned).  Similar to the Upper Aquifer, these values are representative of 
very fine sands and mixtures of sand, silt, and clay, which are reported to have conductivity 
values ranging from 10-3 cm/sec to 10-6 cm/sec. 
 
The range of empirically derived hydraulic conductivity values (Hazen Method) in the Lower 
Aquifer is lower than the range determined with the pump tests.  For the Lower Aquifer, 
empirically derived hydraulic conductivity values ranged from 2.8 x 10-3 ft/day (1.0 x 10-6 cm/sec) 
to 0.6 ft/day (1.96 x 10-4 cm/sec).  As noted above, the hydraulic conductivity values obtained 
from the grain-size analyses may include materials from the confining zones that are adjacent to 
the sandier aquifer zones.  This could account for the somewhat lower  values  observed.  It is  
important  to note that the hydraulic conductivity values obtained from the grain-size analyses 
were not used in the computation of groundwater velocities.  Rather, they have been included for 
exemplary purposes and as an additional check on pumping test-derived hydraulic conductivities. 
 
Intermediate (Inner) and Basal Confining Layers 

Soil samples collected from D-21, D-22, and D-23 that represent the inner and basal confining 
zones are identified in Table E-10.  The vertical coefficient of permeability was determined for ten 
(10) of the confining material samples.  The range in vertical permeabilities for the two confining 
zones was 1.1 x 10-4 to 1.4 x 10-1 ft/day (4 x 10-8 to 5.0 x 10-5 cm/sec).  The single sample (boring 
D-22, sample S-31) with the 5.0 x 10-5 cm/sec value is probably due to bedding fractures within 
the clay as noted on the well log (CH2M HILL, February 1986) or may represent a silty or sandy 
seam in the confining bed.  Without including this sample, the vertical conductivity of the confining 
beds ranges from 5.7 x 10-3 ft/day (2 x 10-6 cm/sec) to 1.1 x 10-4 ft/day (4 x 10-8 cm/sec) and the 
mean value is 2.8 x 10-4 ft/day (1 x 10-7 cm/sec). 
 
As shown in Table E-10, the moisture content for the soil samples collected from the inner and 
lower confining zones ranged from 23.0 % to 31.0 % and averaged 28.1 %, and the degree 
saturation ranged from 89.4 % to 98.7 % and averaged 93.7 %.  These data indicate that 
moisture was present in the confining zones at near-saturated field conditions.  According to the 
field drilling logs, the moisture content within the inner and upper confining zones ranged from dry 
to moist, supporting the presence of some moisture in the soils in the confining zones.  However, 
the moisture content in soils below 100 ft. may have been affected by water used in rotary drilling. 
 



Groundwater Flow Properties 

Water Level and Hydraulic Gradient  
Depth to Water Level Measurement Corrections 

The results of gyroscopic surveys at piezometers U-26, UP-28, and UP-29 and monitoring well L-
28 indicate that UP-28, UP-29, and L-28 significantly deviate from vertical, and U-26 does not 
significantly deviate from vertical.  As a result, the depth to water measurements at UP-28, UP-
29, and L-28 have been corrected based on regression analysis.   
 
Based on the corrected depth to water measurements, the water level elevation anomaly 
indicated on potentiometric surface maps of the Upper Aquifer in the vicinity of UP-28 does not 
appear to be directly associated with the inclination of the piezometer off of vertical.  However, 
the water level elevation anomaly indicated on potentiometric surface maps of the Lower Aquifer 
in the vicinity of UP-28 does not appear to be directly associated with the inclination of the 
piezometer off of vertical. 
 
Potentiometric Data 

Groundwater levels at USEI Site B are measured semiannually in the monitoring wells and 
piezometers included in the permitted Detection and Compliance Monitoring Systems.  The 
period of record for each well varies according to when the individual well was installed. Some of 
the wells in the groundwater monitoring system were installed as test wells for site 
characterization prior to USEI receiving the permit.  Consequently, they have periods of record 
extending back to 1984.  Most of the active monitoring wells were installed after the Part B permit 
was issued and, therefore, the effective period of record begins in 1989 
 
The pre-1989 data sets tend to have more scatter than the post-1989 wells for several reasons:  
1) insufficient water level re-equilibration time between frequent sampling and testing activities; 
2) variable wellhead configurations and therefore various measure points between wells and over 
time for the same well; and 3) non-standardized equipment.  As the new and existing wells were 
brought into the permitted Detection Monitoring System, wellheads and measuring points were 
standardized, dedicated water level probes were used and written field procedures and data 
recording formats were adopted.  These measures significantly reduced the data scatter in these 
records. 
 
Water level data and hydrographs for the pre-1989 period are presented in CH2M 
HILL (February 1986). Appendix E.6 includes the tabulated data and hydrographs for all 50 wells 
in the current groundwater monitoring system for the period from April 1989 through April 2001.  
As discussed in the next section, water levels have been rising at Site B.  In 1999 a Rising 
Groundwater Study was completed (CH2M HILL,1999b). In 2001, as required by DEQ, the rising 
groundwater was re-evaluated (CH2M Hill 2001).  The 2001 re-evaluation report provides 
updated hydrographs through April 2001. The next scheduled re-evaluation of the rising 
groundwater at Site B will be completed in Fall 2003.  The rising groundwater study is further 
discussed in the next section.  
 
From April 1989 through the October 1996 sampling event, all water levels were measured with 
the same water-level probe.  Prior to the October 1997 water-level measurements, however, the 
original probe failed and could not be repaired.  Consequently, a new water meter was used for 
the October 1997 water-level data set.  Calibrating the new probe or establishing a measurement 
offset by collecting comparison water levels from several wells using both probes could not be 
completed before the old probe failed.  
 



In comparing the October 1996 to October 1997 water levels, many wells exhibited a significant 
decline in recorded water-level elevations between the two events.  Because a correlation could 
not be established between the two probes, the observed declines in water levels between the 
successive October water levels are not considered reliable. 
 
Water levels are tabulated after each sampling event and included in the sampling reports 
contained in the operating record. These reports document the water level data collected 
between April 2001 and October 2002.  The October 2002 water levels are included on Table E-
13 and  the period of water level record from October 1989 to October 2002 is used in this section 
to describe the water level trends, potentiometric surfaces, hydraulic gradients, groundwater 
velocities, and the groundwater flux and water balance for the Upper and Lower Aquifers at 
Site B.   
 
Water Level Trends 

Water levels in the monitoring wells and piezometers at Site B have been generally rising over 
the period of record.  The rate of rise for each well is variable and not consistent between wells or 
over the period of record for any individual well.  
 
In 1999 a rising groundwater study was completed (CH2M HILL, 1999b).  This study examined 
flow paths, water chemistry and age dating in an effort to determine the source of the rising 
groundwater.  The rising groundwater study determined that the water in the Lower Aquifer water 
and eastern portions of the Upper Aquifer were of similar ages but that the water in the Upper 
Aquifer in the extreme northwest corner of the site was much younger. This suggests that the 
water coming into the site in the Upper Aquifer was being recharged by Castle Creek about one  
(1) mile to the west.  This incoming water is displacing the older water in the Upper Aquifer.  The 
rising hydraulic head in the Upper Aquifer is also affecting the pressure head in the Lower 
Aquifer, especially where the two aquifers overlap.  Because of the potential impacts of rising 
water levels on groundwater flow rates and directions, monitoring well screen placement and 
concerns over possible impacts to water quality as the rising groundwater encounters vapors or 
the missile silos, DEQ requires the rising groundwater trends to be re-evaluated every two  years.  
The first re-evaluation was completed in August 2001 and the next one scheduled for Fall 2003. 
 
The 2001 re-evaluation report used regression analysis to predict future water level elevations 
based on the assumption that the rising water level trends continue at current rates.  In summary, 
these projections indicate the Upper Aquifer water levels will contact the bottom of the missile 
silos in 36 to 53 years (year 2039 to 2056), again, assuming past trends continue unchanged into 
the future.  In many wells the hydrographs show an initial steeper trend followed by a distinct 
flattening trend beginning in about 1993 so these predictions must be used with caution.  The re-
evaluation report also concluded that rising water would not seriously impact well construction or 
placement as the groundwater flow directions have not changed.  
 
The maximum change has been an increase of 10.71 ft. in piezometer UP-4 and the minimum 
rise is 3.35 ft. in piezometer UP-7.  In general, water levels in the Upper Aquifer on the east side 
of the site have risen faster than those on the west side.  This has resulted in a gradual decrease 
in the west-to-east gradients across the site, although groundwater flow paths have not 
significantly changed.  A contour map showing the change in water levels in the Upper Aquifer 
between October 1989 and October 2002 is provided in Figure E-14. 
 
Water levels in the Lower Aquifer wells have also risen over this same period.  The average rise 
in the Lower Aquifer is 4.7 ft. and the range is from 0.42 ft. in well L-35 to 8.26 ft. in well LP-15.  In 
general the wells with the highest water level change, are overlain by the Upper Aquifer.  Since 
the Lower Aquifer is confined, the water levels in these wells are believed to be responding 
primarily to the increase in loading from the water level rise in the Upper Aquifer.   
 



Well L-38 in the extreme southwest part of the study area experienced a sudden water level 
increase of approximately ten ft. (10) in 1993 that is believed to be caused by surface loading  of 
earth  materials stockpiled in the vicinity during the excavation of Cell 14. Since 1993, the water 
level has been gradually declining back to the trend line that existed prior to the “spike.”  Similar, 
but smaller, spikes occurred in wells L-35 and LP-14 during this same time.  These wells are also 
near the soil stockpile area.  Well L-36, in contrast, experienced a drop of approximately three ft. 
(3) in the water level during this same time, apparently in response to the decrease in loading as 
the nearby Cell 14 trench was excavated.  Since 1993, the water level in L-36 has been gradually 
rising back to the trend line that existed before the sudden drop in water levels.  Water level 
changes in the Lower Aquifer have not significantly affected the groundwater flow paths. 
 
Potentiometric Surface 

Lower Aquifer.   
 
There has been little change in the direction of groundwater flow over the period between 
October 1989 and October 2002.  Groundwater in the Lower Aquifer moves into the site from the 
southwest and flows northeasterly across the southern end of the site.  The equipotential lines on 
the figures are equally spaced and trend uniformly northwest-southeast.  The consistency of the 
equipotential lines is also another indication that geologic matrix and hydraulic  properties  of the  
Lower  Aquifer of the site are uniform across the southern and southwestern portions of the site. 
This uniform flow field characteristic is consistent with the geologic descriptions and hydraulic 
property characterization data presented earlier in this section. 
 
The potentiometric surface in the Lower Aquifer changes character radically northeast of Cell 14. 
Because the piezometers in this area are linearly aligned along the northeastern side of the site 
(LP-12, LP-13 and LP-15), it is difficult to determine true flow patterns.  However, the data 
suggest that groundwater flow in the Lower Aquifer changes to an easterly direction and that the 
gradients flatten out in this area. 
 
Geologic coring, hydraulic property testing, and geophysical logging of the Lower Aquifer 
sediments in this area do not indicate any changes in the geologic framework or hydrogeologic 
properties that would account for these flow direction changes. The apparent distortion of the 
consistent northeasterly flow pattern exhibited by the Lower Aquifer to the southwest appears to 
be coincidental with the southern limit of saturation in the overlying Upper Aquifer. These data 
indicate the potentiometric head in the Lower Aquifer is influenced by the overlying Upper Aquifer. 
This influence is believed to be primarily related to hydraulic pressure, as opposed to leakage.  
The hydraulic communication between the Upper and Lower Aquifer is discussed in more detail 
below. 
 
Based on the October 2002 potentiometric map, horizontal gradients in the southern part of the 
Lower Aquifer (that portion not overlain by the Upper Aquifer) range from 0.0110 to 0.0440 ft/ft 
and average 0.0261.  It is not possible to establish a gradient for the Lower Aquifer north of the 
Cell 14 monitoring wells (where it is overlain by the Upper Aquifer) because of insufficient data 
points. 
 
Upper Aquifer 

Water table maps for the Upper Aquifer for the October 1989 and October 2002 periods are 
provided in Figures E-16 and E-19.  Although, as discussed previously, water levels in the Upper 
Aquifer wells have risen 3.3 ft. to 10.7 ft. over the 1989 to 2002 time period, the overall pattern of 
groundwater flow has not changed.  Water in the Upper Aquifer flows across the site from 
northwest to southeast. Water also flows into the site all along the northern boundary.  This water 
flows diagonally across the northeastern corner and exits the site along the eastern boundary. 
 



The additional water level data provided by wells UP-28 and UP-29, installed in 1993 along the 
west central side of the site, suggests a radical and unexplained gradient change in this area as 
shown on the October 2002 potentiometric map.  The data from these wells indicate that along 
the west central side of the site, water in the Upper Aquifer is flowing from southwest to northeast, 
which is almost perpendicular to the predominant flow direction in the Upper Aquifer.  However, 
the groundwater flowing from the area of UP-28 and UP-29 eventually converges upon and joins 
the rest of the system.  Detailed site characterization efforts in this area, including a discussion of 
the high water levels in wells UP-28 and UP-29, are reported in CH2M HILL (June 1993). 
 
Well UP-28 was drilled into the Lower Aquifer to verify the stratigraphy prior to well construction. 
Although the Lower part of the borehole was plugged with bentonite grout prior to installing the 
well, upward leakage of Lower Aquifer water cannot be ruled out. It is unlikely, however, that the 
high water level at UP-28 represents a mounding effect since the Upper Aquifer sediments should 
be able to accommodate any minimal leakage past the bentonite seal that could be occurring.  
There are insignificant chemistry differences between the Lower part of the Upper Aquifer and the 
Lower Aquifer; therefore, there is not a distinctive chemistry profile that can be used to determine 
if the high water levels represent leakage up the borehole (see Section E.3.c.(6)).  Well UP-29 
was not drilled into the Lower Aquifer, yet water levels in this well are also higher than expected.  
This suggests a natural cause for the elevated heads that cannot be explained by the existing 
data.  At this point, the water levels in well UP-28, and to a lesser extent in UP-29, represent the 
only deviation in the overall northwest-southeast flow direction in the Upper Aquifer. 
 
The irregular spacing and curved equipotential lines for the Upper Aquifer are an indication of the 
variable Aquifer hydraulic properties of the Upper Aquifer as described previously in 
Section E.3.c.(4).  There are two hydrologic gradient regimes in the Upper Aquifer, illustrated by 
the distinct spacing of the equipotential lines in Figure E-19.  The western 1/2 of the aquifer 
displays gradients in the range of 0.0049 to 0.0089 ft/ft.  The eastern 1/2 has much steeper 
gradients that range from 0.0140 to 0.0235 ft/ft.  The demarcation between the two gradient 
regimes appears to extend from slightly west of U-26 on the southern extent of the aquifer to 
between U-5 and UP-7 on the northern site boundary.  The area of low gradients in the north and 
northwest parts of the site coincides with the areas of high hydraulic conductivity and 
transmissivity.  Aquifer properties and well yields are Lower along the eastern side and southern 
extent of the aquifer.  The pattern of hydraulic gradients illustrated in Figure E-19 mirrors and 
supports the distribution of aquifer properties. 
 

Groundwater Flux and Velocities 
Lower Aquifer 

The cluster of sand and silty sand seams comprising the Lower Aquifer occurs over an interval 20 
ft. to 40 ft. thick.  Recalling that aquifer transmissivity, T, is defined as the hydraulic conductivity 
times saturated thickness, groundwater flux, or the volume of groundwater moving with time 
through the Lower Aquifer beneath the southern portion of the site, can be estimated by  Q = T x I 
x width, where T = the average aquifer transmissivity, I = the average horizontal gradient, and 
width is the width of the aquifer parallel to the equipotential lines.  The average T for the Lower 
Aquifer determined in wells around Cell 14 is 1.0 ft/d (Table E-9).  The average gradient for the 
southern portion of the site using the October 2002 water level data is 0.0261 ft/ft as discussed 
previously.  The cross-sectional width of the aquifer beneath Cell 14 is approximately 2,000 ft..  
Based on these variables, there is about 57 cubic feet (ft3) per day or 20,958 ft3/year of water 
moving through the entire width and thickness of the Lower Aquifer.  To put this flow rate in 
perspective, a typical household uses 400 gallons per day or 19,600 ft3/year.  Because the cross-
sectional area, hydraulic conductivity, and hydraulic gradient in the Lower Aquifer do not change 
significantly across the site, flux into the site from the west side and flux leaving the site on the 
east side are approximately equal. 
 



Most groundwater movement and, therefore, contaminant transport, will occur through the sand 
seams making up the aquifer.  Groundwater velocities for the sand seams can be estimated by 
Velocity = (K x I)/ne  where K is the hydraulic conductivity, I is the gradient, and ne  is the effective 
porosity.  Effective porosity is defined as that portion of the total porosity through which flow 
occurs.  Effective porosity is almost impossible to determine because of the difficulty in obtaining 
undisturbed samples.  The average porosity of the fine sands in the Upper and Lower Aquifers at 
Site B was 0.43.  Also, as discussed in the 1986 Section E, researchers have concluded that for 
groundwater flow through granular media, the total porosity can be used in the velocity calculation 
with little effect.  Therefore, velocity calculations for Site B made since 1986 have used the 
porosity value of 0.43. The K and porosity of the sand beds, as discussed in the Aquifer 
Properties section, were used in the velocity calculations.  Calculated seepage velocities for the 
Lower Aquifer range from 2.6 ft. to 11.2 ft. per year and average 5.2 ft. per year.  Calculated 
velocities vary with the K and I at each well.   
 
Upper Aquifer 

Flux calculations for the Upper Aquifer are more complicated than for the Lower Aquifer because 
the Upper Aquifer is unconfined, the gradients across the site are highly variable, and the 
saturated thickness varies from about 70 ft. along the north facility boundary to zero feet across 
the northern edge of Cell 14 where the last of the aquifer sediments emerge.  Consequently, a 
wedge-shaped, cross-sectional area was used to compute the flux, and separate fluxes were 
calculated for the west and east sides. 
 
From this exercise, the estimated flux into the site from the west is about 43,122 cubic feet (ft3) 
per year and the flux leaving the east side of the site is 5,193 cubic feet (ft3) per year.  The 
difference between the two values is a net inflow of 37,929 cubic feet (ft3) per year that must be 
accounted for.  These issues are presented in the Water Balance section (Section E.3.c.(5)(d)), 
which follows the Upper Aquifer groundwater velocity discussion. 
 
The same approach and assumptions presented earlier for the Lower Aquifer were also used to 
estimate velocities in the Upper Aquifer sand beds.  Calculated seepage velocities for the Upper 
Aquifer range from 0.2 ft. per year  at well U-2 to 81.6 ft. per year at well UP-7.  The average for 
all Upper Aquifer wells is 8.3 ft. per year. 
 
Calculated velocities vary with the K and I at each well.  Table E-9 provides the calculated 
velocity at each Upper Aquifer well for which a K and I value have been determined. Although the 
composite hydraulic conductivities on the east side of the site are lower than those for the 
northwest corner, the gradients are higher.  Therefore, there are no large and consistent east-
west differences in the calculated groundwater velocities in the Upper Aquifer across the site.  
However the three wells with the highest velocities (UP-7, UP-5 and U-6) are all located in the 
northeast corner of the site. 
 

Vertical Gradients and Flux 
Separating the two aquifers is the inner confining bed, a strata of clay and silty clay 20 ft. to 40 ft. 
thick.  The hydraulic head relationship between the Upper and Lower Aquifers across the inner 
confining bed varies across the site.  Near the southern limit of saturation in the Upper Aquifer 
north of Cell 14, the hydraulic head in the Lower Aquifer is higher than the water table in the 
overlying Upper Aquifer.  Across a narrow band in the middle of the site there is no significant 
head difference between the two aquifers, and across the northern 1/2 of the site water levels in 
the Upper Aquifer are higher than the head in the Lower Aquifer. 
 
Using the October 2002 water level data, there are five Upper Aquifer-Lower Aquifer well pairs 
available to quantify the gradient across the inner confining bed.  The upward gradient, as 
measured in two well pairs (U-26/L-33 and UP-26/LP-27) averages 0.0378 ft/ft with .77 ft. to 1.5. 



ft. of actual water level difference.  There are much greater water level differences between the 
Upper and Lower Aquifers across the northeast side of the site.  Downward gradients in the three 
well pairs in this area (U-7/LP-13, UP-4/LP-12, and U-12/LP-15) average 0.1231, with actual 
water level differences ranging from 1.63 ft. at U-12/LP-15 to 6.77 ft. at U-7/LP-13. 
 
Laboratory tests conducted on geologic cores of the inner confining bed and from similar 
formations within and beneath the Lower Aquifer provided estimates of vertical hydraulic 
conductivities of 1x10-7 to 1x10-8 cm/sec. (CH2M HILL, February 1986).  Vertical flow occurs 
across strata, as opposed to along strata for horizontal flow.  Therefore, it is appropriate to 
assume that in a bedded sedimentary sequence, vertical movement will be controlled by the 
material having the lowest hydraulic conductivity.  To evaluate leakage between the Upper and 
Lower Aquifers, a vertical conductivity of 10-8 cm/sec was used. 
 
Applying Darcy’s law and using an average vertical hydraulic conductivity of 10-8 cm/sec, the 
gradients discussed previously, and an upward gradient zone 500 ft. wide by the width of the site 
(2,000 ft.) results in a flux of 391 cubic feet (ft3) of water per year moving from the Lower to the 
Upper Aquifer in the southern part of the site.  Doing the same calculation for the area with 
downward gradients across the northern part of the site indicates a downward flux of 3,822 cubic 
feet (ft3) per year moving from the Upper Aquifer to the Lower Aquifer. 
 
Comparing the calculated vertical flux into the Lower Aquifer beneath the northern part of the site 
to the horizontal flux in the Lower Aquifer south of the area overlain by the Upper Aquifer 
indicates that about 1/4 as much water is moving vertically into the Lower Aquifer as is coming in 
horizontally from the southwest.  As discussed previously, the horizontal gradients in the Lower 
Aquifer beneath the northern part of the site appear to flatten and change directions to roughly 
parallel that in the Upper Aquifer.  This gradient change is probably due to a combination of the 
flux of water coming vertically into the Lower Aquifer and the effect of the hydraulic head imposed 
by the overlying Upper Aquifer. 
 
There are distinct water chemistry differences between the Upper Aquifer and the Lower Aquifer 
wells in the northern parts of the site.  If leakage from the Upper Aquifer is a significant source of 
water for the Lower Aquifer as the Darcy flux indicates, then the Lower Aquifer water chemistry 
beneath the northern part of the site should also reflect the influx of Upper Aquifer water. 
 
In summary, although there are strong downward gradients and therefore by Darcy’s law a 
calculable net flux of water from the Upper Aquifer into the Lower Aquifer, water chemistry data 
suggest that the actual flow is much less than the calculations indicate. 
 

Water Balance Calculation 
To synthesize the elements affecting the movement of water though the Upper Aquifer at USEI 
Site B, a water balance was prepared.  One of the most significant benefits of conducting a water 
balance analysis is to check the validity of the estimated physical and hydrogeologic 
characteristics of the aquifer and the overall conceptual model of the system.  If it is impossible to 
achieve an approximate level of water balance by applying the site characterization data, then 
either the characteristics are not correct or the conceptual model is not correct.  As will be 
presented in the following section, the water balance for the Upper Aquifer at Site B indicates that 
the site characterization data are both correct and reasonable and that the overall conceptual 
model is correct. 
 
The elements of a water balance for the Upper Aquifer are: lateral inflow, lateral outflow, vertical 
inflow from the Lower Aquifer, vertical outflow to the Lower Aquifer, infiltration of precipitation, 
groundwater pumpage, and change in storage.  To examine the water balance at Site B, the 
13-year period from October 1989 to October 2002 was used.  Each of the elements of the water 
balance discussed independently in the preceding sections is briefly presented below. 



 
Lateral Inflow and Outflow in the Upper Aquifer 

As mentioned previously, in the Upper Aquifer there is approximately 43,122 cubic feet (ft3) per 
year coming into the site from the northwest and 5,193 cubic feet (ft3) per year leaving along the 
eastern side.  This results in a net influx of 37,929 cubic feet (ft3) per year or a total net gain of 
approximately 498,265 cubic feet (ft3) over the 1989 to 2002 period. 

Vertical Inflow from the Lower Aquifer 

The vertical flux calculations provided above account for an influx of 391 cubic feet (ft3) per year 
from the Lower Aquifer to the Upper Aquifer over the southern portion of the Upper Aquifer.  From 
1989 to 2002, this added approximately 5,089 cubic feet (ft3) of water to the Upper Aquifer. 
 
Vertical Outflow to the Lower Aquifer 

Over the northern portion of the Upper Aquifer, the calculated flux from the Upper Aquifer to the 
Lower Aquifer was about 3,822 cubic feet (ft3) per year, or 49,683 cubic feet (ft3) over the 
1989-2002 period. 
 
Precipitation Infiltration 

There is no direct evidence of the infiltration of precipitation at Site B.  In fact, the only hard 
evidence, very dry moisture contents in the vadose zone determined during the vadose zone 
characterization, suggests no infiltration is occurring.  However, infiltration of precipitation occurs 
under very arid conditions given the right set of circumstances.  Therefore, an infiltration 
component was included.  The percentage of annual precipitation that actually infiltrates and 
reaches the groundwater is highly speculative and in arid ranges may range from essentially zero 
to about  two percent (2 %) of annual precipitation.  An infiltration rate of 0.05 inches per year (0.7 
% of annual precipitation) was applied to the total square footage of the Upper Aquifer 
(about 4,000,000) and equates to about 16,667 cubic feet (ft3) per year, or 216,967 cubic feet (ft3) 
from 1989 to 2002.  This calculated amount is intuitively much too large for Site B, especially 
given the dry vadose sediments present.  At Site B where compacted clayey surface soils are 
prevalent and surface water runoff is channeled into lined ponds, infiltration rates are expected to 
be very low.  The rising groundwater study conducted in 1999 (CH2M HILL, 199b) found no 
evidence of recent precipitation water in the Upper Aquifer through either water chemistry or 
tritium age dating and it probable that the effective recharge  from precipitation is essentially zero 
at this site.  However, for the purposes of the water balance, a low infiltration rate was used. The 
conclusions of the  water balance evaluation are not affected by the inclusion, or exclusion, of 
precipitation. 
 
 

Vadose Zone Drilling and Sampling 
Two boreholes, D-33 and D-34, were drilled as part of the vadose zone drilling and sampling 
program.   
 
Laboratory analyses were performed on 40 vadose zone soil samples from D-33 and D-34.  The 
laboratory data were also grouped by geologic formation to determine the average properties of 
the different soil types encountered in the two boreholes.  A total of seven soil types are 
identified: the Bruneau Formation soils, Glenns Ferry fluvial facies sand/silty sand soils, Glenns 
Ferry fluvial facies clayey silt soils, Glenns Ferry sandy silt soils, Glenns Ferry lacustrine 
sand/silty sand soils, Glenns Ferry lacustrine clayey silt soils, and Glenns Ferry blue-gray clayey 
silt soils. 
 



Two geologic cross sections of the vadose zone at Site B were prepared from available soil 
boring logs.  Cross section K-K’ runs north to south along the eastern edge of the site.  Cross 
section L-L’cuts diagonally across the site from the northeast to the southwest corner.  Both cross 
sections show the interpreted locations of geologic formations and facies beneath the site.  It 
should be noted that these cross sections have a large vertical exaggeration and the actual dip of 
the various geologic units if drawn to scale would appear almost horizontal. 
 
The following is a summary of the results of the vadose zone drilling and sampling program. 
 
1. Auger drilling and continuous sampling provide effective methods for obtaining detailed 

stratigraphic information on the vadose zone at Site B to depths of approximately 150 ft. 
2. Laboratory data indicate the presence of four distinct soil types:  1) sands and gravels of 

the Bruneau Formation; 2) sands/silty sands of the fluvial and lacustrine facies of the 
Glenns Ferry Formation; 3) sandy silts of the fluvial and lacustrine facies of the Glenns 
Ferry; and 4) clayey silts of the fluvial and lacustrine facies of the Glenns Ferry 
Formation. 

3. Saturated hydraulic conductivities of Bruneau Formation soils show the largest variation 
and range from 10-5 to 10-2 cm/sec.  Saturated hydraulic conductivities of the Glenns 
Ferry fluvial and lacustrine sand/silty sand soils are on the order of 10-3 cm/sec.  
Saturated hydraulic conductivities of the Glenns Ferry clayey silt soils are on the order of 
10-6 cm/sec.  Saturated hydraulic conductivities of Glenns Ferry soils at the site differ by 
three to four orders of magnitude between the sand/silty sand and the clayey silt soils. 

4. Cross sections prepared with existing soil boring logs and correlations with grain-size 
distribution data from Shannon and Wilson indicate that the geologic facies described in 
D-33 and D-34 are horizontally continuous beneath the site.  The ranges of hydraulic 
conductivity found for soil types in D-33 and D-34 describe the range of hydraulic 
conductivity for similar soil types at the site. 

5. Vadose zone strata dip to the north-northeast between 1.5 and 3.4 degrees. The north-
northeast dip direction is consistent with the dip of deeper formations in the area that are 
known to dip toward the Snake River. 

6. The most prominent stratigraphic marker in the vadose zone at Site B is the blue-gray 
clayey silt layer shown in the cross sections in Figures E-22 and E-23.  The change from 
a light brown to blue-gray color is interpreted as a transition from oxidizing to reducing 
conditions within the soils.  The blue-gray color contact does not parallel the present day 
potentiometric surface in the uppermost aquifer.  Instead, the blue gray contact is located 
between 11 ft. and 75 ft. above the potentiometric surface and appears to parallel the 
strata in the vadose zone.  This indicates the contact may be due to a change in the 
depositional environment as, or soon after, the sediments were deposited or is related to 
a paleo-potentiometric surface in the area. 

7. Based on soil boring logs from D-33 and D-34, clayey silt layers comprise 8.6 to 11.0 % 
(6.5 ft. to 9.4 ft.) of the Glenns Ferry fluvial facies section.  Clayey silt layers comprise 
67.5 to 75.6 % (28.7 ft. to 36.9 ft.) of the Glenns Ferry lacustrine facies section.  The total 
accumulated thickness of clayey silt layers in D-33 was 43.4 ft. over 155 ft. of borehole.  
The total thickness of clayey silt layers in D-34 was 38.2 ft. over 153.5 ft. 

 
In situ moisture contents for Site B soils at depths less than 30 ft. are very low and are probably 
close to the residual value.  At these moisture contents, the unsaturated hydraulic conductivity of 
these soils is also very low, indicating there is a low potential for infiltration and moisture recharge 
via precipitation at the site. 
 

Computer Modeling 
Computer modeling (CH2M HILL, December 1987) was conducted to simulate a release from the 
bottom of a disposal unit and the movement of a hypothetical leachate plume through the 
unsaturated zone at Site B. The emphasis was on examining the amount of vertical and lateral 



movement of leachate through the unsaturated zone.  The modeling effort also provided insight 
into the question of potential leachate plume widths and therefore appropriate monitoring well 
spacing. 
 
The model SUTRA (Saturated and Unsaturated Transport), developed by the U.S. Geological 
Survey (Voss, 1984), was used to simulate quasi-3D vertical plume migration in the unsaturated 
zone.  Hydraulic properties of the unsaturated strata underlying Site B used in these simulations 
were determined in the laboratory on samples collected by continuous coring during the vadose 
zone drilling and sampling investigation, as described above.  The model included 43 separate 
layers consisting of nine (9) different lithologies based on the cores and vadose zone hydraulic 
properties analysis. 
 
Simulations were conducted to analyze the effect of both “falling head” (catastrophic release) and 
“continuous leak for two (2) years” (slow leak based on infiltrating precipitation).  The effect on 
plume spreading of variable leachate source depths and dimensions was also examined. The 
following represent the relevant conclusions that can be drawn from the simulation results: 
 
1. The results from both simulated scenarios indicate that the unsaturated subsurface 

beneath Site B acts to completely halt the downward migration of large volumes of 
source fluid before it can reach the water table.  This occurs primarily because the 
unsaturated zone is thick, relatively dry, and comprised of many low-permeability 
stratigraphic units that tend to retard and spread out the infiltrating liquids. 

2. Simulated dissolved-solute contaminant releases from trenches at Site B, as large as 
300,000 gallons and released over a period of two (2) years at a depth of 40 ft., did not 
reach the water table.  A steady-state distribution of concentration for this particular 
scenario was reached in 15,000 years.  At that point in elapsed time, the maximum depth 
of infiltration was about 130 ft., roughly 50 ft. above the water table. 

3. The scale of the leak discussed in item 2 above is the largest leak considered likely to 
occur through the particular source-area diameter selected (10 ft.).  However, should this 
scale of leak underestimate the size of potential contaminant sources, the results imply 
that for contamination to reach the water table, and to do so in less than 100 years, it 
would have to originate from a substantially larger source than the volume of the largest 
scenario simulated in this investigation. 

4. Monitoring well spacing cannot be based solely on the simulation results because the 
hypothetical plume did not reach the depth of the Upper Aquifer at Site B. Therefore, 
other criteria must be used to establish appropriate monitoring well spacing and 
locations.  These include location of waste disposal units and aquifer flow rates and flow 
directions. 
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