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Cover Photograph – View looking north from the upper right abutment of the proposed Black Rock dam at a 
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Mission Statements 
The mission of the Department of the Interior is to protect and provide 
access to our Nation’s natural and cultural heritage and honor our trust 
responsibilities to Indian Tribes and our commitments to island 
communities. 

The mission of the Bureau of Reclamation is to manage, develop, and 
protect water and related resources in an environmentally and 
economically sound manner in the interest of the American public. 
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Preface 

Congress directed the Secretary of the Interior, acting through the Bureau of 
Reclamation (Reclamation), to conduct a feasibility study ofoptions for additional 
water storage for the Yakima River basin. Section 214 of the Act ofFebruary 20, 
2003 (Public Law 108-7) contains this authorization and includes the provision 
" ... with emphasis on the feasibility of storage of Columbia River water in the 
potential Black Rock reservoir and the benefit of additional storage to endangered 
and threatened fish, irrigated agriculture, and municipal water supply." 

Reclamation initiated the Yakima River Basin Water Storage Feasibility Study 
(Storage Study) in May 2003. As guided by the authorization, the purpose ofthe 
Storage Study is to identify and examine the feasibility and acceptability of 
alternate proj ects by: (1) diversion ofColumbia River water to the potentia~ Black 
Rock reservoir for further water transfer to irrigation entities in the lower Yakima 
River basin as an exchange supply, thereby reducing irrigation demand on Yakima 
River water and improving Yakima Project stored water supplies, and (2) creation 
of additional storage within the Yakima River basin. In considering the benefits 
to be achieved, study obj ectives will be to modify Yakima Proj ect flow 
management operations to most closely mimic the historic flow regime of a 
Yakima River system for fisheries, provide a more reliable supply for existing 
proratable water users, and provide additional supplies for future municipal 
demands. 

Reclamation's Upper Columbia Area Office in Yakima, Washington, is managing 
and directing the Storage Study. Pursuant to the legislative directives, 
Reclamation has placed emphasis on Black Rock project study activities. These 
study activities are collectively referred to as the Black Rock Project Assessment 
(Assessment). 

The Assessment has three primary objectives. First, it provides the emphasis 
directed by Federal and State legislation. Second, it builds upon prior work and 
studies to provide more information on the configuration and construction cost of 
the primary components of a Black Rock project. It examines legal and 
institutional considerations ofwater supply and use, and identifies areas where 
further study is needed. Third, it is a step forward in identifying the viability and 
feasibility of a Black Rock project. 

This technical document, prepared by Reclamation's Pacific Northwest Regional 
Geology, Exploration & Instrumentation Group, Boise, Idaho, is a supplement to 
the assessment reporting on geologic investigations conducted at the Black Rock 
Damsite in 2003 and 2004. 
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Summary and Conclusions 

The Black Rock damsite was investigated by a private engineering consulting firm 
in 2002 and 2003. The study suggested that the right abutment bedrock at the 
damsite is highly fractured and permeable, and recommended further studies to 
determine the suitability ofthe right abutment for a dam foundation. 

The ridges ofthe Yakima Fold Belt are generally asymmetrical, with the south 
limb gently inclined while the north limb is steeply folded with a thrust fault near 
the base of the fold. This configuration exists at the Black Rock damsite, which 
lies between the Yakima Ridge anticline on the north and HorsethiefMountain 
anticline on the south. 

The current investigations were undertaken to obtain additional geologic and 
hydrogeologic data on HorsethiefMountain, which forms the right (south) 
abutment at the dam site. The specific location was chosen with the purpose of 
encountering a thrust fault mapped at the base ofHorsethief Mountain, and to 
characterize the engineering and hydraulic properties of the basalt rock in and 
around the thrust fault zone. Two deep holes were drilled on the abutment slope. 
The first hole was drilled to obtain core samples and the second hole was drilled 
to perform hydraulic conductivity tests. The drilling and borehole testing program 
was initiated in December 2005 and continued until May 2006. 

The rock recovered from the hanging wall (rock mass above the fault) and within 
the thrust fault zone is very fractured and broken from the folding and faulting 
activity. The fault zone consists of basaltic breccia composed of small angular 
clasts of pulverized rock in a weathered clayey sand matrix. The rock recovered 
from the footwall (rock mass below the fault) is considerably less fractured than 
the overlying folded and faulted rock. 

Rock quality designation (RQD) is a measure ofrock fracturing based on the 
lengths ofcore samples recovered. A sum of core samples equal to or exceeding 
0.33 feet in length for each core run is divided by the total length of the core run. 
The values are expressed in percentages: Zero percent is the poorest quality 
(very intensely to intensely fractured) and 100 percent is the best quality (slightly 
fractured to unfractured). The weighted average RQD values for rock above the 
fault zone is 12 percent, the weighted average RQD within the fault zone is 
7 percent, and the weighted average below the fault zone is 30 percent. 

The question ofreservoir leakage potential is multi-faceted due to lateral and 
vertical variation in hydrogeologic units across the site and the role of tectonic 
features on ground-water flow conditions. There are three primary leakage 
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mechanisms: 1) leakage via the unconsolidated sediments underlying the 
reservoir; 2) vertical downward leakage into underlying basalts; and 3) leakage 
around the dam through the abutments. The intent of the 2004 Black Rock 
investigation program was to evaluate the leakage potential in the valley section of 
the reservoir and the 2006 program was to evaluate the south abutment conditions. 

Various hydrologic test methods were used to assess the hydraulic properties of 
selected hydrogeologic units. The tests included slug tests, constant-head 
injection tests, and constant-rate pumping tests. Testing was performed in a total 
of six depth intervals within the unsaturated materials above the water table 
(vadose zone) and in six depth intervals within the unconfined and confined 
aquifers encountered at the site. The field test data were analyzed by Dr. Frank 
Spane ofPacific Northwest National Laboratory (PNNL) using various methods 
to determine hydraulic and storage properties (the report is located in Appendix 
A). The hydraulic and storage properties ofan aquifer determine the potential 
transmission of reservoir seepage through the ground-water system. 

Hydraulic conductivity values ranged from 0.42 to 3.77 ft/day in the fault breccia 
zone, 0.32 to 52.9 ft/day in the Pomona basalt, and 0.45 to 20.7 ft/day in the 
Umatilla basalt. These values were similar to K values reported from the Hanford 
site and to other reported values for Saddle Mountains basaltic intervals. These 
results were used as model input parameters, along with other available data, in a 
ground-water flow model that was developed to quantify seepage and hydrologic 
impacts from the potential Black Rock reservoir (Schmidt and others, 2007). 
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Introduction 

Section 214 of the Act ofFebruary 20,2003, P.L. 108-7, authorized the U.S. 
Department of the Interior, Bureau ofReclamation (Reclamation) to conduct a 
feasibility study ofoptions for additional water storage in the Yakima River Basin 
with emphasis on the feasibility of storage of Columbia River water in the 
potential Black Rock Reservoir. 

The Yakima River Basin Water Enhancement Proj ect feasibility study conducted 
in the 1980's included possible storage by enlarging an existing reservoir or 
constructing an offstream reservoir within the Yakima River Basin. More 
recently, Washington Infrastructures Services, Inc. (WIS) investigated the Black 
Rock damsite in late 2002 and prepared a final report entitled, Black Rock 
Reservoir Study - Initial Geotechnical Investigation, dated January 2003. WIS 
completed the study for Benton County, Washington, which addressed pumping 
water from the Columbia River for storage in a proposed Black Rock reservoir. 
This water would then be made available for irrigation, instream flow 
enhancement, and municipal purposes in the Yakima River Basin. Water would 
be delivered to the Roza and/or the Sunnyside Canals in exchange for part or all of 
their Yakima River Basin water supply. The exchanged water could then be used 
for instream flow enhancement and/or for irrigation in dry years. 

Purpose 

This report summarizes the findings of the exploratory drilling program conducted 
at the Black Rock dam site from December 2005 to May 2006. The data collected 
were used to assess the suitability of the foundation at the site for the proposed 
embankment. The field program involved drilling to determine the engineering 
properties of the bedrock and performing hydrogeologic testing. 

Location 

The Black Rock Damsite is in the Black Rock Valley about 24 miles east of 
Yakima, Washington via State Highway 24 through the Moxee Valley in Section 
12 and the N1I2 of Section 13, T.12 N., R. 23 E (refer to Figure 1). 
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Previous Investigations 

WIS investigated the Black Rock damsite in late 2002 and prepared a final report 
in 2003 (Washington Infrastructure Services, Inc., 2003). This investigation was 
funded by Benton County through a grant from ihe State of Washington. The 
investigation program consisted ofcompleting geologic mapping, five test borings 
and nine test pits, water pressure testing, and a geophysical refraction survey. 
Two important conclusions were drawn from this investigation. First, the depth to 
bedrock in the main section of the dam site was considerably deeper than the 25 
feet initially estimated, reaching depths as great as 216 feet in the maximum 
section. Also, the basaltic lava flows that form the bedrock at the site were 
considerably more fractured and broken than originally thought and rock quality 
was generally low. None of the borings intercepted the water table and no 
observation wells were installed at the site. 

WIS also evaluated foundation material permeability in their 2003 report. Their 
initial evaluation identified intensely fractured bedrock in the right abutment area. 
Due to the condition of the rock, they were unable to complete the right abutment 
drill hole (DH-4) to the anticipated depth and did not conduct any permeability 
testing in that drill hole. They concluded that highly pervious zones are present 
and that additional permeability testing is needed. 

Reclamation performed investigations at an alternate damsite west of the original 
site between December 2003 and May 2004 (Stelma, 2004). These investigations 
involved drilling five shallow holes to define the bedrock surface, and drilling one 
deep hole to confirm the stratigraphy of the deep foundation and a second deep 
hole for permeability testing. The exploratory drilling indicated that the depth to 
bedrock and overburden thickness at the alternate damsite was slightly greater 
than the original damsite. Based on that data, the original site was determined to 
be the preferred alignment and no further srudy of the alternate damsite was 
planned. 

Current Investigation 

The current investigation included drilling exploratory holes to characterize the 
right abutment bedrock and performing permeability testing at the damsite. Right­
of-entry was obtained from the landowner, and a temporary access road and drill 
pad was constructed near the base of the right abutment slope by members of 
Reclamation's Pacific Northwest (PN) Regional Drill Crew (refer to Photograph 

o. 1). 
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H()RSETHIEF  

MOU~TAIN 

Photograph NO.1. View looking southeast at Horsethief Mountain, which forms the 
south (right) abutment at the Black Rock dam site. Note access road and drill pad along 
the lower slope. The drill is set up on drill hole DH-05-1. Black Rock Camsite. Yakima River Basin 
Water Storage Feasibility Study, Washington - Bureau of Reclamation Photograph by D.N. Stelma. November 
29. 2005. 

Pl Regional Drill Crew employees drilled two foundation borings. Core samples 
were obtained in the first drill hole (DH-OS-l). The second drill hole (DH-06-1) 
was drilled to perform hydraulic conductivity testing. Coring was performed using 
an Ingersoll-Rand T-2 truck-mounted rotary drill, and the water test hole was 
drilled using a Foremost DR-12 dual-rotary truck-mounted drill, both with 
standard support equipment including air compressors and circulating pumps. 
Core samples of the bedrock were obtained using PQ [3.3-inch-inner-diameter 
(LD.)] and HQ [2.S-inch-LD.] wire-line coring systems with clear water and/or 
polymer as circulating fluids. The water test hole was drilled using a rock bit and 
down-the-hole-hammer, with air, water, and biodegradable foam additive to 
remove cuttings. Water for drilling and testing was procured from a privately 
owned water well located about 3 miles from the site. The water source is from 
the Wanapurn aquifer and water quality samples were taken from tills source to 
compare the chemistry of the drill fluid input water with the Saddle Mountains 
water encountered and tested in the abutment drill holes (refer to the Hydrogeology 
section for water quality data). 
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Eleven rock core samples were submitted to the Washington State University 
Geoanalytical Laboratory for geochemical analysis and three soil samples from 
the fault zone were submitted to Materials Testing and Inspection, Inc., Boise, 
Idaho, for gradation analysis. Test results are shown on geologic logs and the 
geochemical and gradation analyses data and results are included in Appendix B. 

Various hydrologic test methods, including slug, constant-head injection, and 
constant-rate pumping tests, were used to assess the hydraulic properties of 
selected hydrogeologic units. Testing was performed in the unsaturated materials 
above the water table (vadose zone) and in the unconfined and confined aquifers 
encountered at the site. Hydraulic conductivity values from the tests were 
subsequently used in a ground-water model developed for the Black Rock site to 
estimate leakage from the potential reservoir (Schmidt and others, 2007). 
Additional information about the hydrologic testing is provided in the 
Hydrogeology section of this report, and in the letter report provided by Dr. Frank 
Spane ofPacific Northwest National Laboratory (PNNL) (located in Appendix A). 

Regional Geology 
A detailed description of the regional geology and seismicity is included in the 
report prepared in 2004 entitled, Appraisal Assessment ofGeology at a Potential 
Black Rock Damsite, A component ofYakima River Basin Water Storage 
Feasibility Study, Washington, Technical Services No. TS-YSS-5 (Stelma, 2004). 

Site Geology 

The right abutment of the proposed Black Rock damsite consists of the north limb 
ofthe HoresethiefMountain Anticline (refer to Drawing Nos. 33-100-3381 and 
-3473, both located in Appendix C). The upper foundation is composed of 
Quaternary loess and colluvium underlain by volcanic rocks of the Saddle 
Mountains and upper Wanapum Formations ofthe Columbia River Basalt Group. 
The HorsethiefMountain thrust fault underlying the northern edge of Horsethief 
Mountain was also encountered in the right abutment drill holes. 

The geology and stratigraphy described here are based on exploratory drilling 
performed on the lower right abutment at the dam site, and from interpretations of 
foundation geology presented in Stelma (2004) and Washington Infrastructure 
Services, Inc. (2003). The alluvial units documented from drilling at the damsite 
include wind-blown loess (Qe) and colluvium (Qcg) deposits. These are 
underlain by the Saddle Mountains Basalt Formation, which includes the Pomona 
Basalt Member (Tp) and Umatilla Basalt Member (Tum). The long periods 
between eruptions allowed for the deposition of sediments between flows. The 
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sediments are stratigraphically included in the Ellensburg Formation and at this 
site include only the Rattlesnake Ridge interbed (Trr). Although not encountered 
in these drill holes, the Priest Rapids Member (Tpr) of the Wanapum Basalt 
Formation and the Mabton sedimentary interbed (Tm) ofthe Ellensburg 
Formation are assumed to underlie the Saddle Mountains Formation at the core of 
the HorsethiefMountain anticline (refer to Drawing No. 33-100-3473). The 
geologic units encountered at the site are shown on the generalized stratigraphic 
section (refer to Figure 2) and described in the following narrative from youngest 
(recent) to oldest. 

Quaternary Loessial Deposits (Qe) 

Deposits ofHolocene-age wind-blown loess blanket the site. The loess consists 
primarily ofbrown, dry to moist, fine sand and nonplastic silt. The loess was 
encountered during construction of the temporary access road and drill pad and in 
the upper 3 feet in drill holes DH-05-1 and DH-06-1 (refer to Drawing No. 33­
100-3473). 

Quaternary Colluvial Deposits (Qcg) 

The colluvial deposits consist of loose, heterogeneous, coarse- to medium-grained 
sand with fines, gravel, cobbles, and boulders composed of basaltic detritus from 
local sources deposited at the foot of the slope by gravity. The unit is wedge 
shaped and appears to be from 60 to perhaps 100 feet thick at the base of 
HorsethiefMountain (refer to Drawing No. 13-100-3473). 

Ringold Formation (Tr) 

The Ringold Formation was not encountered in drill holes, but is known to be 
present in the valley portion of the foundation (refer to Drawing No. 13-100­
3473). The Ringold Formation in the valley, based on earlier investigations, can 
be divided into three sections. The upper and lower sections are coarser-grained 
fluvial deposits with material ranging from poorly to well indurated sand and 
fines, to gravel and fines with cobbles. The base of the Ringold is characterized 
by a 10-foot-thick layer ofcobbles. The middle section is finer-grained, 
consisting ofwell-indurated clayey sand with gravel. 
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Rattlesnake Ridge Interbed (Trr) 

The Rattlesnake Ridge interbed is a member of the Ellensburg Formation and 
includes the sedimentary deposits that overlie the Pomona Basalt Member. The 
unit is composed of tuffaceous sandstone. The unit forms a short segment of the 
footwall beneath HorsethiefMountain thrust fault (refer to Drawing No. 33-100­
3473). The unit was identified based on its stratigraphic position overlying the 
Pomona Basalt Member, which was confirmed based on geochemical analysis. 

Pomona Basalt (Tp) 

The Pomona Basalt forms the upper bedrock unit in the Black Rock valley and 
lower right abutment at the damsite. The basalt has reverse magnetic polarity and 
contains fine plagioclase crystals as indicated in hand samples. The Pomona 
Basalt was encountered above and below the HorsethiefMountain thrust fault. 
The upper basalt is extremely fractured and weathered, and is perhaps the remnant 
of a landslide at the base of Horsethief Mountain. The Pomona in the footwall 
beneath the HorsethiefMountain thrust fault is less fractured and weathered than 
the basalt above. 

Selah Sedimentary Interbed (Ts) 

The Selah interbed is a member of the Ellensburg Formation and is the 
sedimentary deposit between the Pomona and EsquatzellUmatilla Basalt. The 
unit was not encountered between the basaltic units in the drill holes on the right 
abutment. The Selah interbed may be absent due to folding and uplift of the 
anticline at the time of interbed deposition. The interbed may have been removed 
by erosion during uplift of the anticline at the time of deposition. 

Undifferentiated Esquatzel and Umatilla Basalt 
(Teq/Tum) 

The Esquatzel Basalt overlies the Umatilla Basalt in the Black Rock Valley. The 
two units have similar physical characteristics and normal magnetic polarity, and 
have been addressed as a single unit in previous reports. Geochemical data 
indicates the rock underlying the Pomona on the lower right abutment has 
Umati lla chemistry. The Esquatzel portion appears to be absent. It may have 
been eroded during fo lding and uplift of the anticline or the drill site is beyond the 
extent of the Esquatzel flow in this area. The Umatilla Basalt consists of gray to 
dark gray, hard, dense to slightly vesicular, fine-grained basalt. 
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Horsethief Mountain Anticline and Thrust Fault 

The ridges of the Yakima Fold Belt are generally asymmetrical. The south limb is 
gently inclined while the north limb is steeply folded, and a thrust fault lies near 
the base ofthe north limb. This configuration exists at the Black Rock damsite, 
which is between the Yakima Ridge anticline on the north and Horsethief 
Mountain anticline on the south (refer to Drawing Nos. 33-100-3381 located in 
Appendix C). 

The rock recovered above (hanging wall) and within the thrust fault zone is very 
fractured. The fault zone breccia (Tfb) consists of small angular clasts of 
pulverized rock in a clayey sand matrix. The matrix and coating on clasts consist 
of iron and manganese oxide, chlorite, and iron sulfide. The fault zone is at a low 
angle of inclination, and the thrust plane is at approximately 20 degrees ( estimate) 
and is 72 feet thick (refer to Drawing No. 13-100-3473). The bedrock below the 
thrust fault (footwall) is considerably less fractured than the overlying folded and 
faulted rock, yet hydraulic conductivity (K) values are higher. 

Engineering Geology 

The Black Rock dam alignment was explored during a geologic investigation 
conducted in 2003 and the geologic conditions from that investigation are 
documented in the report by WIG (2003). 

During the geologic investigation a single hole was drilled on the upper right 
abutment. Core samples were obtained and geochemical analyses were performed 
on two core samples. Poor weather conditions, highly fractured rock, loss of drill 
circulating fluid, and difficult drilling conditions prevented the drilling contractor 
from completing the drill hole and prevented conducting downhole permeability 
tests. The boring was abandoned after advancing to a depth of 115 feet. 

Reclamation drilled two holes on the lower right abutment at the Black Rock 
damsite to determine physical and hydraulic properties of the bedrock. The first 
hole, designated DH-05-1, was drilled to provide a pilot sample hole for 
determining the stratigraphy and condition of the rock units and determine 
intervals for hydraulic conductivity testing. The second hole, designated 
DH-06-1, was drilled about 37 feet west of the first hole for downhole hydraulic 
conductivity tests (refer to Drawing 33-100-3381 for hole locations). For details 
refer to the geologic logs ofdrill holes DH-05-1 and DH-06-1 located in 
Appendix B. Also included in Appendix B are a summary of samples for 
geochemical testing and interpretation, geochemical test data, and gradation 
analysis data. 
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Rock quality designation (RQD) is a measure of rock fracturing based on the 
lengths ofcore samples recovered (Bureau ofReclamation, 1998). A sum of core 
samples equal to or exceeding 0.33 feet in length for each core run is divided by 
the total length ofthe core run. The values are expressed in percentages: Zero 
percent is the poorest quality (very intensely to intensely fractured) and 100 
percent is the best quality (slightly fractured to unfractured). The length-weighted 
average RQD values for the bedrock units were calculated using the formula: 

Sum [(RQD value) x (length)] / Total Thickness ofBedrock Unit 

The range ofRQD values and weighted average RQD values for individual 
bedrock units are presented in the following sections. 

Washington Infrastructure Services, Inc. (WIS) 
Drill Hole DH-4 

Exploration drill hole DH-4 was drilled on a prominent rock point about halfway 
between the base and the top ofHorse thief Mountain, and about 100 feet north of 
the axis of the HorsethiefMountain anticline (refer to Drawing Nos. 33-100-3381 
and -3473). 

Continuous core samples were taken from the ground surface to the bottom ofthe 
hole at 115 feet. The following description is taken from the report by WIS 
(2003): 

The material was characterized by interbedded sandy, silty clay deposits 
and the presence ofpa1agonite along fractures. Because of folding and 
faulting associated with the anticline, the unit was extremely fractured 
and in some cases rubble. Rock quality designation (RQD) was zero for 
all runs. The basalt in DH-4 is described as medium dark gray, moderately 
to severely weathered, highly fractured, with fractures being smooth to 
undulating, with iron-oxide staining and clay filled. Geochemical samples 
were taken at the ground surface and at 115 feet in the drill hole. Both had 
Umatilla chemistry. No water tests were performed in DH-4. Excessive 
water losses during drilling indicated highly pervious conditions that 
required casing and grouting during drilling such that water testing could 
not be performed. 

Drill Hole DH-05-1 

Drill hole DH-05-1 was drilled about 1,200 feet south ofWashington State 
Highway 24, about 60 feet above the valley floor, on the lower south abutment 
along the proposed dam axis (refer to Drawing 33-100-3381). The specific 
location was chosen with the purpose of encountering the thrust fault mapped at 
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the base of HorsethiefMountain, and to characterize the basaltic rock in and 
around the fault zone. 

The exploration program originally called for a single drill hole to obtain 
representative core samples of the rock and to run hydrologic tests for estimating 
permeability. The boring was started using clear water as the circulating drill 
fluid, and several permeability tests were conducted in the upper basalt. In order 
to improve core recovery and improve drill fluid return, the circulating fluid was 
changed from water to a polymer-based drill mud. The core recovery improved, 
even though the rock quality remained poor, and the drillers were able to maintain 
a relatively high percentage of fluid return throughout most of the hole. Drill 
cuttings were sampled from the ground surface to 60.5 and from 77.8 to 151.0 
feet. Core samples were attempted from 60.5 to 77.8 feet with poor or no 
recovery. Continuous core samples were obtained from 151.0 feet to the bottom 
of the hole at 401.4 feet. 

The Black Rock valley floor and slopes of the surrounding hills are mantled with 
about 3.0 to 8.0 feet ofwind-blown silt or loess (Qe). Loess samples from DH­
05-1 are composed of sandy silt s(ML). High-pressure air was used to advance 
the casing in the loess. The resultant sample recovery was poor, but surface 
samples contained about 70 percent nonplastic fines and about 30 percent fine 
sand, with some organic material in the upper few feet. 

The colluvium (Qcg) underlying the windblown silt was about 57.5 feet thick and 
was primarily coarse-grained gravel with medium- to coarse-grained sand and 
fines. Based on poor core recovery and drilling conditions, it was estimated that 
the colluvium also contained a considerable amount of cobble-sized (3- to 12­
inch) material. 

The upper bedrock unit on the lower slope ofHorsethief Mountain is the Pomona 
Basalt Member (Tp) of the Saddle Mountains Basalt Formation. The north limb 
ofthe HorsethiefMountain anticline dips about 35 degrees, and the rock 
remaining on the slope has been fractured and broken from the folding activity. 
The Pomona Basalt encountered in DH-05-1 was extremely fractured, and 
relatively thin (31.5 feet thick). Based on mapping, the Pomona Basalt Member 
may be part of a rock slide mass, such as exists at HorsethiefPoint, rather than in­
place rock (refer to Drawing Nos. 13-100-3381 and -3473). Recovery of the 
Pomona Basalt was poor. Four short core runs, between 60.5 and 77.8 feet, 
recovered only four feet ofrock, consisting ofbasaltic cobbles with poorly graded 
gravel and silt. Geochemical analysis on a sample from 65.6 feet confirmed that 
the rock was Pomona Basalt. 

The Selah Interbed (Ts) is a sedimentary unit that underlies the Pomona Basalt in 
the Black Rock valley. However, the unit was not encountered in the abutment 
drill holes. Because the Selah is absent, the contact between the Pomona Basalt 
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(Tp) and the underlying Esquatzel and Umatilla Basalt Member (Teq/Tum) was 
estimated at about 92 feet based partially on drill cuttings becoming slightly finer 
grained, indicating a possible flow contact, and partly on geochemical analysis on 
samples at 97.2, 117.0, and 136.5 feet in drill hole DH-06-1, which all had 
Umatilla chemistry. 

The total thickness of the undifferentiated EsquatzellUmatilla Basalt in drill hole 
DH -05-1 was 136.4 feet, which was about 60 feet less than the thickness in holes 
drilled in the Black Rock Valley. This may be from thinning of flows due to 
uplift and early formation of the fold, and later erosion and removal ofthe basaltic 
rock from the steep limb of the anticline. The poor condition ofthe rock 
prevented coring of the upper part of the unit. It was drilled to 151 feet using a 
rock bit and compressed air. From about 151.0 to 168.4, and from 174.4 to 184.5 
feet, the rock consisted ofblack to dark gray and greenish black, vesicular, 
intensely to moderately weathered (W6), moderately hard (H4), very intensely 
fractured (FD9) basalt. From about 168.4 to 174.4 feet and 184.5 to 228.4 feet, 
the rock consisted ofblack to dark gray, dense, slightly weathered (W3), hard 
(H3), intensely to moderately fractured (FD8) basalt. RQD values from 151.0 to 
228.4 feet (bottom of unit) ranged from 0 to 33 percent, with a weighted average 
of 12 percent. The fracture surfaces were randomly oriented and smooth and 
planar to rough and planar. Based on the lack ofweathering on fracture surfaces 
and generally good drill fluid return, it would seem the joints were tight to slightly 
open in place. For details ofRQD refer to the log for drill hole DH-05-110cated 
in Appendix B. Geochemical analysis on samples from 159.0, 171.5, and 219.3 
feet confirmed the rock was Umatilla Basalt. 

The HorsethiefMountain thrust fault was encountered in the drill hole between 
228.4 to 301.1 feet. The contact between the EsquatzellUmatilla Basalt 
(Teq/Tum) and the underlying fault zone was based on a change from 
predominantly fractured basalt to predominantly basaltic breccia. The rock 
consisted ofblack to greenish black, fine-grained basaltic fragments in a sand and 
clayey sand matrix. The fault zone was moderately (W5) to intensely weathered 
(W7) with abundant iron and manganese oxide and chlorite mineralization 
throughout, and the fragments were moderately hard (H4) to moderately soft (H5), 
and very intensely fractured (FD9). A block of relatively intact basalt was 
encountered from 250.9 to 273.0 feet within the fault zone. The block consisted 
ofblack to greenish black, dense, slightly weathered (W3), hard (H3), and 
intensely fractured (FD7) basalt. RQD values in the fault breccia were 
predominantly 0 percent, with a weighted average of 7 percent for the entire fault 
zone. For details ofRQD refer to the log for drill hole DH-05-110cated in 
Appendix B. Geochemical analysis on a sample from 267 feet had Umatilla 
chemistry, indicating the fault in this area was composed ofpulverized rock from 
the overlying basaltic member. 
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The lower contact of the fault zone was easily distinguishable based on a sharp 
change from basaltic breccia to tuffaceous sandstone. The sandstone was 
interpreted to be the Rattlesnake Ridge Interbed (Trr) of the Ellensburg 
Formation. The Rattlesnake Ridge Interbed is about 9.6 feet thick and is 
composed offine-grained, well-indurated fine sand with silt and clay with 
scattered fragments ofvo1canic ash, pumice, and lithic fragments. The sandstone 
is moderately weathered (W6), moderately soft (H5), and moderately to slightly 
fractured (FD4). The RQD value of the sandstone is 92 percent. Once the unit 
was penetrated the water level in the hole raised about 112 feet, indicating that the 
sandstone interbed is a confining layer to the underlying Pomona Basalt aquifer. 

The drill hole was terminated in the lower Pomona Basalt Member (Tp) at 401.1 
feet. The Pomona Basalt below the fault zone is less fractured than the bedrock 
above the fault zone. The contact between the Rattlesnake Ridge Interbed and the 
Pomona is marked by a vesicular flow top with sediment mixed into the upper 
2 to 4 feet of the underlying basalt. The rock from about 310.7 to 343.2 feet 
consisted ofblack and gray to greenish black, vesicular to slightly vesicular, 
moderately weathered (W5), moderately hard (H4), intensely fractured (FD7) 
basalt. The RQD for the interval ranged from 0 to 21 percent. The Pomona 
Basalt from 343.2 to 401.4 feet (bottom ofhole) consisted ofblack and gray, 
dense, slightly weathered (W3), hard (H3), intensely to moderately fractured 
(FD6) basalt. RQD values ranged from 0 to 40 percent, with a weighted average 
of23 percent. For details ofRQD refer to the log for drill hole DH-05-1located 
in Appendix B. Geochemical analysis on samples from 313, 347, and 389 feet 
confirmed the rock was Pomona Basalt. 

Drill hole DH-05-1 was completed with a slotted-pipe piezometer. The original 
design planned for the piezometer to be isolated in the confined Pomona Basalt 
aquifer (refer to Figure 3a). This would allow the piezometer to support 
hydrologic characterization tests during the drilling and testing of companion hole 
DH-06-1. Due to complications during piezometric installation, the completion 
did not effectively isolate the monitoring zone in the confined aquifer. The 
surrounding sand pack material extended through the sedimentary interbed 
(confining layer) and into the overlying fault zone breccia (unconfined aquifer). 
This piezometric completion provided hydraulic communication between the two 
aquifer systems. 

Recompletion of the piezometer took place in November 2006 (refer to Figure 
3b). The original piezometer (PVC pipe) was backfilled with cement grout, then 
the drill hole was reamed with a 5-7/8-inch rockbit to a depth of 320 feet. The 
hole was backfilled with cement grout from 320 to 298 feet to seal off the Pomona 
Basalt aquifer and the Rattlesnake Ridge Interbed. A new 2-inch PVC piezometer 
was set to a depth of295 feet. A sand pack was placed around the piezometer to a 
depth of270 feet, then the remainder of the annulus to the surface was backfilled 
with cement grout. This piezometer is now monitoring the unconfined aquifer in 

13 




the fault zone breccia. Additional infonnation about monitored water levels in 
DH-05-1 is described in the Hydrogeology section, under Long-term Monitoring. 
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Drill Hole DH-06-1 

Drill hole DH-06-1 was drilled with a rockbit and down-hole hammer, using air 
and foam to remove drill cuttings. The hole was located about 37 feet west of 
drill hole DH-05- l and appeared to encounter the same stratigraphy and rock 
conditions as that hole. DH-06-l was drilled to conduct hydrologic testing in 
specific zones that were chosen based on the drill core conditions and observed 
drill fluid losses in DH-05-1. Methods and results of the water tests are discussed 
in the Hydrogeology section of this report. Upon completion of water testing, a 
two-inch diameter PVC pipe piezometer was installed to monitor ground water 
and to perform borehole geophysical surveys (refer to Figure 4). A geologic log 
of the drill hole is included in Appendix B. 

Hydrogeology 

Hydrogeologic units are the aquifers and confining beds that compose the 
framework of the ground-water flow system. They are not always synonymous 
with the geologic unit divisions because in addition to stratigraphic position and 
composition, hydrogeologic units are defined by the material's hydraulic 
properties. Within basaltic formations, the primary water-bearing zones are 
generally limited to the flow tops (rubbly, vesicular areas) and interflow zones 
(contact zone between adjacent basaltic flows). The flow tops have relatively 
high lateral hydraulic conductivity, whereas the dense flow interiors have very low 
lateral conductivity but generally contain vertical cooling joints that could 
accommodate vertical ground-water movement. Vertical ground-water flow 
within the basalts is contingent on the connectivity of the fractures through the 
flows and the degree of infilling with secondary mineralization and clay. Other 
geologic conditions that could be conducive to vertical flow include basaltic flow 
margins and tectonic features. Where a basaltic flow thins or pinches out, 
sedimentary interbeds merge and are in hydraulic communication with each other. 

Tectonic features (folds and faults) may impede ground-water flow or act as 
vertical flow pathways, depending on the physical characteristics of the feature. 
The degree to which these features affect ground-water flow depends on the age of 
the last movement on the fault, the size of the feature, severity offolding and 
fracturing of the rock, and the degree to which the fault zone has been altered 
and/or mineralized. Fault zone breccias are often highly altered (to clays) or 
exhibit secondary mineralization (silica, calcite, pyrite, zeolite) that cement the 
shattered rock and lower permeability. Yet younger, unaltered fault zones may 
provide preferential pathways for ground-water movement. Folding and faulting 
can affect ground-water conditions locally or on a regional scale. 
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Site Hydrogeology 

The question of reservoir leakage is multi-faceted due to lateral and vertical 
variation in hydrogeologic units across the site and the role of tectonic features on 
ground-water flow conditions. There are three primary leakage mechanisms: 
I) leakage via the unconsolidated sediments underlying the reservoir; 2) vertical 
downward leakage into underlying basalts; and 3) leakage around the dam through 
the abutments. 

It was the intent of the Black Rock investigation program in 2004 to evaluate the 
leakage in the valley section of the reservoir and in 2006 to evaluate the south 
abutment conditions. The south abutment hydrogeology is significantly different 
from conditions in the valley. The basaltic units in the valley have a much 
shallower dip and are less fractured than basalts in the south abutment. In the 
valley, there is no unconfined aquifer system; the uppermost basaltic unit 
(Pomona Member of the Saddle Mountains Basalt) is unsaturated and has a low 
hydraulic conductivity, as indicated by hydrologic borehole tests (Didricksen, 
2004). Below the Pomona, the Selah Interbed and flow top of the underlying 
Umatilla Basalt Member comprise a confined aquifer system. Testing in 2004 
indicated vertical leakage through the Umatilla Basalt that hydraulically connects 
the Selah and Mabton interbeds (Didricksen, 2004). 

The location of investigations on the lower right abutment of the proposed dam 
axis was chosen with the goal ofencountering a mapped thrust fault at the base of 
Horsethief Mountain (Columbia Geotechnical Associates, 2004) and to 
characterize the basaltic rock in and around the fault zone. This location is 
important as it may represent a "worst case scenario" for both the condition of the 
foundation materials and for hydrologic leakage. A drilling and borehole testing 
program was initiated in December 2005 and continued until May 2006. 

The original intent was to drill a single hole that would serve to obtain 
representative core samples and to conduct hydrologic tests to estimate 
permeability of the geologic units. The first hole, designated drill hole DH-05-1, 
was started using clear water as the circulating drill fluid and several permeability 
tests were run in the upper basalt, to a depth of 151 feet, all ofwhich were in the 
unsaturated zone. In order to improve recovery of core samples and improve fluid 
return, the circulating fluid was switched to a polymer drill mud and occasional 
use of a drill fluid additive (Diamond Seal). The core recovery improved, even 
though the rock quality remained poor, and the drillers were able to maintain a 
relatively high percentage of fluid return through the remainder of the hole. 
However, several zones had complete loss of fluid, even with the addition of 
additives to the polymer drill mud. The use of the drill mud and sealant prevents 
an accurate measurement of ground-water level during drilling and may negatively 
affect the hydrologic test results. A companion borehole, designated drill hole 
DH-06-1, was drilled to collect representative water test data. 
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At the lower right abutment, an unconfined aquifer was encountered in the fault 
zone breccia in the Lower Umatilla Basalt. The static water level was about 268 
feet below ground surface (elevation 1,008 MSL). The Rattlesnake Ridge 
sedimentary interbed underlies the fault zone breccia and is the confining layer 
that separates the unconfined aquifer from the underlying confined aquifer in the 
Pomona Basalt. The confined aquifer has a potentiometric level at about 166 feet 
below ground surface (elevation 1,110 MSL). Hydrologic tests were conducted at 
selected depths to characterize the hydraulic and storage properties. In addition, 
the hydrochemistry and hydraulic head relationship between the aquifers were 
monitored at the test location. 

As discussed in the following narrative, the initial piezometric installation in 
DH -05-1 failed to isolate the riser within the Pomona Basalt confined aquifer 
(refer to Figure 3a). The piezometer was subsequently reinstalled in November 
2006 in the unconfined aquifer in the fault zone breccia (refer to Figure 3b). 
Hydrologic tests conducted during drilling ofDH-06-1 in May 2006 were 
impacted by the composite completion ofnearby DH-05-1 and were partially 
re-run after the reinstallation in November 2006. The piezometer that was 
installed at the conclusion ofdrilling DH-06-1 monitors the confined aquifer of 
the Pomona Basalt (refer to Figure 4). 

The field test data were analyzed by various methods to determine hydraulic and 
storage properties. Dr. Frank Spane, Pacific Northwest National Laboratory, was 
hired under an interagency agreement to provide analysis of the hydrologic data 
and his 2007 report is included in Appendix A. Long-term water level monitoring 
continues at the site and those data have also been reviewed and analyzed in Dr. 
Spane's report (Spane, 2007). 

The hydraulic and storage properties of an aquifer determine the potential 
transmission of reservoir seepage through the ground-water system. A ground­
water flow model has recently been developed by Reclamation (Schmidt and 
others, 2007) to estimate the length of time required to fill the reservoir with the 
available water supply, the amount and distribution ofpotential reservoir leakage, 
and to estimate the impacts that leakage could have on adjacent ground-water 
conditions at the Hanford Site. Model input included hydraulic property values 
obtained from the borehole field testing that is documented in this report 

Hydrologic Borehole Testing - Intervals Tested and Methods Used 
The primary technique to determine hydraulic conductivity is to perform a series 
ofhydrologic borehole tests in which a stress is applied and the response data are 
compared to theoretical models of test responses. 

Tests were conducted at selected intervals in the vadose (unsaturated) zone and 
the saturated zones of each well. The tests were conducted as the drill holes were 
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advanced ("drill and test" procedure). Table 1 lists information about the tests 
conducted in DH-05-1 and Table 2 lists the tests conducted in DH-06-1. 

T bl 1 H d I '11 ha e - 1y< ro ogic tests in drt ole DH-05-1. 

Type of Test 
Depth of Test 
Interval (ft) 

Geologic Unit 
Hydrologic 
Zone 

Date of Test 

Constant-head 
injection 

65.6-70.6 Pomona Basalt Vadose zone 12/6/2005 

Constant-head 
injection 

73.6-77.8 Pomona Basalt Vadose zone 12/7/2005 

Constant-head 
injection 

93-98 Esquatzel/Umatilia 
Basalt 

Vadose zone 12/17/2005 

Constant-head 
injection 

113-119 Esquatzel/Umatilia 
Basalt 

Vadose zone 12/17/2005 

Constant-head 
injection 

123-129 Esquatzel/Umatilla 
Basalt 

Vadose zone 12/19/2005 

Constant-head 
injection 

133-151 Esquatzel/Umatilia 
Basalt 

Vadose zone 12/19/2005 

Constant-rate 
injection 

269.2-287.4 Fault Zone Breccia Unconfined 
aquifer 

2/15/2006 

Constant-rate 
injection 

287.6-334.6 Pomona Basalt/Fault 
Zone Breccia 
Composite 

Composite 
aquifers 

2/21/2006 

Pneumatic slug 379-399.5 Pomona Basalt Confined 
aquifer 

5/25/2006 

Constant-head 
injection 

280-295 Fault Zone Breccia Unconfined 
aquifer 

10/9/2006 

Pneumatic slug 280-295 Fault Zone Breccia Unconfined 
aquifer 

10/25/06 

T bl 2 H d I . t t . d'lI h I DH 06-1a e - 1y< ro oglc es s In rt oe ­

Type of Test 
Depth of Test 
Interval (ft) 

Geologic Unit 
Hydrologic 
Zone 

Date of Test 

Constant-head 
injection, H = 
166.56 ft 

150-162.8 Esquatzel/Umatilia 
Basalt 

Vadose zone 4/6/2006 

Constant-head 
injection, H = 
261.5 ft 

150-162.8 Esquatzel/U matilla 
Basalt 

Vadose zone 4/7/2006 

Constant-head 
injection, H = 
149.25 ft 

236-255.1 Fault Zone Breccia Vadose zone 4/10/2006 

Constant-head 
injection, H = 
265.26 ft 

236-255.1 Fault Zone Breccia Vadose zone 4/11/2006 

Constant-head 
injection, H = 
270.4 ft 

276-296 Fault Zone Breccia Unconfined 
aquifer 

4/19/2006 

Constant-head 
injection, H = 
435.31 ft 

276-296 Fault Zone Breccia Unconfined 
aquifer 

4/20/2006 

Step-drawdown 
pump test 

311.8-400 Pomona Basalt Confined 
aquifer 

5/6 - 7/2006 

Pneumatic slug 
tests 

375-395 Pomona Basalt Confined 
aquifer 

5/25/2006 

Pneumatic slug 
tests 

375-395 Pomona Basalt Confined 
aquifer 

10/25/2006 
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Vadose Zone Testing 

Methods 
Constant-head injection tests were conducted in the unsaturated zone to estimate 
in situ saturated hydraulic conductivity. Performance of the tests generally 
followed procedures outlined in Reclamation's Ground Water Manual (Bureau of 
Reclamation, 1995). The steps were as follows: 

1. Drill the borehole to a prescribed depth below the casing. 

2. Remove the drilling tool assembly to provide an open borehole section. 

3. Place a pressure transducer near the bottom of the borehole to monitor pressure 
response. 

4. Rapidly fill the borehole/casing to the prescribed level (usually near the top of 
the casing). 

5. Maintain a uniform level within the borehole and monitor the injection rates 
during the entire injection period. 

6. Continue test until relatively uniform injection rates are established (i.e., 
pseudo-steady state conditions). Normally, constant-head injection testing was 
completed within two hours. 

7. End injection and monitor pressure response during recovery ofwater level to 
pre-test condition. 

Saturated Zone Testing 

Methods 
The fractured rock of the abutment site often precluded use of an inflatable packer 
to isolate the test zone. Instead, the bottom of the casing was grouted into the top 
of the test section to prevent the injected water from flowing around the outside of 
the casing. After the grout was allowed to cure, it was drilled through and the 
hole was advanced another 10 to 20 feet to open a test interval. The grout seal 
had to be competent enough to seal the casing during testing but not so strong that 
it could not be broken after the interval was tested so that the hole and casing 
could be advanced into deeper intervals. At times, the grout seal appeared to be 
competent but then failed during drilling of the open interval below the casing, 
which prevented isolation and testing of that zone. 

Three test methods were used in the saturated zone: injection tests (constant rate 
and constant head); pneumatic slug tests; and pumping tests (variable rate step­
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drawdown and constant rate testing). The constant-head injection tests were 
conducted using the same methods as discussed for vadose zone testing. During 
testing of drill hole DH-06-1, however, some of the constant-head tests were 
conducted at two different stress levels to determine if the test results showed a 
dependence on the applied stress level. The first phase of the test maintained a 
constant head at the top of the open well casing (near ground level). The second 
phase oftesting was conducted with a capped-well casing. A pressure gauge at 
the top of the casing monitored the pressure head that built up as water was 
injected. Constant-rate tests are similar except that the rate of injection is 
maintained constant while head changes are monitored with a transducer until 
they reach a quasi-steady-state level. After water injection ends, the water level is 
monitored during recovery to pretest levels. 

Pneumatic slug tests were conducted at both drill holes after they were completed 
with 2-inch-diameter PVC piezometers (in May 2006 and repeated in November 
2006 after recompletion ofDH-05-1). The tests were conducted by introducing 
compressed air to the sealed wellhead to depress the water column to a prescribed 
level, maintaining that level for about 10 minutes, followed by a rapid release of 
the air pressure. The pressure response of the aquifer was monitored with a down­
hole transducer. Slug tests are relatively rapid and easy to conduct so several 
tests, with varied applied pressures, were conducted. 

A step-drawdown test and constant-rate pumping test were also conducted at 
DH -06-1 in the confined aquifer, following completion of drilling in the Pomona 
Basalt. A step-drawdown test was conducted prior to the constant-rate test to 
assess well performance and determine the optimal pumping rate for the constant­
rate test. The test consisted ofthree pumping steps (rates of discharge) at 15.7 
gallons per minute (gal/min), 31.2 gal/min, and 46.3 gal/min. Each of the first 
two discharge rates was maintained for about 95 minutes and the final step was 
extended and held at a constant rate for 912 minutes. The water level draw down 
at the end ofthe test was about 9.9 feet. 

Hydrologic Borehole Testing - Results 
The analysis methods used to determine transmissivity (T), hydraulic conductivity 
(K), and storativity (S) are detailed by Dr. Spane in his June 2007 letter report to 
Reclamation that is included in Appendix A. Table 3, in this report, lists the best 
estimate value ofK and S determined from the field testing. 

Hydraulic conductivity values ranged from 0.42 to 3.77 ft/day in the fault breccia 
zone, 0.32 to 52.9 ft/day in the Pomona Basalt and 0.45 to 20.7 ft/day in the 
Umatilla Basalt. These values were similar to K values reported from the Hanford 
Site and to other reported values for Saddle Mountains Basalt intervals (Spane, 
2007). It is important to remember the heterogeneity displayed in the basaltic 
flows. The range ofK values listed in Table 3 demonstrates the variation of 
hydraulic properties that can exist within a single hydrogeologic unit. In addition, 
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these values vary regionally as well, where the unit may have had a different 
amount of tectonic disturbance or conditions during basaltic emplacement. 

Hydraulic Head Information 
The original piezometric installation in DH-05-1 was intended to isolate the 
Pomona Basalt below the Rattlesnake Ridge Interbed and monitor the confined 
aquifer. Problems during the field installation resulted in a composite completion 
that combined the unconfined aquifer in the lower fault zone breccia with the 
interbed confining layer and the Pomona Basalt confined aquifer. This occurred 
because the sand pack that filled the annulus around the PVC riser pipe was 
installed too high and allowed hydraulic connection through this vertical pathway. 
The piezometer was recompleted in November 2006 and the isolated zone is now 
within the unconfined aquifer in the fault zone breccia. Figures 3a and 3b show 
the as-built completions before and after recompletion ofthe piezometer. 

Transducers were installed in each of the boreholes after piezometric installation 
to monitor long-term water levels to detect seasonal variation or other stresses that 
affect site hydrologic conditions. After piezometer recompletion in DH-05-1, the 
water level was higher than expected for the unconfined aquifer and trended 
higher for about five months. However, in March 2007 the water level suddenly 
began a steep descent and is now leveling offnear the expected static water 
elevation ofthe unconfined aquifer (refer to Figure 5). 

The confined aquifer currently has a potentiometric surface elevation of about 
1,109 ft MSL, which is about 100 feet higher than the water level of the 
unconfined aquifer (refer to Figure 5). The water level has been trending 
downwards. This trend may be due to seasonal variation or perhaps to other 
stresses. Future monitoring will continue and may help to explain the observed 
trends. 
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Table 3 - Best estimate of hydraulic conductivity and storativity values determined from 
borehole field tests (modified from Spane, 2007). 

Test/Depth 
Interval 
(ft bgs) 

Best Estimate Value 

Basis/Comments 

Hydraulic 
Conductivity,

K (al
h. 

(ft/day) 
Storativity 

(S) 

65.6 -70.6 
Upper Pomona 
Basalt 

0.46 NA DH-05-01 vadose zone test interval 
result 

73.6 -77.8 
Upper Pomona 
Basalt 

1.39 NA DH-05-01 vadose zone test interval 
result 

93 - 98 
Umatilla Basalt 

2.07 NA DH-05-01 average vadose zone test 
interval result 

113-119 
Umatilla Basalt 

5.43 NA DH-05-01 average vadose zone test 
interval result 

123 - 129 
Umatilla Basalt 

5.64 NA DH-05-01 average vadose zone test 
interval result 

133 - 150 
Umatilla Basalt 

0.45 NA DH-05-01 adapted vadose zone test 
interval result 

150 - 162.8 
Umatilla Basalt 

1.94 NA DH-06-01 average vadose zone test 
interval result 

236 - 255.1 
Fault Zone Breccic 

3.77 NA DH-06-01 average vadose zone test 
interval result 

269.2 - 276* 
Fault Zone Breccic 

1.28* 4.5E-4 *Based on extension of de-
superposition principle for 
overlapping test intervals from DH­
05-01 and DH-06-01 

276 - 296 
Fault Zone 
Breccia 

0.42 NA Based on identical injection test 
results for DH-06-01 test interval 

24 




311.8 - 334.6 
Pomona Basalt 

0.32 4.0E-4 DH-05-01 average of test method 
results for test interval 319 - 334.6 ft 
extended to test interval 311 .8 ­
334.6 ft 

334.6 - 375** 
Pomona Basalt 

14.6 5.0E-5 **Based on desuperposition 
principle for encompassed test 
intervals from DH-05-01 and DH-06­
01 

375 - 395 
Pomona Basalt 

52.9 NA DH-05-01 piezometer slug test 
results 

(a) Assumed to be uniform within the test/depth interval. 

* See notes in Spane, 2007 letter report, Appendix A. 

** See notes in Spane, 2007 letter report, Appendix A. 

Hydrochemistry 

Water samples were collected from DH-06-1 during each discharge step during 
the step-drawdown pumping test in the Pomona confined aquifer on May 6 and 7, 
2006, see Table 4. The hydrochemistry remained constant throughout the 
pumping test. Water chemistry from the water supply well where the drill fluid 
and test injection water originated (open to the Wanapum Basalt Formation) was 
sampled on May 7,2006 and the results are also listed in Table 4. 

Concentrations of the major inorganic constituents in the confined aquifer at DH­
06-01 are nearly identical to those sampled in 2004 at DH-04-2, completed in the 
uppermost basalt confined aquifer (SelahlUmatilla). In addition, the 
hydrochemistry from these two sites at Black Rock are very similar to major 
inorganic concentrations from the upper Saddle Mountains confined aquifer on 
the Hanford Site (Spane, 2007). 
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Figure 5. Hydrographs of drill hole DH-05-1 unconfined aquifer and drill hole DH-06-1 
confined aquifer. 
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T bl 4 Ph . Ia e - lYSlca properties and concentrations of dissolved constituents in drill hole DH-06-1 ground water. 
Sample 

Date 
(Time, 
PST) 

Hydrogeologic 
Unit Physical Properties Major Anions Major Cations 

Temp. 
C 

Field pH 
SU 

Specific 
conduc­
tance 
uS/cm 

Dissolved 
oxygen 
% 
saturated 

Alkalinity 
mg/L as 
CaC03 
field/lab 

HC03 

mg/L 
S04 
mg/L 

CI 
mg/L 

F 
mg/L 

NO:J 
N02 

mg/L 

Na 
rng/L 

K 
mg/L 

Ca 
mg/L 

Mg 
mg/L 

5/6/06 
(1107 
hours) 

Pomona 
Basalt 
Step 1 of 
step­
drawdown 
test 

- - - - --/116 142 16.9 3.7 NO NO 12.5 4 23.6 11.5 

5/6/06 
(1240 
hours) 

Pomona 
Basalt 
Step 2 of 
step­
drawdown 
test 

16.9 8.4 282.9 35.7 113.1/116 142 16.6 3.7 NO NO 12.5 4 24.2 11.4 

5/6/06 
(2007 
hours) 

Pomona 
Basalt 
Step 3 of 
step­
drawdown 
test 

- - - - 117.9/116 142 16.4 3.7 NO NO 12.6 4 24 11.4 

5/6/06 
(2030 
hours) 

Pomona 
Basalt 
Step 3 of 
step­
drawdown 
test 

15.4 8.14 288 - --/117 143 16.5 3.7 NO NO 12.5 4 24 11.4 

5/7/06 
(0358 
hours) 

Pomona 
Basalt 
end of 
pumping test 13.5 8.38 288.9 38.2 - - - - - - - - - -

5/7/06 
(1230 
hours) 

Wanapum 
Basalt (drill 
and test 
injection 
water) 

24.1 8.13 285.5 27.1 --/144 175 <0.5 3 NO NO 20 7 18 11.5 
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Battelle 
The Business of Innovation 

Date July 10,2007 

To Kayti Didricksen 

From 	 Frank Spane 

Subject 	 The Black Rock Reservoir Study-Results of the 
Borehole Hydrologjc Field Testing Characterization 
Program: At the Potential Damsite Southern 
Abutment Location 

The following report provides the results for hydrologic characterizatio 
between December 2005 and June 2006 at corehole DH-OS-Ol and borehole 

n r 

DH-06-01. t! Lj f:.20C 
Additionally, hydrologic test results are also reported that were performed in December 2006 
following re-completion ofDH-OS-Ol as a piezometer within the overlying fault breccia zone. 
These two test boreholes are situated within the proposed damsite southern abutment location. For 
ease in referencing specific characterization elements of the testing program within the report, the 
following outline is provided: 

REPORT OUTLINE 

1. Executive Summary 

2. Background 

3. Hydrologic Test Characterization 
3.1 Test Equipment 
3.2 Test Methods 

3.2.1 Vadose Zone Tests 
3.2.2 Groundwater Test Zones 

3.2.2.1 Slug and Slug Interference Test 
3.2.2.2 Step-Drawdown Test 
3.2.2.3 Constant-Rate Pumping and Injection Tests 
3.2.2.4 Constant-Head Injection Test 

3.3 Leakage Assessment 
3.4 Hydrochemistry 



4. Baseline Monitoring 
4.1 Water-Level Dynamics  

4.2 Temporal Response Characteristics  


4.2.1 Spectral Analysis  

4.2.2 Barometric Response Model Analysis  


5. Hydraulic Test Results: Test Corehole DH-05-01 
5.1 Vadose Zone Test Intervals 


5.1.1 Pomona Basalt: 65.6 - 70.6 ft 

5.1.2 Pomona Basalt: 73.6 - 77.8 ft 

5.1.3 Esquatzel/Umatilla: 93 - 98. ft 

5.1.4 Esquatzel/Umatilla: 113 - 119 ft 

5.1.5 Esquatzel/Umatilla: 123 - 129 ft 

5.1.6 Esquatzel/Umatilla: 133 - 151 ft 


5.2 Groundwater Test Zones 

5.2.1 Fault Zone Breccia: 269.2 - 287.4 ft 

5.2.2 Pomona Basalt/Composite Zone: 319 - 334.6 ft (287.6 - 334.6 ft) 

5.2.3 Pomona Basalt: 379 - 399.5 ft 

5.2.4 Fault Zone Breccia: 280 - 295 ft 


5.2.4.1 Constant-Head Injection Test 

5.2.4.2 Pneumatic Slug Tests  


5.3 Hydraulic Conductivity Depth Profile 


6. Hydraulic Test Results: Test Borehole DH-06-01 
6.1 Vadose Zone Test Intervals 


6.1.1 Esquatzel/Umatilla: 150 - 162.8 ft 

6.1.2 Fault Zone Breccia: 236 - 255.1 ft 


6.2 Groundwater Test Zones 

6.2.1 Fault Zone Breccia: 276 - 296 ft 

6.2.2 Composite Pomona Basalt: 311.8 - 400 ft 

6.2.3 Pomona Basalt: 375 - 395 ft 


6.3 Hydraulic Conductivity Depth Profile 

6.4 Hydrochemical Results  


7. Conclusions/Recommendations 

8. References 

Appendix A: Test Equipment Diagrams and Pictures 
Appendix B: Miscellaneous Baseline Monitoring/Barometric Analysis Plots 
Appendix C: Vadose Zone Test Analysis Plots 
Appendix D: Core Pictures for Selected Test Zone Intervals 
Appendix E: Hydrochemical Data 
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1. Executive Summary 

To assess the hydrologic impact of the potential Black Rock Reservoir on local and surrounding 
areas, detailed hydrogeologic characterization of geologic units was conducted in the vicinity of the 
proposed damsite location during fiscal year (FY) and calendar year (CY) 2006. This investigation is 
a continuation of an earlier hydrogeologic assessment conducted during FY 2004 (Spane 2004) and 
presented in Didricksen (2004) that focused on hydrogeologic characterization of geologic units at a 
test site that would underlie the area of the proposed reservoir. Relevant hydrogeologic parameters 
for assessing the impact of the proposed reservoir project include 1) hydraulic and storage properties 
of vadose zone and aquifer systems, 2) vertical leakage between hydrogeologic units, and 
3) hydrologic barriers (e.g., faults) to groundwater flow. Of particular importance is the potential 
leakage of surface water stored within the reservoir, which may alter existing local groundwater 
systems and adversely impact adjacent surface and groundwater-basin hydrologic conditions (e.g., 
Hanford Site). To assess the potential for leakage and impact on existing, underlying groundwater­
flow systems, a borehole field-testing program has been designed by the U.S. Bureau of Reclamation 
to acquire detailed hydrogeologic characterization information pertaining to selected hydrogeologic 
units underlying and adjacent to the proposed reservoir location. This letter report presents the 
results for the second of a series of test boreholes that are planned as part of the detailed borehole 
field characterization program. The results relate to conditions obtained specifically at test borehole 
DH-06-01 and adjacent corehole DH-Os-Ol, which are situated within the proposed damsite 
southern abutment location. 

The active borehole field-testing program was conducted at corehole DH-Os-Ol and borehole 
DH-06-01 between December 2005 and May 2006. Corehole DH-Os-Ol was initially designed for 
completion as a piezometer to monitor hydrologic responses within the Pomona basalt confined 
aquifer and to support hydrologic characterization tests initiated during the drilling/testing at 
adjacent borehole DH-06-01 (located 38.4 ft from DH-Os-Ol). Due to complications that occurred 
during the installation of the piezometer at DH-Os-Ol, the well was not successfully completed to 
effectively isolate or restrict the piezometer monitoring zone to the underlying Pomona basalt 
confined-aquifer system. This initial piezometer completion (due to a misplaced sandpack 
installation within the borehole) provided a composite monitoring of the Pomona basalt confined 
aquifer and the overlying unconfined aquifer located within a thick basalt fault-zone breccia. These 
two aquifers are separated locally by the intervening low-permeability Rattlesnake Ridge interbed, 
which serves as a confining layer between the two aquifer systems. Because of the hydraulic 
communication afforded by the composite piezometer completion, DH-Os-Ol was subsequently re­
completed on October 7, 2006, in the overlying unconfined aquifer within the fault-zone breccia 
above the Rattlesnake Ridge interbed confining layer. 

Following hydrologic test characterizations conducted at borehole DH-06-01, the borehole was 
completed as a piezometer to provide long-term baseline monitoring of natural dynamic responses 
within the lower Pomona basalt confined-aquifer system at this location. With the re-completion of 
DH-Os-Ol, the two monitoring-well facilities provide an opportunity to directly compare long-term 
baseline hydrologic responses exhibited within the two individual aquifers. Theoretically, the 
baseline response comparisons can be used to evaluate large-scale hydraulic communication between 
the two aquifer systems within the surrounding area. However, as discussed in this report, a 
comparison of baseline responses at the re-completed DH-Os-Ol and monitoring well DH-06-01 
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suggests that the re-completion of DH-05-01 was not completely effective in isolating the two 
aquifers with the new piezometer installation. 

The principal characterization objectives for the test boreholes were to provide basic site-specific 
characterization information along the southern abutment location concerning the hydraulic/ storage 
properties, hydrochemistry, and hydraulic head relationships of selected hydrogeologic units at this 
test location. Additionally, the assessment of the vertical communication/leakage between 
hydrogeologic units was to be evaluated, theoretically, by examining hydrologic responses at 
piezometer DH-05-01 during drilling and testing of borehole DH-06-01. The detailed field-testing 
program consisted of two sequential test phases that focused on different hydrologic 
characterization elements for hydrogeologic units beneath and in proximity to the proposed 
reservoir location. Phase 1 included determining the saturated hydraulic conductivity of selected 
vadose-zone (unsaturated zone) test intervals (i.e., above ~268 ft bgs; ~1,008-ft MSL). In total, 
eight vadose zone test/depth intervals were characterized ranging from depths of 66 to 255 ft bgs. 
Results from Phase 1 characterization activities indicated that, in total, the formations tested 
exhibited relatively low to moderately high hydraulic conductivities (0.45 to 20.7 ft/day), which 
generally fall within the range of values reported for these hydrogeologic units at the nearby 
Hanford Site. 

Phase 2 of the borehole field-testing program included detailed characterization of the two-aquifer 
system present at the site: the unconfined aquifer within the fault zone breccia and the underlying 
confined-aquifer system within the underlying Pomona basalt. Because of borehole stability issues, 
the Rattlesnake Ridge interbed, which is believed to represent the principal confining layer 
separating the two aquifer systems, was not tested separately. Composite open borehole tests that 
included the Rattlesnake Ridge interbed at corehole DH-05-01, however, indicate a collectively low­
permeability condition both for the interbed and for basalt and fault-zone sections immediately 
below and above the interbed, respectively. Detailed hydrologic characterization of the various test 
intervals utilized a suite of hydrologic test methods, including slug/slug interference, step­
drawdown, constant-rate pumping, constant- pressure injection, and hydrochemical sampling. 
Salient findings and pertinent characterization information resulting from the Phase 2 testing and 
preliminary baseline monitoring results are provided below under summary categories of: site 
hydrogeology, hydraulic/ storage properties, leakage characteristics and hydrologic boundaries, and 
hydrochemistry. 

Site Hydrogeology 

1) 	 The following stratigraphic units were identified at the site, based on detailed core 
analysis provided by corehole DH-05-01: 

a. Quaternary loess deposits: 0 3.0 ft 
b. Quaternary colluvium: 3.0 - 60.5 ft 
c. Pomona basalt 60.5 - 92.0 ft 

(Saddle Mountains Formation) 
d. Undifferentiated Esquatzel/ 92.0 - 228.4 ft 

Umatilla basalts: 
e. Basalt fault zone breccia: 228.4 - 301.1 ft 
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f. 	 Rattlesnake Ridge interbed: 301.1 - 310.7 ft  

(Ellensburg Formation)  


g. 	 Pomona basalt: 310.7 > 400.0 ft  

(Saddle Mountains Formation)  


2) 	 Two hydrogeologic features are of significance at the DH-05-01/DH-06-01 test site 

location: 


• 	 the Horse Thief Mountain thrust fault, which is embedded within and 
responsible for the fault zone breccia (depth: 228.4 to 301.1 ft) 

• 	 the Rattlesnake Ridge interbed, which serves as the primary confining 
layer separating an unconfined aquifer from the underlying Pomona basalt 
confined-aquifer system. The interbed may also have served as the thrust 
plane for faulting at this site. 

3) 	 The unconfined aquifer occurs within a relatively thick basalt fault-zone breccia  

that is situated directly above the Rattlesnake Ridge interbed. The unconfined 

aquifer conditions are supported by diagnostic derivative analysis plots, barometric  

response characteristics, and the relatively large head difference exhibited (~102 ft) 

in comparison to the underlying confined aquifer system. The hydraulic head  

conditions within the unconfined and underlying confined-aquifer systems during  

the active testing phase were approximately 1,008 and 1,110-ft MSL, respectively.  


Hydraulic / Storage Properties 

4) 	 In total, six vadose zone test/depth intervals at corehole DH-05-1 and two vadose test 
intervals at borehole DH-06-1 were characterized between test depths of 65 and 255 ft bgs. 
The vadose zones tested exhibited relatively low to moderately high saturated hydraulic 
conductivities ranging between 0.45 to 20.7 ft/ day. Saturated hydraulic conductivity ranges 
for specific hydrogeologic units determined for the test site include: 

• 	 Pomona basalt: 0.46 to 1.39 ft/day (two zones tested) 

• 	 undifferentiated Esquatzel/Umatilla basalt: 0.45 to 20.7 ft/day (five 
zones tested) 

• 	 basalt fault zone breccia: 3.77 ft/day (one zone tested). 

Note: No vadose zone tests were conducted within the surficial sediments located above 
the basalt bedrock at this test site. 

5) 	 The range of saturated hydraulic conductivity for the basalt vadose zones at the test site 
location (0.45 to 20.7 ft/day) falls within the middle range reported for basalts within the 
Saddle Mountains Formation at the nearby Hanford Site/Pasco Basin (10~2 to 103 ft/day), 
and the calculated geometric mean value of 2.31 ft/day for the seven basalt test intervals 
closely matches the median value of 2.4 ft/day reported regionally for this basalt formation, 
as presented in Reidel et al. (2002). Due to lack of comparative test information, it is not 
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known how the saturated-hydraulic-conductivity value for the basalt fault-zone breccia at the 
test site compares with other similar basalt tectonic features within the surrounding region. 
The vadose-zone test value for this tectonic feature (i.e., 3.77 ft/day), however, is similar to 
that expected for basalt flow tops/interflow zones and is only slightly higher than the 
geometric mean value of 2.31 ft/day determined for other basalt vadose-zone test intervals 
characterized at the site. 

6) 	 Hydrologic test characterization efforts for selected groundwater test zones at the site were 
hampered by a number of factors including: 

• 	 the composite aquifer well completion at piezometer DH-OS-l 

• 	 lack of sealing integrity between well-casing strings and failure of cement seals 
during testing 

• 	 short duration of some of the tests conducted. 

7) 	 In spite of these test complications, the groundwater hydraulic characterization test results at 
DH-OS-l and DH-06-1 provided a range of saturated hydraulic conductivity values for the 
basalt fault-zone breccia (K = 0.42 to 1.18 ft/day) that was lower than that determined for 
the more shallow, overlying vadose-zone test within this tectonic feature (i.e., 3.77 ft/day). 
The test/depth trend for hydraulic conductivity values for this tectonic feature suggests a 
decreasing value trend with depth at this test-site location. 

8) 	 The K estimates obtained for the Pomona basalt at DH-OS-Ol/DH-06-01 serve as a basis 
for local and regional comparisons with previously reported Black Rock Reservoir test site 
results (Spane 2004) and values reported at the nearby Hanford Site, respectively. At the 
initial Black Rock test site (DH-04-01/DH-04-02), the Pomona basalt test intervals exhibited 
relatively low K characteristics (0.04 ft/day), while at the DH-OS-Ol and DH-06-01 test site, 
K values were over one to two orders-of magnitude higher, ranging between 0.32 to 
52.9 ft/day. While the K estimates for the basalts at the DH-OS-Ol/DH-06-01 test location 
fall within the range reported at the Hanford Site for similar Saddle Mountain basalt flow 
tops and inter flow zones, the possibility of enhanced basalt permeability by past tectonic 
activity (i.e., ancillary fracturing associated with the local thrust fault) at the damsite 
abutment location is a possible explanation for the higher K values at this location. 
Additionally, it is interesting to note that K values for Pomona basalt test intervals were 
generally higher below the fault-zone breccia, within the footwall of the thrust-fault block, 
which geologically may be an area of more constrained stress/strain/ fracturing within the 
basalts. 

9) 	 It is also interesting to note that analysis results obtained from testing a similar test/depth 
interval at DH-OS-Ol (269.2 to 287.4 ft) and DH-06-01 (276 to 296 ft) produced very similar 
K estimates for the overlapping test intervals (i.e., 0.73 vs. 0.42 ft/day). This is particularly 
relevant since the boreholes were drilled using different circulation drilling fluids (i.e., 
polymer drilling mud with sealant versus compressed air, water, and foam) and suggests a 
lack of a significant bias in K-estimate characterization due to drilling fluid effects for these 
two test examples. 
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Leakage Characteristics and Hydrologic Boundaries 

Because of the test and completion complexities noted previously, detection of formational 
leakage and hydrologic boundaries was greatly limited. However, several observations can be 
noted: 

10) 	 No lateral hydrologic boundaries were noted for tests conducted solely within  

the unconfined aquifer. Because of the relative short duration of the tests and 

unconfined aquifer characteristics, the radius of investigation for boundary 

detection was :S 50 ft. 


11) 	 No cross-formational response due to leakage was detected at piezometer  

DH-05-1 during vadose-zone testing at nearby borehole DH-06-1.  


12) 	 Multi-well interference tests conducted in the confined aquifer within the  

Pomona basalt exhibited leakage effects; the exhibited leakage effects, however,  

are likely non-formational and attributable to the well-completion conditions  

imposed at piezometer DH-05-1.  


Hydrochemistry 

Groundwater samples collected from the Pomona basalt confined aquifer at DH-06-01 indicate 
nearly identical hydrochemical characteristics as displayed by groundwaters within the uppermost 
confined aquifer system at nearby test borehole DH-04-02. A comparative analysis of 
hydrochemical content suggests that the confined groundwaters at DH-06-01 and DH-04-02 are 
relatively youthful in character and do not display an evolved reactionary development. The 
hydrochemical and assumed isotopic content for this uppermost groundwater-flow system may be 
sufficiently different and distinguishable from Columbia River water. This difference may allow 
identification of reservoir-water leakage and it may be used to determine the vertical and lateral 
extent of reservoir recharge to the underlying groundwater system. 
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2. Background 

The characterization of test boreholes DH-05-01 and DH-06-01 was designed to provide detailed 
hydrogeologic information along the proposed Black Rock dam southern abutment location. The 
site is located approximately 1 mile southeast of previous hydrogeologic studies conducted at test 
boreholes DH-04-01 and DH-04-02 (Figure 2.1). Results from the earlier field testing program are 
reported in Spane (2004) and also presented in Didricksen (2004). Detailed characterization 
activities conducted at test boreholes DH-05-01 and DH-06-01 include core analysis/description, 
borehole geophysics, hydraulic testing, and hydrochemical analysis. This report presents the detailed 
results obtained from the hydraulic field-testing characterization program and includes the 
preliminary hydrochemical analysis results obtained from groundwater samples collected at 
DH-06-01. 

The major field testing program was conducted at DH-05-01 and DH-06-01 between December 
2005 and May 2006 during the active borehole drilling phase. Additional hydrologic testing was 
performed following piezometer installation at each of the test boreholes. Corehole DH-05-01 was 
originally designed for completion as a piezometer to monitor hydrologic responses for the confined 
aquifer within the Pomona basalt and to support hydrologic characterization tests initiated during 
the drilling/testing at adjacent borehole DH-06-01 ~ocated 38.4 ft from DH-05-01). This 
piezometer installation was completed on March 8, 2006. Due to complications that occurred 
during the completion process, the piezometer within DH-05-01 was not successfully installed to 
effectively isolate or restrict the piezometer monitoring zone to the underlying Pomona basalt 
confined aquifer. This lack of isolation was due to the misplacement of the sandpack across the 
confining layer (i.e., Rattlesnake Ridge interbed) providing hydraulic communication with the 
overlying unconfined aquifer system (Figure 2.2). This hydraulic communication between the two 
aquifer systems within DH-05-01 adversely impacted large-scale hydrologic testing activities at 
DH-06-01 when the borehole was advanced and testing was initiated within the underlying Pomona 
basalt (Section 6.2.2). 

Because of the hydraulic communication afforded by the composite piezometer completion, 
DH-05-01 was re-completed on October 7, 2006, within the overlying unconfined aquifer in the 
fault-zone breccia above the Rattlesnake Ridge interbed confining layer (Figures 2.3 and 2.5). 
Difficulties in cementing the higher hydraulic head, upper Pomona basalt section within the 
borehole, however, occurred during the re-completion activities. The initial cement/grout slurry 
that was placed within the borehole migrated into the surrounding Pomona basalt and/or into the 
overlying fault zone breccia. Subsequent cementing activities appeared (at the time) to be successful, 
and the piezometer was re-completed within the fault-zone breccia with the well-screen placed at 
280 to 295 ft. Hydrologic tests conducted within the DH-05-01 re-completed piezometer indicate 
that the piezometer test interval has lower-than-expected hydraulic property characteristics when 
compared to previously tested, over-lapping, test intervals conducted at DH-05-01 and DH-06-01 
(Section 5.2.4). These lower hydraulic-property characteristics suggest that the piezometer re­
completion activities may have adversely impacted the monitored fault-zone interval, possibly 
because of cement slurry migration or possibly mobilization (through re-drilling) of the bentonite­
seal interval (160 to 280 ft; Figure 2.2) that was originally emplaced during the initial piezometer 
installation. Additionally, baseline monitoring of well water-levels within DH-05-01 following re­
completion of the piezometer indicates that a small hydraulic connection still persists between the 
unconfined fault-zone breccia aquifer and underlying Pomona basalt confined aquifer within the 
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piezometer/borehole installation (Section 4). This hydraulic connection has caused well water-levels 
to continuously rise within the re-completed DH-05-01 piezometer ~15 ft above previously 
determined static water-table conditions. 

Following hydrologic test characterizations conducted at borehole DH-06-01, it was also completed 
as a piezometer on May 20, 2006, to provide long-term baseline monitoring of natural dynamic 
responses within the lower Pomona basalt confined aquifer system (Figure 2.4). With the re­
completion of DH-05-01 , the two monitoring-well facilities provide an opportunity to directly 
compare long-term baseline comparisons of hydrologic responses exhibited within the two 
individual aquifer systems at the damsite location. Theoretically, the baseline response comparisons 
can be used to evaluate large-scale hydraulic communication between the two aquifer systems within 
the surrounding area. The ~102 ft hydraulic head difference relationship exhibited between the 
two-aquifer systems is shown on the hydrogeologic schematic presented in Figure 2.5. As 
previously discussed, however, a comparison of baseline responses at the re-completed DH-05-01 
and DH-06-01 piezometers indicates that the re-completion ofDH-05-01 was not completely 
successful and effective in isolating the two aquifer systems at this location. Based on a review of 
the baseline response (Section 4), minor leakage/hydraulic communication appears to still exist 
within DH-05-01 and/or within the aquifer immedi~tely surrounding the drilled borehole. 

The static water-level elevation of ~1,110-ft MSL measured for the Pomona basalt confined aquifer 
system at the damsite borehole locations is consistent spatially with the ~1,155-ft MSL measured 
previously for the up-gradient, shallow confined aquifer system at DH-04-01 and DH-04-02, which 
are completed within the Selah and Mabton interbeds, respectively (Spane 2004). It is currently 
unknown whether the confined aquifer systems monitored at DH-04-01/DH-04-02 and the DH-05­
01/DH-06-01 damsite location are hydrologically connected. No unconfined aquifer is present at 
the previously tested DH-04-01/DH-04-02location for comparison purposes. 

Site Geology 

The following stratigraphic units were identified at the site, based on detailed core analysis 
provided by core hole DH-05-01: 

a. Quaternary loess deposits: 0 3.0 ft 
b. Quaternary colluvium: 3.0 60.5 ft 
c. Pomona basalt: 60.5 92.0 ft 

(Saddle Mountains Formation) 
d. Undifferentiated Esquatzel/ 

Umatilla basalts: 92.0 228.4 ft 
(Saddle Mountains Formation) 

e. Basalt fault breccia zone: 228.4 301.1 ft 
f. Rattlesnake Ridge interbed: 301.1 310.7 ft 

(Ellensburg Formation) 
g. Pomona basalt: 310.7 > 400.0 ft 

(Saddle Mountains Formation) 
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3. Hydrologic Test Characterization 

The following provides a discussion of the detailed hydrologic field-testing program conducted at 
corehole DH-OS-Ol and borehole DH-06-01. The field-testing program follows the guidance and 
rationale originally presented in the response by Spane (2003) to the U.S. Bureau of Reclamation 
RFP for Hydrogeologic Services for the Potential Black Rock Dam and Reservoir Sites. The primary 
objectives of the field-testing program were to obtain detailed hydrogeologic characterization 
information pertaining to: hydraulic and storage properties of vadose zone and groundwater 
systems, vertical leakage between hydrogeologic units and hydrologic barriers (e.g., faults) to 
groundwater flow. Of particular importance is the potential leakage of surface water stored within 
the reservoir, which may alter existing local groundwater systems and adversely impact adjacent 
surface and groundwater-basin hydrologic conditions (e.g., Hanford Site). The following report 
sections describe pertinent aspects of test equipment and hydrologic test methods used to acquire 
the detailed hydrogeologic information during the borehole field testing program. The discussions 
in this section are taken largely from Spane (2004), which was also presented in Didricksen (2004). 

3.1 Test Equipment 

Hydrologic testing of vadose and groundwater zones within corehole DH-OS-Ol and borehole DH­
06-01 was conducted primarily during borehole advancement. For groundwater test zone 
characterizations within DH-OS-Ol, a modified Farwest Air-Longyear, Inc. inflatable wireline packer 
(model MD4.0) test system was employed. Salient features of the packer test system include: 1) an 
inflatable packer for isolating the test interval within the open borehole; 2) a pressure sensor transfer 
tube through the packer for monitoring below-packer/test interval response; and a 10-ft perforated 
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pipe section mounted below the packer assembly. Appendix Figure A.l provides a manufacturer 
diagram and description of the basic wireline inflatable packer system. Pictures of selected features 
of the packer test assembly utilized for testing in DH-05-01 are shown in Appendix Figures A.2 ­
A.3. 

The submersible pump utilized for groundwater pumping tests performed in DH-06-01 was a 5 hp, 
Grundfos; model40S15-50. In-Situ model PTX-261, 0-250 psi range pressure transducers were 
used during hydraulic testing at both test sites, while long-term baseline monitoring was performed 
using an Instrumentation Northwest, Inc., PT-2X, 0 - 15 psi range integrated pressure transducer 
and datalogger. An eight channel, Hermit 3000 datalogger was used to collect the readings from the 
pressure sensor systems, together with the site barometric pressure readings during the course of 
testing. Surface discharge and injection rates during testing were monitored with a 2-in. LD., Master 
Meter, model MM7T in-line instantaneous/totalizer flow meter, and cross-checked using timed 
surface discharge measurements (i.e., using a calibrated 5-gallon bucket and 42-gallon barrel). 

3.2 Test Methods 

Field hydrologic test methods commonly have different scales-of-investigation (i.e., "radius of 
investigation") and exhibit varying degrees of resolution for various hydraulic/ storage properties 
(see Table 3.1). The selection and sequence of characterization tests used, therefore, is of particular 
importance when designing a borehole hydrologic testing program. Standard single- and multi-well 
tests selected for use during the field borehole testing program included: slug, slug interference, step­
drawdown, constant-rate/-head injection or constant-rate withdrawal (pumping) tests. To perform 
most of the identified hydrologic tests, a specific depth interval selected for detailed characterization 
was isolated within the borehole using the inflatable packer test system described in Section 3.1 or 
by setting of cemented well-casing strings, together with perforated pipe sections to maintain 
borehole stability during testing. Test formation response and zone isolation were assessed using 
downhole pressure probes that monitored test interval pressures during testing and imposed annulus 
zone stress applications. Analysis of the test interval pressure response during testing provided an 
average value for transmissivity, T, hydraulic conductivity, K, and storativity, S, for the isolated test 
intervals. In addition, monitoring test responses at nearby piezometer DH-05-01 (located ~38 ft 
from test borehole DH-06-01) provided the opportunity of obtaining intermediate-scale information 
for the monitored test interval during testing initiated at borehole DH-06-01. 

The area-of-investigation (i.e., radius of investigation) for the various test methods is a function of: 
test duration, magnitude of stress imposed by the test, and test formation characteristics. 
Depending on these conditions, characteristics determined from specific test methods are expected 
to integrate formation property conditions ranging from ~1 to >500 ft from the test borehole 
location. In addition, certain hydrologic test methods are sensitive to detecting abrupt formational 
discontinuities or hydrologic boundaries (e.g., faults, stratigraphic pinch-outs) and for distinguishing 
between operative aquifer models (e.g., dual- vs. single-porosity systems, nonleaky vs. leaky 
conditions). Table 3.1 summarizes the attributes of the various test methods. 

3.2.1 Vadose Zone Tests 

Constant-head injection (gravity) tests were utilized as the only characterization method for 
estimating in-situ saturated hydraulic conductivity conditions within selected vadose zone test depth 
intervals at DH-05-01 and DH-06-01 during borehole advancement. The test procedure included 
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drilling below an advanced borehole casing to a prescribed depth, which provided an open 
unsaturated borehole section for subsequent constant-head injection testing. Performance and 
analysis of the tests largely followed procedures outlined in the U.S. Bureau of Reclamation Earth 
Manual (USBR 1974,1998) and Groundwater Manual (USBR 1977, 1995). The general vadose-zone 
test strategy included: installation of an in-borehole transducer near the bottom of the borehole; 
rapid filling of the open borehole and casing to a prescribed level (usually near land surface); 
maintaining the fluid level within the borehole to the prescribed level for the duration of the test; 
monitoring of the surface injection rates during the entire injection period, and continuing of the 
test until relatively uniform injection rates were established (i.e., pseudo-steady-state conditions). 

The cited USBR references provide different equations for deep or shallow settings (i.e., to the 
"water table"), and whether the test borehole is open or partially cased. The first aquifer 
encountered was an unconfined aquifer system that occurs within the fault zone breccia (~268 to 
301 ft bgs). Since dry, unsaturated conditions existed during the drilling and testing of the corehole 
and borehole to test depths of 268 ft, this unsaturated thickness value (or depth to a projected water 
table) was arbitrarily used for the purpose of selecting the appropriate shallow or deep water-table 
analysis method for the respective vadose zone tests. It should be noted that an uncertainty of ±10 
to 15 ft in the depth to the static water table would not produce a significant error in the saturated 
hydraulic conductivity values (i.e., within ±5%). 

As discussed in the USBR references, for deep water-table vadose zone test conditions (Zone 1, 
Method 1), the following equation would be used for calculating the saturated hydraulic conductivity 
for the open borehole test section, given the test system conditions employed at the test sites: 

(3.1) 

where, 

Qs pseudo-steady-state constant-head injection 
C u saturated conductivity coefficient for deep water-table case 
rw radius of the open borehole test section 

H imposed constant injection head above the bottom of the borehole test section 

A value for Cu can be estimated from nomograph plots provided in the USBR references (e.g., 
USBR 1977, Figure 10-7) or calculated directly from the following equation presented in Stephens 
and Neuman (1983a): 

(3.2) 

For shallow water-table vadose zone test conditions (Zone 2, Method 1), the following equation was 
used for calculating the saturated hydraulic conductivity for the open borehole test section, which 
was indicated for the test system conditions exhibited at DH-06-01 for vadose zone depth interval 
236 - 255 ft (Section 6.1.2): 

(3.3) 
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where, 

Cs saturated conductivity coefficient for shallow water-table test case 
Tu vertical distance from water table to top of injection fluid-column level 

(3.4) 

Criteria for distinguishing between deep (Zone 1) and shallow (Zone 2) test conditions are based on 
the head/water-table aspect ratio, X, which is equal to H/Tu, and the water-table/test interval 
aspect ratio, T j A. These ratio parameters can then be utilized with the standard USBR nomograph 
plot shown in Figure 3.1 for distinguishing between deep and shallow water-table test conditions 
and identifying the appropriate analysis equations to use. 

A number of previous papers have examined the appropriateness of these equations for calculating 
Ks under vadose-zone conditions (e.g., Stephens and Neuman 1983a, b, c). In most cases, the 
equations were considered appropriate if applied to applicable test site conditions. One assumption 
implied in all the discussed USBR constant-head equations is that the injection rates observed during 
the end of testing are reflective of steady-state injection conditions. As noted by others, this likely 
would require considerable test times to actually be achieved (e.g., days). For various soil-sediment 
types and permeability groups considered in studies presented Stephens and Neuman (1983c), 
injection rates attained 50 to 80% of steady-state values after ~2 hours of injection testing. This 
implies that vadose zone Ks estimates based on constant-head injection tests conducted using similar 
test durations, e.g., at DH-06-01, may over-estimate actual Ks conditions by a maximum factor of 
:S2, due solely to not completely reaching steady-state injection rates. For this reason, all "uniform" 
injection rates, Qs' observed near the end of constant-head injection testing at DH-06-01, and used 
in calculating Ks are referred to as pseudo-steady-state injection rates. 

Another potential source of error for the damsite vadose zone tests is the fact that the constant-head 
injection levels utilized for some of the test intervals was significantly above the open borehole test 
interval (i.e., within the overlying borehole-cased section) and were commonly maintained at a level 
in proximity to or higher than land surface. This test procedure was implemented primarily to 
impose a maximum head on the vadose formations tested and for assessing any test stress 
dependence. Utilizing a higher injection head was considered to be more relevant for evaluating 
potential reservoir storage effects (i.e., leakage), and also facilitated easier performance of the test. 
Using an injection head level above the open borehole test interval, however, may impose some 
injection leakage to overlying unsaturated zones at and along the casing-borehole contact if an 
adequate seal is not maintained. While this possibility cannot be dismissed, the presence of a high 
percentage of fine-grained clays, silts, and tuffaceous sediments penetrated above the basalt 
formations suggest that a relatively "tight" seal was maintained when testing these vadose zone test 
intervals. 

The previously discussed deep and shallow water-table analysis methods are not applicable for test 
cases where the test interval is either: at or below the water table, or in proximity to a low 
permeability barrier/test interval. For these vadose zone test interval conditions the use of the 
shallow (Zone 2) water-table equations 3.3 and 3.4 are invalid, due to the fact that flow from the 
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injection borehole would be predominantly radial and not directed downward toward the water-table 
surface. For these test conditions, the radial-flow based Ziegler (1976) method is recommended. 

(3.S) 

where, 

R radius of investigation for the constant-head injection test  

Ts saturated transmissivity equal to 1<,/ A  


For moderately to highly transmissive test formations, the radius of investigation, R, is commonly 
taken as being equal to the open borehole test interval length, A. Investigations by Zeigler (1976) 
have shown, however, that Ts is relatively insensitive to R, with an order-of-magnitude variation 
producing a change of a factor of :S1.S in the calculated estimate ofTs' It should be noted that the 
Ziegler (1976) method was developed for radial-flow conditions for injection well test cases below 
the water table, and its applicability for vadose zone tests is not proven. For test conditions where 
vadose zone injection tests are predominantly radial (e.g., due to proximity to an underlying low­
permeability layer) the USBR recommends utilizing a similarly-based, equation developed originally 
for saturated zone conditions (i.e., the Thiem equation). This equation, however, is based on steady­
state, distance-drawdown/buildup conditions and requires use of observation wells completed at the 
same test/depth interval (which were not available at the Black Rock damsite test site). Although no 
vadose zone tests were analyzed using the Ziegler equation, it was used as a primary analysis method 
for the unconfined aquifer test after re-completion of the piezometer at DH-OS-Ol. A more detailed 
discussion of the Ziegler (1976) method, particularly as it relates to injection tests conducted for 
characterizing basalts flows, is presented in Spane and Thorne (198S). 

3.2.2 Groundwater Test Zones 

The following is a general discussion of the various characterization and analytical methods utilized 
during the field borehole testing program of saturated test zones and is taken, in part, from Reidel et 
al. (2002). Table 3.1 lists hydrogeologic parameters and relative investigative scale for the various 
test methods used during testing of borehole DH-06-01 and piezometer DH-OS-01. Pertinent and 
specific test information pertaining to actual testing performed, is presented in Section Sand 6. 

3.2.2.1 Slug and Slug Interference Tests 

Because of their ease of implementation and relatively short duration, slug tests are commonly used 
to provide initial estimates of hydraulic properties (e.g., range and spatial/vertical distribution of 
hydraulic conductivity, K). Hydraulic properties determined using slug testing are representative of 
conditions relatively close to the borehole. For this reason, slug-test results are normally used to 
provide initial test interval hydraulic property characterization, and provide information that can be 
used in the design of subsequent hydrologic tests having greater areas of investigation. 

Pneumatic slug (withdrawal) tests were conducted at both DH-OS-Ol and DH-06-01 after 
completing the boreholes with piezometer installations, following completion of borehole 
advancement. To conduct the pneumatic tests, regulated compressed air was administered to a 
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sealed wellhead that was attached to the monitoring well or piezometer casing string to depress the 
fluid column within the well. Applied compressed air injection pressures and associated downhole 
pressure responses were monitored using pressure transducers that were installed within the well and 
piezometer. Applied compressed air injection pressures used during the pneumatic slug tests 
theoretically displaced (i.e., depressed) the well fluid column generally within the range of 3 to 15 ft. 
After the pressure within the monitored fluid column had stabilized (i.e., ~10 to 20 minutes) for a 
prescribed stress level, a slug withdrawal test was initiated by suddenly releasing the compressed gas 
used to depress the borehole fluid-column level. The test was initiated instantaneouslY by releasing the 
compressed gas from the piezometer casing column by opening a valve (e.g., ball valve) mounted on 
the attached surface wellhead, used to seal the piezometer casing system. Analysis of the recovery 
response provides an estimate of the test interval transmissivity (T), average hydraulic conductivity 
(K), and storativity (S). Estimates for storativity, however, are less certain, due to the test method's 
lower sensitivity to S. (Note: the effects of well skin, SK' were not accounted for separately and were 
included within the estimate of S). The slug test responses were analyzed utilizing type-curve and 
deconvolution procedures discussed in Butler (1997) and Peres et al. (1989), respectively. These 
analysis procedures are applicable for over-damped or converted equivalent slug test responses. For 
these slug test response conditions, the slug test type-curves analyses presented in this report were 
generated using the Kansas Geological Survey (KGS) software program described in Liu and Butler 
(1995). For highly permeable slug test zones that exhibited oscillatory (under-damped) slug test 
response characteristics, the aforementioned over-damped analytical methods are not applicable and 
the High-K analysis method, presented in Butler (1997) and Butler and Garnett (2000) was utilized. 
This type of high permeability piezometer slug test response characteristics were exhibited for slug 
tests conducted within the Pomona basalt at both borehole locations (Section 5.2.3 and 6.2.3). A 
more detailed summary discussion of the performance and analysis of slug tests is presented in 
Spane and Newcomer (2004). 

For slug interference tests, an observation well completed in the same test interval is required to 
monitor the surrounding pressure wave induced by the slug test initiated at a stress well location. 
This test configuration presented itself when testing was initiated at borehole DH-06-01 for the 
Pomona basalt depth interval 312 - 400 ft (Section 6.2.2), and following piezometer installation 
within the borehole. However, as noted in Section 2, the piezometer installation at DH-05-01 that 
was used to monitor the slug interference produced at DH-06-01 provided hydraulic communication 
within the piezometer installation to the overlying unconfined aquifer. Because of the high 
sensitivity of slug interference responses to leakage response effects (i.e., produced by the faulty 
piezometer installation) no quantitative analysis of the slug interference tests are presented in this 
report. Detailed descriptions of design, performance, and analysis of slug interference tests is 
provided in Novakowski (1989) and Spane (1992, 1996) and Spane et al. (1996). 

3.2.2.2 Step-Drawdown Test 

Step drawdown tests normally are conducted to assess well I aquifer loss performance, and for 
guidance in selecting the pumping rate for subsequent, longer duration, constant-rate pumping test. 
The test is conducted as a series of sequential, short-duration constant-rate pumping tests, with each 
step conducted of uniform duration (e.g., 1 to 2 hr) and at progressively higher pumping rates. A 
minimum of three steps is required, and 2:4 steps are preferred. The comparison of discharge, Q, 
and the drawdownlpumping rate ratio, sjQ, (i.e., drawdownldischarge) is plotted to assess well 
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loss conditions. As denoted originally by Jacob (1946) and Rorabaugh (1953), an increasing sjQ vs. 
Q pattern is indicative of turbulent well loss conditions, while a constant relationship vs. Q indicates 
that all well losses are laminar in nature. 

Jacob (1946) presented the following well loss/drawdown relationship used to assess well discharge 
performance: 

(3.6) 

where, 

BQ laminar aquifer head loss 

CQ2 turbulent well head loss 

A linear regression slope fit through the step data provides coefficients for the head loss equation 
(3.6), with the intercept value equal to coefficient B and the slope equivalent to coefficient C. 
It should be noted that the laminar aquifer head loss, BQ, includes the effects of true formational 
aquifer characteristics (i.e., head loss due to hydraulic properties) and those attributable to well skin 
effects (i.e., damage associated with drilling/well construction process). 

A single, extended step-drawdown test was conducted at test borehole DH-06-01 (pomona basalt; 
test interval 312 - 400 ft. Results of this test are presented in Section 6.2.2. 

3.2.2.3 Constant-Rate Pumping and Injection Tests 

For constant-rate pumping (withdrawal) tests, formation water is withdrawn from the test interval 
and regulated to maintain a constant, uniform rate. (Note: constant-rate injection tests are 
performed in similar fashion, but instead of pumping water from the aquifer, water is injected at a 
constant rate. No further reference to constant-rate injection tests are presented in this section, 
however, the same procedures and analysis methods apply). For constant-rate tests, the pressure 
response within the test borehole is monitored during the active pumping phase and during the 
subsequent recovery period following termination of pumping. The analysis of the drawdown and 
recovery pressure response within the pumped test borehole (and for multi-well tests any nearby 
observation wells, e.g., piezometer DH-05-01) provides a means for estimating hydraulic properties 
of the reservoir tested, as well as for discerning formational and non-formational flow conditions 
(e.g., wellbore storage, skin effects, boundaries and leakage). Standard analytical methods used for 
the analysis of constant-rate tests include type-curve matching and straight-line methods. 

Type-curve-matching methods are best applied to observation well data and not to pumping wells 
because of the additional head losses that occur at the pumped well. They can be used for pumped 
well analyses, however, if certain assumptions pertaining to well efficiency (i.e., well-skin effects = 0) 
or the test interval (e.g., S is known) are made. This is the approach taken for single-well pumping 
test analysis within the petroleum industry. Type-curve-matching methods commonly used in the 

20 




Kayti Didricksen 
July 10, 2007 

analysis of pumping test responses include those described in Theis (1935), Hantush (1964), 
Novakowski (1990), and Moench (1997). Constant-rate pumping test type-curves presented in this 
report were generated using the WTAQ program described in Moench (1997). 

For straight-line analysis methods, the rate of change of water levels within the well during draw­
down and/or recovery is analyzed to estimate hydraulic properties. Because well effects are constant 
with time during constant-rate tests, straight-line methods can be used to analyze quantitatively the 
water-level response at both pumping and observation wells. The semilog, straight-line analysis 
techniques commonly used are based either on the Cooper and Jacob (1946) method (for drawdown 
analysis) or the Horner (1951) method for recovery analysis. It should be noted that the Horner 
method, which is commonly used in the petroleum industry, is identical to the Theis (1935) recovery 
method utilized in groundwater hydrology. These methods are theoretically restricted to the analysis 
of test responses from wells that fully penetrate nonleaky, homogeneous, isotropic, confined 
aquifers. Straight-line methods, however, may be applied under nonideal well and aquifer conditions 
if infinite-acting, radial flow conditions exist. Infinite-acting, radial flow conditions are indicated 
during testing when the change in pressure, at the point of observation, increases proportionately to 
the logarithm of time. 

Log-log plots of water level versus time have traditionally been used for diagnostic purposes to 
examine pumping test drawdown data. More recently, the derivative of the water level or pressure 
has also been used as a diagnostic tool. Use of derivatives has been shown to improve significantly 
the diagnostic and quantitative analysis of various hydrologic test methods (Bourdet et al. 1989; 
Spane 1993; Spane and Wurstner 1993). The improvement in test analysis is attributed to the 
sensitivity of pressure derivatives to various test/formation conditions. Specific applications for 
which derivatives are particularly useful include the following: 

• 	 identifying formation-response characteristics (nonleaky or leaky; confined or 

unconfined aquifer) and boundary conditions (impermeable or constant 


head) 


• 	 assisting in the selection of the appropriate type-curve solution through  

combined type-curve/derivative plot matching 


• 	 determining when infinite-acting, radial flow conditions are established and,  

therefore, when straight-line analysis methods are applicable.  


Figure 3.2 shows selected examples of log-log drawdown and derivative responses that are char­
acteristic of some commonly encountered formation conditions. Spane (1993) provides a summary 
discussion on the use of standard and derivative-based analytical methods for constant-rate tests. 

3.2.2.4 Constant-Head Injection Test 

For this test, the water-level within the borehole/test system is raised in the test well and maintained 
at a relatively uniform level (constant head) for the duration of the test. This was accomplished for 
the re-completed piezometer at DH-05-01 (280 - 295 ft; Section 5.2.4) by filling and maintaining the 
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fluid column to the top of the piezometer casing at land surface. The magnitude of the observed 
discharge for the given applied, constant head and its decline with time provides a means of 
determining the transmissivity, T, and to a lesser extent storativity, S, of the interval tested. The 
method used for analyzing this test is based on the solution presented originally by Jacob and 
Lohman (1952). Late-time, steady-state injection rates can also be analyzed using the equation 
relationship presented in Zeigler (1976), which is discussed in Section 3.2.1. 

The fluid-level recovery within the borehole/test system following termination of the constant-head 
injection test can also be analyzed using the previously cited methods in Section 3.2.2.3 for constant­
discharge pumping tests, provided that discharge does not vary significantly (e.g., ± 10%) over most 
of the test period (particularly the late-time pumping period). When discharge variation is 
significant, special procedures, e.g., superposition/multi-rate analysis methods (see Earlougher 1977 
and Horne 1990) can be used to obtain reliable analytical results. 

3.3 Leakage Response 

Analysis of baseline pressure measurements monitored within piezometers installed at DH-05-01 
and DH-06-01 provides the opportunity for assessing leakage or vertical hydraulic communicatio n 
between hydrogeologic units and aquifer systems at this test site location. Specifically, leakage 
assessments can be determined from: 

• 	 Cross-formational response occurring during drilling of nearby borehole 

• 	 Cross-formation response during controlled multi-well hydrologic tests 

• 	 Diagnostic leakage response associated within the monitored hydrogeologic 
unit (single or multi-well tests) 

• 	 Lack of distinct differences in hydrochemistry and isotopic content 

• 	 Barometric leakage response pattern 

Because of the faulty completions that occurred for the initial and re-completed piezometer 
installations at DH-05-01, natural formation leakage assessment was not possible. Man­
induced leakage produced by the piezometer completions, however, was examined and 
reported within various sections of this report. 

The first three identified leakage assessment methods are more commonly applied in 
hydrologic investigations, and are the primary methods utilized for assessing leakage at the 
first Black Rock Reservoir test site characterization that is reported in Spane (2004) and also 
presented in Didricksen (2004). 

The presence of distinct differences in groundwater hydrochemistry and isotopic depth 
profile data has been cited in previous investigations (DOE 1988, Reidel et al. 2002) as a 
means of assessing a lack of vertical communication between hydrogeologic units. 
However, this method requires the use of numerous, closely spaced, vertical test/depth 
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samples that were not available at this damsite test location (note: only one test/depth 
interval was collected from DH-06-01 for the Pomona basalt; Section 6.4). 

The barometric-leakage response-pattern assessment is a developmental method, based on 
the extension of models presented in Rasmussen and Crawford (1997) and Spane (2002). 
Definitive barometric-response characteristics indicative of coupled or composite aquifer­
system conditions were identified with this characterization technique and are reported in 
Section 4.2.3. 

3.4 Hydrochemistry 

Representative groundwater samples were collected during and near the end of the extended step­
drawdown pumping test of the Pomona basalt (312 to 400 ft), for the primary purpose of comparing 
the background hydrochemical characteristics of the uppermost confined aquifer system at this 
damsite location with similar shallow confined aquifer depth intervals sampled earlier at the first 
reservoir-floor, field test site location (see Spane 2004, Didricksen 2004). This type of 
characterization would be particularly useful in the event that a reservoir is established at the site 
since surface water stored at the site will likely be distinctly different from existing basalt 
groundwater conditions. This distinct difference in Columbia River (and Yakima River) water, in 
comparison to basalt groundwaters, is discussed in Spane and Webber (1995). Establishing the 
background/baseline groundwater hydrochemical and isotopic content, therefore, would provide a 
powerful tool in establishing the degree and extent of reservoir leakage within the underlying and 
surrounding groundwater-flow systems. 

For deep basalt test boreholes (e.g., >1,000 to 2,000 ft), comparing the hydrochemical and isotopic 
content for multiple discrete test/depth intervals has also proven very useful in the surrounding 
region for establishing the presence of either mixing or isolation for aquifer systems, as described in 
DOE (1988) and Reidel et al. (2002). However, because of the relative shallowness of the borehole 
investigation, this will likely not be a viable application at the Black Rock field test site. 

Specific hydrochemical and isotopic parameters identified for establishing background groundwater 
conditions include major inorganics (bicarbonate/carbonate, sulfate, chloride, fluoride, nitrate, 
sodium, potassium, calcium, magnesium, silicon), pH, EH, alkalinity, specific conductance, 
temperature, selected trace elements/metals (e.g., iron, manganese, strontium, barium), selected 
stable isotopes (deuterium, oxygen-18, sulfur-34, carbon-13), and selected unstable isotopes (tritium, 
carbon-14). A brief discussion of the applications of these hydrochemical and isotopic parameters 
in basalt groundwater studies is provided in Spane and Webber (1995). Only major inorganics were 
analyzed for samples collected from DH-06-01 along with the following field-collection parameters: 
pH, specific conductance, alkalinity, and temperature. The results from these laboratory analyses are 
reported in Section 6.4. 
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Table 3.1. Summary of Hydrologic Test Methods Used for Test Site Characterization 
Investigations (modified from Reidel et al. 2002) 

Test Method 

Hydrologic Parameter(a) Test Scale 

T ~ KD 
 S L Local Interrned. Large 

Slug ,j ,j x ,j 

Slug Interference ,j ,j x ,j ,j ,j ,j 

Constant-Rate 
 ,j ,j ,j ,j ,j ,j ,j 
Pumping/Injection -


Drawdown & Recovery 


Constant-Drawdown/Air-lif 
 ,j ,j x ,j ,j ,j ,j 
Pumping & Recovery 


(a) 	 Nomenclature 
T = test interval transmissivity 
Kh = equivalent hydraulic conductivity; equal to T divided by test interval length 

-KD - vertical anisotropy Kv/Kh 
S = storativity; dimensionless 
L = leakage response 

-Note: 	v - provides quantitative information 
x = only provides inferential/ qualitative information 
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Figure 3.1. 	 Determining Deep (Zone 1) or Shallow (Zone 2) Water-Table Vadose Zone 
Test Conditions (adapted from USBR 1974, Ground Water Manual)  

Figure 3.2. 	Characteristic Log-Log Drawdown and Drawdown Derivative Plots for Various 
Hydrogeologic Formation and Boundary Conditions (adapted from Spane and 
Wurstner 1993) 
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4. Baseline Monitoring 

Long-term monitoring of well water-level responses provides information concerning the 
groundwater dynamics of monitored zones to seasonal/annual recharge event patterns. When 
examined across a monitor well network, baseline water-level measurements can be used to delineate 
groundwater-flow characteristics, including groundwater-flow patterns and flow velocity within and 
between aquifer systems. Water-level measurements collected within monitoring-well facilities (as 
part of baseline monitoring or during aquifer test characterizations), however, are subject to 
temporal external stress effects, which variably affect these well measurements. Naturally occurring 
external stresses impacting well water-levels include barometric pressure, Earth tides, and ocean and 
river-stage fluctuations. For the proposed Black Rock Reservoir location, barometric pressure and 
(to a lesser extent) Earth tides are the only external stresses that can exert a perceptible effect on 
well measurements. 

Extended baseline monitoring was initiated at both piezometers within DH-05-01 and DH-06-01 
following completion of active field testing (i.e., active drill-and-test phase) at the test site on May 
20,2006. The initial and re-completion of the piezometer within DH-05-01 first within the Pomona 
basalt confined aquifer (379 to 399.5 ft) and subsequently within the shallow fault zone breccia 
unconfined aquifer (280 to 295 ft) provided the opportunity to assess the groundwater dynamics 
within the two, uppermost aquifer systems at the southern abutment location. However, as noted in 
Section 2, the initial and subsequent piezometer installation at DH-05-01 did not fully isolate the 
two-aquifers within the borehole completion. As a result, the composite aquifer piezometer 
completions at DH-05-01 affected not only the baseline dynamics at DH-05-01, but adjacent 
DH-06-01. A discussion of the baseline monitoring results for DH-05-01 and DH-06-01 during the 
monitoring periods following initial and subsequent piezometer installations at DH-05-01 are 
provided in the following report sections. 

4.1 Water-Level Dynamics 

Figure 4.1 shows the water-level response dynamics for piezometers DH-05-01 and DH-06-01 over 
a 40-day monitoring period, from June 24 to August 2, 2006 (calendar days 175 to 215). The well 
water-level elevation hydrographs were developed by converting in-well pressure transducer 
readings, which were calibrated versus manual water-level measurements to account for instrument 
drift effects. Both piezometer well screens were completed within the Pomona basalt aquifer during 
this baseline monitoring period. As noted in Section 2, however, the sand-pack interval associated 
with the piezometer installation at DH-05-01 afforded hydraulic communication between the deeper 
Pomona basalt confined aquifer, with the unconfined aquifer system within the overlying fault zone 
breccia. 

As shown in Figure 4.1, both monitoring sites exhibit subdued short-term, temporal response 
characteristics, which are associated primarily with natural barometric pressure stress effects (see 
Section 4.2). These temporal response characteristics are superimposed on longer-term trend 
behavior, which may be reflective of aquifer flow-system characteristics responding to natural 
factors (e.g., recharge/discharge cycles) or recovery from previous imposed activities (e.g., drilling, 
well completion, and/or tests) at the site. As mentioned above, the longer-term baseline response 
trend exhibited at piezometer DH-05-01 is believed reflective of a composite head equilibration 
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trend produced by hydraulically connecting the two aquifer systems by the piezometer installation 
(Section 2). As shown in Figure 4.2, although similar short-term temporal response characteristics 
to barometric loading are displayed, different long-term trends are exhibited at both piezometer site 
locations for a 25-day period during the early phases of the monitoring period. Calculated water­
level trends (calculated from linear-regression analysis) indicates -0.0071 ft/ day for piezometer 
DH-05-01 and +0.0025 ft/day for monitor well DH-06-01 for this early 25-day measurement period 
(calendar days 180 to 205). The negative water-level trend exhibited at piezometer DH-05-01 is 
opposite in sign, in comparison to that observed at adjacent DH-06-01, and is consistent with a 
hydraulic communication between the confined aquifer and overlying (lower hydraulic head) 
unconfined aquifer provided within the DH-05-01 sandpack completion. Later during the baseline 
monitoring period (calendar days 204 to 215; Figure 4.1), similar and larger negative trends are 
exhibited at both piezometers. This parallel and increasing negative trend slope suggests that the 
radius of influence or a pressure cone of depression caused by the multiple-aquifer borehole 
connection was expanding surrounding the DH-05-01 piezometer site. 

Figure 4.3 shows the water-level response dynamics for piezometers DH-05-01 and DH-06-01 over 
a 150-day monitoring period, from October 2, 2006, to March 1,2007 (calendar days 275 to 425; 
CY 2006). As indicated in the figure, no continuous in-well monitoring was available during the first 
period of the baseline monitoring record, and only discrete water-level measurements were taken. 
The piezometer well-screened interval within DH-06-01 (375 to 395 ft) was the same as during the 
initial baseline monitoring period and was completed within the Pomona basalt confined aquifer. 
Due to the re-completion activities at DH-05-01, however, this piezometer well-screen section (280 
to 295 ft) monitors, theoretically, only the unconfined aquifer system within the overlying fault-zone 
breccia. As previously discussed in Section 2, difficulties were experienced during the re-completion 
activities that may be attributed to the high head differences exhibited between the underlying, high­
head confined aquifer and the overlying lower-head unconfined aquifer systems. The difficulties 
associated with the high differential head conditions within DH-05-01 may have compromised the 
hydraulic isolation between the two aquifer systems within the final piezometer re-completion 
installation. 

Figure 4.3 indicates that on October 8, 2006 (a day after completion of the piezometer installation at 
DH-5-01), a water-level elevation of 1,008.3-ft MSL was observed within DH-05-01. This water­
level elevation is similar to observed static water-level elevations (i.e., ~1,008-ft MSL) observed 
within the unconfined aquifer at both DH-05-01 and DH-06-01 during initial testing of the fault­
zone breccia during advancement of the boreholes during drilling (Sections 5.2.1 and 6.2.1). 
Discrete well water-level measurements observed over the initial 2 months of the baseline 
monitoring period indicated a significant +12-ft increase over the initia13-month period to a water­
level elevation of 1,020.6-ft MSL measured on December 14, 2006 (calendar day 349). The water­
levels within DH-05-01 have exhibited a continuing increasing pattern over the last 3 months of the 
monitoring period, however, at a significantly lower positive slope/trend rate. A well water-level 
elevation of 1,023.0-ft MSL was observed during the last day of monitoring period on February 28, 
2007, which is ~15 ft higher than the previously determined, static water-table conditions. 

Figures 4.4 and 4.5 show the well water-level response dynamics observed for piezometers DH-05-1 
and DH-06-1 over a 25-day monitoring period, from January 1 to 25, 2007 (calendar days 1 to 26). 
The well water-level elevation hydrographs were developed by converting in-well pressure 
transducer readings, which were calibrated versus manual water-level measurements to account for 
instrument drift effects. As shown in the figures, both monitoring sites exhibit subdued short-term, 
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temporal response characteristics that are associated primarily with natural barometric pressure 
stress effects (see Section 4.2). These temporal response characteristics are superimposed on 
background, longer-term trend behavior. As mentioned above, the longer-term baseline response 
exhibited at piezometer DH-05-01 is believed reflective of a composite head equilibration trend 
produced by the hydraulic connection of the two aquifer systems, by the piezometer installation 
(Section 2). Although similar short-term temporal response characteristics to barometric loading are 
displayed, different long-term trend slopes are exhibited at both piezometer site locations for this 
25-day monitoring period during January 2007. Calculated water-level trend slopes (calculated from 
linear-regression analysis) indicates a O.Olll-ft/day trend for piezometer DH-05-01 and -0.0037­
ft/day trend for monitor well DH-06-01 for this 25-day measurement period (calendar days 1 to 26). 
Generally, water-level elevations exhibit an inverse response relationship to barometric pressure 
fluctuations and trends for confined and deep unconfined aquifer systems. The temporal water-level 
response and negative water-level trend exhibited at piezometer DH-06-01 (Figure 4.5) is opposite 
to that exhibited by site barometric pressure fluctuations and is, therefore, consistent with this 
general barometric stress relationship. In contrast, although temporal water-level response 
characteristics at DH-05-01 exhibit a consistent inverse relationship with temporal barometric 
pressure fluctuations, the positive O.Olll-ft/day trend over the 25-day period is not. The increasing 
water-level elevation trend indicates an over-riding background hydrologic condition that exceeds 
the influence of the exhibited barometric pressure trend during this monitoring period. As noted 
above, this overriding background trend exhibited at DH-05-01 is believed associated with the 
hydraulic communication between the underlying higher head Pomona basalt confined aquifer with 
the overlying, lower hydraulic head fault zone breccia/unconfined aquifer system that is provided by 
the current piezometer re-completion. 

4.2 Temporal Response Characteristics 

The following report section pertains primarily to temporal response characteristics produced by 
barometric-pressure effects and is taken from Spane (1999,2002) and also presented in Spane (2004) 
and Didricksen (2004). Earth-tide effects produce similar stress-related responses within wells, but 
are normally considerably less than those imposed by temporal barometric fluctuations. For this 
reason, only the effects of barometric pressure are discussed with any detail in this report. Pertinent 
discussions concerning the effects of Earth tides on aquifers and well water levels are provided in 
Bredehoeft (1967), Kanehiro and Narasimhan (1980), Van der Kamp and Gale (1983), and Hseih 
et al. (1988). The following report subsections analyze temporal response characteristics for both 
monitoring sites using several analysis procedures. 

4.2.1 Spectral Analysis 

Temporal-response characteristics exhibited within baseline monitoring data can be analyzed using 
frequency-domain methods to identify underlying influencing factors. Spectral analysis, based on 
fast Fourier transforms, is a common frequency technique for examining baseline monitoring 
records (see Spane 2002). Two baseline, 25-day monitoring periods were examined for spectral­
analysis characterization: June 25-July 23, 2006 (calendar days 180-205; Figure 4.2), and 
January 1-26, 2007 (calendar days 1-26; Figures 4.4 and 4.5). The two baseline periods represent 
two separate monitoring periods in which piezometer DH-05-01 was initially completed within the 
deeper Pomona basalt confined aquifer, and secondly, re-completed within the shallow, unconfined 
aquifer in the overlying fault-zone breccia, respectively. To facilitate analysis, the long-term trend 
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effects exhibited in the data record were first removed (i.e., de-trended data set), and data tapering 
was used to remove noise from the spectral plots. An example of the de-trended data set subjected 
to spectral analysis from the second baseline monitoring period is shown in Appendix Figure B.1. 

Appendix Figures B.2 and B.3 show a comparison of the spectral analysis results for piezometers 
DH-OS-01 and DH-06-01 versus the barometric-pressure spectra for the first and second baseline 
monitoring period, respectively. Several features in the spectral power plots are evident. First, both 
piezometers show a high correlation/ association with the energy expressed within the barometric 
spectra, and secondly, more energy is exhibited with the first baseline monitoring period for 
frequencies centered on 12 and 24 hours (frequencies =0.0833 and 0.0417 hr-1

, respectively). This is 
expected because of diurnal atmospheric heating/cooling and the associated barometric-pressure 
effects during the summer time period represented by the first baseline monitoring period. 

Figure 4.6 (a) and (b) show a direct comparison of the water-level spectra for the first and second 
baseline monitoring period, respectively. Visual examination of the spectral patterns indicate a high 
correlation between the piezometer well-water levels (both in amplitude and phase), particularly for 
the first baseline monitoring period when both piezometers were completed within the Pomona 
basalt. Slightly more amplitude divergence is exhibited for the second baseline monitoring period, 
particularly for lower, longer duration barometric events. The greater divergence exhibited during 
the second baseline monitoring period is believed attributable to the observation location of the re­
completed piezometer DH-OS-01 within the lower permeability fault zone breccia section of the 
overlying unconfined aquifer system. 

4.2.2 Barometric Response Model Analysis 

As discussed in Spane (2004), barometric fluctuations represent an areal, blanket stress applied 
directly at land surface and to the open well water-level surface. The manner in which a well/aquifer 
system responds to changes in atmospheric pressure is variable and directly related to the degree of 
aquifer confinement and hydraulic/ storage characteristics of the well/aquifer system. Rasmussen 
and Crawford (1997) identify three conceptual models that describe the response of water-level 
measurements in wells to barometric-pressure change. The models include an instantaneous well 
response within confined aquifers, a delayed well response within unconfined aquifers (because of 
the delayed transmission of barometric pressure through the vadose zone), and a delayed well 
response associated with well characteristics (i.e., wellbore storage and well-skin effects). Diagnostic 
plots for the three well-response models are shown in Appendix Figure B.4, which were developed 
from the multiple-regression convolution procedure initially described in Rasmussen and Crawford 
(1997). The plots show the time-lag dependence of each barometric response model associated with 
a unit step change in atmospheric pressure. As indicated, each barometric response model has a 
distinguishing pattern that can be used diagnostically for response-model identification. Spane 
(1999,2002) extended these diagnostic plots to include composite responses that represent 
combined wellbore-storage together with either unconfined or confined aquifer models and open 
and closed-well systems. 

As shown in Appendix Figure B.4, the diagnostic barometric response pattern for a perfectly 
confined or nonleaky confined aquifer model is distinguished by a constant well-response function 
for a step in pressure for all time lags. This constancy in barometric response is attributed to the 
lack of dependence on lagged barometric response (i.e., barometric effects are applied 
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"instantaneously" both at the well and to the aquifer system). Of potential relevance to the field 
investigations conducted at the proposed Black Rock Reservoir would be the identification of 
leakage effects within barometric response models. Although it is not currently documented in 
scientific literature, leaky confined aquifer systems would be expected to deviate from the exhibited 
nonleaky response pattern as shown schematically in Appendix Figure B.S. For leaky confined 
systems, the response pattern would be expected to: 

• 	

• 	

• 	

initially coincide with the non-leaky horizontal pattern (i.e., no time-lag 
dependence) 

exhibit a transition pattern (i.e., time-lag dependence) 

finally exhibit a horizontal pattern representative of the total system barometric­
efficiency characteristics (i.e., combined confined aquifer and confining layer 
leakage characteristics). 

The final total system pattern would be expected to be either greater or less than the initial nonleaky 
pattern and be dependent on existing aquifer/aquitard BE characteristics and vertical hydraulic-head 
gradient conditions. Leakage would be exhibited by the transition pattern connecting the initial and 
final horizontal segments of the response pattern. Aquifer systems exhibiting higher leakage effects 
would be manifested by an earlier or faster expression of the transition leg that is reflective of a 
time-lag Qeakage) dependence. 

To examine the barometric response model characteristics, multiple-regression convolution 
techniques were applied to the de-trended 2S-day data sets for the two baseline monitoring periods, 
following the procedure described in Rasmussen and Crawford (1997) and Spane (1999). The 
barometric response plots for the two piezometers during the two baseline monitoring periods are 
shown collectively for comparison purposes in Figure 4.7 (a) and (b), respectively. A number of 
distinct diagnostic features are evident in response plots for each baseline period. 

For the first baseline monitoring period, Figure 4.7(a) suggests that the hydraulic connection 
afforded by the sand-pack installation at piezometer DH-OS-Ol with the overlying unconfined 
aquifer was relatively robust, with both piezometer barometric response plots exhibiting nearly 
identical and predominantly unconfined-aquifer response behavior. The time-lag dependence was 
completely resolved within 30 to 3S hours for both piezometer response plots. 

For the second baseline monitoring period, Figure 4.7 (b) indicates several important diagnostic 
features (note: the extended horizontal scale). First, the early-time response characteristics for 
piezometer DH-OS-Ol indicate either a low hydraulic conductivity or damaged well-skin condition 
(see Spane 2002). This is consistent with the hydraulic property test results reported for this interval 
in Section S.2.4. Additionally, after approximately 20 hours time-lag dependence, both monitored 
test intervals (i.e., DH-OS-Ol unconfined aquifer within the fault zone breccia and DH-06-01 in the 
Pomona basalt confined aquifer) respond identically and respond barometrically in unison. As 
indicated in the figure, after approximately 6S hours, the two aquifer systems appear "equilibrated," 
and no additional barometric time-lag dependence is exhibited (note: time lags extended to 
200 hours, but not shown). The stabilized apparent barometric efficiency for the equilibrated region 
of the response plot is ~0.03. 
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Figure 4.1. 	 Comparison of Base1ine Groundwater Dynamics Responses for Piezometers 
DB-OS-Ol and DH-06-0l: June 24-August 3, 2006 

Figure 4.2.  	Comparison of Baseline Groundwater Dynamics Responses for Piezometers 
DH-l)5-l)1 and DH-ll6-Ql, June 29--July 24, 2006 
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Figure 4.3. 	 Comparison of Baseline Groundwater Dynamics Responses for Piezometers 
DH-05-01 and DH-06-01: Calendar Days 275 to 425 (CY 2006) 

Figure 4.4.  	Comparison ofDH-05-01 Water-Level Elevation and Barometric Pressute 
Response: Calendar Days 1 to 26 (CY 2007) 
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Figure 4.6. 	 Comparison of Continuous Frequency Spectra for Well Water-Level Response 
for Piezometers DH-05-01 and DH-06-01 During the (a) First Baseline 
MonitOring Period and (b) Second Baseline Monitoring Period 
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5. Hydraulic Test Results: Borehole DH-05-01 

In this section, a description of hydrologic tests and associated results for the various vadose-zone 
(unsaturated) and saturated-zone test intervals is provided. Tables 5.1 and 5.2 provide general test 
activity and information pertaining to borehole hydrologic characterization tests completed at 
DH-05-01 while the corehole was progressively drilled and tested between December 6, 2005 and 
February 22, 2006. Following completion of drilling activities, corehole DH-05-01 was initially 
completed as a piezometer within the Pomona basalt over the depth interval of 379 to 399.5 ft. 
However, after it was recognized that the piezometer original completion did not completely isolate 
the monitoring interval within the Pomona basalt confined aquifer system, remedial activities were 
initiated, and the corehole was subsequently re-completed as a piezometer monitoring the overlying 
unconfined aquifer over the depth interval 280 to 295 ft. Single-well tests were conducted within 
DH-05-01 within the original and re-completed piezometer installations on May 25 and October 9, 
2006, respectively. 

5.1 Vadose Zone Tests 

Six vadose zone depth intervals were characterized for hydraulic property determination during the 
course of drilling DH-05-01 down to a depth of 151 ft. The vadose zone test results provide 
valuable hydrologic information concerning the permeability of geologic materials above the water 
table, which would be located along the south dam abutment of the proposed Black Rock Reservoir. 
The vadose zone tests were conducted using the constant-head injection-test method described in 
Section 3.2.1. Vadose zone test intervals within test borehole DH-05-01 were selected based on 
detailed geologic information obtained from visual core analysis performed in the field at the drill­
site location. 

Briefly stated, the vadose zone tests were conducted in open borehole sections ofDH-05-01 that 
were core-drilled below the driven 6-in. drill casing. To initiate the test, the open corehole section 
was saturated by rapidly filling the corehole/casing system with freshwater to a selected depth from 
the top of the drill casing. Gravity injection flow rates required to maintain the level of water within 
the corehole (i.e., head above the bottom of the corehole) were monitored during the course of the 
injection-test period. Injection testing continued until injection rates became uniform with time, 
indicating the establishment of pseudo-steady-state conditions. Normally, constant head injection 
testing was completed within 2-hours. In-borehole pressures were monitored during testing with a 
pressure transducer datalogger system. 

Saturated hydraulic conductivity values for the vadose zones tested were calculated using the 
analytical methods described in Section 3.2.1. The vadose zone hydraulic properties calculated fall 
within the reported range of hydraulic conductivity values determined for Saddle Mountain basalt 
units on the nearby Hanford Site. A summary of pertinent test information and analysis results 
obtained for the vadose zone tests are provided in Tables 5.1 and 5.2. Test descriptions and 
analytical results obtained for the individual vadose zone test intervals are presented below. Selected 
analysis figures for the vadose zone tests are presented in Appendix C. 
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5.1.1 Pomona Basalt: 65.6 to 70.6 ft 

Hydrologic testing of this vadose zone test interval was accomplished by core drilling ~5 ft below 
the advanced PQ drilling rods (depth of 65.6 ft) to a corehole depth of 70.6 ft. At the time of 
testing, the 6-in. well casing was set at a depth of 60 ft. The coring was accomplished using clear 
water as the circulating drilling fluid. No core was recovered from this test section; however, the 
general geologic description for the unit tested indicates that the Pomona basalt at this location 
consists of black to gray, moderately hard to hard, mostly fine-grained, vesicular to dense, aphanitic 
basalt, and basalt breccia. 

A pressure transducer was placed ~5 ft from the bottom of the corehole for the purpose of 
measuring downhole pressure buildup within the borehole during the constant-head injection test. 
A two-step, constant-head injection test was planned for this test interval. The first step of the 
injection test was initiated at 1023 hours, PST on December 6, 2005, by rapidly filling the corehole­
casing system with freshwater to near the top of the test casing that extended a distance of ~4.6 ft 
above land surface, using a surface pump/water tank system. Injection rates during the first step 
were relatively uniform following the initial minutes of the test and averaged 2.0 gpm during the last 
30 min of this injection step. This value was used as the pseudo-steady-state injection rate, Qs. 
After 36 minutes into the test, the second step of the injection test was initiated by closing in the 
wellhead and increasing the injection rates in an attempt to increase the pressure-injection head. 
Comparison of injection-test results conducted at different injection pressures provides information 
that can be used for the purpose of assessing stress dependency. The injection pressure during the 
second step, however, could not be maintained at a uniform level, and the test was subsequently 
terminated at 1119 hours, PST, on December 6, 2005. A total of 150 gal of freshwater was 
estimated to have been injected into the test interval during the course of the test. 

For the first injection step, downhole pressure readings remained relatively constant during the test 
and equate to a calculated average constant bottom test interval injection head, H, of 75.2 ft for the 
test. Based on these assigned values and the calculated test-relationship parameters X and Tu (listed 
in Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadose zone test case. Using the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity 
for the first injection step, 1<" of 0.46 ft/day is indicated for this test interval. Pertinent test and 
analysis information for this vadose zone interval test are presented in Tables 5.1, 5.2, and Appendix 
Figure C.L No hydraulic-property characterization is possible for the second injection step because 
of the lack of stability of pressures that is discussed above. 

5.1.2 Pomona Basalt: 73.6 to 77.8 ft 

Hydrologic testing of this vadose zone test interval was accomplished by core drilling ~5 ft below 
the advanced PQ drilling rods (depth of73.6 ft), to a corehole depth of77.8 ft. At the time of 
testing, the 6-in. casing was set at a depth of 60 ft. The coring was accomplished using clear water as 
the circulating drilling fluid. Only 45% of the core was recovered from this test section and is 
shown in Appendix Figure D.l. The general geologic description for this unit tested indicates that 
the Pomona basalt at this location consists of black to gray, moderately hard to hard, mostly fine­
grained, vesicular to dense, aphanitic basalt, and basalt breccia. 
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A pressure transducer was placed ~6 ft from the bottom of the corehole for the purpose of 
measuring downhole pressure buildup within the borehole during the constant-head injection test. 
A single-step, constant-head injection test was planned for this test interval. The injection test was 
initiated at 1210 hours, PST on December 7, 2005, by rapidly filling the corehole-casing system with 
freshwater to a height ranging between 21 and 27 ft above the bottom of the corehole with a surface 
pump/water-tank system. Injection rates were variable during the first 20 minutes of the test, and 
this variability is reflective in fluctuations for pressure head evident during this initial period of the 
test (see Appendix Figure D.2). The injection flow rate was then fixed at ~1.5 gpm, and the 
downhole pressure head stabilized during the remaining 50 minutes of the injection. The final 
stabilized downhole pressure head of 22.3 ft was maintained during the last 20 minutes of the test. 
The injection test was subsequently terminated after 71 minutes at 1321 hours, PST, on December 
7,2005. A total of 95 gal of freshwater was estimated to have been injected into the test interval 
during the course of the test. 

Based on the observed injection test conditions and the calculated test-relationship parameters X 
and Tu (listed in Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection 
test can be categorized as a deep water-table (Zone 1) vadose zone test case. Using the appropriate 
equations listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic 
conductivity, I<S, of 1.39 ft/day is indicated for this test interval. Pertinent test and analysis 
information for this vadose zone interval test is presented in Tables 5.1,5.2 and Appendix 
Figure C.2. 

5.1.3 Esquatze1/Umatilla Basalt: 93 to 98 ft 

Hydrologic testing of this vadose zone test interval was accomplished by drilling 5-ft below the 
advanced 6-in. casing (set at 93 ft), to a borehole depth of 98 ft. The interval was not cored and was 
drilled using a rock bit with a 0.490-ft diameter. The drilling was accomplished using compressed air 
as the borehole circulating drilling fluid. The drilling assembly was then removed from the borehole, 
clearing the 5-ft open borehole interval for testing. The general geologic description for this unit 
tested indicates that the Esquatzel and Umatilla basalts at this location consist of black to gray, hard, 
mostly fine-grained dense basalt and basalt breccia. 

Following removal of the drilling assembly, a pressure transducer was placed at a depth of 91.9 ft for 
measuring downhole pressure buildup within the borehole during the constant-head injection test. 
A single-step, constant-head injection test was planned for this test interval. The injection test was 
initiated at 1020 hours, PST, on December 17,2005, by rapidly injecting freshwater into the 
borehole-casing system to a height ranging between 8 and 13 ft above the bottom of the borehole 
with a surface pump/water tank system. Injection rates were variable, ranging between 11.5 and 
24 gpm during the first 10 minutes of the test. This variability is reflective in fluctuations for 
pressure head evident during this initial period of the test (see Appendix Figure D.3). The injection 
flow rate was controlled and set at ~14 gpm, and the downhole pressure head slowly stabilized 
during the remaining 40 minutes of the injection. The final stabilized downhole pressure head of 
10.7 ft was maintained during the last 20 minutes of the test. The injection test was subsequently 

terminated after a total injection time of 50 minutes at 1110 hours, PST, on December 17, 2005. A 

total of 665 gal of freshwater was estimated to have been injected into the test interval during the 

course of the test. 
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Based on these assigned values and the calculated test relationship parameters X and Tu (listed in 
Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadose zone test case. Using the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity 
range, I(., of 17.1 to 24.2 ft/day is indicated for the test interval. This range in estimated hydraulic 
conductivity is reflective of the uncertainty associated with calculating the saturated conductivity 
coefficient, Cu, which is highly sensitive to low stress conditions. The listed best-estimate value for 
Ks of 20.7 ft/day represents the average of the calculated lower and upper range values. Pertinent 
test and analysis information for this vadose zone interval test is presented in Tables 5.1, 5.2, and 
Appendix Figure C.3. 

5.1.4 Esquatze1/Umatilla Basalt: 113 to 119 ft 

Hydrologic testing of this vadose zone test interval was accomplished by drilling 6-ft below the 
advanced 6-in. casing (set at 113 ft), to a borehole depth of 119 ft. The interval was not cored and 
was drilled using a rock bit with a 0.490-ft diameter. The drilling was accomplished using 
compressed air as the borehole circulating drilling fluid. The drilling assembly was then removed 
from the borehole, clearing the 6-ft open borehole interval for testing. The general geologic 
description for this unit tested indicates that the Esquatzel and Umatilla basalts at this location 
consists of black to gray, hard, mostly fine-grained dense basalt and basalt breccia. 

Following removal of the drilling assembly, a pressure transducer was placed at a depth of 111.8 ft 
for measuring downhole pressure buildup within the borehole during the constant-head injection 
test. A single-step, constant-head injection test was planned for this test interval. The injection test 
was initiated at 1341 hours, PST, on December 17,2005, by rapidly injecting freshwater into the 
borehole-casing system to a height ranging between 7 and 15 ft above the bottom of the borehole 
with a surface pump/water tank system. Injection rates were variable, ranging between 8.5 and 
10.5 gpm during the first 9 minutes of the test. This variability is reflective in fluctuations for 
pressure head evident during this initial period of the test (see Appendix Figure D.4). The injection 
flow rate was lowered and controlled at a set value of ~4.1 gpm, and the downhole pressure head 
slowly stabilized during the remaining 30 minutes of the injection. The final stabilized downhole 
pressure head of 10.9 ft was maintained during the last 30 minutes of the test. The injection test was 
subsequently terminated after a total injection time of 40 minutes at 1421 hours, PST, on 
December 17,2005. A total of 245 gal of freshwater was estimated to have been injected into the 
test interval during the course of the test. 

Based on these assigned values and the calculated test-relationship parameters X and Tu (listed in 
Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadose zone test case. Using the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity 
range, I(., of 4.56 to 6.31 ft/day is indicated for the test interval. This range in estimated hydraulic 
conductivity is reflective of the uncertainty associated with calculating the saturated conductivity 
coefficient, Cu, which is highly sensitive to low-stress conditions. The listed best-estimate value for 
Ks of 5.43 ft/day represents the average of the calculated lower and upper range values. Pertinent 
test and analysis information for this vadose zone interval test is presented in Tables 5.1, 5.2, and 
Appendix Figure C.4. 
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5.1.5 Esquatzel/Umatilla Basalt: 123 to 129 ft 

Hydrologic testing of this vadose zone test interval was accomplished by drilling 6-ft below the 
advanced 6-in. casing (set at 123 ft) to a borehole depth of 129 ft. The interval was not cored and 
was drilled using a rock bit with a 0.490-ft diameter. The drilling was accomplished using 
compressed air as the borehole circulating drilling fluid. The drilling assembly was then removed 
from the borehole, clearing the 6-ft open borehole interval for testing. The general geologic 
description for this unit tested indicates that the Esquatzel and Umatilla basalts at this location 
consist of black to gray, hard, mostly fine-grained dense basalt and basalt breccia. 

Following removal of the drilling assembly, a pressure transducer was placed at a depth of 119.3 ft 
for measuring downhole pressure buildup within the borehole during the constant-head injection 
test. A single-step, constant-head injection test was planned for this test interval. The injection test 
was initiated at 1147 hours, PST, on December 19, 2005, by rapidly injecting freshwater into the 
borehole-casing system to a height ranging between 13 and 17 ft above the bottom of the borehole 
with a surface pump/water tank system. Injection rates were variable, initially starting at ~9.5 gpm 
and slowly lowering to 7.5 gpm during the first 10 minutes of the test. The injection flow rate was 
then lowered and controlled at a set value of ~7.1 gpm, and the downhole pressure head slowly 
stabilized during the remaining 40 minutes of the injection. The final stabilized downhole pressure 
head of 16.75 ft was maintained during the last 30 minutes of the test (see Appendix Figure C.5). 
The injection test was subsequently terminated after a total injection time of 53 minutes at 
1240 hours, PST, on December 19, 2005. A total of 455 gal of freshwater was estimated to have 
been injected into the test interval during the course of the test. 

Based on these assigned values and the calculated test relationship parameters X and Tu (listed in 
Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadosezone test case. Using the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity 
range, I<S, of 4.76 to 6.51 ft/day is indicated for the test interval. This range in estimated hydraulic 
conductivity is reflective of the uncertainty associated with calculating the saturated conductivity 
coefficient, Cu, which is highly sensitive to low-stress conditions. The listed best-estimate value for 
I<S of 5.64 ft/day represents the average of the calculated lower and upper range values. Pertinent 
test and analysis information for this vadose zone interval test is presented in Tables 5.1, 5.2, and 
Appendix Figure C.5. 

5.1.6 Esquatzel/Umatilla Basalt: 133 to 151 ft 

Hydrologic testing of this vadose zone test interval was accomplished by drilling 18 ft below the 
advanced 6-in. casing (set at 133 ft), to a borehole depth of 151 ft. The interval was not cored and 
was drilled using a rock bit with a 0.49-ft diameter. The drilling was accomplished using compressed 
air as the borehole circulating drilling fluid. The drilling assembly was then removed from the 
borehole, clearing the 18-ft open borehole interval for testing. The general geologic description for 
this unit tested indicates that the Esquatzel and Umatilla basalts at this location consist of black to 
gray, hard, mostly fine-grained dense basalt and basalt breccia. 

Following removal of the drilling assembly, a pressure transducer was placed at a depth of 131.8 ft 
for measuring downhole pressure buildup within the borehole during the constant-head injection 
test. A single-step, constant-head injection test was planned for this test interval. The injection test 
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was initiated at 1415 hours, PST, on December 19,2005, by rapidly injecting freshwater into the 
borehole-casing system with a surface pump/water tank system. The initial injection rate of 
~9.5 gpm produced a pressure transducer over-range (i.e., > 45 ft) during the first 15 minutes of the 
injection test. The injection rate was lowered to 2.2 gpm, which allowed the fluid column height 
above the bottom of the borehole to stabilize within the range of calibration of the transducer used. 
The downhole pressure head slowly stabilized at a value of 33.6 ft during the last 30 minutes of the 
injection (see Appendix Figure C.6). The injection test was subsequently terminated after a total 
injection time of 60 minutes at 1515 hours, PST, on December 19, 2005. A total of 240 gal of 
freshwater was estimated to have been injected into the test interval during the course of the test. 

Based on these assigned values and the calculated test relationship parameters X and Tu (listed in 
Table 5.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadose zone test case. Using the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity 
value, K" of 0.45 ft/day is indicated for the test interval. Pertinent test and analysis information for 
this vadose zone interval test is presented in Tables 5.1, 5.2, and Appendix Figure C.6. 

5.2 Groundwater Test Zones 

Two groundwater test zones (within the fault-zone breccia and a composite section of fault-zone 
breccia, Rattlesnake Ridge interbed, and Pomona basalt) were tested during the course of drilling 
DH-05-01 to a depth of 401 ft. The test results provide valuable hydrologic characterization 
information concerning the transmission, storage, and leakage characteristics of these hydrogeologic 
units in the vicinity of the proposed south abutment area. In addition to these tests performed 
during drilling, hydrologic tests were also conducted after drilling within the piezometer installation. 
As noted in Section 2 (Figure 2.2), the initial piezometer completion was adversely affected by the 
improper placement of sand pack materials within the borehole surrounding the piezometer. This 
improper sandpack installation afforded hydraulic communication between the underlying 
monitored Pomona basalt confined aquifer and the overlying unconfined aquifer that occurs within 
the fault-zone breccia. The groundwater test zones were conducted with a variety of test methods 
described in Section 3.2.2. Groundwater test intervals within DH-05-01 were selected based on 
detailed geologic information obtained from visual core analysis performed in the field at the drill 
site location. 

Hydraulic conductivity values for the groundwater zones tested at DH-05-01 were calculated using 
the analytical methods described in Section 3.2.2. A summary of pertinent test information and 
analysis results obtained for the groundwater zones tested is provided in Table 5.1. Test 
descriptions and analytical results obtained for the individual groundwater-zone test intervals are 
presented below. Selected analysis figures for the tests are presented both in this section and in 
Appendix E. 

5.2.1 Fault Zone Breccia: 269.2 to 287.4 ft 

Hydrologic testing of this groundwater test interval was accomplished by core drilling to a depth of 
287.4 ft, and the PQ drilling rods retracted to a depth of 269.2 ft, exposing an 18.2-ft corehole 
section for testing. At the time of testing, the 6-in. casing was set at a depth of 143 ft. The coring 
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was accomplished using a polymer drilling mud with sealant as the circulating drilling fluid. Core 
recovery ranged between 95 to 100% over the test-interval section. Selected core pictures of the test 
interval are shown in Appendix Figures D.2A and 2B. The general geologic description of the unit 
tested is a fault-zone breccia that is moderately weathered at the top of the test section, which 
becomes more intensely altered with depth, with an adhering-clay to sandy-clay matrix. 

To test this interval, the downhole packer/pressure probe test system was lowered within the 
borehole, and the packer was set inside the PQ drilling rods (due to open borehole stability 
concerns), at a depth of 269 ft. A 1 O-ft well screen was attached below the packer assembly. This 
theoretically isolated the test interval 269.2 to 287.4 ft for testing; however, the PQ drilling rods had 
been retracted ~18.2 ft (to a depth of 269.2 ft), and fluid by-pass around the drilling rods was 
possible. A static water level was not determined before testing; however, the projected recovery 
level following testing indicates a depth-to-water of 268 ft (elevation =1008.2-ft MSL) for the test 
interval. This is consistent with an initial static depth-to-water of 267.8 ft measured on October 9, 
2006, two days following re-completion of the piezometer in DH-05-01 within the fault-zone 
breccia. 

A single-step, constant-rate injection test was initiated at 1250 hours, PST, on February 15, 2006, by 
injecting freshwater into the borehole-casing system with a surface pump/water tank system. 
Injection rates of ~17 gpm were observed during the initial minutes of the test, which were 
subsequently adjusted lower to an injection rate of 8.7 gpm within 5 minutes into the test. The 
injection rate averaged 8.76 gpm and varied less than 0.2 gpm from this value for the remainder of 
the test. The injection test was subsequently terminated after a total injection time of 191 minutes at 
1601 hours, PST, on February 15, 2006. A total of 1,675 gal offreshwater was estimated to have 
been injected into the interval during testing. 

Figure 5.1 shows the associated, downhole pressure response during and immediately following 
terminating the constant-rate injection test. As indicated in the figure, a significant temporary 
decline in pressure was observed 142 minutes into the test (at 913 minutes, February 15, 2006). The 
cause of this observed decline is not associated with a decrease in injection rate and is believed to be 
associated with a change in the test-interval conditions. A plausible explanation is that the increasing 
injection pressure (at ~ 100 ft of pressure head) produced a sudden fluid by-pass between the PQ 
drilling rods and the surrounding collapsed borehole wall. The fluid by-pass would increase the 
effective test interval length accepting the injection water and produce a momentary decline in 
pressure. The abrupt pressure build-up following the momentary decline also suggests that the fluid 
by-pass condition was temporary and that the borehole may have re-collapsed around the drilling 
rods. 

In an effort to analyze the injection-test results for hydraulic-property characterization, the injection 
pressure head build-up data before the anomalous pressure change (i.e., at an elapsed time of 
142 minutes) were the focus of the analysis. To analyze pressure build-up data, the pre-test, static 
formation pressure must be known. The formation pressure head was not measured before testing, 
but can be estimated by projecting (linear-regression) late-time recovery data to unity using a 
standard Horner (1951) recovery plot, as described in Earlougher (1977). Figure 5.2 shows the 
projected late-time recovery following termination of the injection test. As indicated, a projected 
static depth-to-water (converted from downhole pressure measurements) of 268.03 ft is indicated. 
This is equal to a hydraulic head value for the unconfined aquifer of 1008.07-ft MSL (based on a 
ground surface elevation of 1276.1-ft MSL). This water-table elevation is almost identical to the 
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observed water-level elevation measured within DH-05-01 (i.e., 1,008.3-ft MSL) one day after re­
completing the piezometer installation within the fault-zone breccia on October 7, 2006, as 
discussed in Sections 4 and 5.2.4. 

Given the projected pre-test static head conditions, the initial 142 minutes of injection pressure 
build-up data were analyzed using two analytical methods. Because the test response is dominated 
by wellbore storage effects, standard straight-line solutions are not applicable. For an initial 
assessment, the build-up injection response was converted to an equivalent slug-test response and 
analyzed using slug-test-type curve methods described in Section 3.2.2.1. The convergence of 
pumping-test to equivalent slug-test responses is discussed in Peres (1989) and Spane (1996) and is 
useful for establishing bounds on storativity, S, and hydraulic conductivity, K, for the test interval 
examined. These initial slug-test analysis values were then applied and adjusted for calculated 
constant-rate pumping/injection-test-type curves (Section 3.2.2.3), which were used to match the 
observed build-up pressure-head data. Because of the flow variability exhibited during the initial 
minutes of the injection test, emphasis was placed only on matching the pumping/injection type 
curves to pressure build-up data after ~10 minutes into the test. 

Two aquifer conditions were used in the analyses: full and partially penetrating aquifer scenarios. 
For the partially penetrating aquifer analysis, the base of the fault-zone breccia aquifer was assumed 
to be the top of the underlying Rattlesnake Ridge interbed at 301.1 ft. Given a static depth-to-water 
of ~268 ft, this yields an aquifer thickness, b, estimate of ~33 ft. This aquifer thickness was used for 
this analysis approach. For the full penetration aquifer analysis, the aquifer thickness was assumed 
to be equal to the open borehole section, i.e., 18.2 ft. 

Figures 5.3 and 5.4 show examples of the converted slug test and injection build-up analyses, 
respectively, for the partially penetrating aquifer assumption. As indicated, a relatively close 
correspondence for average hydraulic conductivity (K = 0.59 and 0.78 ft/day) for the test interval 
was obtained for the two analytical methods. Table 5.1 lists the hydraulic parameter estimate results 
for T, K, and S for the two analytical methods under full and partially penetrating aquifer conditions. 
As indicated in the table, only T varied significantly, which is attributable to its direct association 
with aquifer thickness. For the converted equivalent slug-test analysis, K and S ranged between 0.78 
and 0.84 ft/day, and 7.0E-4 and 8.0E-4, respectively. In comparison, for the injection type-curve 
analysis, K ranged between 0.59 and 0.63 ft/day, while a uniform value for S of lE-3 was indicated 
for the two aquifer-analysis conditions. No skin effects, Sk> are assumed to occur during the test, 
and based on the S values from the analysis matches, no significant skin effects are believed operable 
during this test. Because of the short duration of the test, infinite-acting radial flow conditions were 
not reached and, therefore, a quantitative estimate for specific yield, Sy, is not attainable. However, 
the type-curve analysis applied suggests a bounding value for Sy ~0.02. 

It should be noted that because of the adverse impact of the potential hydraulic by-pass observed 
during testing (i.e., at 142 min into the injection) as well as the impact of de-saturation of the vadose 
zone that was previously saturated during the injection test, no effort was attempted to analyze the 
recovery fall-off response data observed following termination of the injection test. 
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5.2.2 Pomona Basalt/Composite Zone: 319 to 334.6 ft/(287.6 to 334.6 ft) 

Hydrologic testing of this groundwater test interval was accomplished by core drilling to a depth of 
334.6 ft, and the HQ drilling rods retracted to a depth of 319 ft exposing a 15.6 ft open core hole 
section for testing. At the time of testing, a 4-in. casing was set at a depth of 287.6 ft. The coring 
was accomplished using a polymer drilling mud with sealant as the circulating drilling fluid. Core 
recovery ranged between 74 to 100% over the test-interval section. Core pictures of the test interval 
are shown in Appendix Figures D.3A through 3E. The general geologic description of the 
composite zone cored below the 4-in. casing includes: a fault zone breccia 287.4 to 301.1 ft, 
moderately to intensely weathered (Appendix Figures D3A and 3B); Rattlesnake Ridge interbed 
301.1 to 310.7 ft, a moderately weathered/altered tuffaceous, fine-grained sedimentary unit 
(Appendix Figures 3B and 3C); and Pomona basalt 310.7 to 334.6 ft, vesicular, moderately 
weathered basalt (Appendix Figures D3C, 3D, and 3E). The composite cored section intersects two 
aquifer systems at the test site; the unconfined aquifer within the fault zone breccia, and a confined 
aquifer system within the underlying Pomona basalt. The Rattlesnake Ridge interbed serves as the 
principal confining layer between the two aquifer systems, which exhibits a significant hydraulic head 
difference of ~102 ft (i.e., unconfined aquifer =~1008-ft MSL; confined aquifer = ~1110-ft MSL); 
see Figure 2.5). 

To test this interval, the downhole packer/pressure probe test system was lowered within the 
borehole and the packer set inside the HQ drilling rods (due to open borehole stability concerns), at 
a depth of ~318 ft. A 10-ft well screen was attached below the packer assembly. This theoretically 
isolated the test interval between 319 and 334.6 ft for testing; however, the HQ drilling rods had 
been retracted ~15.6 ft (to a depth of 319 ft), and fluid by-pass around the drilling rods was 
possible. As will be discussed, there is evidence during the testing sequence that some minor 
hydraulic communication within the corehole existed between the open Pomona basalt test section 
and the overlying unconfined aquifer above the confining Rattlesnake Ridge interbed. 

A single-step, constant-rate injection test was initiated at 1155 hours, PST on February 21,2006, by 
injecting freshwater into the borehole-casing system utilizing a surface pump/water tank system. 
Injection rates of ~8 gpm were observed during the initial minutes of the test, which were 
subsequently adjusted lower to an injection rate of 4.6 gpm within 10 minutes into the test. The 
injection rate averaged 4.62 gpm and varied less than 0.1 gpm from this value for the remainder of 
the test. The injection test was subsequently terminated after a total injection time of 216 minutes at 
1531 hours, PST on February 21,2006. A total of 1,025 gal of freshwater were estimated to have 
been injected into the interval during testing. 

Figure 5.5 shows the associated, downhole pressure response during, and immediately following 
terminating the constant-rate injection test. As indicated in the figure, injection pressures were 
relatively stable during the majority of the test. Figure 5.6 shows the fully recovered water-level 
elevation observed within the test interval with extended recovery time. As indicated, the recovered 
test interval water-level elevation following injection is ~6.s ft lower (~1103.5-ft MSL) than 
observed for the isolated Pomona basalt confined aquifer system (~1110-ft MSL; Section 4). This 
observed lower-than-expected water level is reflective of the composite hydraulic head condition 
observed for this test zone. The composite head observed is a function of the higher hydraulic head 
within the confined aquifer, the lower hydraulic head within the overlying unconfined aquifer, and 
the low hydraulic connection between the two aquifer systems afforded by the HQ drilling rods and 
collapsed-formation contact boundary. 
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In an effort to analyze the injection-test results for hydraulic property characterization, both the 

observed pressure recovery data period and the active injection-test data were examined for possible 

characterization analysis. Figure 5.7 shows a diagnostic test data and data-derivative plot of pressure 

recovery following termination of the injection test. As shown, the majority of the early test data 

(which are more reflective of the open test interval/ confined aquifer conditions) is dominated by 

wellbore storage effects, while the later recovery data are more representative of the combined 

composite aquifer test conditions. The complexity of the composite aquifer test conditions 

(hydraulic head differences and unknown hydraulic conductance of the wellbore connection 

between the two aquifers), makes analysis of this portion of the recovery data non-unique. 

Therefore, efforts were focused on analyzing the early-recovery test that is more representative of 

the open corehole test interval section (i.e., 319 to 334.6 ft). 


Based on the diagnostic plot shown in Figure 5.7, recovery data before 20 minutes are considered 

applicable and primarily reflective of the open corehole test interval. As noted, the early recovery 

data are dominated by well-bore storage effects, which makes analysis using standard constant-rate 

pumping/injection type curves rather ambiguous. To facilitate analysis of the early-recovery test 

data, the recovery data were converted to an equivalent slug-test response and then analyzed using a 

standard slug-test-type curve and derivative plot methods described in Section 3.2.2.1. This is the 

same approach used and described previously for analyzing the constant-rate injection pressure 

build-up data within the overlying fault-zone breccia (269.2 to 287.4 ft). 


Figure 5.8 shows the converted equivalent slug test data and data derivative and analysis plots. As 

indicated, a close match was obtained using the following parameter values for the test interval: 

transmissivity, T, =4.4 ft2

/ day; average hydraulic conductivity, K, =0.28 ft/day; and storativity, S, =
 
4.8E-6. No skin effects, Sk' were assumed to occur, and based on the S-value analysis match, no 

significant skin effects are believed operable during this test. It should also be noted that the 

analysis is based on a fully penetrating aquifer test condition, which as shown for the previous fault­

zone breccia test interval did not deviate appreciably from partially penetrating aquifer analysis 

conditions (i.e., for K and S). 


As shown in Figure 5.5, the injection build-up pressure exhibited variability during the initial minutes
 
of the injection, and after minor flow adjustments became rather steady for the majority of the test. 

This relative stability in injection pressure and lack of significant variation in injection flow rate for 

most of the test allows the opportunity to analyze the injection phase of the test as a constant­

pressure injection test. Figure 5.9 shows the plot of observed injection flow rate and matched 

predicted injection rate versus time using the transient analytical method for constant-drawdown 

(head) tests presented in Jacob and Lohman (1952) and Lohman (1972). The matched flow-rate 

response plot is based on a calculated constant head value, Llif, of 142.2 ft (Figure 5.5) above 

confined aquifer conditions, and the following hydrologic parameter values: T =5.47 ft2

/ day, 

K =0.35 ft/day, and S =8.0E-4. To demonstrate the sensitivity of the analysis to varying K, the 

simulated flow-rate response is also shown additionally for K values of 0.1 and 0.7 ft/day, with the 

remaining hydrologic parameters remaining fixed. As shown, the predicted response is highly 

sensitive to K. 


For a qualitative comparison with the transient analysis result, a steady-state analysis for the 

constant-head test was also performed, using Equation 3.5. For the steady-state analysis, the 

following input values were used: Qavg =4.62 gpm; Llif, =142.2 ft; R =100 ft (assumed); 
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rw =0.328 ft. Based on these input parameters, a calculated value for T and K of 6.42 ft2
/ day and 

0.41 ft/day were calculated, respectively. These steady-state derived estimates compare closely with 
the transient determined analysis results; however, they are not included in the test summary or 
best-estimate values because of the uncertainty of determining the radius of test investigation, R, and 
whether steady-state conditions were established during testing. 

Table 5.1 lists pertinent hydraulic parameter estimate results for T, K, and S for the two test analysis 
methods applied for this test-interval characterization. It should be noted that because of the 
adverse impact of the hydraulic communication between the two aquifer systems observed during 
and following completion of the injection test, the hydraulic-property estimates assigned to the open 
corehole test section should be viewed with a moderate degree of uncertainty; however, the 
estimates are believed to provide conservative estimates for the analyzed hydrologic characterization 
parameters. 

5.2.3 Pomona Basalt: 379 to 399.5 ft 

Testing for this Pomona basalt depth interval (i.e., 379 to 399.5 ft) was conducted on May 25, 2006, 
after termination of drilling activities and piezometer completion installation (Section 2; Figure 2.2). 
At the time of the Pomona basalt piezometer tests at DH-05-01, nearby borehole DH-06-01 had 
been completed (on May 20, 2006) with a piezometer over a similar monitor depth interval (i.e., 375 
to 395 ft). The geologic core description for this test interval indicates a slightly weathered, 
moderately to intensely fractured basalt section. As noted previously in Section 2, the piezometer 
completion did not completely isolate the monitoring interval within the Pomona basalt confined 
aquifer system, and a degree of hydraulic communication existed via the sandpack installation with 
the overlying unconfined aquifer system. The relatively high permeability of the monitored Pomona 
basalt interval (and relatively low permeability for the overlying unconfined aquifer) and relatively 
short-duration of the tests performed indicate that the hydraulic properties determined from the 
piezometer tests are largely reflective of the Pomona basalt confined aquifer system at this location. 

Two pneumatic slug tests were conducted at piezometer DH-05-01 on May 25,2006, by lowering 
the water column within the piezometer with compressed gas to depress the fluid-column level to 
the designed test stress levels. The actual stress level applied for each test was determined by 
comparing applied surface gauge pressures with observed downhole pressure-transducer readings 
that were projected to the time of test initiation. After the monitored fluid column was stabilized 
for ~10 minutes at the prescribed stress level (slug withdrawal test: SW #1 ~6.9 ft; SW #2 ~11.2 ft), 
a slug withdrawal test was initiated by suddenly releasing the compressed gas used to depress the 
borehole fluid-column level. The compressed gas was released from the piezometer casing by 
opening the valve (e.g., ball valve) mounted on the surface wellhead used to seal the casing system. 

The first pneumatic slug withdrawal test was initiated at 1639 hours PDT on May 25,2006, by 
opening the surface wellhead valves, which released the well-column compressed gas, allowing the 
test formation to recover to pre-test static conditions. The test recovery to pre-test static conditions 
was rapid, with full recovery occurring within 30 seconds of test initiation. Following recovery of 
the first slug withdrawal test, a second pneumatic test was performed by applying regulated 
compressed gas at a slightly higher injection pressure (~11.2 ft). The fluid-column depression phase 
lasted approximately 10 minutes, and the second slug withdrawal test was initiated at 1655 hours 
PDT. A nearly identical rapid-test-response recovery pattern was exhibited for the second slug­
withdrawal test. 
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Figure 5.10 shows a diagnostic analysis plot of the slug-test response. As shown, a concave­
downward response is indicated, which is indicative of critically damped slug-test conditions. For 
the test dimension relationships existing for this piezometer test, critically damped behavior implies 
moderately high test interval permeability conditions. The slug-recovery-test responses were 
analyzed using the High-K type-curve analysis approach that is discussed in Section 3.2.2.1. 

Figure 5.11 shows the test response and analysis results for the second pneumatic slug-withdrawal 
test (SW #2). Because of the local-scale of this test, the test-analysis results are representative of the 
actual well-screened interval. As indicated, a transmissivity and hydraulic conductivity value of 
215 ft2

/ day and 10.5 ft/day were obtained, respectively, for this test analysis. These values were 
calculated from a projected test stress level, H o' of 11.2 ft. Essentially identical results were obtained 
from test SW #1. 

5.2.4 Fault Zone Breccia: 280 to 295 ft 

In an attempt to remedy the multiple aquifer completion exhibited by the initial piezometer 
installation at DH-05-01, the original piezometer was cemented, and the borehole was re-drilled with 
a 5-7/8-in. rock bit to a depth of 320 ft. The drilling was accomplished using water and foam as the 
circulating drilling fluid. A cement grout seal was placed between 298 and 320 ft, which spans the 
confining layer represented by the Rattlesnake Ridge interbed. A 15-ft piezometer was installed 
between 280 and 295 ft, with a sandpack installation emplaced between 270 and 298 ft. A cement 
seal was placed between 270 ft and the land surface. 

This re-completed piezometer provides baseline monitoring for the shallow unconfined aquifer. 
However, continuing long-term baseline monitoring for this piezometer completion indicates a slow 
but steady water-level increase from initial static conditions within the unconfined aquifer 
(Section 4.1). This steady increase suggests a small hydraulic communication within the wellbore 
and new piezometer completion installed at DH-05-01. Because this observed hydraulic connection 
between the two aquifer systems appears to be minor within DH-05-01, it is not expected to 
adversely impact the relatively short-duration hydrologic characterization tests used to obtain 
hydraulic property information within the fault-zone breccia. 

Pneumatic slug tests and a constant-head injection test were conducted on the newly completed 
piezometer following culmination of installation activities on October 7, 2006. The hydraulic 
conductivity estimates for the piezometer fault zone breccia completion zone (i.e., 280 to 295 ft) are 
significantly lower than that calculated for an overlying, over-lapping fault-zone breccia test interval 
(i.e., 269.2 to 287.4 ft), as well as a similar test/depth interval characterized at the adjacent DH-06-01 
(276 to 296 ft). This significant difference in hydraulic-property determination is believed 
attributable to cementing, re-drilling, and re-completion activities for the unconfined aquifer 
installation, which may have produced a reduction in formation permeability immediately 
surrounding the borehole, as discussed in Section 2. 

The following describes the results for hydrologic tests conducted on the piezometer basalt fault­
zone breccia test interval. 
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5.2.4.1 Constant-Head Injection Test 

A constant-head injection test was conducted on October 9, 2006, within the newly re-completed 
piezometer within the fault-zone breccia. The water-level within the piezometer immediately before 
injection testing was 267.8 ft (1008.3-ft MSL), which is nearly identical to the projected 268.03 ft 
static water level obtained during testing within the fault-zone breccia during corehole advancement 
(Section 5.2.1). The test was performed in similar fashion as to other constant-head injection tests at 
the site by rapidly filling the piezometer to the top of the piezometer casing and measuring the 
injection flow rate periodically throughout the test duration. Because of battery failure issues within 
the datalogger system, no downhole pressures were measured within DH-05-01 during the course of 
the injection test. Recovery water-levels within the DH-05-01 piezometer were measured by hand 
using an electronic water-level depth sensor for 2.5 hours following termination of the injection test. 
A back-up pressure transducer system was used to monitor well-pressure responses during testing 
within the adjacent DH-06-01 piezometer, which is completed in the underlying Pomona basalt 
confined aquifer. No associated test responses were exhibited in DH-06-01 during the course of 
injection testing at the DH-05-01 piezometer. 

The constant-head injection test was initiated at 0911 hours, PDT, on October 9, 2006, by injecting 
freshwater into the borehole-casing system with a surface pump/water tank system. Injection rates 
of >2 gpm were used during the initial 15 minutes of the test to fill-up the piezometer to the top of 
the casing. The injection rate was then adjusted manually during the course of the test to maintain a 
relatively constant hydraulic head condition within a few feet from the top of the piezometer. 
Injection rates were monitored periodically with an in-line flowmeter and were observed to steadily 
decline from 2.0 to 1.4 gpm during the injection test. The injection rate averaged 1.71 gpm for the 
entire injection period. The injection test was subsequently terminated after a total injection time of 
262 minutes at 1332 hours, PDT, on October 25, 2006. A total of 445 gal of freshwater was 
estimated to have been injected into the test system during testing. 

In an effort to analyze the injection-test results for hydraulic property characterization, both the 
active injection-rate test data and observed pressure recovery were examined for possible 
characterization analysis. Figure 5.12 shows the plot of observed injection flow rate and matched 
predicted injection rate versus time using the analytical method constant-drawdown (head) tests 
presented in Jacob and Lohman (1952) and Lohman (1972). The matched flow-rate response plot is 
based on a calculated constant head value, .6.H, of 268.4 ft above pre-test unconfined aquifer static 
conditions, and the following hydrologic parameter values: T =0.72 ft2

/ day, K =0.05 ft/day, and 
S =1.0E-3. To demonstrate the sensitivity of the analysis to varying K, the simulated flow-rate 
response is also shown additionally for K values of 0.04 and 0.06 ft2 

/ day with the remaining 
hydrologic parameters remaining fixed. As shown, the predicted response is highly sensitive to K. 

Figure 5.13 shows a diagnostic test data and data-derivative plot of pressure recovery following 
termination of the injection test. As shown, almost all the early recovery test data are dominated by 
wellbore storage/well skin effects. Because of the dominance of these non-formational test 
conditions during the observed recovery period, analysis of the available recovery data would yield a 
non-unique solution using standard pumping/injection-test-type-curve methods. To facilitate 
analysis of the available recovery test data, the recovery data were converted to an equivalent slug­
test response and then analyzed using standard slug-test-type curve and derivative plot methods 
described in Section 3.2.2.1. This is the same approach used and described previously for analyzing 
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the constant-rate injection-pressure build-up data within the overlying fault-zone breccia (269.2 to 
287.4 ft) and underlying Pomona basalt (319 to 334.6 ft). 

Figure 5.14 shows the converted equivalent slug-test data and data-derivative and analysis plots. As 
indicated, a close match was obtained using the following parameter values for the test interval: 
transmissivity, T, =0.54 fe/day; average hydraulic conductivity, K, =0.04 ft/day; and storativity, S, 
=6.8E-3. No skin effects, Sk' are assumed for the test. It should also be noted that the analysis is 
based on a fully penetrating aquifer test condition, which as shown for the previous fault-zone 
breccia test interval did not deviate appreciably from partially penetrating aquifer analysis conditions 
(i.e., for K and S). 

Table 5.1 lists pertinent hydraulic parameter estimate results for T, K, and S for the two test analysis 
methods applied for this test interval characterization. As indicated, relatively comparable hydraulic 
property values were obtained for T and K using both methods. Slightly larger differences for 
storativity were exhibited for the test methods utilized. The S estimate obtained from the converted 
equivalent slug test method, however, may be considered to be more representative, given the 
relative insensitivity of the constant-drawdown/head analysis method to S. 

5.2.4.2 Pneumatic Slug Tests 

Two pneumatic slug tests were attempted on October 25, 2006, within the newly completed 
piezometer for the purpose of providing comparative hydraulic property estimates for the interval 
tested. The water level within the piezometer immediately before slug testing was 259.3 ft (1016.8-ft 
MSL), which indicates an 8.5-ft rise in water level within the piezometer from pre-test conditions 
observed before conducting the constant-head injection test on October 9, 2006. At the time of 
testing, it was uncertain whether the higher observed piezometer water level on October 25, 2006, 
was reflective of slow recovery following termination of injection testing on October 6 or due to an 
existing minor hydraulic communicative condition within the piezometer completion, connecting 
the unconfined aquifer with the underlying confined aquifer system. Subsequent baseline 
monitoring is highly suggestive of a low hydraulic communicative condition within the piezometer 
installation at DH-05-01 (Section 4). 

The slug tests were performed in similar fashion as those conducted for the DH-05-01 Pomona 
basalt piezometer tests (Section 5.2.3). The pneumatic slug tests, however, proved to be 
unsuccessful because of the low-test-interval permeability conditions. As a consequence of the low­
test-interval permeability, the fluid column was lowered only a small distance pneumatically within 
the piezometer during the active gas-injection phase, and consequently, steady-state conditions were 
not established prior to slug withdrawal initiation. Because of the lack of test-system stability and 
small fluid-column depressions, no quantitative hydraulic-property determinations were obtainable 
from these piezometer pneumatic tests. 

5.3 Hydraulic Conductivity Depth Profile 

Figure 5.15 shows a depth profIle of the vertical distribution of hydraulic-conductivity values 
determined from hydraulic tests conducted at DH-05-01 as it relates to subsurface geologic 
conditions. Table 5.3 summarizes the hydraulic-property values shown in the figure and the basis 
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for these estimates. As indicated in Table 5.3 and discussed in Section 5.2.4, the hydraulic­
conductivity value for the re-completed piezometer test interval (i.e., 280 to 295 ft) is significantly 
lower than that calculated for the overlying, over-lapping fault-zone breccia test interval (i.e., 269.2 
to 287.4 ft), and for a similar test/depth interval characterized at adjacent DH-06-01 (276 to 296 ft). 
This significant difference in hydraulic-property determination is believed attributable to cementing, 
re-drilling, and re-completion activities for the unconfined aquifer installation, which may have 
produced a reduction in formation permeability immediately surrounding the borehole. As a 
consequence, the hydraulic properties calculated for this test interval are considered to be non­
representative of actual, surrounding formation conditions and are not used in developing the 
hydraulic-conductivity depth proftle for this test site. 

Table 5.1. Hydrologic Testing/Analysis Summary for Corehole DH-05-1 Test Zones 

Test/ 
Depth 

Interva1(a) 
ft bgs 

Test 
Formation 

Test 
Method 

Hydraulic Properties 

Comments 
T 

ft2/d 

K(b) 

ft/d S 

65.6-70.6 Pomona Basalt 
Constant-Head 
Injection 
(Zone 1 Method) 

NA 0.46 NA Vadose zone test 

73.6-77.8 Pomona Basalt 
Constant-Head 
Injection 
(Zone 1 Method) 

NA 1.39 NA Vadose zone test 

93-98 
Esquatzel/ 

Umatilla Basalt 

Constant-Head 
Injection 
(Zone 1 Method) 

NA 20.7 
(17.1-24.2) 

NA 

Low-head vadose zone 
test; results indicate a 
moderately high 
permeability test interval; 
range shown reflective of 
uncertainty in Cu estimate. 

113-119 
Esquatzel/ 

Umatilla Basalt 

Constant-Head 
Injection 
(Zone 1 Method) 

NA 5.43 
(4.56-6.31 ) 

NA 

Low-head vadose zone 
test; results indicate a 
moderate to high 
permeability test interval; 
range shown reflective of 
uncertainty in Cu estimate. 

123-129 
Esquatzel/ 

Umatilla Basalt 

Constant-Head 
Injection 
(Zone 1 Method) 

NA 5.64 
(4.76-6.51) 

NA 

Low-head vadose zone 
test; results indicate a 
moderate to high 
permeability test interval; 
range shown reflective of 
uncertainty in Cu estimate. 

133-151 
Esquatzel/ 

Umatilla Basalt 

Constant-Head 
Injection 
(Zone 1 Method) 

NA 0.45 NA Vadose zone test 

269.2-287.4 
Fault Zone 

Breccia 

Converted 
Equivalent Slug 
Test Response: 
Type-Curve 
Analysis 

15.2 
(15.2-25.7 

0.84 
(0.78-0.84) 

7.5E-4 
(7.0E-4--8.0E-4) 

Jnconfmed aquifer system; 
short-duration injection 
buildup test affected by 
partial corehole collapse 
or change in cement 
sealing conditions after 
-142 min into the 
injection. 
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Table 5.1 (Cont.) 

Test/ 
Depth 

Interval(a) 
ft bgs 

Test 
Formation 

Test 
Method 

H, draulic Properties 

Comments 
T 

fe/d 

K(b) 

ft/d S 

269.2-287.4 
Fault Zone 

Breccia 

Injection Test 
Buildup: Type-
Curve Analysis 
(full and partial 
aquifer penetration) 

11.5 
(11.5-19.4) 

0.63 
(0.59-0.63) 

1.0E-3 
(Sy > 0.02) 

Best-estimate value based 
on fully penetrating well 
analysis; values in 
parentheses provide range 
of fully and partially 

Ipenetrating well solutions. 

319-334.6 
(287.6-34.6) 

Pomona Basalt/ 
Composite Zone 

Injection Test 
Converted to 
Equivalent Slug 
Test Response: 
Type-Curve 
Analysis 

4.42 0.28 4.8E-6 

Test results indicate a 
minor hydraulic 
communication within 
corehole during testing 
with overlying unconfIned 
aquifer; analysis results 
assume insignifIcant 
contribution by overlying 
unconfIned aquifer system· 
analysis results should be 
considered to be only 

Iqualitative estimates. 

Constant-Head 
Injection Test 
Type-Curve 
Transient Analysis 

5.47 0.35 8.0E-4 

280-295* 
Fault Zone 

Breccia 

Injection Test 
Converted to 
Equivalent Slug 
Test Response: 
Type-Curve 
Analysis 

0.54 0.04 6.8E-3 

*Re-completed piezometer 
tests conducted within 
unconfIned aquifer; test 
results appear to be 
impacted by cementing, 
piezometer re-completion 
activities and not 
considered representative 
of formational conditions. 

Constant-Head 
Injection Test 
Type-Curve 
Transient Analysis 

0.72 0.05 1.0E-3 

379-399.5 Pomona Basalt 
Pneumatic Slug 
Tests 

215 10.5 NA 

Confined aquifer system; 
interference tests may be 
affected by multiple-
aquifer piezometer 
completion. 

(a) ft bgs: feet below ground surface 
(b) K = T /b; assumed contributing, b = test interval length except as noted 

NA = not applicable or not applied 

* Test results adversely impacted by cementing piezometer re-completion activities and are considered to not be 
representative of in situ formation conditions 
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Table 5.2. 	 Pertinent Hydrologic Test and Analysis Information for Vadose Zone Test 
Intervals: Corehole DH-05-1 

Test/ 
Depth 

Interval 

ft bgs 

Test 

Formation 

Constant Head Injection Test Parameters 

K.(a) 

ft/day 

rw 

ft 

A 

ft 

H 

ft 

X 

% 

Tu 

ft 

Qs 

gpm 

Vtot 

gal Cu 

65.6-70.6 Pomona Basalt 0.201 5.0 75.2 27.5 272.6 2.0 150 55.5 0.46 

73.6-77.8 Pomona Basalt 0.201 4.2 22.3 10.5 212.5 1.5 95 46.2 1.39 

93-98 
Esquatzel/ Umatilh 

Basalt 
0.245 5.0 10.68* 5.9 180.7 13.93 665 42.3-60 

20.7 

(17.1-24.2) 

113-119 
Esquatzel/ Umatill 

Basalt 
0.245 6.0 10.93* 

6.8 
159.9 4.12 245 47.0-65 

5.43 

(4.56-6.31) 

123-129 
Esquatzel/ Umatill 

Basalt 
0.245 6.0 16.75* 10.8 155.8 7.10 455 51.2-70 

5.64 

(4.76-6.51) 

133-151 
Esquatzel/ Umatill 

Basalt 
0.245 18.0 33.55 22.3 150.6 2.2 240 115.3 0.45 

(a) Results analyzed using the deep (Zone 1) water-table solutions 

* Low-stress vadose zone tests; K estimate range is reflective of uncertainty in the calculated Cuvalues. 

Nomenclature: 
rw = radius of open-borehole test section 
A length of open-borehole test section 
H = imposed injection head above bottom of borehole test section 
Tu vertical distance from water table to top of fluid-column injection level; water-table depth = 268 ft bgs 
X H/Tu 
Qs pseudo-steady-state injection flow rate 
Vtot total volume injected into borehole during injection test 
Cu saturated conductivity coefficient; Zone 1, Deep Water-Table Test Case 
Ks saturated hydraulic conductivity 
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Table 5.3. Test/Depth Hydraulic Conducthrity Distribution Sununary 

Test/Depth 

Intexval 
ftbgs 

BeSt Estimate Value 

Basis/Comments 

Hydraulic 
Conductivity, &.,(a) 

ft/day) 
Storarivity, 

S 

65.6-70.6 0.46 ~A Vadose ZOne test result 

73.6-77.8 1.39 ~A Vaciose zone test result 

93--98 20.7 NA Average \-aciose :tOne test result 

113--i 19 , -
:l. ~.J 
- ::-\A Ave=age vadose zone test result 

123--129 3.64 )l"A .'~werage vadose zone test result 

133--131 0.43 ::-\A Vadose ZO:1e test result 

269.2-287.4 0.73 S.SE-4 Average of test-method results 

280.-293'" 0.03 3.9£-3 A\'e::age of piezometer test ::1cthod results; 
represe:ltacivC:1ess of results :s highly 
quescio:"l2.ble due to re-driJ.lin.g acci\;oes .... 

319- 334.6 0.32 4.0E-4 Ave=:a.ge of test method rescltS 

379- 399.3 10.5 )l"A Pne-.J..-r.aoc p:e-.;:omete: slug test results 

(.) :\ssu:nee to be u.'1.i:o= ",.-i.-hi"} ~he :<:s~/e.ept-~ intet\-::U . 

Test resw:s believe<i:o be nO!l.-repre~t::Iti\·e of fO=:l.oo:"l eonCitions cue:o Ce:nCl::"t1g, rc_cl.::illi:1g,:me. ?i~'.omcte: 
re-cidling ac:i-iti<:s; \-:llUC5 no: uscci for c.e\·c!o?me,."l: of K vertieal cl.istribu:ion a::he si:e arc lis:e<i jus~ for 
com;»rison pu.--poses. 

~

Figure 5.1. 	 P ressure Head Response for DH-05-01, During Constant-Rate Injection Test: 
Fault-Zone Breccia; Test Interva1269.2 to 287.4 ft 
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Figure 5.2. H omer Plot for DH-05-01 of Constant-Rate Injection Recovery: Fault-Zone 
Breccia; Test Imerval269.2 to 287.4 ft 
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Figure 5.3. 	 Convened Equivalent Slug Test Analysis for DH-05-01 ofConstant-Rate 
Injection Test: Fault-Zone Breccia; Test Interval 269.2 to 287.4 ft 

Figure 5.4. 	 Type-Curve and Derivative Plot Analysis of Constant-Rate Injection Test: DH­
05-01; Test Interva1269.2 to 287.4 ft 
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Figure 5.5. 	 P ressure Head Response fo r DH-05-01, During Constant-Rate Injection Test: 
Pomona Basalt/Composite Zone; T est Interval 319 to 334.6 ft (287.6 to 334.6 ft) 

Figure 5.6. 	Water-Level Recovery Response fo r DH-05-01, Following Constant-Rate 
Injection T est: Pomona Basalt/ Composite Zone; Test Interva1 319 to 334.6 ft 
(287.6 to 334.6 ft) 
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Figure 5.7. Di~onostic Constant-Rate Injection Recovery Plot, DH-05-01 Test: Pomona 
Basalt/ Composite Zone; T est Interval 319 to 334.6 ft (287.6 to 334.6 ft) 

Figure 5.8. 	 Converted Equivalent Slug Test Analysis for D H-05-01 of Constant-Rate 
Injection Test: Pomona Basalt/ Composite Zone; Test Interval 319 to 334.6 ft 
(287.6 to 334.6 ft) 
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Figure 5.9. Constant-Head Injection Test Analysis for DH-05-01: Pomona 
Basalt/ Composite Zone; Test Imerval319 to 334.6 ft (287.6 to 334.6 ft) 

Figure 5.10. 	Diagnostic Plot Analysis for P iezometer DH-05-01, SW #2: Pom ona Basalt; 
Test Interval 379 to 399.5 ft 
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Figure 5.11. Slug Test Analysis for Piezometer DH-05-01, SW #2: Pomona Basalt; Test 
Interval 379 to 399.5 it 

Figure 5.12. 	Constant-Head Injection Test Analysis for Piezometer DH-05-01: Fault Zone 
Breccia; Test Interval 280 to 295 it 
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Figure 5.13. 	Diagnostic Constant·Head Injection Recovery Plot, Piezometer 
DH·05'()1: Fault Zone Breccia; Test Interva1280 to 295 ft 

Figure 5.14. Converted Equivalent Slug Test Analysis for Piezometer DH'()5-01 Constant­
Head Injection Test: Fault Zone Breccia; Test Interval 280 to 295 ft 
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Figure 5.15. Hydraulic Conductivity Depth Profile: DH-05-01 
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6. Hydrologic Test Results: Borehole DH-06-01 

In t.J..js section, a descriptio:1 of hydrologic tests a...,d associated results for t.l,.e various vadose zone 
(t4"1sarurated) a,'ld saturn ted-zone test intervals is prov;ded. Tables 6.1 and 6.2 pro.,,;de general test 
activity a..."1d i."1formation penaiI'i-:lg to borehole hydrologic characterization tests completed at 
DH-06-01 while t.l,.e borehole was progressively drilled a..,d tested between April 6, 2006, and :May 6, 
2006. Following completion of d.ri..lJ.i.'lg acti,,;ties, borehole DH-06-01 was completed as a 
piezometer to provide long-term baseline monitoring of natural dynarl'.ic responses \V;thin t.l-te 
Pomona basalt confined aquifer system over the depth interval of 373 to 393 ft. Single-a....,d multi­
well piezometer tests were also conducted within DH-06-01, which also i..,c\uded the adjacent, 
original, and re-completed piezometer instillations at DH-03-1 for tests conducted on ).,Iay 23 a....,d 
October 3, 2006, respectively. 

6.1 Vadose Zone Tests 

Two vadose zone dept.l" intervals were characterized for hydraulic-propert}' determination during the 
course of drilli."lg D H-06-01 down to a dept.l" of 2SS ft. The ....adose-zone test results pro,,;de 
valuable hydrologic i..'1formation concemi."g the penneability ofgeologic materials above the water 
table, which ",'Ccld be located along the south abutment of the proposed Black Rock Resen~oir. The 
vadose zone tests were conducted with t.l-te constant-head in jection-test method described in 
Section 3.2.1. Vadose zone test l."ltervals \V;t.i'un test borehole DH-06-01 were selected based on 
detailed geologic i..'1formation obtaL."led by a..."laly-.ting the core that was recovered from adjacent 
corehole DH-OS-01. 

Briefly stated, the vadose-zone tests were conducted in open-borehole sections ofDH-06-01 that 
were drilled below the driven 8-in. weld-down casing. To initiate the test, the open borehole section 
was saturated by rapidly filling the borehole/ casing s)'Stem wit.l" freshwater to a prescribed a..."ld 
maintained depth level below the top of the drill casing. Graviry-injection flow rates required to 
maintain the level of water within the open borehole V.e., below the top of casing) and/ or 
pressurized, closed-system i.., jecoon flow rates V.e., fo r equivalent head levels above land surface) 
were monitored during the course of the injection-test period. Injection testing continued un til 
injection rntes became ul1.iform -w;th time, indicating the establishment of pseudo-steady-state 
conditions. ~ormally, constant-head injection testing was completed within 2 hours. In-borehole 
pressures were monitored during testing wit. ... a pressure transducer datalogger system. The pressure 
transducer was placed within a I-m. stilling well that was installed within the S-in. casing. 

Pressure measurements were monitored within piezometer DH-OS·01, which at t.l,e time of drilli.'1g 
and testing of DH-06-1 monitored the Pomona basalt over the dept.1,. 1!lterva1379 to 399.S ft. The 
piezometer was monitored for the purpose of detecting potential cross-formational responses 
propagati:'lg through the conf.in.i..ng layer represented by lower penneability zones within the fault 
zone breccia a...'1d Rattlesnake Ridge mterbed. However, as noted prev;ously, the i..'1itial piezometer 
completion at DH-OS-01 had a sandpack placement above the designed depths, a..."ld this 
subsequendy afforded hydraulic co m...-nu...'1ication along t..~e wellbore across the expected confining 
layers. ~o associated hydrologic leakage responses, however, were detected at piezometer 
DH-05-01. 
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Saturated hydraulic conductivity values for the vadose zones tested were calculated using 1.~e 
a.1.al)"'tlcal methods described in Section 3.2.1. The vadose zone hydraulic properties calculated fall 
within the reponed range of hydraulic conductiv;!)' values detennined for Saddle )'10untain basalt 
units on the nearby Hanford Site. A summary of pertinent test information and analysis results 
obtained for the vadose zone tests are provided in Tables 6.1 and 6.2. T est descriptions a.1.d 
analy'tlcal results obtained for the i..1.dividual vadose zone test intervals are presented below. Selected 
a.."laiysis figures for the vadose zone tests are presented 1..1. Appendix C. 

6.1.1 Esquatze1/Umatilla Basalt: 150 to 162.8 It 

Hydrologic testing of this vadose zone test interval was accomplished by drilling with a 9.5-in. rock 
bit to a borehole depth of 167.2 ft. At the time of testing, the 10-in. well CaSL1.g was Set (cement 
grouted) at a depth of 150 ft, and the borehole had collapsed to a depth of 162.8 f1. The drii.li....1.g was 
accomplished using compressed air, "vater, a.."1.d foam as the circulating drilling fluid. Core recovery 
ranged between 10 to 100% over 1.~e teSt-L"1.terval section at nei.ghbori..""Ig corehole DH-05-01. 
Selected core pictures of the test interval are sho\\o"!l i.n Appendix Figures D.4A a."'!d 4B. The gene...--al 
geologlc description for 1."h.e u"'llt tested L.1.dicates that the Esquatzel/Umatilla basalt at this location 
consists of black to gray, hard, mosdy fine-grained dense basalt a.1.d basalt b reccia. 

A pressure transducer was placed at a depth of 152.7 ft "vithi."'! the borehole for the purpose of 
measuring dO'Wllhole pressure bcildup during the constam-head injection testing. Two constant­
head injection tests were planned for this test interval; one test was conducted at an injection head 
equivalent to filling the borehole to 1.l:!e top of the drilling casing (i.e., -165 ft) , and the second test 
was conducted at a higher injection-head pressure. The first injection test was initiated at 
1209 hours, PDT, on April 5, 2006, by pumping freshwater into the borehole-casing system at a 
maximum injection rate of -36 gpm. Because of the pervious nature of 1.l:!e open-borehole section 
a.."d li.rr>iting rranstT'issi.on characteristics of the sutface piping used. t."l:!e p ressure/£luid-colllIT'....1. 
buildup widu.."1. the borehole did not reach la..""1d surface "\vi1.1-.jo the first hour of injection. As a 
consequence, the first i.'ljection test '."I'as aborted at 1306 hours 0::1 April 5, 2006, and cha.1.ges were 
made to the surface rransrrussion-lL.""1e characteristics (e.g., larger diametet £lo"\l,'!neter and pipi.-lg) to 
enable larger injection rates to the borehole/test interval. 

Follow.ng completion of the surface transmission-line system, a second L"1.jection test (Injection Test 
#2) was initiated at 0818 hours, PDT, on April 6, 2006, by pumpil1g freshwater intO the borehole ­
casing system at a i.."1.jection rate ranging between 54 and 67 gpm during the first hour of injection. 
After 62 rrinutes intO the L"1.jection test. the water wit."l:!in the borehole/casing system reached the tOP 
of the test caSL1.g that extended a distance of - 4.2 ft abo"'e the land surface. The pseudo-steady" 
state injection rates for the reIl'..aL"lder of the test averaged 54.35 gpm to maimai.'l the L"'!jection head 
at the tOp of the test casing. Injection Test # 2 was terminated after 195.5 rrinutes at 1133 hours 
PDT on Apri16, 2006. A total of 11,165 gal of freshwater was estimated to ha"'e been injected into 
the borehole/test interval during the course of the test. 

Based on these assigned values, the calculated test-relationship parameters X and Tu (listed in 
Table 6.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep "\vater-table (Zone 1) vadose-zone test case. t:sing the appropriate equations 
listed in Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductiv;ry, 
K,., of 2.04 ft/day is indicated for 1.l:!e test inte.....·al. Perti..."lent test and analysis information for this 
"adose zone i..""1terval i.."1.jection test is presented in Tables 6.1,6.2, and Appendix Figure C.7. 
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Following overnight recovery of Injection Test ;;:2, a third injection test (Injection Test ;;:3) was 
initiated at 1240 hours, PDT, on April 7, 2006, by pumping freshwater into the borehole-casL.1g 
system ar an injection rate of -86 gpm duri..1g the first 12 minutes of i.1jection. After 12 rI'inutes 
imo t.l,e injection test, t.l,e water within the borehole had reached t.~e top of the test casing, and t.>"e 
wellhead was closed in to enable maimena.1ce of higher injection pressures (i.e., >165 ft). The 
pseudo-steady-state injection rate for the remainder of the rest averaged 77.52 gpm, which 
supported a relatively stabilized injection head 261.5 ft above t.l,e borehole bottom (i.e., +98.7 ft 
above 1a..1d surface). Injection Test ;;:3 ""-as terminated after 127.3 mimltes at 1447 hours PDT on 
April 7, 2006. A total of 10,340 gal of freshwater was estimated to have been injected imo t.l,e 
borehole/test imerval during the course of t.l,e test. 

Based on these assigned values, the calculated test-relationship parameters X a.'1d Til (listed in 
Table 6.2), and using criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a deep water-table (Zone 1) vadose-zone test case. lisi.1g the appropriate equations 
liSted i.1 Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conducti".;ty, 
~ of 1.84 ft/day is i.1dicated for the test interval. This is only - 10% lower tha..1 the K estimate 
derived from the previous lower injection head test #2, but rI".ay suggest a slight stress dependence 
in hydraulic properties at the damsite location. Pertinem rest a.1d analysis i.1formation for t..iUs 
vadose zone intenra! injection test are presemed in Tables 6.1, 6.2, and Appendix Figure C.8. 

6.1.2 Fault Zone Breccia: 236 to 255.1 ft 

Hydrologic testing of t..l'us vadose zone test interval was accomplished by drilling with a 7.87 5-m. 
rock bit to a borehole depth of 256.5 ft. At the time of testing, t.l,e 8-in. weld-down CaSL.1g was set at 
a depth of 236 ft, a.1d the borehole had collapsed to a depth of 255.1 ft. The drilli.1g was 
accomplished usi.1g compressed air, ,vater, a.1d foam as the circulating drilling fluid. Core recovery 
ranged benveen 79 to 100% over the test-interval section at neighboring corehole DH-05-01. 
Selected core pictures of the test i.1terval are shown in Appendix Figures D.5A and 5B. The general 
geologic description of the unit tested is a slightly weathered fault-zone breccia that is intensely 
fractured in. sections. 

A pressure transducer was placed at a depth of 234.8 ft within the borehole for t.l,e purpose of 
measuring downhole pressure buildup during the constant-head injection testing. Two constant­
head injection tests were planned for this test interval; one test ",-as conducted at a..1 injection head 
equivalent to fi.lli.1g the borehole to the tOP of the drilling casing 0.e., -260 ft), a.1d the second test 
",,-as conducted at a higher injectio:1 head pressure. The first injection test (L1jection Test #1) \vas 
i:1itiated at 1359 hours, PDT, on April 10, 2006, by pumping fresh'.V'2.ter intO the borehole-casing 
system at i.1jecrion rates ranging between 43 a.1d 68 gpm. After -28 min of injection, the fluid­
column build.up was near the tOP of the surface casing, and injection flow rates were lowered 
repeatedly to maintain the fluid column near land surface. However, due to an insufficient water­
supply on hand for the elevated injection rate, the injection rate was adjusted lower to -47 gpm for 
the remainder of the test. In response to this lowering of injectio:1 rate, the fluid-column lowered 
a.1d achieved pseudo-steady-state equilibrium conditions Q.e., 149.25 ft above the bottom of t.l,e 
borehole) over the last 50 ml.1UreS of the injection test. The first injection test was terminated after 
122.1 rI'inures at 1601 hours on April 1 0, 2006. A total of 5,555 gal of freshwater was estimated to 
have been i.1jected into the boreholeltest i.1terval duri.1g the course of t..l,e test. 
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Based on these assigned values, the calculated rest-relationship parameters X and T" (listed i.-l 
Table 6.2), and usL.1g criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 
categorized as a shallow water-table (Zone 2) vadose zone test case. USL.1g the appropriate 
equations listed in Section 3.2.1 for shallow water-table conditions, a calculated saturated hydraulic 
conducri...;t'),. £<... of 3.66 ft/day is indicated for the test interval for Test ~1. Pertinent test a..1d 
analysis i..'"lformation for this vadose zone interval injection test is presented in Tables 6.1, 6.2, and 
Appendix Figure C.9. 

Following overnight recovery for Injection Test #1, a second i..1.jection test (L'"ljection Test ~2) was 
i..1itiated at 1207 hours, PDT. on Aprill1, 2006, by pumpi..'"lg freshwater inro the borehole-casing 
system at a nearly conStant injection rate of -83 gpm. After 62 rrinutes into the i..'"ljection test, the 
water v,.;thin the borehole/casing system reached the tOp of the test casi.1.g that extended a distance 
of -4.2 ft above land surface. The wellhead was closed in at the surface, and the injection head 
i."lcreased and achieved pseudo-steady-state conditions at 265.26 ft above the borehole bottom 
during the laSt 40 minures of the injection test. The pseudo-steadr-state injection rates during the 
last 40 mi.'1.utes of the injection test averaged 85.629 gpm. Injection Test #2 was terminated after 
143.75 minutes at 1431 hours PDT on April 10, 2006. A total of 12,255 gal of freshwater \vas 
estimated to have been injected i..1.tO the borehole/test i.1.terval during the course of the test. 

Based on these assigned values, the calculated tesr.relationship parameters X and T~ (listed i..1. 

Table 6.2), and usi.1.g criteria presented in Section 3.2.1 (Figure 3.1), the injection test can be 

categorized as a deep water-table (Zone 1) vadose zone test case. Using t.~e appropriate equations 

listed i.'"I Section 3.2.1 for deep water-table conditions, a calculated saturated hydraulic conductivity, 

K.. of 3.87 ft/day is i.'"ldicated for t.l,e test i..'"lterval. Pertinent test 3..."1d a.."'l2lysis i..";ormation for thls 

"-adose zone intetval i.1.jection test is presented i..'"l Tables 6.1, 6.2, and Appendix Figure C.lO. 


6.2 Groundwater Test Zones 

Two groundwater tesr zones (withln the fault-zone breccia and a large composite section of Pomona 
basalt beneath the fault) were tested during the course of drilling DH-06-01 to a depth of 400 ft. 
Together with informacion collected from neighboring corehole DH-05-01, the DH-06-01 test 
resultS provide valuable hydrologic characterization i..1.formation concett".i.'1g the transrt'ission, 
storage, and leakage characteristics of these hydrogeologic units in the vicinity of the proposed south 
abuonent area. b. addition to these tests performed during drilling. hydrologic tests were also 
conducted after drilling within the piezometer i.'"lstallation. 

The groundwater test zones withln DH·06-01 were conducted with a varieey of test methods 
described in Section 3.2.2. Groundwater test intervals within DH-06-01 were selected based on 
detailed geologic i.'"lformation obtained from drill cuttings from DH-06-01 3...1d analysis of a core 
recO\'ered from nearby DH-05-01. t;nlike DH-03-01, groundwater tests conducted widurl 
DH-06..Q1 were performed without the use of a packer/screen test assembly. The testing of open 
drilled borehole sections was accomplished t.ltrough casing that .....-as either set through advancement 
and/or cement grouting. This test strategy assumes that the overlying casi..1.g adequately seals and 
isolates the open borehole test section from the overlyi!lg cased-off formation section. Based on 
observed test conditions, test-interval isolation was not always maintained. 
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During groundwater tests conducted during the active drilling phase of DH-06-01 , pressu!'e 
measurements were monitored \vitrun nearby piezometer DH-05-01 that (at the time of d.rilling of 
DH-06-01) monitored a section of Pomona basalt over t.l,.e dept.~ imerval379 to 399.5 ft. As noted 
i..."1 Section 2 (Figure 2.2), the initial piezometer completion at neighbori.."1g DH-05-01 \vas adversely 
affected by the improper placement of sa..'ldpack materials within t.l,e borehole surrou.."'l.ding the 
piezometer. This improper sandpack installation a..;rorded hydraulic COIl'.mu:lication bet\veen the 
ll..'lderlyi..'lg monitored Pomona basalt confined aquifer and the oveclyi..."lg Uo"'l.confined aquifer t.\;.at 
occurs within the fault-zone breccia. nus hydraulic communication significamly impacts t.~e 
reliability of multi-well tests conducted between t.l,e twO test-well locations. 

Hydraulic conductivity values for the groundwater zones tested at DH-06-01 were calculated using 
the analytical methods described in Section 3.2.2. A summary of pertinent test information a.."'l.d 
analysis results obtained for the ground\V"ater zones tested are provided in Table 5.1. Test 
descriptions and an.alyrical results obtained for the individual vadose zone test intervals are presented 
below. Selected analysis figures for the tests are presented both in this section and in Appendix E. 

6.2.1 F ault-Z one Breccia: 276 to 296 it 

Hydrologic testing of this groUo"1cl\V"'atet test interval was accomplished by drilling \Vith a 7.875-i..."l. 
rock bit to a borehole depth of 296 ft. At the time of testing. t.~e 8-in. weld-down casi.-.g ...vas set at a 
depth of 276 ft a."'l.d had a cement casing sea! between 271 a.'ld 276 it. The drilling was accomplished 
using compressed air, water. a!ld foam as the circulating drilling flcid. Core recovery ranged 
be'N:een 74 to 100% over t.l,e test-interval section at neighbori."lg corehole DH-05-01. Selected core 
pictures of the test interval are shown in Appendi'<: Figures D.2A and 2B. The general geologic 
description of the Uo-Ut tested is a fault-zone breccia that is moderately to intensely weathered a..."ld 
which becomes more inte.."'l.sely altered with depth, with adhering clay to a sa.'ldy-clay matri.">::. 

Two constal1t-head injection tests were planned for this test interval; one test was conducted at a..."1 
injection head eqci ..-alent to filling the borehole to the tOP of the drilling casing (i.e., - 272 ft above 
Static water-table conditions), and the second test was conducted at a higher injection head pressure. 
The objective of conducting tWO injection tests at twO different injection pressures was to evaluate 
any hydraulic-property stress dependence. The first injection test (Injection Test # 1) was initiated at 
1249 hours, PDT, on Apri119, 2006, by pumpL"'l.g fresh'W'ater intO the borehole-casing system at an 
injection rate of -83 gpm. A pressure rramducer was placed at a dept.~ of 285.0 ft withi."1 the 
borehole for the purpose measuring downhole pressure buildup during the constant-head injection 
testing. After -10 min of injection, the fluid-column build-up \V"'aS near the tOP of the surface 
casing, a."'l.d the injection flow tate \\'3.S lowered to -18 gpm to maintai...'l the fluid coltm'_n at the tOP 
of the casing (fOC ;;; +4.0 ft above land surface). The flow tate for t.~e remah"'l.der of L~e test was 
stable and averaged 18.03 gpm during this period of the test. The first L'ljection test was terrni.:1ated 
after 130.5 minutes. at 1459 hours, on April 19, 2006. A touI of 3,115 gal of freshwater \\'3.S 
estimated to have been i."1jected intO the borehole/test imerval during the course of the test. 

Figure 6.1 shows the associated, downhole pressure response during and immediately follo\Vi."lg 
terminating the constant-tate injection teSt. As indicated in the figure, after the initial 10 rri.'lutes to 
fill the casing to land surface, the do\\:nbole pressure remained essentially constam for t.~e duration 
of injection testing. To a..."1alyze L~e L"'l.jection-test results for bydraulic-propert)' characterization, the 
Static hydraulic-head conditions in the ll.."'l.confined aquifer within the fault-zone breccia must be 
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bown. For this analysis, t.l,e stacic water-level-dept. I, of 26S.0 n (hydraulic head:;;; lOOS.l-ft )'1SL), 
as dete:rm.i.-:led from testing L'" neighboring DH-05-01 was used as a consistent Static condition for 
unconfined aquifer tests at DH-06-01. This static water-level value is based on both observed 
equilibrnted values a..,.d projected test-reco\'ery responses. Slightly deeper \vater-Ievel depths were 
measured in DH-06-01 with an observed recovery water level of 269.8 ft measured follo'Wing 
extended, incomplete recovery from Injection Test #2. The deeper water-level measureme."'lts 
observed within DH-06-01 are believed to be appomtl a.'ld may be attributable to greater borehole 
de,,;ation effects incurred at the site due to the air-rotary/ ha.T.me:r drilling technique employed i."'l. 
drilling DH-06-01. As an example, a 7° borehole deviation from vertical would L"ldicate a 2.25 ft 
deeper water-Je".-eI measurement. Borehole-clevi2.tion effects would be accentuated by dipping 
geologic contacts, which are prevalent at this tesNite location. For t-lUs reason, the Static conditions 
obtained from corehole DH-05-01 are believed to be more representative of static hydraulic head 
conditions within the u..."l.confined aquifer and are consequently used in the analysis of unconfined 
aquifer tests conducted in DH-06-01 . 

Because of t.l,e u.."l.ifom"'ity of observed pressure-head conditions during injection testing (Figure 6.1 ) 
and a relatively constant-i."'l.jection rate dur1."'l.g the test, the steady-state analysis for constant-head 
injection tests (Equation 3.3) was employed for d·js test. The following input values were used for 
the steady-state analysis: Q,,'"X :;;; 18.03 gpm; Mi,:;;; 270.40 ft; R :; 20.2 ft (calculated); r..-:; 0.328 ft. 
The area of im'-estigation, R, was calculated based on the calculated volume of water injected into the 
test interval during the active injection phase (2,393 gal) a."'l.d a."'l. assumed unconfined aquifer specific 
yield/effective porosity of 0.25. As noted L"'l. Section 3, the steady-state solution (Equation 3.5) is 
relatively L"'l.sensitive to uncenaimies associated with R. Based on these input parameters, a value for 
T and K of S.42 ftZ/ day and 0.42 ft/ day wete calculated, respectively. 

Follow:i!lg overnight recovery for L'ljection Test #1, a second injection test (Injection Test ;:;:2) was 
initiated at 0900 hours, PDT, on April 20, 2006, by pumpL"'l.g fresh...later intO the borehole-casing 
system at a nearly constant injection rate of -83 gpm. A pressure transducer was placed at a dept-J,. 
of281.8 ft within the borehole for the purpose of measurL."'l.g downhole pressure buildup during the 
constant-head injection testing. After 10 mil1UteS L'"ltO the injection test, the water withi.."'l. t-l-je 
borehole/ casing system reached r.l,e top of the test casing that extended a distance of -4.0 ft above 
land surface. The wellhead was t.l,en closed in at r.l,e surface and the injection rate loweted to 
-29 gpm L"l. attempt to maintain a u.."liform injection-head condition. The borehole pressure 
conditions achieved pseudo-steady SLate conditions at 449.11 ft during the next 70 IT'jnutes of the 
i.."'l.jection test. As shown in Figure 6.2, after -S2 mL."'l.utes into the L"ljection test, the borehole 
pressure dropped rapidly, and injection rates were increased to - 50 gpm in a."'l attempt to re­
establish the previously maimained borehole pressure. ThJs sudden drop in borehole pressure and 
adjusted increase in injection rates is indicative of failure of t-l-je 5-ft casing cemem seal (i.e., bet\l.'ee!1 
271 and 276 ft) a.."'l.d subsequent by·pass to the o\'erlying formations. Injection Test #2 \vas 
te:rm.i."'lated after 140.2 minutes at 1120 hours PDT on April 20, 2006. A total of 5,51 0 gal of 
freshwater was estimated to have been injected into the borehole/ test imerval during t.l,e course of 
the entire test. 

In an attempt to analyze the Injection Test #2 results, the pseudo-steady-state conditions that wete 
established immediately before the loss of the casing cement seal were a..."'l2ly-.led using t.l-je same 
steady-state constant-head test method employed for test #1. The followL"'l.g input values were for 
Ll-je steady-state a."l..alysis of test #2: Q..,,& :; 29.97 gpm;.6.H :; 435.31 ft; R :; 19.6 ft (calculated); 
~. = 0.328 ft. The area of investigarion, R. was calculated based on t.l-je calculated volume of water 
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L."ljecred intO the test imen"3.1. durl."lg crjs portion of the active L."ljection phase (2,246 gal) and an 
assumed unconfined aquifer specific yieldl effective porosity of 0.23. Based on these inpUt 
parameters, essentially idencical values for T a.."ld K of 8.33 ft.lI day an.d 0.42 ftlday were calculated, 
respeccively, for test ::2. The nearly identical hydraulic-property estimates calculated under two 
significantly different test suess conditions (test #1 = AH, = 270.40 ft; test #2 = AH, = 433.31 ft) 
L."ldicates a lack of stress dependence for the unconfi."led aquifer system at dus test 10catiO:l. 

It is interesting ro note t.1,;e relative correspondence in K estimates at DH-06-01 and DH-03-01 for 
sirr-ilar, ovedappL."lg fault-zone breccia test intervals. At DH-05-01, an average K estimate of 
0.73 ft/ day was ca1cuhted for the fault-zone breccia zone of 269.2 to 287.4 ft (Section 5.2.1) in 
comparison to the K value of0.42 ft/ day calculated at DH-06-01 for the test interval 276 to 296 ft. 

Figure 6.3 shows the recovery response following termination of Injection Test #1. The diagnostic 
plot indicates a test response that initially is domi:lated by wellbore storage effects, which is followed 
by recovery derivative response characteristics that are suggestive of leakage conditions. The likely 
cause for the leakage response condition during recoyery is around the basal casL.'lg cement seal, 
which 'l.N1lS observed to fail during the subsequent Injection Test -;;'2. Because of these observed 
diagnostic test conditions and the close corroboration of the constam-head injection-test results, no 
attempt was made to analyze the reco\'ery test data. 

6.2.2 Composite P omona Basalt: 311.8 to 400 ft 

Following completion of testing L.··lterval276 to 296 ft, efforts were implemented withi.."l DH-06-01 
to isolate the u.."1confined aquifer from dril.li:'lg and testing of the underlying Rattlesnak.e Ridge 
interbed and Pomona basalt confined-aquifer system. The 6-in. weld-down casing was ad\.-anced 
and set with a cement seal at a depth of 301.2 ft at t.l-te tOP of t.l-te Rattlesna.!.;.e Ridge 
interbedl confi."li.1.g layer. The borehole '\\'a5 advanced by drilling with a 5 .8;5~L.1.. rock bit t..l-twugh 
the interbed to a depth of 311.8 it. During drilling of t.~e i."1terbed, the cement seal around the 
bottom of t.1,;e 6-in. drill casL.1.g was broken, and the imerbed L.1.terval (confining layer) could not be 
isolated o r tested. A."1other attempt at isolati."1g the tOp of t.~e underlying Pomona basalt by grouting 
around the bottom of the 6-in. drill casbg was also unsuccessful due to failure of the grout seal. 
The total borehole depth of 400 ft was reached on :May 3, 2006, with the 6-in. drill casing set (with 
no cement seal) at a depth of 311.8 ft. The drilli."lg \\--as accomplished using compressed air, \\-1lter, 
and foam as the circulating drilling fluid. Core recovery ranged between 40 to 100% o\'er the test
L."1terval section at neighbori.1.g corehole DH~05-01. Selected core picrures of the test interval are 
shown mAppendix Figures D.3(Q, D.3(D), D.3(E), "'0 D.6(A) through D.6(E). The gene:al 
geologic description of the composite Pomona basalt unit tested is a moderately to slightly 
weathered, moderately to intensely fracrured aphanitic basalt. 

A three-stage, step-drawdown test was pla."1..1.ed for dus composite test interval. The last step was 
designed to be extended for a protracted period, and the recovery was monitored to determine 
hydraulic and storage properties of the Pomona basalt test i.1.terval a."ld well·loss conditions for the 
test. Test responses were pla.."1.."led to be monitored at nearby piezometer DH-05·01, whic.~ (at this 
time) was completed withi."l the lower Pomona basalt interval (i.e., 379 to 399.5 ft). To facilitate the 
perforrnance of the step-drawdown test, a 5·HP Grundfos submersible pump was set at a depth of 
299.7 ft (mtake = 297.6 ft) within the well casing. A 0 to 250 psi pressure probe \vas installed at a 
depth of275 ft withi."1 a l-m. stilling-well pipe to monitor associated drawdown responses during the 

­
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step-drawdo,,","n test. Test-pressure responses for test DH-06-01 a..."1d piezometer DH-05-01 were 
stored on a..."1 In-Situ Hermit Mode! 3000 datalogger system. Surface discharge rates were measured 
periodically wit-~ an in-li:'l.e insta:'ltaneous/totalizer flov..-meter a..."ld checked with discrete 
volumetric/time measurementS at t.~e end of t.J,e discharge line (i.e., 42-gal bucket). The pwnped 
v..-ater v..-as conveyed by hoses a distance of approximately 100 ft nOM from test well DH-06-01 a...,d 
allowed to discharge freely to the land surface and into the ephemeral drainage located i.."l proxizr.ity 
to the site. Temperature, pH, Ee, dissolved o,,-;:gen (DO), alkalinity, and Eh were analp~ed 
periodically i.., the field from discrete surface discharge samples, during dle course of testing. 
Additionally. water samples were collected near the e:1d o f each Step for detailed analysis for major 
. . .
l.,orgaruc speCles. 

The hydrologic test equipment installation a...,d pre-test system checks were performed the day prior 
to fonnal step-drawdown testing on :vIay 5, 2006. A pre-test stacic water-level dept-lot of 165.45 ft 
(l,l10.65-ft )'1SL) was observed irnmediately before Starci..."1g t-I,.e step-drawdown test. The first Step 
of the step-cinlwdown test \\'2.5 iniciated at 0936 hours, PDT, )Aay 6, 2006, a.."1.d was maiIltained at a..."1. 
average discharge rate of 15.74 gpm for 94 min. The observed drawdourn at t-I,.e end of t-J,.e first Step 
was 2.475 ft, with a calculated ~s,.'/Q ratio = 0.1 57 ft/gpm. The second cinlwdo'-Y-n step was 
conducted for 96 rT"inutes at an average discharge rate of 31.16 gpm. The observed drawdov..-n at 
the e."1.d of the second step 'J.'2S 5.742 ft, v..ith a calculated lls.,./Q ratio = 0.105 ft/gpm. The third 
injection step was iniriated at 1248 hours and was maintained at a pumping rate of 46.23 gpm over 
the initial 96 ml."'lutes into the step. The observed drawdown at the end of the third step was 
9.482 ft, wit-I,. a calculated tlsjQ racio = 0.081 ft/gpm. The third step was extended for a total step­
duration of 912 mi..,utes and was terrninated at 0400 hours, on :\IIay 7, 2006. The average discharge 
rate for t-l,.e extended third step v..-as 46.29 gpm. The observed drawdown at t-I,.e end of the test was 
9.87 ftv..ith a calculated tls."/Q racio = 0.089 ft/gpm for Ll,.e extended period. 

Figures 6.4 a.."1d 6.5 show the associated downhole pressure response observed duri:'lg t-~e step­
drawdo\\rn test a."ld a well-loss plot from conducted steps within DH·06"()1. It should be noted that 
the pressure transducer used in adjacent piezometer DH-05-01 malfunctioned and exhibited erratic 
readings during the step-drawdown test conducted in DH-06-01 and therefore was not used L"'l. the 
test a."'l.alysis of this composite Pomona basalt zone. 

The decreasing well loss (tls../Q) vs. Q trend exhibited i.., Figure 6.5 is a.."1omaJous to a standard 
i.."'lcreasin.g trend plot for most natural test-formation conditions a..."1.d is believed attributable to 

increased leakage arOll.."'ld the cement casing seal iIl. DH-06-01 at t-l,.e higher pumping rates a..."1.d 
possibly to the pre\-iously discussed mulriple aqwfer complerio:::l. present ar piezometer DH-05-01. 

Because of the i.."1creasing significance of leakage on observed drawdown pressure responses \vit.1-: 1."1. 
increasing pumping rate, the lower stress Step 1 dra\vdown pattern was ex2.!l'ined for possible 
characterization property analysis. Figure 6.6 shows the drawdown and drawdov.-n detivative plot 
observed at DH-06-01 during Step 1 of the step-drawdown, together wit-I, the matched consta..."l.t-rate 
pumping-tesHype curve matching analysis solution. As indicated i.."'l. the figure, the pumping-test­
type-curve analysis indicated a reasonable match to the observed drawdown data usi.."l.g a T and S 
value of 1,655 f(-/day and 5.0E-5. respectively. For the composite Pomona basalt test intenral 
thickness of 88.2 ft, a.."'l. average K value of 18.8 ft/day is indicated. As shown in Figure 6.6, leakage 
·effectS become recognizable on the highly sensitive derivative plot after -20 minutes intO the test. 
In spite of seal leakage in the Step 1 drawdown response, sufficient test data and analysis 
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correspondence are demonstrable to support the hydraulic-property characterization a,1.alysis for this 
test interval. 

6.2.3 Pomona Basalt: 375 to 395 ft 

Testing for this Pomona basalt depth interval (i.e., 375 to 395 ft) was conducted on ).1ay 25, 2006, 
after tenrunation of drilling activities al,d piezometer installation (Section 2; Figure 2.4) were 
completed on May 20, 2006. At the time of testi1.g the piezometer at DH-06-01, t.l,.e piezometer at 
nearby DH-05-01 was completed over a similar mo:litor depth interval (i.e., 379 to 399.3 ft). The 
geologic core description for dus test 1."lterval indicates a slightly weathered, moderately to im~sely 

fractured basalt section. As noted previously in Sections 2 a,1.d 5, t.~e piezometer completion at 
DH-OS-Ol did not completely isolate the monitoring interval Vlithin the Pomona basalt confined 
aquifer system, and a degree of hydraulic communication existed \>;a the sa,1.dpack installation ",;th 
the overlying unconfined aquifer system. The relatively high penneability of the monitored Pomona 
basalt 1."uerval (an.d relatively 10'\\' permeability for the overlying u..,con6ned aquifer), a..1.d relatively 
short-duration of the slug tests performed, however, i.1.dicate that the local-scale h}'draulic properties 
detennined from the piezometer tests are largely reflective of t.~e Pomona basalt confi..1.ed aquifer 
system at this location. 

Two pneumatic slug tests were conducted at piezometer DH-06-01 on :\1ay 25, 2006, bet\veen 1527 
a.-"d 1556 hours by lowering the water column wit.lll.... t.J.,.e piezometer using compressed gas to 
depress t.'-le fluid-colum.."1level to the designed test stress levels. After t.t"e monitored fluid colum."1 
was stabilized for -10 mirlUtes at the prescribed suess level, a slug-wit.t"drawal test was initiated by 
suddenly releasing the compressed gas used to depress the borehole fluid-column level. The 
compressed gas ",~s released from the piezometer casi.~ by opening a valve (e.g., ball valve) 
mounted on the surface wellhead used to seal the casi.-"g system. Both pneumatic slug tests 
conducted at DH-06-01 exhibited oscillatory (under-damped) slug-test response beha\;or. ThJs type 
of slug-test response is 1.-"dicative of moderate to high permeability test-interval conditions. The 
pressure tra.:lsducer depth setting in DH-06·01 was at -270 ft. or -104 ft below the water level 
",;thin the piezometer. For quantitative a,-"alysis of slug tests exhibiting under.damped behavior, the 
pressure sensor must be located near the tOP of the fluid column. Because of this monitori.-"g 
deficiency, qua.-"titative analysis of the twO pneumatic slug tests was not performed. Analytical 
results of pne14"Tlatic slug tests conducted at nearby piezometer DH-05-01 on )01ay 25, 2006, did not 
ha\'e this measurement constraint and are reported i.n Section 5.2.3. 

A series of six pneurnatic slug tests wit.i-;in piezometer DH-06-01 were repeated on October 25, 
2006, followi.-"g the re-completion of the adjacent DH-05-01 piezometer within the overlying 
141.connned aquifer located in the fault-zone breccia (Figure 2.3). The pneumatic slug tests were 
conducted 1."1. similar fashion to earlier pneumatic piezometer slug tests conducted within DH-06-01, 
with the exception that the pressure sensor was placed at twO different fluid-colUII".Il dept.'<,.s during 
testing (l.e., 2 and 270 ft from the tOp of the fluid·colUII".n surface). Compressed gas pressures 
ranging between 1.2 and 6.5 ft were used to depress fluid levels for slug-test 1.-utiation. All slug-test 
responses exhibited similar oscillatory (under.damped) response behavior, although the deeper 
sensor location test responses exhibited slightly more attenuated response characteristics. For the 
purpose of test 1."1.ten"al hydraulic characterization, slug-test a,-"alysis was limited to the twO 
pneumatic tests performed with the pressure sensor at the shallowest fluid·column depth (l.e., SW 
#3 a:ld #4). 
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Figure 6.7 shows a diagnostic analysis plot of the slug·test response. As shown, an oscillatory 
(u.:lder.damped) test response is L."ldicated. For the test dimension relationships ex.isti"g for t.."lis 
piezometer test, u.nder.damped behav;or implies moderately high rest·interval permeability 
conditions. The slug·recovery test responses were a.wyzed with the High·K type-cu."'Ve analysis 
approach that is discussed in Section 3.2.2.1. Figure 6.7 sho"''''s the test response a.'1d analysis results 
for pneumatic slug wir.l,.dra\val test ~. Because of t."I:!e local-scale of this test, the test a.'"lalysis results 
are representative of t.~e acrual well-screened imerval. As indicated, a transmissivity a..,d hydraulic 
conducri\;t), value of 1,058 fi'"I day and 52.9 hi day were obtained, respecrively, for this test a.."lalysis. 
These values were calculated from a."l observed test stress level, H o, of2.36 ft. Essentially identical 
results were obtained from test SW #3. 

6.3 Hydraulic Conductivity Depth Profile 

Figure 6.8 shows a dept.l, profile of r.l,e vertical distribution of hydraulic-conducrivity \'"alues 
deterrI'ined from hydraulic tests conducted at DH-06-01 as it relates to subsurface geologic 
conditions. Table 6.3 surr.marizes the hydraulic-property values shown in the figure and the basis 
for these estimates. As imlicated in T able 6.3, the hydraulic conductiv;ty for t.l,e dept.l, interval 311.8 
to 375 ft was determined based on t.l,e principle of de-superposition, which, generally Stated, 
i."ldicates that within li..,ear·based grou.."ldwater systems (e.g., confined aquifers). r.l,e overall. 
composite t:ra."'lsrr..issi...;ty of a large test imen'"al is the summation of hydraulic conductivity tirnes t.l,.e 
tl-..ickness of irs comributL."'lg parts. If a test section is a subset of an overall larger test i::lten:-ai, its 
nansrr..issivity can be subrracted from the encompassil'lg, larger test section,. a."ld the residual 
tra.."'lsO"'issivity is assigned to the e.."lcompassing interval. To deterrrine the average hydraulic 
conductiv;ty. K, for the depth interval 311.8 to 375 ft, t.l,e tra.."'lsn"iss.ivity calculated for the depth 
interval 375to·395 fr (1058 f!I day) was subtracted from t.l-;e composite Pomona basalt test i..."'lterval 
311.8 to 400 ft transmissivity (1,655 fi'"I day). The residual tra.."1srr..issiv;ty of 597 f!16y was then 
divided by the remaining test-interval thickness (i.e., 63.2 ft) to calculate an average residual 
hydraulic conductivity of 9.45 friday. This calculated average residual K value \vas assigned to the 
311.8- to 375-ft depth imerval. 

6.4 Hydrocbemical Results 

As discussed i."'l Section 6.2.2, groundwater sa.onples were collected for detailed hycirochen"jcal 
analysis either du.ri.."'lg or at r.l,e end of each Step of the t.l,ree-stage. step-drawdown pumping test 
conducted at DH-06-01 bet\veen :May 6 a.."ld 7, 2006. The samples collected during the Step­
drawdown pumpi..."'lg test are representative of the confined-aquifer system within a composite 
Pomona basalt section (depth: 311.8 to 400 fr). As noted in Section 6.2.2, evidence of 
casing!cement seal leakage was ev-ident du.ri.."'lg the test, w!--jch may have pro\;ded hydraulic 
communicarion betwee!l. t.l,;e confi..."led and overlying unconfined aquifer systems. Because of the 
significant hydraulic-head differences exhibited between the twO aquifer systems, howe\~er. 
groundwater sampled during t.l,e course of the step-drawdown test is believed to be reflective of 
basalt confined.aquifer system conditions. The unconfined aquifer \vas nOt sampled at either the 
DH-05·01 or DH-06-01 test sites. 
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Appendi."i Table E.1 sho"\\o"S a comparison of the major inorganic dissolved·solids constituents within 
samples collected for t.!'e \'arious stages of the step.drawdown. As indicated in t.l,.e figure, the major 
hydrochemistry remained tL.-uform duri."lg t.!'e course of the entire step.drawdo\l;-"!l test. 

Appendix Table E.2 shows a comparison of the major i..10rga."liC constituents wit.llln t.l,.e conn.."led 
aquifer at DH·06-01, "\Vit.!' me uppermOSt basalt confined aquifer (Selah/ Esquatzel) sampled 
previously at nearby test well DH·04-02 (Figure 2.1). As shown, nearly identical concentration levels 
are exhibited for t.l,e twO shallo\\' confined·aquifer systems at DH·06-01 and DH·04-02. For 
comparison purposes, hydroche!I'Jcai results for t.!'e Sda.!' confined-aquifer system from test 
wells/ boreholes on the Hanford Site are also presented. Exarnination of Appendi..x Table E.2 
indicates that groundwater for the upper Saddle Mountains Basalt con6ned·aquifer system at these 
twO Black Rock Reservoir locations genernlly exhibit major inorganic hydrocherI"ical concentration 
levels that fall within the range reponed for the Selah interbed on t.l,e Hanford Site. The only 
hydrocheO"ical exceptions are the slightly lower concentration level for sodium ~a) and potassium 
(K), and the slightly higher concentration value for calciwn (Ca) that is exhibited for the DH-06-01 
and DH·04-02 shallow confined ground",,-ater. 

Figure 6.9 shows a tri·linear hydrochemical plot comparison of groundwater for the tWO upper 
Saddle .Mountains Basalt confined-aquifer sites (note: DH-06-01 a.."ld DH-04-02 are coincident ",,-ith 
the "red circle" plotti."'lg location in the figure) within the Black Rock Reservoir region, as they relate 
to hydrochemical results and trends for groundwaters wid'in the upper Saddle .MOtL."1wns Basalt at 
the Hanford Site a.."'ld surrOU-"'lding Pasco Basin. As shown in Figure 6.9, the Black Rock Reservoir 
region upper confined·aquifer groundwater samples possess si...,....il.ar hydrocheII'ical characteristics as 
displayed by groundwaters wit..JU.."1 the upper Saddle 110untai."1S Basalt at the Hanford Site a.."'1d 
surrounding Pasco Basi.."1, as presented 1.."'1 DOE (1988) a.."'1d Spane and Webber (1993). A 
comparative analj"Sis ofh}'drocbe[Iijcal content suggests that the DH-06·01 (and DH·04-02) 
groundwaters are relatively youthful in character and do not display an evolved reactionary 
development. This would be expected for basalt groundwaters v.rithin predominant recharge region 
locaoons. As noted previously in Spane (2004), the hydrochemical a.."1d assumed isotopic content for 
this uppermost, confined grou.."1dwater·f1ow system may be sufficiently different and distinguishable 
from Columbia River water. Tnis difference may allow identification of reservoir water lea..t.:.age a.."'1d 
determine the vertical and lateral extent of reservoir recharge to the underlying groundwater flow 
systems. 
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T able 6.1. HydrolOgic T esting/Analysis Summary for Cotehole DH-06-1 Test Zones 

Test/ 
Depth 

Interva1(a) 
ftb... 

Test 
Foanation 

Test 
Method 

Hy 

T 
fC/ d 

draulic Pr 

K'" 
ft / d 

operties 

5 Comments 

150--162.8 Esq-.ao:el/ 
u rnarilla B2S2.lt 

Co:'J.sta..,t-Head 
b ject:io:l 

(Zo:1e 1 ).-ret.~od) 
XA 1.94 >':A 

Avc~ of \-a.dosc ZO:le 
tests; slight stteSs 
depende::lce ex1-jbited. 

236-255.1 Fault Zo:'J.c 
Brccci3. 

Co::lstlL"'It-He2d 
i*:ction 

(Zo:'Je 2 ).1etb.od) 
:::-:A 3.77 :::-:A 

Av~oi vadose ZO:'J.e 
tests; slight st:"css 
depen.de:1ce exhibited. 

27~296 Fault Zone 
Brecci3. 

Co:J.st:l.."1t·Head 
Injection Test #1 

Steady.state 
A.nalvsis 

8.42 0.42 :-.1A 
Unconfined aquifc 
vcry stable test 
cO:1ditio:1s. 

~ test; 

Constant-Head 
L"'I jeccio:l Test #2 u nCO:1fuJ.ed aquifer test; 

Steady-state 8.33 0.42 ~A data a:ulyzed before loss 
.,I,..--w.,"Sis cube ce..."'1e:1t seal. 

Co:1fi..,ed. aq-.llfe:- S)"Ste:':1; 

tests affected by f2ilu.--c 
o f :I!l...,ulr ce:ne:lt SC2l 
beN,.·ee::J cas:""lg stri."lgS 

311.8-400 Co:n?Osite 
Po:nona Bault 

Srep-D:':l1I,do'll,":l 
T~.,sie:1t ,·\.:'12jysis 

1,655 18.8 5.0E-5 a.:l.d rnulciple·ur.llfe~ . , . 
p:ezo:ncte:- comp.ecO:1 

(Step 1) at DH-O.>-OI; a.."'l21ys.is 
based on Step 1 
ci..""2WCOW:1 :l...·ulysls, 
which is least im~cted 
by SC2.Ileaka~. 

37'>395 Pomo:'Ja Basalt P:'Jeu..-nacic Slug 
Test A."'l21ysis 

1,058 52.9 :::-:A 
(CD = 0.425) 

p-ligh-K a.."'l2lysis of 
oscillatOry pneu!:lacic slug 
tests \l,>it.~ shallow 
?~essu.--c flu.id-coll.lmn 
d""ili. 

(.) 
(b) 

ft bgs: fcet below gro\lnd surrace 
K = T / b; US\l.""l'led cO:1tributing, b, = test i:'J.te:'l.7..Ile:1gth exccpt as noted 
NA = ::lOt applicable or not applied 
CD = well slu~ test res?O:'J.sc da..T.obg pL""1.."'":1eter; di""l'le:1sio:'J.!ess 
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Table 6.2. 	 Pertinent Hydrologic Test and Analysis Information for Vadose Zone Test 
Intervals: Corehole DH-06-1 

Test/ 
Depth 

Interval 
ftbgs 

Tes' 
Formario 

Tes< 
(Date) 

Constant Head Injection Test Parameters 

K..(~) 

fr/day'. 
ft 

A 
ft 

H 
ft 

X 
% 

To 
ft 

Q, 
gpm 

V_ 
gal 

c.. 
0' 

C. 

150-162.8 
Esqu:l.tzdl 

Umati11:a 
B:as:aJt 

., 
~-

(4/ 6/06) 
0.396 12.8 166.56 61.2 272.2 54.35 11,165 ii.S3 2.04 

.­~, 
(4/7/06) 

0.396 12.8 261.50 68.6 381.0 - -,11.:;­ 10,340 i8.52 1.84 

136-255.1 B:as:a1t F:ault 
Brecci:a 

-, 
~. 

(4/10/06. 0.328 19.1 149.25 92.0 162.15 4i.05 5,555 90.02 3.66 

-,
~-

(4/11/06. 0.328 19.1 265.26 95.3 278.3 85.63 1"'' ­_ -..0> '0.02 3.87 

(:a) Results :a:12lped using eid:e~ the cec;> (Zone 1) o~ sh.:aJlow (Lone 2) \",:ate:'-ab!e solutions. 

Nomenclature: 
r... = r2cUUS o f open borehole test section 
l\ = length of open borehole tCSt section 
H = imposed injectiOl'l he:ld :above bottom ofboreho!e test section 
T~ = yertic:al discmce from wale: t2ble to tOp of fluid<olu.-nn injection level; W2.ter t:l:b!e depth = 268 ft bgs 
X = H/T~ 
Q = pkUdo.stc:ady-st:l.te injection flow r:tte 
V.". = tott! \'olume injeeted intO bo~ehole duri."Ig injection tCSt 
c.. = utu.."':1ted conducti\ity coef€cen:; Zone I, Deep \'V'uer-Table Test Cue 
C. = nrur2tcd conduCID.ity coefficient; Zo::le 2, Sh:al1ow \'V':uer-T:lble Test Case 
K. = u:un.ted hydaulic conductivity 
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Table 6.3. TestIDepth Hydraulic Conductivity Distribution Summary 

Test/ Depth 
Interval 

ftbgs 

Best Estimate Value 

Basis/ CommentS
Hydraulic 

Conductivity, ~(1) 

ft / day) 

Storativity, 

S 

150-1628 1.94 :\:A A,,~ of vadose ~one test resclts 

236-255.1 3.77 ~A Vadose zone test result 

27~296 0.42 ~A Id~rial StoeY·Statc: :1n2lySls results for 
;.:.nconfined aquifer tests 

311.8-375" 9.45~ 5.0E.-5 
De-..=i.'led by subt:':leti..'"Ig the =.:!s:nissivity 
,"21ue for ?iezo:!!ete:' zone (375-395 ft) fro:!! 
test zone 311.8-400 ft and as.s.ig:U.'lg :esidU2l 
to deot.~ interval 311.S-375 ft 

375-395 52.9 ~A Ave:-age of piezometer [CSt method results 

(. ) Assu.:nee:o be uni:orm ....,&.i.... &.e :e$t/ c.¢ i.'"Ilen')}. 

B3.SCd 0:'1 principle of de-supc:posicon by st:b=cting the tra..'"Is:nissivi:y \"21'..:e for picwmetcr zone (375­
395 ft) from tCSt wne 311.8-400 ft a..'"Id assigning rWd~ [0 depth : ..mc:'\"213 11.8-3i5 ft; TJ = 
T: ·T, = 1655-1058 = 597 ~/d'J.y; K.J = TJi63.2 ft = 9.45 ft/ay. 
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Figure 6.1. Pressure Head Response for DH-06-01, During Constant-Head Injection 
Test #1: Fault-Zone Breccia; Test Interval 276 to 296 ft 

Figure 6.2. Pressure Head Response for DH-06-01, During Constant-Head Injection T est 
#2: Fault-Zone Breccia; Test Interval 276 to 296 ft 
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Figure 6.3. 	 Diagnostic Constant-Head Injection T est #1 Recovery Plot, DH-06-01: Fault­
Z one Breccia; Test Interval 276 to 296 ft 

Figure 6.4. 	 Observe Pressure Response During Step-Drawdown Test, DH-06.(}l: 
Composite Pomona Basalt; Test loterval311.8 to 400 ft 
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Figure 6.5. 	 Step-Drawdown Test, Well-Loss Analysis, DH-06-01: Composite Pomona 
Basalt; Test ImeIVal 311.8 to 400 ft 

~ 

Figure 6.6, 	Type-Curve and Derivative Plot Analysis ofDH-06-01 Step-Drawdown T est 
(Step 1): Composite Pomona Basalt; Test Interva1311.8 to 400 ft 
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Figure 6.7. Slug Test Analysis for Piezometer DH-06-01, SW #4: Pomona Basalt; Test 
Interval 375 to 395 it 

Figure 6.8. Hydraulic Conductivity Depth Profile: DH-06-{)l 
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Figure 6.9. 	 Tn-linear Plot Showing the Relationship ofDH-06-01 (pomona Basalt) and 
DH-04-02 (Selah Interbed) Confined Aquifer Groundwater'S (both plotting 
within Red Circle), in Comparison to Hanford Site Upper-Saddle Mountains 
Basalt Groundwaters 
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7. Conclusions and Recommendations 

To assess the potential hydrologic impact of the proposed Black Rock Reservoir on local and 
surrou."'lding areas, derailed hydrologic testing is beL'1.g conducted at selected test borehole locations. 
This report is the second of several pla."'lned USBR hydrogeologic borehole characterization test 
L"lVesrigations and was designed to provide detailed h)'drogeologic information specific to t....e 
proposed southern abutment location. L"l total, eight vadose-zone intervals a.."ld se\~en grou."ldwater 
test/dept.>" zone intetVais were successfully characterized dO'WTl to depths of 400 ft below ia.'1d 
surface (1a.~d surface = 1276_1-ft ),·rSL). The pri.'1cipal characterization objectives for dIe borehole 
testl.'1g program were to provide basic site-specific cha..'"acterizanon information concerning the 
hydraulic/storage properties, hydroche17llscry, and hydraulic head relationships of selected 
hydrogeologic unitS at this test site location. Additionally, assessment of the vertical 
commulucation/leakage between hydrogeologic units was to be assessed by examining hydrologic 
responses at piezometer DH-OS-Ol duri."lg drilling a.'1.d testing of borehole DH-06-01. Howe\'er, the 
multi-aquifer installation of the initial piezometer in DH·OS·01 (I.e., 379 to 399.S ft) dirf..i...'1...ished t.~e 
ability to assess cross-fonnationalleakage effects. Salient findi..1gS and pertinent characterization 
L'1.formation resulting from the borehole test characterization are provided below. 

Geologically, the test site is underlain (with increasing dept.l,.) by 6O.S ft of u...'1consolidated 
Quaternary sediments; 31.S ft of Pomona basalt; 136.4 ft of u...'1differentiated Esquatzel and '{,;matilla 
basalts; 72.7 ft of basalt fault-zone breccia; 10.6 ft of Rattlesnake Ridge interbed; and 89.3 ft of 
Pomona basalt (not fully penetrated). Two hydrogeologic features are of significance at the damsite 
location: 1) t.l"e Horse Thief)doWltain thrust fault, which is embedded \\oithin and responsible for 
the fault-zone breccia (depdl.: 228.4 to 301.1 n); and 2) t.l,.e Rattlesnake Ridge interbed (depth: 301.1 
to 310.7 ft), which serves as the primar), confi."li.'1.g layer separating t.~e u-"lconfined aquifer "Withi."l the 
fault-zone breccia from the underlying Pomona basalt confined aquifer. The hyd."2ulic head 
difference between the twO aquifer systems was approximately 102 it, 'with the u...'1confined water­
level elevation at -1,008·n ).1S1., and t.l,.e underlying basalt confi...'1ed-aquifer potentiometric 
elevation equal to -1,110-n )dSL 

Hydraulic test results (Sections 5 and 6) were combined to develop a partial, hydraulic conductivity, 
K, depth profile below the test site location. Figure 7.1 shows the calculated vertical profile based 
on hydraulic conductiv"ity measurements obtai.'1ed and combined from test boreholes DH-05-01 and 
DH-06-01. The basis for the K.depth profile is summarized in Table 7.1. It is interesting to note 
that analysis results obtained from testing a similar test/depth imeno-aI at DH-OS·Ol (269.2 to 
287.4 n), which ""-as drilled with polymer drilling mud with sealant, and DH·06·01 (276 to 296), 
which was drilled using compressed air, \\o-ater, and foa."!l as the circulating drilling fluid, produced 
"ety sirnilar K estimates for the overlapping test intervals (J.e., 0.73 vs. 0.42 ft/day). This relative 
correspondence 1.'1 K estimates suggests a lack of a significant bias in K estimate c.l,.aracterization, 
due to drillin.g-fluid effects for these two test examples. 

A comparison of K estimate results obtained for hydrogeologic units tested at DH-05-01 a.'1.d 
DH-06-01, \vith the previous Black Rock Reservoir test site results (DH-D4-01 and DH-D4-02) a.'1d 
\-alues reported at the nearby Hanford Site are presented in Table 7.2. Of 1."lterest are t.l,.e K 
estimates obtained for the Pomona basalt. At the initial Black Rock test site (DH-04-01/ 
DH-D4-02), the Pomona basalt test imervals exhibited relati,,-ely low K characteristics (0.04 f,:/day). 
while at DH-OS-Ol a."ld DH-06-01 test-site K values were more tha..'1 one to twO o rders-of­
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magnitude higher, ranging from 0.32 to 52.9 ft/ day. \Vhi.le the K estimates for the basalts at the 
DH·05·01 a.."1d DH·06·01 test location fall within the ra."1ge reported at the Hanford Site for siJr.i1ar 
Saddle :Mountain basalt flow tOpS and interflow zones, the possibility of enha."1ced basalt 
permeability by past tectonic activity (i.e., a.."1cillary fracturing associated with the local thruSt fault) at 
the damsite abutment location is a possible exp!a..'1.ation for the higher K values. Additionally, it is 
imerestL"1g to note that K values for Pomona basalt test intervals were generally higher below the 
fault·zone breccia \vithi."1 t.l,.e footwall of the t.ltruSt fault block, whic.~ geologically may be an area of 
more constrained stress/ strain! fracturing within the basalts. 

).1onitored hydrologic responses ,-"it.1Un the initial piezometer completed in DH·05·01 during testing 
and drilling of neighboring borehole DH·06·01 could not be used quamitatively to assess cross· 
formational leakage between the unconfined a..'1.d confined aquifer systems. This is due to an error 
in sandpack placement within t.~e i."litial piezometer installation, whidl provided direct hydraulic 
communication between the [\VO aquifer systems. Subsequent re·completion of the pie-,lOmeter 
w:ithin DH·05·01 in the unconfined aquifer provides an opportunity to monitor the aquifer dynamic 
responses and possible hydraulic cornmu.."lication between the twO aquifer systems, separately. 
Baromettic. response a."1alysis and long-term baseline monitoring responses for the piezometers 
monitoring the u.."1confi..."1ed and confined aquifer systems at the damsite location, however, indicate 
that a degree of hydraulic corIUr.u.."lication still exists within the borehole section (and/ or the 
immediately surrounding borehole/ formation contact region). The long·term baseline response 
withi."1 piezometer DH-05-01 'Willli.i;.ely com:i."1ue to trend upward and reach a composite hydraulic 
head that is between the Static water levels ex..J.Ubited for the unconfined aquifer (i.e., -268 ft; l008-ft 
:\1SL) and confined aquifer (- 166 ft; 1110-ft ).1SL). The equilibrated, composite system hydraulic 
head predicted for DH-05-01 would. be a function of the head difference and transrnissiviries of the 
N"-O aquifer systems and the degree-of hydraulic con.'1ecnon (i.e., permeability) provided by the 
borehole between the tWO monitored aquifers. 

Groundwater samples collected from the Pomona basalt confined aquifer at DH-06-01 indicate 
nearly identical hydrochemical dlaracteristics as displayed by grou.."1dwaters wit.lUn t.~e uppermost 
confined-aquifer system at nearby test borehole DH~04-02. A comparative analysis of 
hydrochemical coment suggeStS that the confined ground\\'aters at DH-06-01 and DH-04-02 are 
relatively youthful in character :md do not display an evolved reactionary development. The 
hydrochemical a..'1.d assumed isetopic centem fer this uppermost, ground.....-ater·£I.ow system may be 
sufficiently different and distL"1guishab!e from Columbia River water. TIlls difference may allow 
ide::J.tificaOon of reservoir·water leakage and be used to determi.."1e the vertical a.'1d lateral extent of 
reserveir recharge to the underlying groundwater system. 

Based on the results obwned from the initial No-field testing~program im'estigations, the following 
gene.....aJ recemmendations are provided for subsequent borehole, hydrogeologic site 
characterizations. 

1. 	 All berehole characterization sites should have an i."litial co rehele for detailed geologic 
and borehole geophysical characterization of the site. Following characterization, the 
cerehole should be completed as a piezometer to allow detailed hydrologic test analysis 
and leakage assessment. The corehoJe piezometer should monitor the uppermost 
confi."1ed-aquifer system underljing the site. If air-lift pumping is used to develep the 
piezometer installation, the air-lift injecti."1g pipe (conductor pipe) sho uld be located a 
minimum of 20 ft above the piezemeter screened interval. 
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2. 	 Follo\\-i."lg completion of drilling a."ld testing activities, the adjacent hydrologic test 
characterization borehole should be completed as a piezometer either in the overlying 
u.1confined aquifer or deeper confined aquifer system. This will afford monitoring of 
twO separate aquifers at the test site a.":ld provide 3.'1 opportunity to assess long.tenn 
hydraulic COrT'.munication response characteristics of the t\vo systems. 

3. 	 The corehole (prior to piezometer installa.tion) and adjace:lt test borehole should h:i\re 
borehole declination/deviation Slln'eys conducred to provide accurate lateral distance 
assessments for the test·interval depths. 

4. 	 For borehole test characterization sites located within the proposed reselVoir 
bou.'1dary, t.~e following additional vadose zone characterization tests may be 
considered: 

a) 	 continuous test proo.li'lg duoughout the vadose zone (e.g.• 5 to 10 ft 
test sections 


b) labor2tory permeability tests of selected core sa."llples 

c) in nlll air·injection permeability test. 


5. 	 Complementing or as a replacement of some of the recommended \radose·zone tests. a 
sealed vadose zone piezometer monitoring the bottom/base of the sediments 
overlying the uppermost basalt flow will provide a bulk vertical hydraulic diffusivity 
(K)S,) for all vadose zone units from land surface to t.~e point of measurement. This 
is realized by monitoring barometric·pressure transmission from 1a.'1d surface to the 
point of measurement for a,"l extended monitoring period (e.g., 2 to 4 weeks). 

6. 	 Based on inferential results from the initial tWO borehole site characterizations. several 
hydrogeologic muts appear locally to nl.'1ction as hydrologic barriers to "erncal 
groundwater flow (e.g., at DH·05·01/DH-06·01 ;;;; Rattlesnake Ridge interbed; at 
DH·Q4..01/DH·Q4..02 = Pomona basalt). Subsequent tesHite characterizatio:ls 
should include efforts to characterize the hydraulic conducti,,;ty a..,.d sealing 
characteristics of any apparent low.permeability unit that may significantly impact 
vertical groundwater flow. 

7. 	 A packer/probe test system \Yit.~ an attached, higb·srreng--..h, perforated rail·end section 
shodd be considered for routindy tesri....lg test intervals during borehole a.dvancement, 
particularly for unstable borehole test sections. Open borehole tests within stable 
borehole sections conducted with a.1 o\'erlying, cemenHealed casing ha.ve proven 
successful; however, the rime required for curi...":lg t.l,e cement seal may be more costly 
than using the packer/probe test system. 

It should be noted that the first twO recommendations were attempted for this site·characterization 
location. As noted i.-l the report, bowever, some difficulties were encoumered during the DH·05·01 
corehole piezometer completion., which limited monitoring acti,;ties during the characterization 
period. Efforts were also made to test the Rattlesnake Ridge imerbed confining layer 
(Recommendation 6); however, borehole stability and drill~casing sealing problems caused these 
attempts to be unsuccessful. In addition, the use of a packcr/probe test system (Reco!!'.mendation 
7) proved to be u.'1successful in testing t.l-:e Pomona basalt below the Rattlesnake Ridge imerbed 
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confining layer. This was largely amiburable to t.~e rug}'J}" fractured condition of the Pomona basalt 
over this test/depth interval. Despite the lack of success of several of these recommended 
characterization activities at t.~e proposed south dam aburment location, it is still advised to 

implement t.l,.ese recommendations at subsequent borehole, hydrogeologic site characterizations. 

Table 7.1. Test/ Depth Hydraulic Conductivity Distribution Summary 

Test,fDepth 
In,,,,,,", 
ftbgs 

Best Estimate Value 

Basis/CommentS 

H ydr:aulic 
Conductivity, K.t..c..) 

h l "'y) Stontthi ty, S 

65.6-70.6 0.46 ~A DH-05-01 ndose zone test inten"2.\ ~esult 

73.6-77.8 1.39 ~A DH-OS·Ol vadose zone test inten"2.i result 

9.3-98 20.7 ~A DH-05-01 2w;:age \'2dose zone test i.'"Ite."'V2l result 

113-119 5.43 ~A DH-05-01 2vc:age Y2cose zO:le test i:l,e:>"2i result 

123-129 5.64 ~A DH-05-01 :iI\'~ \-ul.ose zone test i.'"J.te:>"2i :esult 

133-150 0.45 ~A DH-05-0i :acnp,ed vuiose zone teSt :::m~l"\"2i ~esult 

150-162.8 1.94 ~A DH-06-01 :avenge \-ul.ose zone test i.'"J.tel"\"2i :esuh 

236-255.1 3.77 ~A DH-06.Ql 2vet'2gC v2dose zone test intel"\"2i :esult 

269.2-276­ 1.28· 4.5£-4 "'lhsed on extension of de-supe::position principle 
for ove::!appi.'"J.g tCSt inte:· ...:iIls fro~ DH-05-01 2...,d 
DH-06-01 

276-296 0.42 =,A Bucd 0:1 identiC2l bjc:ction-:est results for DH.Q6.. 
01 test i.'"Ite:>"2l 

311.8-334.6 0-'~- 4.0£...4 DH-05-01 2\"enge of test method :esuhs for test 
ime:>-a! 319-334.6 Fe extended to test i.'"J.:e:>-:a.! 
311.8-334.6 Fe 

334.6-375 .... 14.6 5.0£..5 "><Based on de·superposition principle for 
encompassed test imerv:l.ls f:O:-:-l DH-OS-Ol 2...'"Id 
DH-06.Q1 

375-395 52.9 ~A Dti-05-01 piezomc:te:: slug test :esults 
.) ,'\»\ItT..,cl1O be ""';form ",~:hi::.:!:<:: :c:5:/cl~;l:. ::::cr.-al. 

. BaKe QCI O:U=·..Ma Qf &.~":X><l ..ri:--rl?!c: fot O\........;oy:ng~: "':~ Dc:-.c:r::-.!:".cC by ."'~:l:~ 0\-er.apF-4; 
~"'":I)" >cetiocl \"I..""':'of DH~l Zoc-.c (276-296 fI) r-.. DH.{)5..01 :cs::t-!X'.<: 269.2-287.-=0 li ar.d usig;:'.:::g:-es:d1Dl IO~ 
::::c:n'lll269.2-:r6 f:; T, '" T . -T,::;: 13.~7"":,i'9:: 8.6S ~/fb..r; KJ '" Tl/6JJ f:. =1.28 :-J':"'~' 

Dc:-.crn=od by .",I>=g the ~.:s..:,,-::y \"I..'ue for DH~l 7..onc (1". @276-296:-~.o.nd. DH-OS-(Il 7..onc 
(1":@ lll~)4.6 ft) &om DH<' Zo::c:: (1"J @ll1.8-«Xlf:)anCau:gr.:::g:-es:dIDlIOCcp-.h:mo:l'Va!J34.6-li)ft: 
T. '" T, _T, .TI =1655-1058- 7.3:: 5$9.7 f:'/ fb..)': K..:; To/Io.S f: '" 1~.6 :-.jc2."j' 
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Table 7.2. Hydrogeologic: Unit Hydraulic Conductivity Property Summary/Comparison 

Hydrogeologic U nit 

Hydraulic Conductivity Range, ft./day 

DH-O;-Ql & DH-06-01 DH-04-OI & DH-04-02 

Hanford Site 

Geometrie: Mean/ (Range) 

QuJ,t=:y Su..~ciil Sediment! :S-T 0.S5 02 - 2.20)W 

Ringold Formation :S-P 2.64 SA·3t1» 
(O.05-210) 

R:tcdes:uke Ridge Inre:bed ~T 0.8 2.36{c) 
(0.0<>-25.6) 

Pomo:u Basilt 
0.46--1.39 

(above: tacit ZO:lc:) 0.0< (I~'-I0')'" 

0.32- 52.9 
(below fault zO:"Je) 

Undiffe:-c:nriated Fault Zones 0.42-3.ii ~P W 

Sd2..\.: L-lte:bc:d "1' ? -_., 
(O.0<>-?5.6) 

236{c) 

U::ldiffe:-enri2ted 
Esqw.tzcl/U=riJ..b. BasaltS 

0.45-20.7 ~1 (lo-=-HP){4) 

(,) Saturated hydraulic conductivity c:sti..nates determined from labornto::y permeability core: tests for the Early Palouse 
soils a::ld finc.grained sequence wi&.in the Hanford Formacio:"J, as rC?O:u-d in Connelly et iI. (1992). 

(b) Results for 38 Ri:1go!d FOr::".2.cion teSt sites wid',in the e:entr21 H2.1'lford Site, as :eponed in S?1."le et:a.l. (2001 a, 2001b, 
2002, 2003) 1.'ld Spane: and :s"<:\'\.·co:ne:r (2()()4). 

(0) Results for 22 Rattlesnake Ridge L"l.te~ teSt sites within the H1!l;fo~ Site, as reponed in Sp1."l.e 1."ld Ve:r::".eul (1994) 
1."ld Spane: 1."l.d Webber (1995). 

(d) ResultS for Suidle ~1ount:li.ns Basalt flow tops 1."l.d i."l.:crilow zones,:lS :epo:-..ed in DOE {19SS}. 

~T. Encou."I=al b::t no:: :~:~ cw:i:lg Cri!L:..g 
:-"-1': ;\;0: ?=: or cne:OW\=d chubg CriIIbg 
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Figure 7.1. Hydraulic Conductivity Depth Profile for DH-05-01 and DH-06-Ol Test Site 
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APPEl'<LJIX A 

Test Equipment Pictures 

Al 

A2 

A3 

Manufacturer General Description of Farwest Air-Lo~<>year Wireline Packer Test 
System Used in Corehole DH-05-01 

Inflatable Packer Test Equipment Assembly 

Close-Up ofTransducer Line and PTE Connection Assembly 
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Figure A.2. Inflatable Packer Test Equipment Assembly 

Figure A.3. Close-Up ofTransducer Sensor Line and PTE Connection Assembly 
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APPEl'<"DIX B 


Miscellaneous Baseline Monitoring/ Barometric Analysis Plots 


B.1 	 A Comparison of De-Trended Data for Baseline Monitoring Period January 1- 25, 
2007, Piezometers DH-05-01 and DH-06-01 

B.2 	 Comparison of Continuous Frequency Spectra for Barometric Pressure and Well 
Water-Level Response for First Baseline Monitoring Period at: (a) Piezometer DH­
05-01, and (b) PiezometerDH-06-01 

B.3 	 Comparison of Continuous Frequency Spectra for Barometric Pressure and Well 
Water-Level Response for Second Baseline Monitoring Period at: (a) Piezometer 
DH-05-01, and (b) Piezometer DH-06-01 

B.4 	 Well Barometric Pressure Response Models 

B.5 	 Barometric Response Model Comparison for Non-Leak], and Leak]' Confined 
Aquifer Conditions 
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Figure B.t. A Comparison of De-Trended Data for Baseline Monitoring Period 
January 1- 25, 2007, Piezometers DH-05-01 and DH-06-01 
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Figure B.2. 	 Comparison of Continuous Frequency Spectra for Barometric Pressure and 
Well Water-Level Response for First Baseline Monitoring Period at: 
(a) Piezometer DH-05-01 and (b) Piezometer DH-06-01 
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Figure B.3. 	 Comparison of Continuous Frequency Spectra for Barometric Pressure and 
Well Water~Level Response for Second Baseline MonitOring Period at: 
(a) Piezometer DH-O~l and (b) Piezometer DH-06-01 
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Figure BA. Well Barometric Pressure Response Models (from Spane 1999) 

Figure B.5. Barometric Response Model Comparison for Non-Lea1..-y and Lea1..-y Confined 
Aquifer Conditions 
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APPEJ-..'DIX C 


Vadose Zone Test Analysis Plots 


C.l 	 Constant-Head Injection Test Results for DH-05-01, Vadose Zone: 65.6 to 70.6 ft 

C.2 	 Constant-Head Injection Test Results for DH-05-0l, Vadose Zone: 73.6 to 77.8 ft 

C.3 	 Constant-Head Injection Test Results for DH-05-0l, Vadose Zone: 93 to 98 ft 

C.4 	 Constant-Head Injection Test Results for DH-05-0l, Vadose Zone: 113 to 119 ft 

C.5 	 Constant-Head Injection Test Results for DH-05-01, Vadose Zone: 123 to 129 ft 

C.6 	 Constant-Head Injection Test Results for DH-05-01, Vadose Zone: 133 to 151 ft 

C.7 	 Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose Zone: 150 
to 162.8 ft; Injection Test #2 

e.8 	 Constant-Head Injection T est Results for DH-06-01, Injection Test Vadose Zone: 150 
to 162.8 ft; Injection Test #3 

C.9 	 Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose Zone: 
236 to 255.1 ftj Injection Test #1 

C.I0 	 Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose Zone: 
236 to 255.1 ft; Injection Test #2 

99 




"'., ,---- - -------------------, 
Soreho!e: DH-05-C1 _ )(_ Data 

Vadose Zone CotIstarr.-Head In;eetlOn Test 
Fom:a:lOn: Pomona Basalt 

Tes: In:er.aI: 65.6·70.6 f. 
Tes! Dale: ;2/612005 

• 
Filled to Tep ofC:as.ns100.0 

••
• / Tcs:!Analysis Par.lmotcrs 

~ ~..,"- ,." so., 

\ 
~ - H 75.2 • 

o.~ 20 .om 
~ 0.201 ft ., ,A 
X 2<.7 % 
T. 282.0 ft 

C. 55.'" 

0.0 '----------~----------~----------~------------' 
620.0 &:0.0 "'.0 ....0 700.0 

Tome. mill (t., • 000 1"1.'"5: 12/6105) 

~0 r_----------------------------------------------_.
SorehoIe: QH-O:S.C~ 

Vadose Zone: CotIs:a:"I:-Head lr1«"~on Tes: · "'" -_ .. - _. Pseutlo-S!eaeys!a:e P tnS1Jre Forma!JOn: Pomor.a Basal! 
Tes! In:e.-.e/: 73.6 - n .8 f. 

Test Da:e: 121712005<0.0 

Jrlec"'.>on Ra:e 

Adjl:Stmen!s
o """~ T~,,,,,, 

'- J~ ...................-....... -lJ
........~.......
 
20.0 Tcst/Atta lysis Par3meters 

K. '" ; .39 ~I!ay 

H1 • ".'" , 
1I"Ijee'..otI 1nI:.a:ec1 0. • LS 

0.201 "" ,'. •10.0 ,~A ' .2 
X • 10.0 %,T. • 221.9 ,.,C. •0.0 '-________~________~________~________________..__J 

720.0 7<0.0 760.0 780.0 ""'.0 820.0 

Tome. min (to. • 000 tvs: ~217105) 

Kayri Didricksen 
July 10, 2007 

Figure C.l. Constant-Head Injection Test Results for DH-05-Ol, Vadose Zone: 65.6 to 

70.6 ft 

Figure C.2. Constant-Head Injection Test Results for DH-05-0l Vadose Zone: 73.6 to 77.8 ft 
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Figure C.3. Constant-Head Injection Test Results For DH-05-01 Vadose Zone: 93 to 98 it 

Figure C.4. Constant-Head Injection Test Results for DH-05-01 Vadose Zone: 113 to 119 ft 
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~ 

Figure C.5. Constant-Head Injection Test Results for DH-05-01 Vadose Zone: 123 to 129 ft 

Figure C_6. Constant-Head Injection Test Results for DH-05-01 Vadose Zone: 133 to 151 ft 
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Figure C.7. 	Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose 
Zone: 150 to 162.8 it; Injection Test #2 

Figure C.8. 	Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose 
Zone: 150 to 162.8 it; Injection T est #3 
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Figure C.9. 	Constant-Head Injection T est Results for DH-06-01, Injection Test Vadose 
Zone: 236 to 255.1 ft; Injection Test #1 

Figure C.I0. 	 Constant-Head Injection Test Results for DH-06-01, Injection Test Vadose 
Zone: 236 to 255.1 ft; Injection Test #2 
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APPEl'.'DIX D 


Core Pictures for Selected Test Zone Intervals 


D.l Core Pictures for DH-05-01, Vadose Test Zone: 73.6 to 77.8 ft 

D.2 Selected Core Pictures for DH-05-01 Groundwater Test Zone: 269.2 to 287.4 ft 

D.3 Selected Core Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 334.6 ft 

D.4 DH-05-01 Core Pictures for DH-06-01, Vadose Test Zone: 150 to 162.8 ft 

D.5 DH-05-01 Core Pictures for DH-06-01, Vadose Test Zone: 236 to 255.1 ft 

D.6 Selected DH-05-01 Core Pictures for DH-06-01 Groundwater Test Zone: 311.8 to 400 ft 
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ROCK DM~crE 
y/U('"'' RIVEJ:l. BItSoN STor lI.\';t 

P~o;r!OC:T 

DH-OS-I 
bO~ to 77,8-

Figure D.l. Core Pictures For DH-05-01, Vadose Test Zone: 73.6 to 77.8 ft 

BLACK 
y,...",._4100 R.VER. 6~N St-or A.'<;.:.E. 

Pn:."'':::Te.c:.~ 

DH-05- I 
Fro... 2b2"2 to L-'3~ 

Figure D.2(A). Selected Core Pictures for DH-05-01 Groundwater Test Zone: 269.2 to 

287.4 ft 
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SlAC K ROCK DM~\TE 
yt..K ..... ,.,. R.VEs:t B~N S;"T01'"'~ 

'P~o~lSc..-r 

DH-OS- I 
Fro ... 2739. -to 27':1"2 

Figure D.2(B). Selected Core Pictures for DH-05-01 Groundwater Test Zone: 269.2 to 
281.4 ft 

BLACK ROCK DAMSITE 
D8- 5-1 287.6 - 297.8 

Figure D.3(A). Selected Core Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 
334.6 ft 
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BLACK ROCK DAMSITE 
D8-05-1 297.8 - 31)7.5 

Figure D.3(B). Selected Core Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 
334.6 ft 

BLACK ROCK DAMSITE 
D8-05-1 307.5 - 317.5 

Figure D.3(C) . Selected Core Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 
334.6 ft 
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Kayti Didricksen 
July 10, 2007 

BLACK ROCK DAMSlTE 
DH-lI5-1 317.5 · 326.6 

Figure D.3(D) . Selected Core Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 
334.6 ft 

BLACK ROCK DAMSITE 
DH-lI5-1 326.6 - 335.3 

Figure D.3(E). Selected Cote Pictures for DH-05-01 Groundwater Test Zone: 287.6 to 
334.6 ft 
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Kayri Didricksen 
July 10, 2007 

~!.ACK ROCK DM~\-TE
y"",..... R.VE"- SIo,<;'N \Sfor"'\Of; 

P!Z.O-;fGCT 

DH-05- I 
Fro""ISI Q -tolS6.2. 

Figure D.4(A). DH-05-01 Core Pictures for DH-06-01, Vadose Test Zone: 150 to 162.8 ft 

LJL."I.- KROCK 
Y~KI""" R ,VER S~N <!;Tor A.~ 

Pn.o-;rE:.c.'"T 

D H -05- I 
Fro... )b l~ -to \bS'! 
~ -, 

Figure D .4(B). DH-05-01 Core Picrures For DH-06-01, Vadose Test Zone: 150 to 162.8 ft 
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Kayti Didricksen 
July 10, 2007 

Figure D.3(A). DH-05-01 Core Pictures for DH-06-01, Vadose Test Zone: 236 to 251.1 ft 

Figure D.3(B). DH...(l3..()1 Core Pictures For DH-06-01, Vadose Test Zone: 236 to 233.1 ft 
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Kayo Didricksen 
July 10, 2007 

BLACK ROCK OAMSITE 
OH-05-1 335.3 - 346.0 

Figure D.6(A). Selected DH-05-01 Core Pictures for DH-06-01 Groundwater Test Zone: 
311.8 to 400 ft 
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Kayo Didricksen 
July 10, 2007 

BLACK ROCK DAMSITE 
DH-05-1 354.5 - 363.4 

Figure D .6(B). Selected DH-05-01 Core Pictures for DH-06-01 Groundwater Test Zone: 
311.8 to 400 ft 
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Kayti Didricksen 
July 10, 2007 

BLACK ROCK DA.i\1SITE 
D8-05-1 372.2 - 381.1 

Figure D.6(C). Selected DH-05-01 Core Pictures for DH-06-01 Groundwater Test Zone: 
311.8 to 400 ft 
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Kayri Didricksen 
July 10, 2007 

BLACK ROCK DAMSITE 
DH-05-1 38I.l - 390.2 

Figure D.6(D). Selected DH-05-01 Core Pictures for DH-06-01 Groundwater Test Zone: 
311.8 to 400 ft 
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Ka}'ti Didricksen 
July 10, 2007 

BLACK ROCK DAMSITE 
DH-05-1 390.2 - 399.6 

Figure D.6(E). Selected DH-C5-01 Core Pictures for DH-06-01 Groundwater Test Zone: 
311.8 to 400 ft 
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Kayo Didricksen 
July 10, 2007 

APPEl'<"DIX E 

Hydrochemical Data 

11 7 




I<ll.}'ti Didrickscn 
Ju ly 10, 2007 

Table R.l. Dissolved Major Inorganic Constituents for Ground watcr-S:unples Collected from DH-06-01 St ep~Drawdown Test 

Sample D:lIe 
( rime,I'ST) 

Stage of Step. 
Drawdowll 

Test 

Major Anions Major Cati ons 

HCOl 
mg/L 

SO, 
mg/L 

CI 
mg/L 

J' 
mg/L 

NOl/NO 
2 111 ./L 

N, 
mg/L 

K 
1l1g/L 

C, 
mg/L 

Mg 
mg/ ' • 

5/6/2006 Step I 142 16.9 3.7 ND ND 125 4.0 23.6 11 5 
(11 07 hours) 

5/6/2006 
(12<10 hours) 

Step 2 1<2 16.6 :\.7 NO ND 12.5 ,1.0 2'1.2 IIA 

5/6/2006 
(2007 hours) S ICp ) 

142 16.'\ 3.7 ND ND 12.6 '1.0 2>1 11.'1 

5/6/2006 
(2030 hours) 

Step 3 143 165 3.7 ND ND 125 >1 .0 24 11.'1 

N D Not DClcnnincd 
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K:t)' li Didrickscn 
July 10, 2007 

Table E.2. D issolved M:tjor Inorganic Cons tituent s ill D H M06M01 Confi ned Aq uifer Gro undwater 

Major Anio ns M:ljor C:l1 io ll S 

S:lmple 
Date (Ti me, 

1'5'1') 

Hyd ro 
gcologic 

Unit ~;7.'III J. 
SO, 

IIlP/J. 
CI 

m,../1. 
I' 

nw/L 
NOjjNO 
2nw/ L 

N, 
nw/L 

K 
nm/L 

Ca 
1lll!'/L 

Mg 
nw/ L 

\)11·06·01 
5/6/2006 

Pomona 143 16.5 3.7 ND ND 12.5 '1.0 " 11.'1 

D I I-04 ·02 

5{ 1 3{3~4 
1053 

Composite 
Selah/ 

I ~s( uao ..d 
145 16.6 6.9 0.37 1.'16 12.8 4. 1 26.1 11.9 

I lall for(1 
Sitc" 

11979· 1981\ 
Selah 132 · 2 10 1.2 - 19. 1 1.5 - S.O 0.Q3 - 0.90 <0.5 - 2.7 16.8 · 78.'\ 6A · 12.0 2.'\ - 25.3 OA · 13.5 

ND Not Dete rmincd 


*Notc: '-l:Inror<l Site results obtaincd rrom hydrochemical data 1'cponed in Early e l :II. ( 1986). 
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Appendix B 

Geologic Logs of Drill Holes, Core Photographs, and Borehole 

Geophysical Logs 


Laboratory Data 






 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 









 









 

Geologic Log of Drill Hole No. DH-05-1 

(Lower Right Abutment – Foundation Samples) 


Photographs of Core – 60.5 to 77.8 feet and 151.0 to 401.4 feet 

Borehole Geophysical Log
 





  

 

 

 

 

    

 

 

 

 

   

 

   

  

      

                                                  


 




 

 

	

GEOLOGIC LOG OF DRILL HOLE NO. DH-05-1 SHEET 1 OF 5 

FEATURE: Black Rock Alternate Damsite PROJECT: Yakima R. Basin Water Storage Feas. Study STATE: Washington 

LOCATION: South of Washington State Highway 24 COORDINATES: N 437,490.4 E 1,794,496.6 GROUND ELEVATION: 1276.1 

BEGUN: 11/17/05 FINISHED: 3/8/06 TOTAL DEPTH: 401.4 ANGLE FROM HORIZONTAL: AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 60.5 HOLE LOGGED BY: Stelma/Didricksen 

LEVEL AND DATE MEASURED: 162.9 (1113.18) 3/5/06 REVIEWED BY: Doug Bennett 

ENGINEERING
 PROPERTIES 
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CLASSIFICATION 
AND PHYSICAL CONDITIONNOTES 

All elevations measuredAll elevations measured 
from ground surface andfrom ground surface and
are same as drillerare same as driller 

5reported.reported. 

PURPOSE OF HOLE:PURPOSE OF HOLE: 
To determine foundationTo determine foundation 10 
stratigraphy and rockstratigraphy and rock
fracturing characteristicsfracturing characteristics
for hydrogeologic testing.for hydrogeologic testing. 15 

DRILL SETUP:DRILL SETUP:
 
Setup on a hillside drillSetup on a hillside drill
 

20pad located on the lowerpad located on the lower
right abutment along theright abutment along the
original Black Rock damoriginal Black Rock dam
axis approximately 1200axis approximately 1200 25 
feet south of Washingtonfeet south of Washington
State Highway 24.State Highway 24. 

MLML QeQe 
0.0-3.0':0.0-3.0': QUATERNARY LOESS DEPOSITS (Qe).QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with smallcomposed primarily of wind-blown silt with small
amounts of fine sand.amounts of fine sand. Description is based on drillingDescription is based on drilling
conditions and and cuttings returned.conditions and and cuttings returned. 

3.0-60.5':3.0-60.5': QUATERNARY COLLUVIUM (Qcg).QUATERNARY COLLUVIUM (Qcg).
Unconsolidated gravel, sand and cobbles with silt andUnconsolidated gravel, sand and cobbles with silt and
clay.clay. Descriptions are based on drilling conditions andDescriptions are based on drilling conditions and
cuttings returned.cuttings returned. 

3.0-47':3.0-47': SAND, SILT AND GRAVEL.SAND, SILT AND GRAVEL. DescriptionDescription
are based on drilling conditions and cuttingsare based on drilling conditions and cuttings
returned.returned. 

47.0-51.0':47.0-51.0': SAND AND SILT.SAND AND SILT. Description areDescription are
based on drilling conditions and cuttings returned.based on drilling conditions and cuttings returned. 

30 51.0-60.5':51.0-60.5': GRAVEL, SAND, AND FINES WITHGRAVEL, SAND, AND FINES WITH 
COBBLES.COBBLES. Description are based on drillingDescription are based on drilling
conditions and cuttings returned.conditions and cuttings returned. 

DRILLING EQUIPMENT:DRILLING EQUIPMENT: 
Truck mountedTruck mounted (GP-GM)sc(GP-GM)sc QcgQcg 
Ingersoll-Rand T-2 rotaryIngersoll-Rand T-2 rotary
drill.drill. 

DRILLER:DRILLER: 
Chris PetersonChris Peterson 

DRILLING METHODS:DRILLING METHODS: 
0.0-51.0':0.0-51.0': AdvancedAdvanced 
8-inch casing using a top8-inch casing using a top
drive hammer with adrive hammer with a 
7-7/8" rockbit and7-7/8" rockbit and
compressed air to removecompressed air to remove
cuttings.cuttings. 

51.0-60.5':51.0-60.5': AdvancedAdvanced 
6-inch casing using a top6-inch casing using a top
drive hammer with adrive hammer with a 
5-7/8" rockbit and water to5-7/8" rockbit and water to
remove cuttings.remove cuttings. 

35 

40 

45 

50 

55 

60 

60.5-92.0':60.5-92.0': POMONA MEMBER (Tp)POMONA MEMBER (Tp) of the Saddleof the Saddle 
Mountains Basalt Formation, Miocene Columbia RiverMountains Basalt Formation, Miocene Columbia River 
Basalt Group (CRBG).Basalt Group (CRBG). Black to gray, moderately hardBlack to gray, moderately hard
to hard, mostly fine grained, vesicular to denseto hard, mostly fine grained, vesicular to dense
aphanitic basalt and basalt breccia.aphanitic basalt and basalt breccia. Descriptions areDescriptions are
based on drilling conditions, cuttings returned, and PQ-based on drilling conditions, cuttings returned, and PQ-
size core samples.size core samples. 

60.5 to 77.8':60.5 to 77.8': BASALT COBBLES WITH POORLYBASALT COBBLES WITH POORLY 
GRADED GRAVEL AND SILT:GRADED GRAVEL AND SILT: TOTAL SAMPLE (BYTOTAL SAMPLE (BY
VOLUME):VOLUME): About 10%About 10% 3- to 5-inch hard, subangular3- to 5-inch hard, subangular
cobbles; about 50% 5- to 12-inch hard, subangularcobbles; about 50% 5- to 12-inch hard, subangular
cobbles; remainder minus 3 inch; clasts composed ofcobbles; remainder minus 3 inch; clasts composed of
basalt.basalt. 

LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 65.6'.ANALYSIS FROM 65.6'. Pomona Member (Tp)Pomona Member (Tp)
chemistry.chemistry. 

MINUS 3-INCH FRACTION (BY MASS):MINUS 3-INCH FRACTION (BY MASS): About 90%About 90%
60.5-77.8':60.5-77.8': AdvancedAdvanced 

65hole with PQ wireline corehole with PQ wireline core 
mostly coarse, hard, subangular gravel; about 10%mostly coarse, hard, subangular gravel; about 10%barrel (3.336" I.D.) andbarrel (3.336" I.D.) and 
nonplastic fines.nonplastic fines.diamond bit using cleardiamond bit using clear 

70 
HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 
65.6-70.6':65.6-70.6': 0.45 feet/day.0.45 feet/day. 

water as circulating fluid.water as circulating fluid.
Pulled PQ and 6" casing,Pulled PQ and 6" casing,
advanced 8" casing toadvanced 8" casing to
63.4'63.4' using a top driveusing a top drive 75 HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVALhammer with a 7-7/8"hammer with a 7-7/8"
rockbit and compressedrockbit and compressed 

TpTp 73.6-77.8':73.6-77.8': 1.39 feet/day.1.39 feet/day. 

U
S

B
R

_P
N

_7
 B

LA
C

K
 R

O
C

K
.G

P
J 

U
S

B
R

_P
N

.G
D

T 
11

/5
/0

7 
9:

25
:0

5 
A

M air to remove cuttings.air to remove cuttings.
Installed 6" casing throughInstalled 6" casing through
8" casing and continued8" casing and continued
drilling and driving.drilling and driving. 

80 

85 

77.8-92.0':77.8-92.0': BASALTBASALT SAND AND GRAVEL.SAND AND GRAVEL. 
Description based on drilling conditions and cuttingsDescription based on drilling conditions and cuttings
returned.returned. 

92.0-228.4':92.0-228.4': UMATILLA MEMBER (Tum)UMATILLA MEMBER (Tum) of theof the 
Saddle Mountains Basalt Formation, Miocene ColumbiaSaddle Mountains Basalt Formation, Miocene Columbia 
River Basalt Group (CRBG.River Basalt Group (CRBG. Black to gray, hard, mostlyBlack to gray, hard, mostly
fine grained dense basalt and basalt breccia.fine grained dense basalt and basalt breccia.
Descriptions are based on PQ- and HQ-size coreDescriptions are based on PQ- and HQ-size core
samples.samples. 

92.0-98.0':92.0-98.0': BASALT SAND, GRAVEL AND FINES.BASALT SAND, GRAVEL AND FINES. 
Description based on drilling conditions and cuttingsDescription based on drilling conditions and cuttings 

77.8-139.5':77.8-139.5': AdvancedAdvanced 
6-inch using top drive6-inch using top drive
hammer with a 5-7/8"hammer with a 5-7/8"
rockbit and compressedrockbit and compressed
air to remove cuttings.air to remove cuttings. 

139.5-151.0':139.5-151.0': AdvancedAdvanced 

90 

95 
hole with a 5-7/8" rockbithole with a 5-7/8" rockbit
and compressed air toand compressed air to 

COMMENTS: 	 Samples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method)." 

Center column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation Engineering 
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999. 

Cs = CasingCs = CasingCs = CasingCs = CasingCs = Casing Sz = Size of CasingSz = Size of CasingSz = Size of CasingSz = Size of CasingSz = Size of Casing I.D.I.D.I.D.I.D.I.D. = Inside Diameter= Inside Diameter= Inside Diameter= Inside Diameter= Inside Diameter O.D. = Outside diameterO.D. = Outside diameterO.D. = Outside diameterO.D. = Outside diameterO.D. = Outside diameter 

Geologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially on
information presented in the following reports:information presented in the following reports:information presented in the following reports:information presented in the following reports:information presented in the following reports: 

"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County 
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003. 

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated 
February 12, 2004.February 12, 2004.February 12, 2004.February 12, 2004.February 12, 2004. 

"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,
Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000. 
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FEATURE:  Black Rock Alternate Damsite PROJECT:  Yakima R. Basin Water Storage Feas. Study STATE:  Washington 

LOCATION:  South of Washington State Highway 24 COORDINATES:   N 437,490.4   E 1,794,496.6 GROUND ELEVATION:  1276.1 

BEGUN:  11/17/05   FINISHED: 3/8/06 TOTAL DEPTH:  401.4 ANGLE FROM HORIZONTAL:       AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK:  60.5 HOLE LOGGED BY:  Stelma/Didricksen 

LEVEL AND DATE MEASURED:  162.9  (1113.18) 3/5/06 REVIEWED BY:  Doug Bennett 

ENGINEERING
 PROPERTIES 

CLASSIFICATIONNOTES AND PHYSICAL CONDITION

E
P

TH
D

remove cuttings.remove cuttings. returned.returned. 
C

O
V

%
 R

E
E

R
Y

151.0-161.5':151.0-161.5': AdvancedAdvanced LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL
S

P
T

105hole with PQ wireline corehole with PQ wireline core ANALYSIS FROM 97.2'.ANALYSIS FROM 97.2'. Umatilla Member (Tum)Umatilla Member (Tum)00
barrel (3.336" I.D.) andbarrel (3.336" I.D.) and chemistry (drive sample from companion holechemistry (drive sample from companion hole
diamond bit using cleardiamond bit using clear DH-06-1).DH-06-1). 

E
W

T 
A

R
IN

G
H

E
water as circulating fluid.water as circulating fluid. 110 
Reamed hole with 5-7/8"Reamed hole with 5-7/8"  HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 

R
D

N
E

H
A

S
S

rockbit to 156.0' androckbit to 156.0' and 93.0-98.0':93.0-98.0': 20.7 feet/day.20.7 feet/day.
installed 6-inch using topinstalled 6-inch using top 115
drivedrive hammerhammer to 143.0'to 143.0' 9090 98.0-103.0':98.0-103.0': BASALT SAND AND GRAVEL.BASALT SAND AND GRAVEL. 

R
A
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S

(refusal).(refusal). Description based on drilling conditions and cuttingsDescription based on drilling conditions and cuttings
returned.returned.

120
R

Q
D

161.5-218.5':161.5-218.5': AdvancedAdvanced 
hole with PQ wireline corehole with PQ wireline core  103.0-108.0':103.0-108.0': BASALTBASALT SAND, GRAVEL ANDSAND, GRAVEL AND 
barrel (3.336" I.D.) andbarrel (3.336" I.D.) and FINES.FINES. Description based on drilling conditions andDescription based on drilling conditions and 

E
LD

 
FI

diamond bit using polymerdiamond bit using polymer 125 cuttings returned.cuttings returned.
00
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O
(EZ Mud) as circulating(EZ Mud) as circulating
fluid and Diamond Seal tofluid and Diamond Seal to 108.0-113.0':108.0-113.0': BASALT SAND, GRAVEL ANDBASALT SAND, GRAVEL AND 
enhance fluid return.enhance fluid return. COBBLES.COBBLES. Description based on drilling conditionsDescription based on drilling conditions130 

LA
B

and cuttings returned.and cuttings returned. 
218.5-222.9':218.5-222.9': 
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Advanced hole with PQAdvanced hole with PQ 113.0-140.0':113.0-140.0': BASALT SAND, GRAVEL ANDBASALT SAND, GRAVEL AND
135wireline core barrelwireline core barrel 6767 FINES.FINES. Description based on drilling conditions andDescription based on drilling conditions and 
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E
(3.336" I.D.) and diamond(3.336" I.D.) and diamond cuttings returned.cuttings returned. 
bit using clear water asbit using clear water as
circulating fluid.circulating fluid. 140 LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
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I 
Flushed hole and tremiedFlushed hole and tremied ANALYSIS FROM 117.0'.ANALYSIS FROM 117.0'. Umatilla MemberUmatilla Member 
60 gallons of calcium60 gallons of calcium (Tum) chemistry (drive sample from companion(Tum) chemistry (drive sample from companion00

E
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T
sealant through drill rods,sealant through drill rods, BasaltBasalt hole DH-06-1).hole DH-06-1).145
estimated to fill bottomestimated to fill bottom 
81.0' of hole.81.0' of hole. ActuallyActually  LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
filled bottom 40', up tofilled bottom 40', up to ANALYSIS FROM 136.5'.ANALYSIS FROM 136.5'. Umatilla MemberUmatilla Member

150185.6' due to losses.185.6' due to losses. (Tum) chemistry (drive sample from companion(Tum) chemistry (drive sample from companion
Reamed hole with PQReamed hole with PQ hole DH-06-1).hole DH-06-1). 
wireline core barrel towireline core barrel to 5454 2626 
222.9'.222.9'. 155 HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 

113.0-119.0':113.0-119.0': 5.43 feet/day.5.43 feet/day.
222.9-287.4':222.9-287.4': AdvancedAdvanced 1010hole with PQ wireline corehole with PQ wireline core 160 W6W6 H4 H4 FD9FD9  HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVALTumTumbarrel (3.336" I.D.) andbarrel (3.336" I.D.) and 123.0-129.0':123.0-129.0': 5.64 feet/day.5.64 feet/day. 
diamond bit using polymerdiamond bit using polymer 00

100100(EZ Mud) as circulating(EZ Mud) as circulating  140.0-143.0':140.0-143.0': BASALT GRAVEL AND COBBLES.BASALT GRAVEL AND COBBLES.
165fluid and Diamond Seal tofluid and Diamond Seal to Description based on drilling conditions and cuttingsDescription based on drilling conditions and cuttings

enhance fluid return.enhance fluid return. returned.9292 returned. 

287.4-401.4:287.4-401.4: Pulled PQPulled PQ 170 143.0-151.0':143.0-151.0': BASALT.BASALT. Description is based onDescription is based on 
and installed 4" casing toand installed 4" casing to 100100 W3W3 FD8FD8 3333 drilling conditions and cuttings returned.drilling conditions and cuttings returned.
287.4'.287.4'. Advanced holeAdvanced hole 
with HQ wireline corewith HQ wireline core 9292 HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL175 
barrel (2.50" I.D.) andbarrel (2.50" I.D.) and 133.0-151.0':133.0-151.0': 0.45 feet/day.0.45 feet/day. 
diamond bit using polymerdiamond bit using polymer
(EZ Mud) as circulating(EZ Mud) as circulating 8383 W6W6 FD9FD9 00  151.0-157.5':151.0-157.5': BASALT.BASALT. Black to dark gray, fineBlack to dark gray, fine

180fluid and Diamond Seal tofluid and Diamond Seal to grained, vesicular basalt.grained, vesicular basalt. Vesicles compriseVesicles comprise
enhance fluid return.enhance fluid return. about 20% of the rock.about 20% of the rock. Intensely to ModeratelyIntensely to Moderately2727 

Weathered (W6)Weathered (W6).. Extensive oxidation (iron andExtensive oxidation (iron and
DRILLING CONDITIONS:DRILLING CONDITIONS: 185 manganese) throughout body of rock,manganese) throughout body of rock,9595
0.0-301.1': Slow and0.0-301.1': Slow and 1313 blackish-green to light green (chlorite) coating onblackish-green to light green (chlorite) coating on
rough, frequent blockingrough, frequent blocking 9797 fractures surfaces and filling vesicles.fractures surfaces and filling vesicles. ModeratelyModerately 
(core barrel).(core barrel). Hard (H4)Hard (H4).. Core fragments can be broken withCore fragments can be broken with190 8080 moderate hammer blow.moderate hammer blow. Very Intensely FracturedVery Intensely Fractured2323301.1-310.7':301.1-310.7': Slow andSlow and (FD9).(FD9). Core recovered in lengths from fragmentsCore recovered in lengths from fragments100100smooth, frequent blockingsmooth, frequent blocking to 0.4', mostly mostly as fragments.to 0.4', mostly mostly as fragments. Joints dipJoints dip

195(core barrel).(core barrel). about 50 degrees, surfaces are rough and planar.about 50 degrees, surfaces are rough and planar.100100 
310.7-401.4': Slow and310.7-401.4': Slow and 100100 H3H3 1010 157.5-161.5':157.5-161.5': BASALT.BASALT. Description is based onDescription is based on 
rough, frequent blockingrough, frequent blocking 200 drilling conditions and cuttings returned.drilling conditions and cuttings returned.100100
(core barrel).(core barrel). 

100100 LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
CASING RECORD:CASING RECORD: 00 ANALYSIS FROM 159.0'. Umatilla MemberANALYSIS FROM 159.0'. Umatilla Member 205 100100 2005 Cs Depth Depth2005 Cs Depth Depth W3W3 FD8FD8 (Tum) chemistry.(Tum) chemistry.
Date SzDate Sz HoleHole   CsCs 100100 
------------------------------------------------ 161.5-168.4':161.5-168.4': BASALT.BASALT. Black to dark gray, fineBlack to dark gray, fine

21011/22 6"11/22 6" 14.0'14.0' 14.0'14.0' 100100 grained, vesicular basalt fragments in a sand andgrained, vesicular basalt fragments in a sand and 
11/29 8"11/29 8" 38.0'38.0' 38.0'38.0' 2222 clayey sand matrix.clayey sand matrix. Vesicles comprise about 20%Vesicles comprise about 20%10010011/30 8"11/30 8" 51.0'51.0' 41.0'41.0' of the rock portion.of the rock portion. Intensely to ModeratelyIntensely to Moderately
12/02 8"12/02 8" 61.0'61.0' 41.0'41.0' 215 Weathered (W6)Weathered (W6).. Extensive oxidation (iron andExtensive oxidation (iron and

10010012/03 8"12/03 8" 61.0'61.0' 41.0'41.0' manganese) throughout body of rock,manganese) throughout body of rock, 
12/05 6"12/05 6" 65.0'65.0' 60.0'60.0' 100100 blackish-green to light green (chlorite) coating onblackish-green to light green (chlorite) coating on 
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FEATURE:  Black Rock Alternate Damsite 

LOCATION:  South of Washington State Highway 2

BEGUN:  11/17/05   FINISHED: 3/8/06 

DEPTH AND ELEV OF WATER 

LEVEL AND DATE MEASURED:  162.9  (1113.18) 3/5/06 

NOTES 

D
E

P
TH

12/06 6" 75.0' 60.0'12/06 6" 75.0' 60.0' 220 
%

 R
E

C
O

V
E

R
Y 

9191 
12/07 6" 77.8' 60.0'12/07 6" 77.8' 60.0' 
12/14 8" 77.8' 59.6'12/14 8" 77.8' 59.6' 

S
P

T
12/16 6" 98.0' 93.0'12/16 6" 98.0' 93.0' 225 100100 
12/17 6" 119.0' 113.0'12/17 6" 119.0' 113.0'
12/19 6" 151.0' 133.0'12/19 6" 151.0' 133.0' 100100 12/20 6" 156.0' 139.5'12/20 6" 156.0' 139.5' 230 12/21 6" 156.0' 143.6'12/21 6" 156.0' 143.6' 100100 

2006 Cs Depth Depth2006 Cs Depth Depth 9393 
Date Sz Hole Date Sz Hole   CsCs 235 
------------------------------------------------ 100100 01/18 6" 161.5' 143.0'01/18 6" 161.5' 143.0'
01/19 6" 170.0' 143.0'01/19 6" 170.0' 143.0' 240 
01/20 6" 180.0' 143.0'01/20 6" 180.0' 143.0' 9090 
01/21 6" 189.7' 143.0'01/21 6" 189.7' 143.0'
01/23 6" 199.4' 143.0'01/23 6" 199.4' 143.0' 245 01/24 6" 209.2' 143.0'01/24 6" 209.2' 143.0' 8383 
01/25 6" 218.5' 143.0'01/25 6" 218.5' 143.0'
02/01 6" 222.9' 143.0'02/01 6" 222.9' 143.0' 100100 
02/02 6" 222.9' 143.0'02/02 6" 222.9' 143.0' 250 

7979 02/03 6" 231.9' 143.0'02/03 6" 231.9' 143.0'
02/04 6" 243.3' 143.0'02/04 6" 243.3' 143.0' 9494 
02/05 6" 254.2' 143.0'02/05 6" 254.2' 143.0' 255 9696 02/06 6" 264.8' 143.0'02/06 6" 264.8' 143.0'
02/07 6" 275.8' 143.0'02/07 6" 275.8' 143.0' 100100 
02/08 6" 287.4' 143.0'02/08 6" 287.4' 143.0' 260 02/16 4" 287.6' 287.6'02/16 4" 287.6' 287.6' 9292 
02/17 4" 294.2' 287.6'02/17 4" 294.2' 287.6'
02/18 4" 300.1' 287.6'02/18 4" 300.1' 287.6' 9393 
02/19 4" 322.0' 287.6'02/19 4" 322.0' 287.6' 265 5757 02/20 4" 334.6' 287.6'02/20 4" 334.6' 287.6'
02/22 4" 343.2' 287.6'02/22 4" 343.2' 287.6'

9898 03/01 4" 352.0' 287.6'03/01 4" 352.0' 287.6' 270 
03/02 4" 368.7' 287.6'03/02 4" 368.7' 287.6'
03/03 4" 388.2' 287.6'03/03 4" 388.2' 287.6' 9595 03/04 4" 401.4' 287.6'03/04 4" 401.4' 287.6' 275 
FLUID COLOR:FLUID COLOR: 100100 
0.0-51.0': Tan (air).0.0-51.0': Tan (air).
51.0-60.5': Tan (water).51.0-60.5': Tan (water). 280 100100 
60.5-65.6': Gray (water).60.5-65.6': Gray (water).
65.5-129.0': Brown (air).65.5-129.0': Brown (air).
129.0-151.0': Black (air).129.0-151.0': Black (air). 285 100100 
151.0-156.0': No return.151.0-156.0': No return. 
156.0-161.5': Black156.0-161.5': Black 

7474 (water).(water). 290 161.5-300.1': Black161.5-300.1': Black 
(polymer - ez mud and(polymer - ez mud and 9393 
diamond seal).diamond seal). 100100 300.1-401.4': Gray300.1-401.4': Gray 295 6767 (polymer - ez mud and(polymer - ez mud and
diamond seal).diamond seal). 9595 

300 
FLUID RETURN:FLUID RETURN: 
0.0-51.0': Drilled w/ air.0.0-51.0': Drilled w/ air.
51.0-60.5': 70%51.0-60.5': 70% 305 9595 60.5-77.8': 25%60.5-77.8': 25% 
77.8-151.0': Drilled w/ air.77.8-151.0': Drilled w/ air.
151.0-156.0': 0%151.0-156.0': 0% 
156.0-191.7': 90%156.0-191.7': 90% 310 
191.7-209.2': 70%191.7-209.2': 70% 100100 
209.2-211.0': 50%209.2-211.0': 50% 
211.0-215.0': 20%211.0-215.0': 20% 315 
215.0-217.1': 50%215.0-217.1': 50% 
217.1-218.5': 60%217.1-218.5': 60% 100100 
218.5-222.9': 50%218.5-222.9': 50% 320 222.9-227.0': 70%222.9-227.0': 70% 
227.0-230.0': 60%227.0-230.0': 60% 
230.0-231.9': 1%230.0-231.9': 1% 9696 231.9-236.0': 50%231.9-236.0': 50% 325 
236.0-239.2': 60%236.0-239.2': 60% 
239.2-243.3': 80%239.2-243.3': 80% 100100 
243.3-247.6': 60%243.3-247.6': 60% 330 
247.6-254.2': 70%247.6-254.2': 70% 
254.2-256.6': 60%254.2-256.6': 60% 100100 
256.6-271.6': 70%256.6-271.6': 70% 335 271.6-275.8': 60%271.6-275.8': 60% 
275.8-278.8': 70%275.8-278.8': 70% 100100 

GEOLOGIC LOG OF DRILL HOLE NO. DH-05-1 SHEET  3  OF  5 

PROJECT:  Yakima R. Basin Water Storage Feas. Study STATE:  Washington 

4 COORDINATES:   N 437,490.4   E 1,794,496.6 GROUND ELEVATION:  1276.1 

TOTAL DEPTH:  401.4 ANGLE FROM HORIZONTAL:       AZIMUTH: 

DEPTH TO BEDROCK:  60.5 HOLE LOGGED BY:  Stelma/Didricksen 

REVIEWED BY:  Doug Bennett 

ENGINEERING
 PROPERTIES 

CLASSIFICATION 
AND PHYSICAL CONDITION

1616 fractures surfaces, infilling vesicles, and forms fractures surfaces, infilling vesicles, and forms
clayey sand matrix . Moderately Hard (H4). clayey sand matrix . Moderately Hard (H4). CoreCore 
fragments can be broken with moderate hammerfragments can be broken with moderate hammer
blow. Very Intensely Fractured (FD9). blow. Very Intensely Fractured (FD9). CoreCore 
recovered in lengths from fragments to 0.4',recovered in lengths from fragments to 0.4',

W
E

A
TH

E
R

IN
G

 
mostly mostly as fragments.mostly mostly as fragments.

H
A

R
D

N
E

S
S 

00  168.4-174.4': BASALT. Black to dark gray, fine 168.4-174.4': BASALT. Black to dark gray, fine
BrecciaBreccia grained, dense basalt. Slightly Weathered (W3).grained, dense basalt. Slightly Weathered (W3). 

W7W7 FD9FD9 Extensive oxidation and alteration (iron andExtensive oxidation and alteration (iron and
FR

A
C

TU
R

E
 D

E
N

S
IT

Y
GMGM manganese) limited to joint surfaces. manganese) limited to joint surfaces. Hard (H3).Hard (H3). 

Core breaks with heavy hammer blow. IntenselyCore breaks with heavy hammer blow. Intensely
to Moderately Fractured (FD6). to Moderately Fractured (FD6). Core recoveredCore recovered 

R
Q

D
H4H4 ranges from fragments to 0.6', mostly asranges from fragments to 0.6', mostly as

4141   fragments. Joints dip from 45 to 70 degrees,fragments. Joints dip from 45 to 70 degrees,
surfaces are rough and planar.surfaces are rough and planar.

FI
E

LD

W3W3 
C

LA
S

S
IF

IC
A

TI
O

N
 LABORATORY SAMPLE FOR GEOCHEMICAL LABORATORY SAMPLE FOR GEOCHEMICAL 

2020 ANALYSIS FROM 171.5'. Umatilla MemberANALYSIS FROM 171.5'. Umatilla Member 
(Tum) chemistry.(Tum) chemistry.

LA
B

BrecciaBreccia 
C

LA
S

S
IF

IC
A

TI
O

N
 174.4-184.5': BASALT. Black to greenish black, 174.4-184.5': BASALT. Black to greenish black,
fine grained, vesicular basalt fragments in a sandfine grained, vesicular basalt fragments in a sand
and clayey sand matrix. Vesicles comprise aboutand clayey sand matrix. Vesicles comprise about

G
E

O
LO

G
IC

 U
N

IT
FD7FD7 20% of the rock portion. Intensely to Moderately20% of the rock portion. Intensely to Moderately

Weathered (W6). Weathered (W6). Extensive oxidation (iron andExtensive oxidation (iron and
G

R
A

P
H

IC
 

manganese) throughout body of rock,manganese) throughout body of rock,
blackish-green to light green (chlorite) coating onblackish-green to light green (chlorite) coating on

W5W5 H5H5 fractures surfaces, infilling vesicles, and formsfractures surfaces, infilling vesicles, and forms
H

O
LE

 C
O

M
P

LE
TI

O
N

 
clayey sand matrix, traces of iron sulfide (pyrite).clayey sand matrix, traces of iron sulfide (pyrite).

TfbTfb GMsGMs Hard (H3). Hard (H3). Core fragments can be broken withCore fragments can be broken with
heavy hammer blow. Very Intensely Fracturedheavy hammer blow. Very Intensely Fractured
(FD9). (FD9). Core recovered in lengths mostly as chipsCore recovered in lengths mostly as chips

00 and fragments.and fragments.

 184.5-228.4': BASALT. Black, fine grained, 184.5-228.4': BASALT. Black, fine grained,
dense basalt. Slightly Weathered (W3).dense basalt. Slightly Weathered (W3). 
Oxidation and alteration (iron and manganese)Oxidation and alteration (iron and manganese)
limited to joint surfaces, traces of iron sulfidelimited to joint surfaces, traces of iron sulfide
(pyrite). Hard (H3). (pyrite). Hard (H3). Core breaks with heavyCore breaks with heavyBrecciaBreccia hammer blow. Very Intensely to Intenselyhammer blow. Very Intensely to Intensely
Fractured (FD8). Fractured (FD8). Core recovered ranges fromCore recovered ranges from
fragments to 0.6', mostly recovered as fragments.fragments to 0.6', mostly recovered as fragments.
Joints dip angles are predominantly 45 and 70Joints dip angles are predominantly 45 and 70
degrees with occassional vertical fracturedegrees with occassional vertical fractureW6W6 H4H4 FD9FD9 surfaces, surfaces are generally smooth andsurfaces, surfaces are generally smooth and
planar.planar.

 LABORATORY SAMPLE FOR GEOCHEMICAL LABORATORY SAMPLE FOR GEOCHEMICAL 
GMsGMs ANALYSIS FROM 219.3'. Umatilla MemberANALYSIS FROM 219.3'. Umatilla Member 1616 

(Tum) chemistry.(Tum) chemistry. 

BrecciaBreccia 228.4-301.1': FAULT BRECCIA (Tfb). Brecciated228.4-301.1': FAULT BRECCIA (Tfb). Brecciated 
zone associated with the Horsethief Mountain Thrustzone associated with the Horsethief Mountain Thrust 
Fault. Black to greenish black basalt breccia.Fault. Black to greenish black basalt breccia.
Descriptions are based on PQ- and HQ-size coreDescriptions are based on PQ- and HQ-size core
samples.samples.

H5H5 FD3FD3 9292 SandstoneSandstone TrrTrr 
 228.4-239.6': BASALT BRECCIA. Black to 228.4-239.6': BASALT BRECCIA. Black to 
greenish black, fine grained basalt fragments in agreenish black, fine grained basalt fragments in a
sand and clayey sand matrix. Intenselysand and clayey sand matrix. Intensely
Weathered (W7). Weathered (W7). Extensive oxidation (iron andExtensive oxidation (iron and
manganese) throughout body of rock,manganese) throughout body of rock,
blackish-green to light green (chlorite) coating onblackish-green to light green (chlorite) coating on
fractures surfaces and forms clayey sand matrix,fractures surfaces and forms clayey sand matrix,
abundant iron sulfide (pyrite). Moderately Hardabundant iron sulfide (pyrite). Moderately Hard
(H4). (H4). Core fragments can be broken withCore fragments can be broken with
moderate hammer blow. Very Intensely Fracturedmoderate hammer blow. Very Intensely Fractured

W5W5 (FD9). (FD9). Core recovered in lengths mostly as chipsCore recovered in lengths mostly as chips2121 and fragments.and fragments.

H4H4 FD7FD7  LABORATORY TEST DATA ON SAMPLE FROM LABORATORY TEST DATA ON SAMPLE FROM 
INTERVAL 235.0-236.0': 70.0% gravel, 10.0%INTERVAL 235.0-236.0': 70.0% gravel, 10.0%
sand, 20.0% fines; LL=NP, PI=NP. Laboratorysand, 20.0% fines; LL=NP, PI=NP. Laboratory
classification of sample is Silty Gravel (GM).classification of sample is Silty Gravel (GM).

 239.6-250.9': BASALT. Black to greenish black, 239.6-250.9': BASALT. Black to greenish black,
fine grained, dense basalt. Slightly Weatheredfine grained, dense basalt. Slightly Weathered
(W3). (W3). Oxidation and alteration (iron andOxidation and alteration (iron and 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-05-1 SHEET 4 OF 5 

FEATURE: Black Rock Alternate Damsite PROJECT: Yakima R. Basin Water Storage Feas. Study STATE: Washington 

LOCATION: South of Washington State Highway 24 COORDINATES: N 437,490.4 E 1,794,496.6 GROUND ELEVATION: 1276.1 

BEGUN: 11/17/05 FINISHED: 3/8/06 TOTAL DEPTH: 401.4 ANGLE FROM HORIZONTAL: AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 60.5 HOLE LOGGED BY: Stelma/Didricksen 

LEVEL AND DATE MEASURED: 162.9 (1113.18) 3/5/06 REVIEWED BY: Doug Bennett 

ENGINEERING
 PROPERTIES 

Y
 

NOTES 
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CLASSIFICATION 
AND PHYSICAL CONDITION 

278.8-287.4': 80%278.8-287.4': 80% 
287.4-294.2': 90%287.4-294.2': 90% 
294.2-294.6': 70%294.2-294.6': 70% 
294.6-295.8': 80%294.6-295.8': 80% 
295.8-300.1': 20%295.8-300.1': 20% 
300.1-310.2': 95%300.1-310.2': 95% 
310.2-313.2': 50%310.2-313.2': 50% 
313.2-322.0': 80%313.2-322.0': 80% 
322.0-327.1': 20%322.0-327.1': 20% 
327.1-330.0': 70%327.1-330.0': 70% 
330.0-352.0':330.0-352.0': 60%60% 
352.0-388.2':352.0-388.2': 90%90% 
388.2-392.1':388.2-392.1': 70%70% 
392.1-401.4':392.1-401.4': 0% to 5%0% to 5% 

WATER LEVEL DURINGWATER LEVEL DURING 
DRILLING:DRILLING: 
(Drill fluid level from(Drill fluid level from
ground surface at start ofground surface at start of
shift)shift)
20052005 
DateDate Fluid LevelFluid Level 
11/2911/29 DryDry
11/3011/30 DryDry
12/0212/02 DryDry
12/0312/03 DryDry
12/0512/05 DryDry
12/0612/06 DryDry
12/0712/07 DryDry
12/1412/14 DryDry
12/1612/16 DryDry
12/1712/17 DryDry
12/1912/19 DryDry
12/2012/20 DryDry
12/2112/21 131.3'131.3' 

20062006 
DateDate Fluid LevelFluid Level 

01/1801/18 DryDry
01/1901/19 94.3'94.3' 
01/2001/20 34.6'34.6' 
01/2101/21 26.7'26.7' 
01/2301/23 38.8'38.8' 
01/2401/24 153.0'153.0' 
01/2501/25 196.3'196.3' 
02/0102/01 DryDry
02/0202/02 DryDry
02/0302/03 200.2'200.2' 
02/0402/04 223.8'223.8' 
02/0502/05 147.2'147.2' 
02/0602/06 172.1'172.1' 
02/0702/07 86.0'86.0' 
02/0802/08 132.7'132.7' 
02/1602/16 260.0'260.0' 
02/1702/17 249.3'249.3' 
02/1802/18 244.3'244.3' 
02/1902/19 254.4'254.4' 
02/2002/20 121.8'121.8' 
02/2102/21 164.2'164.2' 
02/2202/22 172.4'172.4' 
03/0103/01 163.1'163.1' 
03/0203/02 161.8'161.8' 
03/0303/03 162.7'162.7' 
03/0403/04 163.3'163.3' 

WATER LEVEL AFTERWATER LEVEL AFTER 
DRILLING:DRILLING: 
20062006 
DateDate Fluid LevelFluid Level 

03/0503/05 162.9'162.9' 
03/0603/06 162.8'162.8' 
03/0703/07 162.8'162.8' 
03/0803/08 163.0'163.0' 

DRILLING TIME:DRILLING TIME: 

Drilling:Drilling: 400 hrs.400 hrs. 

340 

345 

350 

355 

360 

365 

370 

375 

380 

385 

390 

395 

400 

4040 

100100 

100100 

100100 

100100 

9797 

100100 

100100 

100100 

100100 

8383 

100100 

W3W3 H3H3 FD6FD6 

BasaltBasalt 

BOTTOM OF HOLEBOTTOM OF HOLE 

00 

1414 

3333 

00 

2222 

3030 

4040 

1515 

2424 

TpTp 

manganese) throughout, blackish-green (chlorite)manganese) throughout, blackish-green (chlorite)
coating on fractures surfaces.coating on fractures surfaces. Moderately HardModerately Hard
(H4)(H4).. Core fragments break with moderateCore fragments break with moderate
hammer blow.hammer blow. Intensely Fractured (FD7)Intensely Fractured (FD7).. CoreCore 
recovered ranges from fragments to 0.6', mostlyrecovered ranges from fragments to 0.6', mostly
recovered as fragments.recovered as fragments. 

250.9-273.0':250.9-273.0': BASALT.BASALT. Black to greenish black,Black to greenish black,
fine grained, dense basalt.fine grained, dense basalt. ModeratelyModerately
Weathered (W5)Weathered (W5).. Oxidation and alteration (ironOxidation and alteration (iron
and manganese) throughout, blackish-greenand manganese) throughout, blackish-green
(chlorite) coating on fractures surfaces, abundant(chlorite) coating on fractures surfaces, abundant
iron sulfide.iron sulfide. Moderately Soft (H5)Moderately Soft (H5).. CoreCore 
fragments break with moderate manual pressure.fragments break with moderate manual pressure.
Very Intensely Fractured (FD7)Very Intensely Fractured (FD7).. Core recoveredCore recovered 
mostly as fragments.mostly as fragments. 

LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 267.0'.ANALYSIS FROM 267.0'. Umatilla MemberUmatilla Member 
(Tum) chemistry.(Tum) chemistry. 

LABORATORY TEST DATA ON SAMPLE FROMLABORATORY TEST DATA ON SAMPLE FROM 
INTERVAL 265.0-266.0':INTERVAL 265.0-266.0': 56.0% gravel, 28.1%56.0% gravel, 28.1%
sand, 15.9% fines; LL=NP, PI=NP.sand, 15.9% fines; LL=NP, PI=NP. LaboratoryLaboratory
classification of sample is Silty Gravel with Sandclassification of sample is Silty Gravel with Sand
(GM)s.(GM)s. 

HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 
269.2-287.4':269.2-287.4': 1.32 feet/day (variations in values1.32 feet/day (variations in values
depending on analysis method used).depending on analysis method used). 

273.0-301.1':273.0-301.1': BASALT BRECCIA.BASALT BRECCIA. Black toBlack to 
greenish black, fine grained basalt fragments in agreenish black, fine grained basalt fragments in a
sand and clayey sand matrix.sand and clayey sand matrix. Moderately toModerately to
Intensely Weathered (W6)Intensely Weathered (W6).. Oxidation (iron andOxidation (iron and
manganese) throughout body of rock,manganese) throughout body of rock,
blackish-green to light green (chlorite) coating onblackish-green to light green (chlorite) coating on
fractures surfaces and forms clayey sand matrix.fractures surfaces and forms clayey sand matrix.
Moderately Hard (H4)Moderately Hard (H4).. Core fragments can beCore fragments can be
broken with moderate hammer blow.broken with moderate hammer blow. VeryVery
Intensely Fractured (FD9)Intensely Fractured (FD9).. Core recovered inCore recovered in 
lengths mostly as chips and fragments.lengths mostly as chips and fragments. 

LABORATORY TEST DATA ON SAMPLE FROMLABORATORY TEST DATA ON SAMPLE FROM 
INTERVAL 293.0-294.2':INTERVAL 293.0-294.2': 53.0% gravel, 29.0%53.0% gravel, 29.0%
sand, 18.0% fines; LL=NP, PI=NP.sand, 18.0% fines; LL=NP, PI=NP. LaboratoryLaboratory
classification of sample is Silty Gravel with Sandclassification of sample is Silty Gravel with Sand
(GM)s.(GM)s. 

301.1-310.7':301.1-310.7': TERTIARY RATTLESNAKE RIDGETERTIARY RATTLESNAKE RIDGE 
MEMBER (Trr)MEMBER (Trr) of the Miocene Ellensburgof the Miocene Ellensburg
Formation.Formation. Well indurated tuffaceous fine sand with siltWell indurated tuffaceous fine sand with silt 
and clay.and clay. Description based on PQ-size core sample.Description based on PQ-size core sample. 

301.1-310.7':301.1-310.7': SANDSTONE (TUFFACEOUS).SANDSTONE (TUFFACEOUS). FineFine 
grained, greenish gray, homogeneous, wellgrained, greenish gray, homogeneous, well
indurated fine-sand with silt and clay.indurated fine-sand with silt and clay. ParticlesParticles 
consist of volcanic ash, pumice and lithic fragments.consist of volcanic ash, pumice and lithic fragments.
ModeratelyModerately Weathered (W6)Weathered (W6).. Some mineralsSome minerals 
altered to clay due to partial solutioning ofaltered to clay due to partial solutioning of
fine-grained volcanic fragments.fine-grained volcanic fragments. Moderately SoftModerately Soft
(H5)(H5).. Core can be grooved by knife with moderateCore can be grooved by knife with moderate
to heavy pressure.to heavy pressure. Moderately to Slightly FracturedModerately to Slightly Fractured
(FD4)(FD4).. Core recovered in lengths from 0.3' to 3.0',Core recovered in lengths from 0.3' to 3.0',
mostly in lengths about 1.5' to 2.0', the joint surfacesmostly in lengths about 1.5' to 2.0', the joint surfaces 
are mostly smooth and planar.are mostly smooth and planar. 

310.7-401.4':310.7-401.4': POMONA MEMBER (Tp)POMONA MEMBER (Tp) of theof the 
Saddle Mountains Basalt Formation, Miocene ColumbiaSaddle Mountains Basalt Formation, Miocene Columbia 
River Basalt Group (CRBG).River Basalt Group (CRBG). Black to gray, moderatelyBlack to gray, moderately
hard to hard, mostly fine grained, vesicular to densehard to hard, mostly fine grained, vesicular to dense
aphanitic basalt.aphanitic basalt. Descriptions are based on drillingDescriptions are based on drilling
conditions, cuttings returned, and HQ- size coreconditions, cuttings returned, and HQ- size core
samples.samples. 

310.7-343.2':310.7-343.2': BASALT.BASALT. Black and grayBlack and gray to greenishto greenish
black, fine grained, vesicular to slightly basalt.black, fine grained, vesicular to slightly basalt.
Sharp contact with overlying sediment.Sharp contact with overlying sediment. ModeratelyModerately
Weathered (W5)Weathered (W5).. Oxidation and alteration (iron andOxidation and alteration (iron and 
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HOLE LOGGED BY: Stelma/Didricksen 

PROJECT: Yakima R. Basin Water Storage Feas. Study 

DEPTH TO BEDROCK: 60.5 

REVIEWED BY: Doug Bennett 

LOCATION: South of Washington State Highway 24 

GEOLOGIC LOG OF DRILL HOLE NO. DH-05-1 

ANGLE FROM HORIZONTAL: AZIMUTH: 

COORDINATES: N 437,490.4 E 1,794,496.6 

FEATURE: Black Rock Alternate Damsite STATE: Washington 

BEGUN: 11/17/05 FINISHED: 3/8/06 

DEPTH AND ELEV OF WATER 

LEVEL AND DATE MEASURED: 162.9 (1113.18) 3/5/06 

GROUND ELEVATION: 1276.1 

TOTAL DEPTH: 401.4 

SHEET 5 OF 5 
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Moving:Moving: 15 hrs.15 hrs. 
Down:Down: 14 hrs.14 hrs. 

(Travel time not included)(Travel time not included) 

HOLE COMPLETION:HOLE COMPLETION: 
0.0-270.0':0.0-270.0': Cement grout.Cement grout.
270.0-298.0':270.0-298.0': Filter sandFilter sand 
and slotted pipe with 2"and slotted pipe with 2"
diameter pvc riser.diameter pvc riser.
298.0-401.4':298.0-401.4': cementcement 
grout.grout. 

manganese) throughout, blackish-green (chlorite)manganese) throughout, blackish-green (chlorite)
coating on fractures surfaces, abundant iron sulfidecoating on fractures surfaces, abundant iron sulfide
and palagonite.and palagonite. Moderately Hard (H4)Moderately Hard (H4).. Core can beCore can be 
scratched with knife with moderate manual pressure.scratched with knife with moderate manual pressure.
Intensely Fractured (FD7)Intensely Fractured (FD7).. Core recovered mostly inCore recovered mostly in
lengths less than 0.4'.lengths less than 0.4'. 

LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 313.0'.ANALYSIS FROM 313.0'. Pomona Member (Tp)Pomona Member (Tp)
chemistry.chemistry. 

HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 
287.6-334.6':287.6-334.6': 0.09-0.11 feet/day.0.09-0.11 feet/day. 

343.2-401.4':343.2-401.4': BASALT.BASALT. Black to gray, fineBlack to gray, fine
grained, dense basalt.grained, dense basalt. Slightly Weathered (W3)Slightly Weathered (W3).. 
Oxidation and alteration is limited to fractureOxidation and alteration is limited to fracture 
surfaces.surfaces. Hard (H3).Hard (H3). Core breaks with heavyCore breaks with heavy
hammer blow.hammer blow. Intensely to Moderately FracturedIntensely to Moderately Fractured
(FD6).(FD6). Core recovered in lengths from fragmentsCore recovered in lengths from fragments
to 1.0', mostly less than 0.4', the joint surfaces areto 1.0', mostly less than 0.4', the joint surfaces are
mostly smooth and planar to irregular.mostly smooth and planar to irregular. NumerousNumerous 
joints were weakly healed with clorite and clay.joints were weakly healed with clorite and clay.
Fracfure angles are mostly horizontal withFracfure angles are mostly horizontal with
scattered continuous vertical joints.scattered continuous vertical joints. 

LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 347.0'.ANALYSIS FROM 347.0'. Pomona Member (Tp)Pomona Member (Tp)
chemistry.chemistry. 

LABORATORY SAMPLE FOR GEOCHEMICALLABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 398.0'.ANALYSIS FROM 398.0'. Pomona Member (Tp)Pomona Member (Tp)
chemistry.chemistry. 

HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 
379.0-399.5':379.0-399.5': 10.6 feet/day.10.6 feet/day. 

401.4':401.4': BOTTOM OF HOLE.BOTTOM OF HOLE. 
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Geologic Log of Drill Hole No. DH-06-1 

(Lower Right Abutment – Water Test Borehole) 


Borehole Geophysical Log 






          

  

 

 

 

 

    

 

 

 

 

   

 

   

  

      

                              

	 

	 

	 

	 

GEOLOGIC LOG OF DRILL HOLE NO. DH-06-1	 SHEET 1 OF 4 

FEATURE: Black Rock Alternate Damsite PROJECT: Yakima R. Basin Water Storage Feas. Study STATE: Washington 

LOCATION: South of Washington State Highway 24 COORDINATES: N 437,498.0 E 1,794,459.0 GROUND ELEVATION: 1276.0 

BEGUN: 3/23/06 FINISHED: 5/20/06 TOTAL DEPTH: 400.0 ANGLE FROM HORIZONTAL: AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 60.5 HOLE LOGGED BY: Didricksen/Stelma 

LEVEL AND DATE MEASURED: 165.5 (1110.50) 5/5/-6 REVIEWED BY: Doug Bennett 

ML

(GP-GM)sc

0.0-3.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small
amounts of fine sand. Description is based on drill
cuttings and core sample logged in companion drill hole
DH-05-1.

3.0-60.5': QUATERNARY COLLUVIUM (Qcg).
Unconsolidated gravel, sand and cobbles with silt and
clay. Description is based on drill cuttings and core
sample logged in companion drill hole DH-05-1.

60.5-92.0': POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG). Black to gray, moderately hard
to hard, mostly fine grained, vesicular to dense
aphanitic basalt and basalt breccia. Description is
based on drill cuttings and core sample logged in
companion drill hole DH-05-1.

92.0-228.4': UMATILLA MEMBER (Tum) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG. Black to gray, hard, mostly
fine grained dense basalt and basalt breccia.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1, and
geochemical analysis of the following samples.

 LABORATORY SAMPLE FOR GEOCHEMICAL
ANALYSIS FROM 97.2'. Umatilla Member (Tum)
chemistry (drive sample).

 LABORATORY SAMPLE FOR GEOCHEMICAL
ANALYSIS FROM 117.0'. Umatilla Member
(Tum) chemistry (drive sample).

 LABORATORY SAMPLE FOR GEOCHEMICAL
ANALYSIS FROM 136.5'. Umatilla Member
(Tum) chemistry (drive sample).

 HYDRAULIC CONDUCTIVITY OF INTERVAL
150.0-162.8': 1.94 feet/day.

228.4-301.1': FAULT BRECCIA (Tfb)  Brecciated
zone associated with the Horsethief Mountain Thrust
Fault. Black to greenish black basalt breccia.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1.

 HYDRAULIC CONDUCTIVITY OF INTERVAL
236.0-255.1': 3.57 feet/day.

 HYDRAULIC CONDUCTIVITY OF INTERVAL
276.0-296.0': 3.20 feet/day (variations in values
depending on analysis method used).

301.1-310.7': TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) of the Miocene Ellensburg Formation.
Well indurated tuffaceous fine sand with silt and clay.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1.

310.7-400.0': POMONA MEMBER (Tp) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG). Black to gray, moderately

All elevations measured
from ground surface and
are same as driller
reported.

PURPOSE OF HOLE:
To perform hydrogeologic
testing.

DRILL SETUP:
Setup on a hillside drill
pad located on the lower
right abutment along the
original Black Rock dam
axis about 37 feet west of
DH-05-1, and
approximately 1200 feet
south of Washington State
Highway 24.

DRILLING EQUIPMENT:
Foremost DR-12 truck
mounted dual-rotary drill.

DRILLER:
Ben Horton and Steve
Scrivner

DRILLING METHODS:

0.0-60.1': Advanced
12-inch weld-down casing
using a down-the-hole
hammer with a 11-1/4"
rockbit, and compressed
air with water and foam
(biodegradable foaming
agent) to remove cuttings.

60.1-150.0': Advanced
10-inch weld-down casing
using a down-the-hole
hammer with a 9-7/8"
rockbit, and compressed
air with water and foam to
remove cuttings.
Took drive samples
(maxi-sampler) from
95.2-97.2', 115.0-117.0'
and 135.0-136.5'.
Placed a grout seal from
145.0-150.0' for pressure
water testing.

150.0-167.2': Drilled
open-hole with a 9-1/2"
rockbit using a
down-the-hole hammer
with compressed air with
water and foam to remove
cuttings. Hole caved to
162.8'. Performed water
test.

167.2-236.0': Advanced
8-inch weld-down casing

0

90

Qe

Qcg

Tp

ML 

(GP-GM)sc 

0.0-3.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small
amounts of fine sand. Description is based on drill
cuttings and core sample logged in companion drill hole
DH-05-1. 

3.0-60.5': QUATERNARY COLLUVIUM (Qcg).
Unconsolidated gravel, sand and cobbles with silt and
clay. Description is based on drill cuttings and core
sample logged in companion drill hole DH-05-1. 

60.5-92.0': POMONA MEMBER (Tp) of the Saddle 
Mountains Basalt Formation, Miocene Columbia River 
Basalt Group (CRBG). Black to gray, moderately hard
to hard, mostly fine grained, vesicular to dense
aphanitic basalt and basalt breccia. Description is
based on drill cuttings and core sample logged in
companion drill hole DH-05-1. 

92.0-228.4': UMATILLA MEMBER (Tum) of the 
Saddle Mountains Basalt Formation, Miocene Columbia 
River Basalt Group (CRBG. Black to gray, hard, mostly
fine grained dense basalt and basalt breccia.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1, and
geochemical analysis of the following samples.

 LABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 97.2'. Umatilla Member (Tum)
chemistry (drive sample).

 LABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 117.0'. Umatilla Member 
(Tum) chemistry (drive sample).

 LABORATORY SAMPLE FOR GEOCHEMICAL 
ANALYSIS FROM 136.5'. Umatilla Member 
(Tum) chemistry (drive sample).

 HYDRAULIC CONDUCTIVITY OF INTERVAL 
150.0-162.8': 1.94 feet/day. 

228.4-301.1': FAULT BRECCIA (Tfb)  Brecciated 
zone associated with the Horsethief Mountain Thrust 
Fault. Black to greenish black basalt breccia.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1.

 HYDRAULIC CONDUCTIVITY OF INTERVAL 
236.0-255.1': 3.57 feet/day.

 HYDRAULIC CONDUCTIVITY OF INTERVAL 
276.0-296.0': 3.20 feet/day (variations in values
depending on analysis method used). 

301.1-310.7': TERTIARY RATTLESNAKE RIDGE 
MEMBER (Trr) of the Miocene Ellensburg Formation.
Well indurated tuffaceous fine sand with silt and clay.
Description is based on drill cuttings and core sample
logged in companion drill hole DH-05-1. 

310.7-400.0': POMONA MEMBER (Tp) of the 
Saddle Mountains Basalt Formation, Miocene Columbia 
River Basalt Group (CRBG). Black to gray, moderately 

All elevations measured 
from ground surface and
are same as driller 
reported. 

PURPOSE OF HOLE: 
To perform hydrogeologic
testing. 

DRILL SETUP: 
Setup on a hillside drill
pad located on the lower
right abutment along the
original Black Rock dam
axis about 37 feet west of 
DH-05-1, and 
approximately 1200 feet
south of Washington State
Highway 24. 

DRILLING EQUIPMENT: 
Foremost DR-12 truck 
mounted dual-rotary drill. 

DRILLER: 
Ben Horton and Steve 
Scrivner 

DRILLING METHODS: 

0.0-60.1': Advanced 
12-inch weld-down casing
using a down-the-hole
hammer with a 11-1/4"
rockbit, and compressed
air with water and foam 
(biodegradable foaming
agent) to remove cuttings. 

60.1-150.0': Advanced 
10-inch weld-down casing
using a down-the-hole
hammer with a 9-7/8"
rockbit, and compressed
air with water and foam to 
remove cuttings.
Took drive samples
(maxi-sampler) from
95.2-97.2', 115.0-117.0' 
and 135.0-136.5'. 
Placed a grout seal from
145.0-150.0' for pressure
water testing. 

150.0-167.2': Drilled 
open-hole with a 9-1/2"
rockbit using a
down-the-hole hammer 
with compressed air with
water and foam to remove 
cuttings. Hole caved to 
162.8'. Performed water 
test. 

167.2-236.0': Advanced 
8-inch weld-down casing 

0 

90 

Qe 

Qcg 

Tp 

R
Q

D

D
E

P
TH

FI
E

LD

LA
B

 

ENGINEERING
 PROPERTIES 

C
LA

S
S

IF
IC

A
TI

O
N

G
R

A
P

H
IC

 

H
A

R
D

N
E

S
S 

H
O

LE
 C

O
M

P
LE

TI
O

N
 

W
E

A
TH

E
R

IN
G

 

G
E

O
LO

G
IC

 U
N

IT
 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

%
 R

E
C

O
V

E
R

Y 

S
P

T

FR
A

C
TU

R
E

 D
E

N
S

IT
Y

C
LA

S
S

IF
IC

A
TI

O
N

CLASSIFICATION 
AND PHYSICAL CONDITIONNOTES 

U
S

B
R

_P
N

_7
 B

LA
C

K
 R

O
C

K
.G

P
J 

U
S

B
R

_P
N

.G
D

T 
11

/5
/0

7 
9:

25
:2

3 
A

M
 

COMMENTS:	 Cs = CasingSamples were logged in the field using Designation USBR 5005-86, Cs = CasingSamples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86,Samples were logged in the field using Designation USBR 5005-86, Cs = CasingCs = Casing Sz = Size of CasingSz = Size of CasingSz = Size of CasingSz = Size of Casing I.D.I.D.I.D.I.D. = Inside Diameter= Inside Diameter= Inside Diameter= Inside Diameter O.D. = Outside diameterO.D. = Outside diameterO.D. = Outside diameterO.D. = Outside diameter 
"Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method).""Procedures for Determining Unified Soil Classification (Visual Method)." 

Geologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially onGeologic unit descriptions, stratigraphy and geochemistry interpretation based partially on
information presented in the following reports:Center column descriptors are defined in the Reclamation Engineering information presented in the following reports:Center column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation EngineeringCenter column descriptors are defined in the Reclamation Engineering information presented in the following reports:information presented in the following reports: 

Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999.Geology Field Manual, Volume 1, Second Edition, distributed February 1999. 
"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County"Black Rock Reservoir Study, Initial Geotechnical Investigation", Prepared for Benton County 
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003. 

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., DatedPrepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated 
February 12, 2004.February 12, 2004.February 12, 2004.February 12, 2004. 

"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,"Chemical Discrimination of Columbia River Basalt Flows", P.R. Hooper, Department of Geology,
Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000.Washington State University, Dated June 14, 2000. 
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FEATURE:  Black Rock Alternate Damsite PROJECT:  Yakima R. Basin Water Storage Feas. Study STATE:  Washington 

LOCATION:  South of Washington State Highway 24 COORDINATES:   N 437,498.0   E 1,794,459.0 GROUND ELEVATION:  1276.0 

BEGUN:  3/23/06   FINISHED: 5/20/06 TOTAL DEPTH:  400.0 ANGLE FROM HORIZONTAL:       AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK:  60.5 HOLE LOGGED BY:  Didricksen/Stelma 

LEVEL AND DATE MEASURED:  165.5  (1110.50) 5/5/-6 REVIEWED BY:  Doug Bennett 

ENGINEERING
 PROPERTIES 

CLASSIFICATIONNOTES AND PHYSICAL CONDITION 

D
E

P
TH

 

using a down-the-holeusing a down-the-hole hard to hard, mostly fine grained, vesicular to densehard to hard, mostly fine grained, vesicular to dense
%

 R
E

C
O

V
E

R
Y 

hammer with a 7-7/8"hammer with a 7-7/8" aphanitic basalt. aphanitic basalt. Description is based on drill cuttingsDescription is based on drill cuttings 
rockbit, and compressedrockbit, and compressed and core sample logged in companion drill holeand core sample logged in companion drill hole

S
P

T 
105 air with water and foam toair with water and foam to DH-05-1.DH-05-1.00

remove cuttings.remove cuttings.
Placed a grout seal fromPlaced a grout seal from HYDRAULIC CONDUCTIVITY OF INTERVALHYDRAULIC CONDUCTIVITY OF INTERVAL 

W
E

A
TH

E
R

IN
G

231.1-236.0 for pressure231.1-236.0 for pressure 110 311.8-400.0': 311.8-400.0': 25.0-26.0 feet/day (variations in25.0-26.0 feet/day (variations in 
water testing.water testing. values depending on analysis method used).values depending on analysis method used). 

H
A

R
D

N
E

S
S 

236.0-256.5': 236.0-256.5': DrilledDrilled 400.0': 400.0': BOTTOM OF HOLE.BOTTOM OF HOLE.115
open-hole with a 7-7/8"open-hole with a 7-7/8" 9090 

FR
A

C
TU

R
E

 D
E

N
S

IT
Y 

rockbit using arockbit using a
down-the-hole hammerdown-the-hole hammer 

120 
R

Q
D

and compressed air withand compressed air with
water and foam to removewater and foam to remove 
cuttings. cuttings. Hole caved toHole caved to 

FI
E

LD
 

255.1'. 255.1'. Performed waterPerformed water 125 
00 

C
LA

S
S

IF
IC

A
TI

O
N

 
test.test. 

256.5-276.0': 256.5-276.0': AdvancedAdvanced 130 
LA

B
 

8-inch weld-down casing8-inch weld-down casing
using a down-the-holeusing a down-the-hole 

C
LA

S
S

IF
IC

A
TI

O
N

 

hammer with a 7-7/8"hammer with a 7-7/8" 
rockbit, and compressed 135rockbit, and compressed 6767 

G
E

O
LO

G
IC

 U
N

IT
air with water and foam toair with water and foam to 
remove cuttings.remove cuttings.
Placed a grout seal fromPlaced a grout seal from 140 

G
R

A
P

H
IC

 
271.0-276.0' for pressure271.0-276.0' for pressure
water testing.water testing. 
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BasaltBasalt145
276.0-296.0': 276.0-296.0': DrilledDrilled 
open-hole with a 7-7/8"open-hole with a 7-7/8"
rockbit using arockbit using a 
down-the-hole hammer 150down-the-hole hammer
and compressed air withand compressed air with
water and foam to removewater and foam to remove 
cuttings. Performed watercuttings. Performed water 155 
test.test. 

296.0-301.2': 296.0-301.2': AdvancedAdvanced 160
8-inch weld-down casing8-inch weld-down casing
using a down-the-holeusing a down-the-hole
hammer with a 5-7/8"hammer with a 5-7/8" 
rockbit, and compressed 165rockbit, and compressed
air with water and foam toair with water and foam to 
remove cuttings.remove cuttings. 

170 
Placed a grout seal fromPlaced a grout seal from
295.0-301.2' for pressure295.0-301.2' for pressure
water testing.water testing. 175 

301.2-311.8': 301.2-311.8': DrilledDrilled 
open-hole with a 5-7/8"open-hole with a 5-7/8" 
rockbit using a 180rockbit using a
down-the-hole hammerdown-the-hole hammer 
and compressed air withand compressed air with
water and foam to removewater and foam to remove 185 TumTumcuttings.cuttings. 

Broke grout seal betweenBroke grout seal between 190
8" and 6" casing during8" and 6" casing during
drilling, did not performdrilling, did not perform 
water test. water test. Re-groutedRe-grouted 
seal from 295.0-311.8' 195seal from 295.0-311.8'

311.8-336.0': 311.8-336.0': DrilledDrilled 
open-hole with a 5-7/8"open-hole with a 5-7/8" 200 
rockbit using arockbit using a
down-the-hole hammerdown-the-hole hammer 
with compressed air andwith compressed air and 205
foam to remove cuttings.foam to remove cuttings.
Broke grout seal betweenBroke grout seal between
8" and 6" casing during8" and 6" casing during 
drilling, did not perform 210drilling, did not perform
water test.water test. 

336.0-400.0': 336.0-400.0': DrilledDrilled 215 
open-hole with a 5-7/8"open-hole with a 5-7/8"
rockbit using arockbit using a 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-06-1 SHEET 3 OF 4 

FEATURE: Black Rock Alternate Damsite PROJECT: Yakima R. Basin Water Storage Feas. Study STATE: Washington 

LOCATION: South of Washington State Highway 24 COORDINATES: N 437,498.0 E 1,794,459.0 GROUND ELEVATION: 1276.0 

BEGUN: 3/23/06 FINISHED: 5/20/06 TOTAL DEPTH: 400.0 ANGLE FROM HORIZONTAL: AZIMUTH: 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK: 60.5 HOLE LOGGED BY: Didricksen/Stelma 

LEVEL AND DATE MEASURED: 165.5 (1110.50) 5/5/-6 REVIEWED BY: Doug Bennett 

ENGINEERING
 PROPERTIES 

NOTES 
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CLASSIFICATION 
AND PHYSICAL CONDITION 

down-the-hole hammerdown-the-hole hammer 
and compressed air withand compressed air with
water and foam to removewater and foam to remove 
cuttings.cuttings. Performed waterPerformed water 
test.test. 

DRILLING CONDITIONS:DRILLING CONDITIONS: 
0.0-162.7':0.0-162.7': Fast andFast and 
slightly rough.slightly rough. 

162.7-256.0':162.7-256.0': Fast andFast and 
smooth to slightly rough.smooth to slightly rough. 

256.0-275.0':256.0-275.0': Slow andSlow and 
slightly rough.slightly rough. 

275.0-311.8':275.0-311.8': Fast andFast and 
slightly rough.slightly rough. 

311.8-400.0':311.8-400.0': Slow, hardSlow, hard 
and slightly rough toand slightly rough to
rough.rough. 

CASING RECORD:CASING RECORD: 
2006 Cs Depth Depth2006 Cs Depth Depth
Date SzDate Sz HoleHole CsCs 

03/23 12"03/23 12" 39.5'39.5' 39.5'39.5' 
03/24 12"03/24 12" 59.1'59.1' 59.1'59.1' 
03/25 10"03/25 10" 60.1'60.1' 60.1'60.1' 
03/26 10"03/26 10" 97.2'97.2' 95.0'95.0' 
03/27 10" 117.0' 115.0'03/27 10" 117.0' 115.0'
03/28 10" 150.0' 150.0'03/28 10" 150.0' 150.0'
04/05 10" 167.2' 167.2'04/05 10" 167.2' 167.2'
04/0904/09 8" 236.0' 236.0'8" 236.0' 236.0' 
04/1004/10 8" 256.5' 256.5'8" 256.5' 256.5' 
04/1204/12 8" 276.0' 276.0'8" 276.0' 276.0' 
04/1904/19 8" 296.0' 296.0'8" 296.0' 296.0' 
04/2304/23 6" 301.2' 301.2'6" 301.2' 301.2' 
04/2404/24 6" 311.8' 311.8'6" 311.8' 311.8' 
05/0305/03 6" 400.0' 400.0'6" 400.0' 400.0' 
05/0405/04 6" 400.0' 336.0'6" 400.0' 336.0' 

FLUID COLOR:FLUID COLOR: 
0.0-60.1':0.0-60.1': Brown (air)Brown (air)
60.1-95.1': Brownish black60.1-95.1': Brownish black 
(air/water/foam).(air/water/foam).
95.1-295.0': Dark gray95.1-295.0': Dark gray
(air/water/foam).(air/water/foam).
295.0-308.0':295.0-308.0': Light greenLight green
(air/water/foam).(air/water/foam).
308.0-311.8':308.0-311.8': GreenishGreenish 
black (air/water/foam).black (air/water/foam).
311.8-400.0':311.8-400.0': BlackBlack 
(air/water/foam).(air/water/foam). 

FLUID RETURN:FLUID RETURN: 
0.0-400.0': Drilled w/ air,0.0-400.0': Drilled w/ air,
and air, foam and waterand air, foam and water 
mix, estimated 100%mix, estimated 100% 
return.return. 

WATER LEVEL DURINGWATER LEVEL DURING 
DRILLING:DRILLING: 
(Drill fluid level from(Drill fluid level from
ground surface at start ofground surface at start of
shift)shift) 

DateDate Fluid LevelFluid Level 
03/2403/24 DryDry
03/2503/25 DryDry
03/2603/26 DryDry
03/2703/27 DryDry
03/2803/28 DryDry
04/0504/05 DryDry
04/0904/09 DryDry
04/1004/10 DryDry
04/1104/11 DryDry
04/1904/19 281.0'281.0' 

220 

225 

230 

235 

240 

245 

250 

255 

260 

265 BrecciaBreccia TfbTfb 

00 
270 

275 

280 

285 

290 

295 

300 

305 SandstoneSandstone TrrTrr 

310 

315 

320 

325 

330 

335 
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FEATURE:  Black Rock Alternate Damsite PROJECT:  Yakima R. Basin Water Storage Feas. Study 

LOCATION:  South of Washington State Highway 24 COORDINATES:   N 437,498.0   E 1,794,459.0 

BEGUN:  3/23/06   FINISHED: 5/20/06 TOTAL DEPTH:  400.0 

DEPTH AND ELEV OF WATER DEPTH TO BEDROCK:  60.5 

LEVEL AND DATE MEASURED:  165.5  (1110.50) 5/5/-6 

ENGINEERING
 PROPERTIES 

NOTES 

D
E

P
TH

 

04/23 04/23 266.3'266.3' 
%

 R
E

C
O

V
E

R
Y 

340
04/25 04/25 236.4'236.4' 
04/26 04/26 223.8'223.8' 

S
P

T 
05/03 05/03 215.5'215.5' 

34505/04 05/04 165.2'165.2' 
05/05 05/05 165.4'165.4' 

W
E

A
TH

E
R
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G

 
05/06 05/06 165.4'165.4' 
05/07 05/07 165.4'165.4' 350 

H
A

R
D

N
E

S
S 

05/08 05/08 165.8'165.8' 
05/09 05/09 165.3'165.3' 
05/17 05/17 176.2'176.2' 
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C
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R
E

 D
E
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IT
Y 

355 BasaltBasalt TpTp05/18 05/18 152.8'152.8' 

R
Q

D
WATER LEVEL AFTERWATER LEVEL AFTER 

360DRILLING:DRILLING: 
20062006 

FI
E

LD
 

DateDate   Fluid LevelFluid Level 
C
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S
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N
 

365 
Not reportedNot reported 

LA
B

 
DRILLING TIME:DRILLING TIME: 370 
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Drilling: Drilling: 200 hrs.200 hrs. 
Moving: Moving: 6 hrs.6 hrs. 

G
E

O
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G
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 U
N

IT
375Down: Down: 4 hrs.4 hrs. 

Pump Tests: Pump Tests: 105 hrs.105 hrs. 
G
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IC
 

(Travel time not included)(Travel time not included) 380 
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O
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HOLE COMPLETION:HOLE COMPLETION: 
0.0-86.2': 0.0-86.2': BentoniteBentonite 385
surface seal.surface seal. 
86.2-236.0': Grout seal.86.2-236.0': Grout seal. 
236.0-350.0': 236.0-350.0': Cal-sealCal-seal 
and cement.and cement. 390 
350.0-400.0': 350.0-400.0': Pea gravelPea gravel
and filter sand.and filter sand. 
375.0-395.0': 375.0-395.0': Slotted pipeSlotted pipe 395 
(.020") with 2" diameter(.020") with 2" diameter
pvc riser and filter sand.pvc riser and filter sand. 

400
Note: Note: Extracted aboutExtracted about BOTTOM OF HOLEBOTTOM OF HOLE 
50.7-feet of 10-inch50.7-feet of 10-inch 
weld-down casing whenweld-down casing when
the casing became lodgedthe casing became lodged
in the hole, aboutin the hole, about 
99.3-feet of casing was99.3-feet of casing was
left in the drill hole.left in the drill hole. 

SHEET  4  OF  4 

STATE:  Washington 

GROUND ELEVATION:  1276.0 

ANGLE FROM HORIZONTAL:       AZIMUTH: 

HOLE LOGGED BY:  Didricksen/Stelma 

REVIEWED BY:  Doug Bennett 

CLASSIFICATION 
AND PHYSICAL CONDITION 



  

0° 90° 180° 270° 0° 0° 90° 180° 270° 0°

0 1700 0 1000

  

  

BOREHOLE 
GEOPHYSICAL

LOGS 

Project Black Rock Surface Elev. 1276.0 

Feature Location DRAFT PLOT 
NorthingHole No. DH06-01 
Easting

Total Depth Logged 253.9 Logged By/ Date 

Depth ELEV 
Clay Moisture Density#1 COMP

1ft:480ft ft 

GAMMA (CPS) Neutron (CPS) FarGG (CPS) Lithology 

0 100 0 1000 0 1000 Basic to Felds 

Clay Content Water Content Density 
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Results of Geochemical and Gradation Analysis 

Summary of Samples for Geochemical Testing and Interpretation 

Geochemical Test Data 


Gradation Test Data 






 

 

 
      

 

 

 

 

 

 

 

 

 

 

 

 
 











SUMMARY OF SAMPLES FOR GEOCHEMICAL TESTING – BLACK ROCK DAMSITE, WASHINGTON  

MAY 2006 


Sample No. Drill Hole Location (T,R,S) *Depth (ft.) Sample Type **Geologic Unit 

DID-DH-05-1-1 DH-05-1 T12N, R23E, Sec 13 65.6 Rock Core Pomona 

DID-DH-05-1-2 DH-05-1 T12N, R23E, Sec 13 159.0 Rock Core Umatilla 

DID-DH-05-1-3 DH-05-1 T12N, R23E, Sec 13 171.5 Rock Core Umatilla 

DID-DH-05-1-4 DH-05-1 T12N, R23E, Sec 13 219.3 Rock Core Umatilla  

DID-DH-05-1-5 DH-05-1 T12N, R23E, Sec 13 267.0 Rock Core Umatilla 

DID-DH-05-1-6 DH-05-1 T12N, R23E, Sec 13 313.0 Rock Core Pomona 

DID-DH-05-1-7 DH-05-1 T12N, R23E, Sec 13 347.0 Rock Core Pomona 

DID-DH-05-1-8 DH-05-1 T12N, R23E, Sec 13 389.0 Rock Core Pomona 

DID-DH-06-1-1 DH-06-1 T12N, R23E, Sec 13 97.2 Rock Fragments 
(drive sample) 

Umatilla 

DID-DH-06-1-2 DH-06-1 T12N, R23E, Sec 13 117.0 Rock Fragments 
(drive sample) 

Umatilla 

DID-DH-06-1-3 DH-06-1 T12N, R23E, Sec 13 136.5 Rock Fragments 
(drive sample) 

Umatilla  

      *Depth from ground surface to bottom of core sample tested.  
    **Geologic unit based on sample identification using information from:  Hooper, P.R., 2000, Chemical discrimination of Columbia River        
        Basalt Flows, Geochemistry, Geophysics Geosystems, Journal of Earth Sciences, Volume 1, Paper 2000GC000040, published by the           
        American Geophysical Union.  





••• 
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GEOCHEMICAL TEST RESULTS ON SAMPLES FROM DRILL HOLES 


AT BLACK ROCK DAMSITE MAY 2006 


0I00H ",OOH "'OOH "'0 OH "'0 OH "'0 DH "'OOH "'0 DH "'0 DH O1DOH "'0 OH 
05-1.' 05-1-2 05-14 05-1 .... 05-1~ 05-1·7 05-''- 06-1 .2 06-'~...,~ 01-,-,7__... 

Do~ 7_'" 7_'" 7_'" 7-Mar-06 ~""... ....,... ........ ~",,'" &-May-06 a.May-06 


Unnormallzed Major Elemfilt:s (W-'ght %): 
SI02 52.17 54.0] 53.-n 51.98 54 .10 50 .n 51. 78 5l .21 S1. 81 5:1.17 51 .92no, 1.659 ] .054 2.9ll 2.7U :1 .718 1 .635 1.663 1.610 3 , 142 ].0)8 2.996 
"'120, 1.01.72 13.80 13 . 42 13.57 1l.85 H .70 14 . 65 14.86 n .n 13.52 13.41 
,,0- 10.71 10 . )J 12 . 1] 11.65 10." 10.55 10.45 10 .71 ',f4 ,." 10.06 
"oO 0.181 0.106 0.198 0,195 0 . 160 a.ln 0.171 0.114 0.10l 0.159 0.166 

6 . 59 1.71 2.63 1.8' 5 . ... 5.76 6 . 22 1. 7] 2.49 2.58:'1:. "",., 
6. "0.0 10.67 .. . 9. 1i.55 6.36 5.25 10.70 10.61 10 . " 5.01 6.74 

' ''0 2.37 3.]7 ] . 011 2.99 3 . .. 7 :1.24 2.34 2 .16 1.16 :2.8!1 :2 .97 
IUD a.fill 2.59 2.13 l.08 2.8] O.lI 0.60 0.65 l.n 2 .57 2.41 
P2C'O 0.229 0.910 0.148 0.924 0.983 0 .240 0.224 0.230 0 .940 0.828 0.840'0. 98 . ]]
100.02 94.85 98.15 96.27 97.10 !II . 32 99 .95 92.46 94.43 94.09 


NO"",I1Hd M'Jor Element. (Weight %): 
Sl02 52.17 56.97 54.34. 55.00 56.20 52.51 52.66 52.30 56.03 55. :24 55.18 
no, 1. 658 3 . 219 2.983 2 . 816 2.844 1.684 1.692 1.681 J. n8 J .217 3.184 
Al20l 14.71 14.55 13 .65 13.83 14.l8 15.13 14.90 14.86 15 .07 14.31 14 .25 
'00" 10.73 lo . 8!iI 12 .34 1 1 . 87 11 . 42 10.86 10 . 63 10.72 10 . 75 10.58 10.69 
"oO 0.181 0.111 0 . 202 0.198 0.166 0.l!i18 0 . 111 0.184 0 . 110 0.168 0.176 

6.5!i1 1.10 l .04 2.68 1.!i17 5.65 5 . 86 6 .22 1.81 2 . 63 2.75",0 
0.0 10 .6 7 5.21 6.66 6 . 48 5.46 11 . 02 10.86 lo .7 !i1 5 . U 7.1!i1 7.17 
,.20 2.37 3.56 1.14 3.05 l.61 2.l1 2.lI 2 . 16 l.63 3.06 1.16 
IUD 0.69 2.13 2.78 1. 14 2.94 O.l!il 0 . 61 0.65 2.62 2 . 72 2 . 56 
P200 0.229 0.960 0.862 0.!iI42 LOll 0.2411 0 . 228 0.230 1 .016 0.176 o.8!ill 
Total 100.00 100.00 100.00 100.00 100 . 00 100.00 100 .00 100 .00 100 .00 100 .00 100.00 

Unnonn. tiHd Tract aomonta (ppm);., .. , 7 .. .. .. ..,5 , , ,5 " >OS " , 5C, >OS S.. '" " " m" " us" " on" " " " " " V 
m 

US 
)]54 , m '" '" '".. '" 3207 J07S 3471'" 28' '" J133 '" 3028 3234.. .. '" Rb U U., m on" " m m " " " " 

m '" .,.'" ... '" US '" '" an ...'" '"sa US m" y '" ., .. .. '" .. .. ., 
Nb 12" .6 21.9 ll.5 "22.0 22.5 "12.1 12.4" "12 .1 22.1 22 . 2 22 .2 
Go U U U 22 Z> 
Co 52 "• " "• ", .. .." .. ", , .. 
Zn m " no n ;s U9 m m 
Pb n S S"5 n '" '" • " .. .. ... n as• .." n n .." 
C. ".. " .., " " .." 
Th ", , " , "• , ", " , ", "• "• •N' Z> 52 22 U .. .." " " " " 

. um Ir. 1664 4 691 4565 4851 U94 1362 1504 1610 4613 4545 4 743 
0.17 0.47 0. 46 0. 49 0.50 0. 14 0.15 0.16 0.46 0.45 0.47'"% .urn m+tt 100 . 18 95.J2 98.79 !il8.64 96 .17 !iI7.24 98.47 100 . 11 92.93 94.8!iI 94.56 

M+Toxldn 100 .23 95 . 4 0 91.17 98.72 96 . 15 !iI7.21 !ill. 51 100 . 16 93.01 94.97 94 .65 

145 .7 L5 .., .., LO 153 . 9 144 . 1 15) .) 5.S S .'C" ' " 7.' 
58.) 4 0.6 43 .7 41. 7 41.4 56 . 4 54 . ' 56 . 4 43 . ' 44 . 6 42.2"20' 

VZO. UO .!i1 318 . 6 321.1 272.3 274 . 5 4 07.1 419 . 3 418 .1 ])4 . 1 357 . 0 344.1 
..0 511.1 ]580 .' l433 . 6 3744.5 lI17 . 4 271. . ] 4<14 . 9 519.4 3UI .0 ]310.9 3611.1 

Rb20 19.5 52 . 2 49 . 8 55.8 60 . ° ' . 5 14 . 5 16.7 . 4 55 . 2 51. 4" 
8.0 278.0 347.1 325. ° 327.5 326 .0 :375.5 277.9 280.5 347 .2 ]37.5 341.4 

185 . 1 651.5 647 . 7 680.0 702.9 183 . 5 186.1 188.3 645 .5 626 .9 629.2 
Y203 ]'.6 59 . 4 61 . 1 63.2 62 .2 40 . 4 57.1
".n 

n .o l!iI • 0 56 . 4 58.2 

'b205 18 . 0 31 .l ]0 . 8 31.5 32 . 2 17 . 3 17 . 7 17.6 31 . 6 ll.1 31.8 
G11203 26 . 1 27.6 27.7 28.6 21.8 23 . 5 24 .7 25.5 21.2 29.2 28.0.. ,CoO 64 . 6 11 . 6 17 . 5 1.1.3 10.) 55 . 6 60 .1i 60.1 12.4 

ZnO 115 . 9 138.8 161 . !i1 169.8 1 62.1 113 .3 111 . 0 118.6 141 .5 168 .0 164.6 
PbO 5.' 11 . 8 12.1 12.5 S . S 12 .7 11.0 1 0.!i1,.. ... 

t.2O, 19.8 55 .6 52.7 S4.1 57.9 19.8 17 .0 19.9 52.1 SO.J 5).0 
ceo, 46.5 115 . 4 114.6 118.9 126.0 45.1 4 0.4 43.6 118 . J 117.9 115.8 

U U '.5 
Nd201 25. a 55 . 2 51.7 60.9 64.7 26 .0 23.4 21. 0 57 .0 S6.7 58.9 

U203 

ThO' ,.. '-' .., 7.' L7 3.' .., .., 

••• ••• ••• ••• ••• ••• ••• ••• 5361. um tr. 2102 5514 om 5691 .... ,,6<1 1823 .... 5578...'" % 0.21 US .... 0.57 o.s9 0.11 0.18 
" 0.20.. 0.55 . 0.56 

Analyses by XRFWSU GeoAnalylicoll.obororory 

http:FoO-10.73
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PACE # 1 OF 1
DATi: S.PTIiM9ER 20,

200&

\\se"\lliR\RiPORTa\eOI~S:'20a& 
Re:I'ORTI'1000·1199\eGl0$OL\s54111.Doe

MATERIAl.s 
TESnN6& 
IN!5PECTION 

SIEVE ANALYSIS 

Q Environmental Services Q GeotecMlCall:ngineering Q CoJlStnJction Materials Testing Q Speclellnspections 

«FirstName» «LastNamc» 
«Company» 
«Address 1» 
«City», «state» «PostalCode» 

Project: Blade. Rock Dam 
Test Date: July 31, 2006 

As requested MTI has performed sieve analysis testing on the sample referenced below. The testing was 
performed in accordance with current Bureau ofReclamation standards. The results obtained in our laboratory 
were as follows: 

Source: DH~05-1 

SllDlpleID: 5419 
SampliD2 and l'reparadoD: ASTMD75: X AASHl'On: AASHTOT87: ASTMD421: X 

Test Standard: ASTMC117: X AASHTOTll: ASTM Dl14(): ASTMDS444: 
ASTMC136: X AASHTOT27: ASTMD422: AASHTO,T88: 

Pereent Passinf!Sieve Si%e 235.0 ~ 236.0 265.0 - 266.0 293.0 - 294.2 
3" 100 100 100 

831.5" 70 89 
54 75 70~" 

3/8" 57 5738 
#4 30 44 47 

4035#8 26 
#10 33 3826 
#16 24 29 35 

25 30#30 23 
#40 2822 23 
#50 262121 

22#100 20 18 
#200 15.9 18.020.0 

1 Minute 20.0 15.8 18.0 
17.64 Minute lS.S18.7 

14.319 Minute 16.9 16:8 
12.160 Minute 11.612.3 

7.4 7.6435 Minute 8.0 
1545 M;nute 2.02.3 1.8 

Non-PlasticNon-PlasticAtterberg Limits Non-Plastic .Ifyou have any questions concermng this report (Document2), please call on us at (lO8) 376-4748 . 
Respectfully submitted, 

MATERIALS TESTING &: INSPECTION INC. 


Brandon Buff C.E.T. 
Laboratory Manager 
Original signed copy to client: 

2791 S. Vietor)' View Way, SoiM ID 83709. 208 376-4748. Fax 208 322-8S1S 
E-Mail mli@mti-id.com • http://wNw.mtl-ld.eom 

http://wNw.mtl-ld.eom
mailto:mli@mti-id.com
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Drawings 
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GENERAL GEOLOGIC LEGEND 	

Quaternary Un its 

Qo Quaternary Loea Deposita (08). Deposits of Haloesne oge wind-blown loess blanket the site. The loesa consists 
primarily of brown, dry to moist, non-plolrtic: lilt and fine Band. 

"" Quaternory Colluvium Deposits (QC9). The colluvium depoeits colllilf. of undifferentiatad medium to 

COQI'H-9n:1lned sand with flnll, gravel, cobbla and boulden composed of basaltic detritua from local saUI'C8S. 

Oh Quotemary Alluvilolm Depo8ib (Oh). The allwilolm deposib conuiet of IoIndifferentiated medium to eoGrtIe-Qrained 
sand with finea. gravel. cobblea and baulders composed of basaltic detritus fram lacalsalol~ea. 

Landslide Landslide. Landslide debrie of unknawn age and composition, includes depoeib on the northwest and east 
elopes of Harssthief WOlolntain. and Horsethief Paint 

Tertiary Unib 


Tr Ringold Formation (Tr). The Ringold is 0 fluvlalacustrlne deposit compased of 0 poorl)' to Will-Indurated, 

subroundld basalt 8and, gruvel and cabbie 8ia clasb in a matrix of fines and silty IIIQnd. 


1lb Fault Brvccia (Tfb). BalllQlt bnK:cia aBSOCiated with ths Horsethief t.4ountain Thnlet Fault. The fault material 

coneists of anglollar. hard. IIGnd- to baulder-eizs incllJlliollll of black to tjlrssnish-black. elightly to intensely 

weathered, hard fins-grained dine basalt in a clayey aand matrix. Alteration producte include iron and 
manganeae axide an rock IIoIrface.. and ablolndant matrix forming blackish-green to light green chlorite. 


Ellellllburg Farmation. 	

T,m 	 Elephant l.Iauntain Wember (Tem). The Elephant l.Iauntain member canlisbl of medilolm to fine groined 

baIIalt. Thl member was not Incounlenld in tat. borings at thl alternate dam site, blolt was logged In drill 

hal", ths oritjlinal dam site, refer to WIS (2003) for detailed deacription. 

T. 	 Rattleanake Ridge Wember (TIT). The Rattleenake Ridge member allO includee the sedimentary depOlite 

~ the Ellphant Mauntoln Basalt and thl Pomona Basalt. Thl unit Is camposed of fluvial gravel, sand, 

and cobbles with Intenllll)' weathered basalt fragmlnts and tuffaceous slit and clay. 

Calumbia River Basalt Group - Saddle l.Iauntains bait Formation. 	

T, 	 Pomona t.4ember (Tp). The Pamana member IoInderli.. the valley and the north ablltment at the dam8ite, the 
baIIalt has revet1IS magnetic polarity. is generally black to gra)'. fins grained. slightly weathsrvcl. hard and 

intensely to modsrately fractured, dsnse bGIIalt with fine plagioclase crystal .. The Pomona flow is invaeive 
into ths undsrlying Selah interbed, ths upper partion of the flaw includ88 tjllallll)' veeicular ballGlt with 

inclusions of fine sediment, which is referred to al 0 peperite. 

Ellellllburg Farmation. 

T. 	 Selah Sedimentary Interbed (TI). The Seloh Interbed is a sedimentary IoInit compoaed of tuffaceous 

siltstone and claystone. The Selah sediments are reddish aronge to black, well indlolrated clay to medium 

sand -sized lithic fragmlnts compoaed of plolmlce, ash and chlrt. 	

Calumbia River Baealt Group - Saddle l.Iauntainl bait Formation. 

Teq/Tlolm Esquatzel and Umatilla t.4lmbers (T1q/TloIm). Thl EsqllGtzel mlmber Is an Intercanyon flow that filled 
ancestnll Columbia River channel8, IOml1:ilTlftl overflowing the channel and pouring aut inta the 

floodplain.The Esquatzel member overli88 the Umatilla member, and it iB difficlollt to distinglolish between 

the two flows. due to similar characteristice the two members ars addrsll88d tl8 a single IoInit. The flows 

coneiet of gray to dark gra)', fresh to elightly weathered, hard, maderately to slightly fractured, dine to 

slightly Yesiclollar, fine-Qroined baIIalt. Bath baIIalt have narmal magnetic polarity. 


Ellellllburg Farmation. 

Tm 	 I.Iabton Sedimentary Interbed (Tm). The I.Iabton Interbed is a thick sequence of light tjlreen to brown. 

moderately soft tuffaceous siltstone, sandstone and claystone. The I.Iabton sediments ore light green to 

dark brown, well indlolrated, intlnely weathered clay lilt and IOnd-lim fragments. Traces of black 

charcool frogmenl:8 noted. The Interbed represlnts an extended time period of deposition ~ 


Inlptlons. 


Calumbia River Basalt Group - Wanapum BallGlt Formation

TO' 	 Priest Rapid8 Baaait Member (Tpr). The Priest Rapids Member i8 dietingui8hed by il:8 cOGrtIe-groined 

teKl:loIrs and rsverse magnetic polarity. thIEl flows consist of black to dark gray. 81ightly weothervcl. hard. 

intensely to moderately fractured, fine-groined to porphyritic veeicular baealt 


GENERAL GEOLOGIC EXPLANATION 

DH-OJ-5 	 • ornl hole location, designation and number. 

t 	
A A' 

t Location and dl,ignotion of geologic section. 

--t·_. 	 Geologic contact. Daahed whlre opproxlmate, queried 
whlre inferred. dotted whers concealed.


---=--
~~~ Thrust Foult (pion view), daIIhed whlre opproxlmate, arrowe toward dlrwction of footwall movement. 


-+-	
Thrust Fault (section view), clcllhed where approximate, arrows toward dirwction of movemsnt 


Anticline, dtl8hed whenI approximate. 


MOchoLrnear- Photogrophic Linear, daehed whers approximate. 


O\/Irhead power Iini. 

DH-03-5 Drill hale deaignotion.
EL 1285.5 Elevation of grololnd surface at collar of drill hale. 

Proj 81' N) Oistancs and direction of projection (if projected). 


T stick log of drill hole. Daahed when projected more
I than ten feet to thl lI8Ction. 

I 
- I =T­ Depth to geologic contact. 

I 

I

Tr I Geologic unil 

I 

I 

I 

10B.s!- Total depth of drill hale. 

GENERAL GEOLOGIC NOTES 

1. The Unified Soil CIOAification Symm, Designation USBR 5005-86,
-Procedure for Determining Unified Soil CIOIIlification (Visual Methodr; 

Designation USBR 5000-86, Procedure for Determining Unified Soil 

CloRification (Laboratory t.4ethodT were uaed in describing earth materials 

sampled in exploratory drill holel. 


2. Descriptive terms appearing on geologic logs deacribe the physicol 

characteristics of moteriale and conform to standard definitione ae given 

In "Engineering Geology Field I.Ianual, Volume I, 2nd Edition" (USBR, 1998) 

ond "VollollTI8 II, 2nd Edition" (USBR, 2001). 


3. General Geologic Explanatian. lBgend and Natea to accompany ngs:

33-100-.3381 through -3384, and .3.3-100-347.3. 
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I: "FNJLTBf£CCIA" • NXJEr) Qcg TO GfNElML GEOLOGIC w;END,
AIJDE1) THRIJ5I" FNJLr SYIIBOl..wo DEFINITION TO EXPINIATION. AND 
CIWIGED N015 AS NEEDED. 
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SCALE OF FEET 

CONTOUR INTERVAL - 20 FEET 

, General ,,"lIfoCI geology and tectonic features from ",port titled "Black 
Rock Raervoir, Inifllli Geoteehnical Irwntigation. Prepared for Benton County 
Sultainable Dwelopment by WoIhinglon InfrastnJctures Service.. Inc., Doted 
January 200J•• 

2 Loc:at\on. and .tick-log information for drill hole. OH-l. DH-2. DH-3, 
DH-4 and DH-6 from from rwport tltlld "BIoek Rock Reurvoir, Initial 
G.otechnical Invel1:1!1ation. Prepared for BIInton County SlJltainable 
DlIYeIopment by Washington Infrastructures Servlc., Inc., Dated January 
2000." 

3. For Geologic SectiOl'll refer to Drowing 33-100-3382. -3J8J and 
-33M, and 33-100-34073. 

4. For Geologic ExpIantion, Legend ond Notes mer to Drawing 
3.3-100-3380. 

D

M..WAYS THINK SAFETY 

"""'" ""'" 

,.a\bIrJr:kmt:k\dwp\JJ-IOO-JJ(f1 

1 


0E1'I4RTIIEN1" OF THE: tNT£RtOR 
8URf'AU OF RfQAMoI1ltW 

B
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YAKIAM RtVER BASIN 1IM1En' S1t1IMGE FFASIBII.JTY STIJU( - WASHINGTON 

BlACK ROCK DAM S/T£ 
GEOLOGIC PlAN MAP. 
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Axil of Honethlef Mountain 
Horaethlef Mountain thrust Fault (approx.) AntIcline (approximate) HOrBIIthIef lIIountaln 

AA'AAD D 

B 

TOP OF ACTl\IE STORAGE _ APPROX. EL 1na 
(1,300,000 A.F. RESERYOIR) 

DH-40 
EI 1606." 

DH-05-1 

--?-- --"-- --

-- -- -- --1-.!liIII!.lIIIiiiii 

• - Variations in 'flIIues 
depending on Qnaly~il method . 
• _ Variations in yalues 
depending on analysis method. 

Teq/Tum 

Tm l' 

,1 
Tpr 

Tum .. , . 

,? ' ;; , ' ' ' ,?~ 
,5 
~ ,? ' 

~ 
0 

OJ 

r---------------------------------------------~Q~h--------------~~~~~g
?- -- -- -- -- -- --?-- -- -- -- -- --?-- -­

?- -- ____?__ __ Tr 

~=--- -- -- __;=--- -- --1-- -- -- ____ 1 

, -- -- -- -- -- -- -- --1-- -- -- -- -- --- ­

------ -- --1 _ _ rr - - ____? TernT-­
-- -- --1-- __ -- --


Tp 

900 

Tp 

... . . 
'" . 

Toq/Tum 

'" . 
, , , . , , , ,~ , , , , , , , , , , 

" ,? 

Tm....... ..... 
.? ....... . 

'" . 
Tpr 

Black Rock Damsite - Right Abutment 

,.. ,.. 
SCALE OF FEET 

1. General 111",,100' and tectonic featurw from report titled -alack Rock 
Rwervoir, Initiol G.ot.t:hnieol Invwtigation, P,..por-' for Benton County ILWA'fS THINK SAFETY 
Sulltainable Development by Walhington Infraltructul'el Ser(IOM, Inc., dated 
January 2003.' """" ''''''''DEFWmIENT OF 7H£ IIflERKJR 

BURFAU OF R£ClAMATION 
YAKfMII RIVER BASIN WA1Bi' sroRAGE FE'ASI8IlJTY S7lJDY - WASHlNGroN 

2. For location of Geologic Section refer to Drawing 33-100-3381, 

3. For General Geologic Explantion, Legend and Nota ret... to Drawing 
33-100-3380. BlACK ROCK DAUSITE 

RIGHT ABUTUENT 
GEOLOGIC SECTION All-All' 

1'IiEII' ______ 

B 
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WEATHERING 

FRESH (W1): Body 	 of rock is not oxidized or discolored; fracture surfaces 
ore not oxidized or discolored.; no separation of grain boundaries; no change 
of texture and no solutioning. Hammer rings when crystalline rocks are struck. 

SLIGHTLY WEATHERED TO FRESH (W2):•• 

SLIGHTLY WEATHERED (W3): Discoloration oroxidotion is limited to surface of, 
or short distance from fractures; some feldspar cry:rtals are dull; fracture 
surfaces have minor to complete discoloration or oXidation; no visible 
separation of grain boundaries; texture preserved and minor leaching of 
soluble minerals may be present. Hammer rings when crystalline rocks are 
struck, body of rock is not weakened by weathering. 

MODERATELY TO SLIGHTLY WEATHERED (W4):•• 

MODERATELY WEATHERED (W5): Discoloration or oxidation extends from 
fractures, usually throughout body of rock; ferromagnesian minerals are • rustyU , 
feldspar crystals are ·cloudy"; all fracture surfaces are discolored or oxidized; 
partial opening of grain boundaries visible; texture generally preserved, but 
soluble minerals may be mostly leached. Hammer does not ring when rock is 
struck, body of rock is sl ightly weakened. 

INTENSELY TO MODERATELY WEATHERED (W6):•• 

INTENSELY WEATHERED (W7): Body of rock is discolored or oxidized throughout; 
all feldspars and ferromagnesian minerals are altered to clar. to some extent. 
All fracture surfaces are discolored or oxidized, and friab e; partial 
separation of grain boundaries, rock is friable; in situ disat;!gregation of 
granitics common in semi-arid regions; texture altered and leaching of soluble 
minerals may be complete. Rock has dull sound when struck with hammer; rock 
is weakened, usually can be broken with moderote to heavy manual pressure or 
by light hammer blow without reference to planes of weakness. 

VERY INTENSELY WEATHERED (We)". 

DECOMPOSED (W9): Body of rock is discolored or oxidized throughout, but 
resistant minerals such as quartz may be unaltered; all feldspars and ferro­
ma~nesian minerals are completely altered to clay; complete separation of 
grain boundaries (disaggregated), partial or complete remnant rock structure 
may be preserved, but resembles a soil. 

NOTE: Weathering categories are establ ished primarily for crystalline rocks 
and those with ferromagnesian minerals, weathering in various sedimentary 
rocks will not always fit the categories established - weathering categories 
may be modified for particular site conditions or alteration such as 
hydrothermal alteration. Where modified criteria are established, they should 
be identified and described. 

• Characteristics of fracture surfaces do not include directigngl weathering 
along shears or faults and their associated fracture zones; for example a shear 
that carries weathering to great depths in a fresh rock mass would not require 
the whole rock mass to be classified as weathered . 

•• Combination descriptors are used when equal distribution of both weathering 
characteristics are present over significant intervals or where characteristics 
noted are" in between" the diagnostic characteristics. 

DURABILITY INDEX 
DURABILITY 
DESCRIPTOR DESCRIPTIVE CRITERIA 

DI0 	 Rock specimen or exposure remains intact with no 
deleteriOUs cracking after exposure longer than 1 year. 

DII 	 Rock specimen or exposure develops hairline cracking 
on surfaces within 1 month, but no disaggregation 
within 1 year of exposure. 

DI2 	 Rock specimen or exposure develops hairline cracking 
on surfaces within 1 week, and/or disaggregation 
within 1 month of exposure. 

DB 	 Specimen or exposure may develop hairline cracks in 
1 day and displays pronounced separation of bedding 
and/or disaggregation within 1 week of exposure. 

DH 	 Specimen or exposure displays pronounced cracking 
and disaggregation within 1 day (24 hours) of 
exposure. Generally ravels and degrades to small 
fragments. 

COLOR 
The Munsell color system (Geologic Society of America Rock Color Chart) should 
be used. This system defines wet color by its hue. value, and chroma. Color 
symbols used (i.e., 5 YR 5/6 may be included). 

SEDIMENTARY AND PYROCLASTIC 

ROCK PARTICLE SIZES 


Sedimentary 
Pyroclastic 

Size Rounded, subrounded, 
;0 subongulor 

mm Lithified Particle or Lithified Fragment product fragment product 

Boulder Boulder Volcanic (a) 
conglomerate Block(a) breccia 

56 0' 0'
Volcanic (b) Bomb(b} 

Cobble agglomerate Cobble conglomerate 
64 

Pebble 
Pebble conglomerate Lapillistone 

4 Lapilli and Lapilli 
tuff 

Granule Granule 
conglomerate 

2 

Very coarse sand 
1 

Coarse sand Sandstone 
0.5 

Medium sand Coarse ash Coarse tuff 
0.25 (Very coarse, 

coarse, medium,
Fine sand fine, or very 

0.125 fine) 

Very fine sand 
0.0625 

Siltstone/ 
Silt Shale 0.00391 

Fine ash Fine tuff 
Claystone Clay 
Shale 

(a) Broken from previous igneous rock, block shaped (angular to subangular) . 
(b) Solidified from plastic material while in flight, rounded clasts. 

IGNEOUS AND METAMORPHIC 

ROCK TEXTURE 


TEXTURE DESCRIPTOR AVERAGE GRAIN DIAMETER 

VERY COARSE GRAINED >10 mm [>3/8 in] 

OR PEGMATITIC 


COARSE GRAINED 
 5-10 mm 
1-5 mm 

13/16 -3/8 in]
MEDIUM GRAINED 1/32 -3/16 in] 
FINE GRAINED 0.1-1 mm 0.004 - 1{32 in] 
APHANITIC (Cannot be <0.1 mm <0.004 in 

seen with the unaided eye) 

ADDITIONAL TEXTURAL 

ADJECTIVES 


PIT (pitted) - pinhole to 0.03 ft [3/8 in] «1 to 10 mm) openings. 

vue (vuggy) - Small openings '-usually lined with crystals) ranging in diameter from
0.03 ft L3/8 in] to 0.33 ft [4 in] (10 to 100 mm). 

CAVITY - An opening larger than 0.33 ft [4 in] (100 mm), size descriptions are 
required, and adjectives such as small. large, etc., may be used. 

HONEYCOMBED - If numerous enough that only thin walls separate individual pits
or vugs, this term further describes the preceding nomenclature to indicate cell-like 
form. 

VESICLE (vesicular) - Small openings in volcanic rocks of variable shape and size 
formed by entrapped gas bubbles during solidification. 

BEDDING FOLIATION 

OR FLOW TEXTURE 


DESCRIPTORS THICKNESS/SPACING 

MASSIVE Greater thon 10ft (>3 m) 
VERY THICKLY (bedded, ::5 to 10ft (1 to ::5 m) 

foliated or bonded) 
THICKLY 1 to 3 ft (300 mm to 1 m) 
MODERATELY 0.3 to 1 ft (100 to 300 mm) 
THINLY 0.1 to 0.3 ft 130 to 100 mm)
VERY THINLY 0.03 [3/B in to 0.1 ft (10 to 30 mm) 
LAMINATED (Intensely less thon 0.03 ft [3/B in] «10 mm) 

foliated or banded) 

D 

t- ­

BEDROCK 

HARDNESS/STRENGTH 


EXTREMELY HARD (H1): Core, fra~ment or exposure cannot be scratched with 
knife or sharp pick; can only be chipped with repeated heavy hammer blows. 

VERY HARD (H2): Cannot be scratched with knife or sharp pick. Core or fragment 
breaks with repeated heavy hammer blows. 

HARD (H3): Can be scratched with knife or sharp pick with difficulty (heavy 
pressure). Heavy hammer blow required to break specimen. 

MODERATELY HARD (H4): Can be scratched with knife or sharp pick with light or 
moderate pressure. Core or fragment breaks with moderate hammer blow. 

MODERATELY SOFT (H5): Can be grooved 1/16 inch (2 mm) deep by knife or sharp 
pick with moderate or heavy pressure. Core or fragment breaks with light hammer 
blow or heavy manual pressure. 

SOFT (H6): Can be grooved or ~ouged easily by knife or sharp pick with light 
pressure, can be scratched with fingernail. Breaks with light to moderate manual 
pressure. 

VERY SOFT (H7): Can be readily indented, grooved or gouged with fingernail, or 
carved with a knife. Breaks with light manual pressure. 

AT!'! bedrock unit softer than H7. Very Soft, is to be described using USBR 5D05-86 
(visual classification of soi Is) consistency characteristics. 

e 

t
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DISCONTINUIlY TERMINOLOGY 
DISCONTINUITY - Acollective term used for all structural breaks in geologic malerials 	

which usually are unheoled and have zero Dr low tensile strength. Discontinuities also 
may be healed and exhibit high tensile strength. Discontinuities comprise fractures 
(including joints). planes of weokness, shears/faults. and shear/fault zones. Contacts 
betwBen various units also may be considered discontinuities. 

FRACTURE - Aterm used to describe any nmural break in geologic malerial excluding 
sheOrB and shear zones. Additional fracture terminology is provided below. 

SHEAR - A structural break where differential movement has taken place along a surface 
or zone of failure by 9hear; characterized by 9triations, 91 ickensides, gouge, breccia, 
mylonite. or any combination of these. Often direction, amount of displacement. and 
continuity may not be known because of limited exposures or observations. 

FAULT - A shear with significant cantinuity which can be correlated between observations; 
occurs over a significant portion of a given site, foundation area, or region; or is a 
segment of a foult or fault zone defined in the literature. The designation of a shear 
as a fault or fault zone is a site-specific determination. 

SHEAR/FAULT ZONE - A sheor that is expressed in relative terms of width. The zone may 
consist of gouge, breccia, or many related faults or shears together with fractured and 
crushed rock betw"n the shears and foults, or any combination of these. In the litera­
ture many fault zones simply ore referred to as foults. 

SHEAR-/FAULT-DISTURBED ZONE - An associated zone of fractures and/or folds 
adjacent to a shear or shear zone where the country rack has been subjected to 
only minor cataclastic action and may be mineralized. If adjacent to a fault 	
or fault zone, the term is fgylt-djatyrbml zona Occurrence, orientation. and 
oreal eICtent of these phenomena depend upon depth of burial (pressure ond 
temperature) during shearing, brittleness of materials, and the stress envelope. 

FRACTURE TERMINOLOGY 	
EXAMPLES SHOWN FOR CORE. BUT APPLICABLE TO ANY OBSERVATION 
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JOINT (JT) - A relatively planar fracture along which there has 
been I ittle or no shearing displacement. 

FOLIATION JOINT (FJ) OR BEDDING JOINT (BJ) - a relatively 
planar fracture which is parallel to foliation or bedding along 
which there has b"n I ittle or no shearing displacement. 	

	
BEDDING PLANE SEPARATION - A ssporation along bedding after 

eIrlraction or exposure dus to stress relief or slaking. 

INCIPIENT JOINT (IJ) OR INCIPIENT FRACTURE (IF) - A joint 
or fracture which does not continue through the specimen or 
at least is nat sesn with the naked eye. However. when the spec­
men is wetted, and then allowed to dry, the joint or fracture 
trace is evident. When core is braken, it breaks along an eIC­
isting plane. 

RANDOM FRACTURE (RF) - A natural break which does not belong 
to a joint set, and which eJChibits a generally raugh, very 
irregular. nonplanar surface. 

MECHANICAL BREAK (MB) - A break due to drilling, blasting, or 
handling. Mechanical breaks !!Crallel to bedding or foliation 
ars called Bedding Breaks (BB) or Fol iatian Brsaks (FB). re­
spectively. Recognizing mechanical breaks may be difficult. 

The absence of oxidotion. staining, or mineral fillings, and 
often a hackly or irregular surface are clues for recognition. 

FRACTURE ZONE (FZ) - Numerous, very closely spaced intersect­
ing fractures. Often fragmented core cannot be fitted together. 

METHOD OF MEASURING DIP OF 
PLANAR DISCONTINUITIES, FOLIATION, 	

AND BEDDING IN CORE 

, 
~ , , 	

ore aICis 

45"
Inclination 

1. 	 Vertical hole - true dip 2. Angle hole - true dip usually not 
is measured and reported. known; angle is measured fram 

core oICis and is coiled inclination.

ROCK QUALIlY DESIGNATION (RQD) 
EXAMPLE SHOWN FOR CORE. BUT APPLICABLE TO ANY LINEAR OBSERVATION
ROD _ Sum of len th of solid core iece~ > 0.33 ft 4 in (100 mm) Ion 


X 100 
Length of the run In feet mm 


33ft
Ex......., a••''''',' (0) iO.	 a.. a,;. 
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FRACTURE FREQUENCY 
FRACTURE FREQUENCY - The number of natural fractures occurring within a base 

length or core run. The number of fractures is divided by the length and is 
reported as fractures per foot or fractures per meter. ElCpressed as 3/m or 
6/ft. 

FRACTURE DENSIlY
FRACTURE DENSITY - Based on the spocing of gil ngtyra! fractures in an eICpo 

sure or core recovery lengths in boreholes; .xglydll m.ghgnjggl bragks 

abegm gnd SblOc IODn· however, shear-disturbed zones (fracturing outside 

the shear) are included. Descriptors for fracture density apply to all rock 
eICposures such as tunnel wolls, dozer trenches, outcraps, or foundation cut 
slopes and inverts, as well os boreholes. Descriptive criteria presented below 

are based on borehole cores where lengths are measured along the core aICis. 

For other eICposures the criterium Is distonce measured between fractures 
(size of blocks). 

UNFRACTURED (FDO): No fractures. 

VERY SLIGHTLY FRACTURED (FD1): Core recovered mostly in lengths greater than 
3 feet (1 m).

SLIGHTLY TO VERY SLIGHTLY FRACTURED (FD2) .. 

SLIGHTLY FRACTURED (FD3): Core recovered mostly in lengths fram 1 to 3 feet 
(300 to 1000 mm) with few scattered lengths less than 1 foot (300 mm) or 
greater than 3 feet (1000 mm). 

MODERATELY TO SLIGHTLY FRACTURED (FD4) .. 	

MODERATELY FRACTURED (FD5): Core recovered mostly in 0.3- to 1.0-foot (100-
to 300-mm) lengths with most lengths about 0.6 foot (200 mm). 

INTENSELY TO MODERATELY FRACTURED (F06) .. 

INTENSELY FRACTURED (FD7): Lengths average fram 0.1 to 0.3 foot (30 to 100 
mm) with scottered fragmented intervals. Core recovered mostly in lengths 
less than 0.3 foot (100 mm). 

VERY INTENSELY TO INTENSELY FRACTURED (FDB) .. 

VERY INTENSELY FRACTURED (FD9): Core recovered mostly as chips and frag­
ments with a few scattered short core lengths. 

.. Combinations of fracture densities (e.g., Very Intensely to Intensely Fractured
or Moderately to Slightly Fractured) are used where equal distribution of both 
fracture density characteristics are present over a significant intervol or eICpo­
sure, or where characteristics are· in between- the descriptor definitions. 

FRACTURE SPACING 
JOINT SET, OR FRACTURE 
SPACING DESCRIPTOR TRUE SPACING 

EXTREMELY WIDELY SPACED (SP1) Greater then 10ft (>3 m) 
VERY WIDELY SPACED (SP2) 3to 10ft(1 t03m) 
WIDELY SPACED (SP3) 1 t03ft(300mmt01 m) 
MODERATELY SPACED (SP4) 0.3 to 1 m (100 to 300 mm) 
CLOSELY SPACED (SP5) 0.1 to 0.3 ft (30 to 100 mm) 
VERY CLOSELY SPACED (SP6) Isss than 0.1 ft «30 mm)

FRACTURE CONTINUIlY 	
CONTINUITY DESCRIPTOR DISCONTINUITY LENGTH

DISCONTINUOUS (C1) Lees than 3 ft «1 m) 
SLIGHTLY CONTINUOUS (C2) 3to 10 ft(1 to 3 m) 
MODERATELY CONTINUOUS (C3) 10t030ft(3to 10m) 
HIGHLY CONTINUOUS (C4) 30 to 100 ft (10 to 30 m) 
VERY CONTINUOUS (C5) Greater than 100 ft (>30 m) 

FRACTURE ENDS (JOINT SURVEYS)
FRACTURE ENDS 

DESCRIPTOR DESCRIPTIVE CRITERIA 

E0 Zera ends leave the eICposure (both ends can be seen).

E1 One end of the fracture terminates in the eICposure 
(one end can be seen). 

E2 Neither fracture end terminates in the eICposure 
(neither end can be seen). 	

FRACTURE OPENNESS OR 
FILLING THICKNESS 


FI LLING THICKNESS 	 OPENNESS
DESCRIPTOR THICKNESS/OPENNESS DESCRIPTOR

CLrAN CT0) No film orcooting. 

No visible separation. TIGHT (00) 	

VERY' THIN (T1) Less than 0.003 ft [1/32 in] SLIGHTLY OPEN (01) 
«1 mm). 

MODERATELY THIN 0.003 to 0.01 ft [1/32 to MODERATELY OPEN (02) 
CT2) 1/B in] (1 to 3 mm). 

THIN (T3) 0.01 to 0.03 ft [1/8 to 3/8 OPEN (03) 	
in] (3 to 10 mm). 	

MODERATELY THICK 0.03 ft [3/8 in] to 0.1 ft MODERATELY WIDE (04) 
CT4) (10 to 30 mm). 	

THICK (15) Greater than 0.1 ft (>30 mm). WIDE (05) 	
Actual thickness or
openings recorded. 

FRACTURE MOISTURE CONDITIONS 
MOISTURE 

DESCRIPTOR 

.,
DESCRIPTIVE CRITERIA 

The fracture is dry. It is tight orfilling (where present) is 

of sufficient density or composition to Impede waterflow. 

Waterflow along the fracture does not appear possible. 


• 2 The fracture is dry with no evidence of previous waterflow . 
Waterflow appeallJ possible. 

.3 The fracture is dry, but shows evidence of waterflow such 
as staining, leaching and/or vegetation. 

.4 The fracture or filling (where present) is damp, but no free 
water is present. 

.5 The fracture shows seepage. It is wet with occasional 
draps of water. 

.s The fracture emits a continuous flow (estimate flow rate) 
under low pressure. Filling materials (where present) may 

show signs of leaching or piping. 

.7 The fracture emits a continuous flow (estimate flow rate) 

under moderate to high pressure. Water is squirting and/ 

or filling material (where present) may be substantially 

washed out. 


FRACTURE ROUGHNESS 
Refers to small-scale asperities of surfaces, not large-scale undula­
tions or waviness. 

STEPPED (R1): Near-normal steps and ridges occur on the fracture surface. 
ROUGH (R2): Large, angular asperities can be seen. 
MODERATELY ROUGH (R3): Asperities are clearly visible and fracture surface 

feels abrasive. 
SLIGHTLY ROUGH (R4): Small asperities on the fracture surface are visible

and can be felt. 
SMOOTH (R5): No asperities. smooth to the touch. 
POLISHED (R6): EICtremely smooth and shiny. 

FRACTURE SURFACE AND/OR FILLING 
ALTERATION AND HARDNESS 

Descriptors for weathering or alteration of fracture surfaces and fracture fi II ings 
(eICcluding soil materials) are the same as those used for weathering and 
alteration of rack. 

Descriptors for hardness/strength of fillings and/or fracture surfaces are the 

same as those presented for hardness of rack and consistency of soils.

DISCONTINUIlY HEALING
TOTALLY HEALED (HL1) - All fragments bonded. discontinuity is completely

healed or recemented to a degree at least as hard as surrounding rack. 

MODERATELY HEALED (HLJ) - Greater than 50 percent of fractured or sheared 
material, discontinuity surfaces or filling is healed or recemented; and/or 
strength of healing agent is less hard than surrounding rock. 

PARTLY HEALED (HL5) - Less than 50 percent of fractured or sheared materiol, 
discontinuity surface or filling is heoled or recemented. 

NOT HEALED (HL6) - Discontinuity surface, fractured zone, sheared material or
fi II ing is not healed or recemented, rack fragments or fi II ing (if present) held 
in place by their own angulority and/or cohesiveness.

SHEAR/FAULT DESCRIPTORS 
SHEAR/FAULT GOUGE CONSISTENCY

DESCRIPTOR DESCRIPTIVE CRITERIA(Similar to consistency of soils) 

VERY' HARD Gouge cannot be braken with finger pressure; cannot be indented 
with fingernail. 

HARD Gouge can be braken with firm finger pressure; can be indented 
with fingernail; cannot be indented with thumb. 

FIRM Gouge can be easily crumbled; can be indented with thumb 1 to 
5mm.

SOFT Gouge can be easily molded; can be penetrated with thumb 5 to
25mm.

VERY'SOFT Gouge can be penetrated with thumb more than 25 mm.

SHEAR/FAULT MOISTURE DESCRIPTORS 
The apparent moisture content of gOUl~e is described 08 WET (visible free water); 

MOIST (damp. but no visible water); and DRY (absence of moisture, dusty, dry 
to the touch). Moisture descriptors M1 through 1.17 may be used to describe 
the shear or shear zone. 
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BRECCIA SHAPES 
Angular. ~
Subongular. @jJ
Subraunded. ~ 
Rounded. @ 
Platy . ~

Lens-shaped.

Wedge-shaped. 

Contorted. 
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ALWAYS THINK SAFETY
UNITm STA1E5 

DEFWmlENTOF THE: INTERIOR
BtJREAIJ OF Rft"LAWIrION 

FOR DESIGN cf: SP£:CII~IQ4TI(:1NsI 
STANDARD DESCRIPTORS AND DESCRIPTIVE

CRITERIA FOR DISCONTINUITIES
_ CHECKED.... E!!Yf:!!¥~_____ _
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