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I. INTRODUCTION

This Technical Memorandum (TM) has been prepared as supporting geotechnical documentation
for the Cle Elum Dam Modification Decision Analysis (MDA) Memorandum. Herein, the
Safety of Dam (SOD) deficiency issues identified in the Safety Evaluation of Existing Dams
(SEED) Analysis Report [1'] are addressed.

The past performance and current condition of Cle Elum Dam is summarized in this
memorandum. Analyses included in this memorandum were performed using previously
available data and data from a Becker Penetration Test program completed in November 1998.
The analyses were completed to determine if the potential dam safety deficiencies previously
defined should be further considered for corrective actions. In addition, the potential effects of a
3-foot increase in the normal high-reservoir pool level are addressed.

A. Description of Structure

Completed in 1933, Cle Elum Dam is located on the Cle Elum River, approximately 8 miles
northwest of Cle Elum, Washington. Figure 1 shows the general location of Cle Elum Dam.
Cle Elum Reservoir is authorized to provide irrigation water supplies and is also operated to
provide flood storage and recreational benefits.

Cle Elum Dam consists of a main dam and a main dike. In addition, the facility includes
three small saddle dikes. Figure 2 illustrates the locations of the main dike and saddle dikes,
relative to the dam. The main dam and main dike are zoned, compacted earthfill structures.
Figure 3 shows the maximum-height section and a profile along the crest of the main dam.
The main dam has a structural height of 165 feet and hydraulic height of 124 feet. The crest
of the main dam is 35 feet wide and has a length of 750 feet at elevation 2250. A concrete
parapet wall, top elevation 2253, was constructed at the upstream edge of the crest. The
main dike is approximately 40 feet high with a crest length of 850 feet, crest width of 30
feet, and crest elevation of 2253 feet. The three saddle dikes range in height from 6 to 13
feet and are comprised of homogeneous compacted earthfill. Their crest elevations and
widths vary.

The spillway, located on the right abutment, consists of a concrete gate structure, chute, and
stilling basin (Figure 4). The floor of the gate structure is at elevation 2223, and the tops of
the five gates, in the fully closed position, are at elevation 2240. The spillway has an
effective crest length of 185 feet. Flow through the spiliway is controlled by five, 37- by 17-
foot radial gates.

The outlet works consist of a trash-rack-protected intake structure and transition, a 14-foot-
diameter inlet tunnel approximately 746 feet long, a concrete gate control structure with two
5- by 6.5-foot emergency high-pressure slide gates in tandem with two 5- by 6.5-foot
regulating high pressure slide gates, and a 14-foot diameter outlet tunnel. The outlet tunnel
is approximately 898 feet long and discharges into the spillway stilling basin. Modifications

! Numbers in brackets refer to references listed at the end of this report.
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of the outlet works, completed in 1980, consisted of removing an original cylinder gate
system and replacing it with the four, 5- by 6.5-foot slide gates.

The storage capacity of Cle Elum Reservoir at elevation 2240 (top of the gates) is 709,000
acre-feet. The active conservation storage in the reservoir is 436,900 acre-feet, from
elevation 2110 to 2240 feet.

The dam site is located in the Northern Cascades province and is characterized by a
moderate level of historical seismicity. No late-Quaternary active faults are known to exist
in this portion of Washington. The seismic hazard is controlled by “random” background
earthquakes and distant seismic sources which include the Cascadia subduction zone and the

south Whidbey Island fault.

B. Scope and Approach

A field investigation program was conducted in 1992 and 1993. During that field
investigation, zones of potentially loose foundation materials that could extend beneath the
dam embankment were identified. Evaluation of the data from the field investigation
indicated that portions of these zones may liquefy in the event of a large earthquake. These
zones, characterized by lower shear wave velocities measured during cross hole shear wave
(CHSW) tests, consisted of a layer between elevation 2105 and 2120 near the spillway
which exhibited a shear wave velocity on the order of 850 feet per second (fps), and a
similar layer between elevation 2095 and 2110 near the center of the downstream berm with
a shear wave velocity ranging from 600 to 800 fps. In addition, both CHSW tests showed
the velocities of the foundation materials near the bottoms of the test holes, between
approximate elevations 2040 and 2055 near the spillway, and between approximate
elevations 2010 and 2040 near the center of the downstream berm, were approximately 1200
fps. Significant liquefaction of the foundation and/or deformation of the structure could
result in failure of the dam and severe damage and loss of life in the communities
downstream.

Upon re-evaluating the existing geological/geotechnical data for Cle Elum Dam in 1998, it
was concluded that it was not possible to confidently assess the liquefaction potential of the
foundation soils using the previously available information, which included nine SPT tests
‘and cross hole shear wave velocity information at two locations. In November 1998, a
Becker penetration test program was conducted to collect data on the penetration resistance
(and inferred density) of the foundation soils beneath the downstream portion of the dam to
evaluate the liquefaction concerns.

Voids along the outlet works conduit were identified near the area where rehabilitation work
was performed in 1980. Seepage and piping potential along the outlet works conduit, as
well as in other areas of the dam, were identified as requiring evaluation.

The investigations and analyses reported herein include evaluating dam safety issues for Cle
Elum Dam under the existing operating conditions and for the possibility of increasing the
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normal high reservoir pool level by 3 feet.  Specific issues that are addressed in this
memorandum include: '

1.

Review of information pertaining to the outlet works and the voids identified along
the outlet works conduit. ‘

Evaluation of seepage conditions and the potential for piping to exist through the
dam and the foundation along the outlet works conduit.

Evaluation of filter compatibility between the upstream and downstream
embankment zones.

Review of the static stability analysis completed in 1987 during the SEED Analysis
phase and additional analyses based on data from the 1992-93 and 1998 field
investigations.

Evaluation of the liquefaction potential using data from the following sources: (1)
the SPT test data from the 1992-93 field investigations, (2) shear wave velocity data
from the 1993 cross hole seismic testing, and (3) penetration data from the 1998
Becker drilling program.

Preliminary dynamic analysis of the dam embankment using earthquake ground
motions as given in the report titled “Probabilistic Seismic Hazard Analysis Cle
Elum Dam, Yakima Project, Central Washington.”[2].

C. Failure Potential Assessment

The overall safety of dams classification for Cle Elum Dam is fair. There exists no dam
safety deficiency under normal loading conditions. The following reasons for this
classification, identified within, are:

A low potential for piping failure of the dam embankment.

A low to medium likelihood of seepage-related problems in the vicinity of the outlet
works.

A low likelihood for static stability failure under steady-state seepage.

A low to medium likelihood for static stability failure under rapid drawdown
conditions, due to a lower than recommended calculated safety factor for the upstream
embankment slope.

A low potential for liquefaction of the foundation soils, and resulting very small
anticipated dynamic deformations of the dam.

The failure potential assessment is not affected by the 3-foot rise in the normal maximum
pool elevation.
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II.

SITE DATA

A. Geology

1. Regional Geology

Cle Elum Dam and Reservoir are located on the eastern flank of the northemn Cascade
Range that is underlain by a sequence of intrusive and highly deformed metamorphic
rocks, probably of Late Jurassic to Cretaceous age [3]. Eocene sedimentary and volcanic
rocks outcropping along the reservoir overlie the older rocks unconformably.

The U-shaped valley in which the dam and reservoir are located was formed by
successive multiple advances of alpine glaciers during the Pleistocene. Drainage through
the valley was essentially blocked by a terminal moraine/outwash deposit during the most
recent glacial advance. This natural dam resulted in the formation of a lake that later
breached the natural dam, forming the modern outlet of Lake Cle Flum.

The Cascade Range area of Western Washington is characterized by relatively moderate
to high levels of historical and recent seismicity, though few active faults are known. Cle
Elum Dam is located within the Northern Cascades seismic zone, and adjacent to several
other seismic zones, of which the Puget Lowlands was considered to be the most
significant [2].

2. Geologic Investigations

Bedrock exposures have not been identified at the base of the Cle Elum River valley in
the immediate vicinity of Cle Elum Dam. Expiorations conducted at the site have not
penetrated through the thick sequence of glacial and alluvial deposits forming the dam
foundation. A water well drilled one mile northeast of the dam intercepted the bedrock
foundation (Roslyn Formation) at a depth of 173 feet, while another well located about 7
miles from the dam near the town of Cle Elum reached bedrock at a depth of about 650
feet [3]. Field investigations have been conducted at the site in 1977-78, 1981, 1992-92,
and 1998, as discussed below. Figure 5 shows the locations of exploration borings, test
pits, and Becker penetration tests. Table 1 summarizes the field explorations dating from
1977 to the present. The boring logs from the investigations prior to 1998 are included in
Appendix A. Results from the 1998 Becker testing program are presented in Appendix
B.

a. Previous Investigations

In 1992/1993, a field investigation was performed following the 1987 SEED
investigation to provide information for assessing the liquefaction potential of the Cle
Elum Dam foundation. For this investigation, six (6) borings (DH-92-1 through DH-
92-6) were drilled and Standard Penetration Tests (SPT) were performed in two of the
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borings. All SPT tests, nine (9) total, indicated refusal (>50 blows/6 inches) in the
coarse-grained foundation materials. Details of standard penetration tests are included
in Appendix C. Two cross hole shear wave couplets were performed for
determination of the shear wave velocities of the foundation layers. In addition, two
piezometers were installed.

Table 1 _
FIELD EXPLORATION DATA
Surface Dam Hole
Hole N/E Elev. Axis Depth
No. Coords. (feet) Station Offset (feet) Purpose’
BDH98-1 N 270.39" 2184.94 N/A *d/s 72 BDH
E 270.79'
BDH98-1B N 261.01' 2183.16 N/A *d/s 69 BDH
E 292.24
BSH98-1 N 265.16' 2184.14 N/A *dls 250 Sample hole
E 283.53!
BDH98-2 N 154.80" 2153.72 N/A 3d/s 142 BDH
E 584.19°
BDH98-3 N 226.05' 2129.53 N/A Ydfs 139 BDH
E 148.79!
BDH98-4 N 857.22' 217797 N/A 3d/s 207 BDH
E 942.33!
DH-92-1 N 4394.8° 2178.8 8+43.0 613.9° d/s 161 CHSW
E 5451.4° '
DH-92-2 N 4387.6° 2178.3 8+48.6 622.5 d/fs 181.9 CHSW/SPT
E 5458.4
DH-92-3 N 4416.8° 2180.1 8+28.6 | 583.7 d/s 90 Piezometer
E 5426.2*
DH-92-4 N 4677.8* 2154.7 5+55.1 593.2° d/s 155.6 CHSW
E 5508.4°
DH-92-5 N 4668.0° 2155.9 5+65.3 5929 dfs 156.6 CHSW/SPT
E 5505.3°
DH-92-6 N 4795.1% 2185.7 5+28.1 251.57 d/s 100 Piezometer
E 5186.7
AP-81-1 N 4270° 2129.7 8+48 1063° dfs 5 Hand auger
E 58832
DH-81.2 N 42532 2129.8 8+57 1073° d/s 110 Piezometers
| E5890% |
CE-1 N 44832 2251 9+16 19’ d/s 77 Abandoned
E 4859°
CE-2 N 4527* 2250.6 8+69.2 23,57 d/s 160 Piezometer
E 4875%
CE-3 N 4492% 2250.6 9+17.4 18.0° d/s 160 Piezometer
E 4823° '
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Surface Dani Hole-
Hole N/E Elev. Axis Depth
No. Coords. (feet) Station Offset (feet) Purpose®
CE-4 N 4473° 2227.9 9+04.4 109.3” d/s 150 Piezometer
E 4949
CE-5 N 4567 2251.2 8+04.0 12.1° d/s 255 Pump Well
E 48537

NOTES: ' Nature of coordinate system unknown.

? State plane coordinates.

* Unknown information.

* BDH - Becker drill hole; CHSW-cross hole shear wave; SPT-standard penetration test.
SN/A - not available.

During the 1992/1993 cross hole shear wave tests, the majority of the foundation
materials indicated shear wave velocities of 1200 feet per second or greater,
suggesting low liquefaction potential. Two layers within the foundation were
identified as potentially liquefiable, characterized by lower shear wave velocities
(600<V <850 fps or V <1200 fps). Figures 6A and 6B show the shear wave velocity
versus elevation for the two cross hole shear wave couplets.

The quality of the cross hole shear wave velocity measurements has been questioned
because of the larger than expected volumes of grout required to backfill the holes
drilled and the apparent occurrence of grout permeation between drill holes [4]. The
presence of grout was noted while drilling drill hole DH-92-2, located approximately
10 feet downstream of previously completed drill hole DH-92-1; these two drill holes
comprise one of the cross hole shear wave velocity couplets. For the other cross hole
couplet (DH-92-4 and DH-92-5), it was noted that the grout take in DH-92-5 was
considerably greater than expected, considering the casing diameter and hole size.
Completion of drill hole DH-92-5 required 5600 lb. of cement, 1400 lb. of bentonite,
and 100 Ib. of Cal seal. The elevations where grout loss occurred are not documented
in the boring logs; though initial grout stabilization occurred in drill hole DH-92-5 at
an elevation of 2091 feet. The large amount of grout required to complete the cross
hole couplets may be due to the large voids which were caused by drilling disturbance,
in addition to the high permeability of the coarse-grained foundation materials
allowing permeation of grout through the foundation. The presence of large voids
around the cross hole casing, and possibly associated loosening of surrounding soils,
may result in the lower shear wave velocities which were measured for certain test
intervals, discussed previously. In addition, shrinkage or collapse of the grout could
result in voids or loose zones that would produce lower shear wave velocities.

In 1981, one auger hole (AP-81-1) and one drill hole (DH-81-2) were conducted as
part of a power plant feasibility study. A dual piezometer was installed in drill hole
DH-81-2 at the downstream toe on the right side.
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Rehabilitation work for the outlet works took place in 1977 and 1978. During that
work, five (5) borings (CE-1 through CE-5) were drilled. Standpipe piezometers were
installed in three (3) of the borings.

Initial investigations prior to construction of Cle Elum Dam began as early as 1905.
Many of the pre-construction investigations were made during 1914 and included the
following [5]:

1. Test pits were excavated and wash-drill borings were drilled in the river section.
2. Borrow pits for the embankment materials were explored.

3. A diamond-drill hole was drilled on the lake side of the proposed outlet tunnel.
4

. Sub-storage features were investigated, topographic surveys were conducted, and
flow-line surveys were made. '

5. Early foundation investigations consisted of a total of 65 test pits, 2 tunnels, 2
trenches, 5 wash borings, 8 diamond drill holes, and laboratory gradation tests on
borrow materials.

b. TM Investigations

Re-evaluation of the 1992-93 Standard Penetration Tests (SPT) was conducted in
1998. It was judged that the potential for liquefaction of the foundation materials
could not be concluded based on the SPT tests. And, as discussed previously, the
liquefaction potential could not be accurately determined by the cross hole shear wave
tests. In 1998, recommendations were made to conduct a Becker testing program to
clarify the liquefaction concerns.

A series of Becker penetration tests were performed on the downstream side of the
dam in November of 1998, to provide data to evaluate the coarse-grained foundation
materials, with respect to their potential for liquefaction under earthquake loads. Five
(5) Becker drill holes and one (1) Becker sample hole were completed to depths up to
250 feet. The potential for liquefaction of the foundation soils was investigated after
lower shear wave velocity zones (600<V <850 fps) were measured in the foundation
materials during the 1992-93 cross hole shear wave tests performed on the site. Those
lower velocity zones were not supported by low Becker blow counts during the 1998
Becker drilling program [6]. Complete details of the Becker field investigation are
provided in “Geotechnical Investigations at Cle Elum Dam, Becker Drilling Program
Results” [6], included in Appendix B.

Laboratory tests were performed on samples of the foundation materials obtained from
Becker sample hole BSH98-1. Samples were collected at about five-foot intervals
from depths of 60 feet to the bottom of the hole at 250 feet. Results of laboratory
gradation tests, hydrometer tests, and Atterberg limits are summarized in Table 2.
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Table 2
RESULTS OF LABORATORY TESTS FOR BECKER
SAMPLE HOLE BSH98-1

Liquid Plastic
Depth USCS Gravel Sand Fines Limit Limit
(feet) (%) (%) (%) (W) (W.%)
60-65 GP-GC 583 329 8.8 21.5 4.1
65-70 GP-GC 65.9 27.2 6.9 21.9 4.7
70-75 GW-GM . 66.6 24.4 9.0 21.5 3.7
75-80 GP-GM 73.5 21.5 5.0 21.0 2.8
80-85 GP-GC 65.2 24.5 10.3 23.3 4.7
85-90 GW-GM 67.8 27.1 5.1 21.7 3.7
90-95 GP-GC 77.3 16.7 6.0 22.8 5.3
95-100 GW-GC 52.6 31.8 15.6 23.6 7.0
100-105 GP 51.9 454 2.7 N/A. N/A
105-110 GP 62.3 34.8 2.9 N/A N/A
110-115 GP 51.7 47.6 0.7 N/A N/A
115-120 GW 68.0 30.8 1.2 N/A N/A
120-125 Sp 40.8 58.5 0.7 N/A N/A
125-130 GP 58.8 40.4 0.8 N/A N/A
130-135 GP 57.2 41.6 1.2 N/A N/A
135-140 GP 53.1 46.2 0.7 N/A N/A
140-145 SM 0.0 86.3 13.7 N/A N/A
145-150 SP 8.0 87.6 4.4 N/A N/A
150-155 SM 0.0 78.4 21.6 N/A N/A
155-165 SP, 447 53.5 1.8 N/A N/A
165-170 GW 68.9 30.0 1.1 N/A N/A
170-175 SW 19.3 77.5 32 N/A N/A
175-180 SW 38.2 60.8 1.0 N/A N/A
180-185 SP 31.7 66.0 23 N/A N/A
185-190 SM 3.5 79.9 16.6 N/A N/A
190-195 SM 0.0 64.8 35.2 N/A N/A
195-200 SM 0.0 74.9 25.1 N/A N/A
200-206 SM 0.6 79.1 20.3 N/A N/A
208.6-210 ML 0.0 26.9 73.1 21.1 NP
210-215 ML 0.0 18.7 81.3 21.2 1.4
215-220 ML 0.0 10.8 89.2 23.6 3.6
220-225 ML 0.0 22 . 97.8 25.5 3.9
225-230 ML 0.0 1.7 98.3 23.8 2.8
230-235 ML 0.0 0.5 99.5 25.8 2.8
235-240 CL-ML 0.0 1.8 98.2 25.6 4.4
240-245 ML 0.0 3.8 96.2 23.5 3.1
245-250 ML 0.0 3.6 96.4 229 2.4

NOTES: 1. N/A - not applicable; NP - non-plastic; w_ - water content.
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3. Stratigraphy

The stratigraphy of the Cle Elum site is a product of Pleistocene glaciation, specifically
the Lakedale glaciation. Cle Elum Dam is located along the crest of the youngest
Lakedale moraine complex. The foundation of Cle Elum Dam is principally composed of
glacial outwash materials deposited along the margin and downstream of the Domerie ice
front [3]. The materials in the outwash range from large boulders to rock flour, though it
generally consists of pervious, crudely stratified sand and gravel with interbeds of
variously compacted clay and silt [3]. Underlying the outwash materials (at depths
greater than 100 feet) are glaciolacustrine sediments comprised of fine sand and silt, and
silty clay and lean clay. The thickness of these unconsolidated materials at the site is
unknown, because no borings have penetrated into the underlying rock foundation.
Maximum depths of investigation into the river valley in the vicinity of Cle Elum Dam
have been 250 feet.

Based on the results of modern explorations at the site, it is inferred that the outwash
deposits underlie the dam from the crest downstream. Recent investigations at the site
have concentrated on the downstream foundation, and, therefore, have not included
sampling of the foundation upstream of the crest. From available geologic information
and original design and construction reports, it is inferred that the stratification of the
upstream foundation is variable. In some locations, it is believed that the upstream
section of the embankment is underlain by glacial till deposits, consisting chiefly of
gravel, cobbles, and boulders floating in a matrix of silty sand. It is also believed that the
foundation at the upstream toe of the dam and extending some distance into the reservoir
is composed of glaciolacustrine sediments and ice-contact lakebed sediments.

The glaciolacustrine sediments consist predominantly of fine-grained materials which
were deposited within an ancestral glacial lake. The glaciolacustrine deposits near the
upstream toe of the dam have not been sampled in modern exploration programs, but,
based on samples from two downstream holes and available geologic information, they
are believed to consist of silty clay and lean clay, and fine sand and silt.

Similarly, recent drilling programs have not included samples of the ice-contact lakebed
sediments. Based on available geologic information, they are believed to consist of
deformed lakebed sediments that were gouged from the bottom of the lake by glaciers
and plastered up against the morainal till. These deposits are believed to have been
derived, at least in a large part, from the glaciolacustrine sediments. Consequently, they
are believed to be predominantly silt and clay soils. A fteld sample collected from a
representative outcrop of the ice-contact lakebed sediments in 1995 was tested in the
laboratory and found to consist of 66 percent low plasticity fines and 34 percent sand.
Based on outcrop observations, the ice-contact lakebed sediments are laminated to
stratified and have been intensely deformed, with highly contorted and truncated bedding
planes common in the unit. The unit also includes less than 5 percent by weight drop
stones and was overconsolidated by glacial ice.
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The ice-contact lakebed sediments and the glaciolacustrine deposits are believed to
effectively provide a low permeability upstream blanket for the dam, which may explain
the low measured piezometric levels in the downstream foundation, as discussed below,
According to available records [14,15], the importance of this natural low permeability
blanket was recognized early in the original pre-design investigations, and the dam was
located to take advantage of these deposits. A concerted effort was made during
construction of the dam to prevent damage to or penetration of these deposits, and,
reportedly, windows in these deposits were identified during construction and corrected
with placement of low permeability material.

Figures 7A, 7B, and 7C show geologic cross sections through the outlet works (A-A’),
the maximum-height section (B-B”), and a profile near the downstream toe of the dam
(C-C’). The descriptions of the units shown on those figures are given in Appendix C of
the risk analysis report [10], which is reproduced in Appendix D of this report.

4. Groundwater

The records of piezometer monitoring over the past 20 years were reviewed 10 assess
seasonal fluctuations, seepage rates, and observed ftrends. Eight (8)
piezometers/observation wells were installed at the dam. Observation wells SP-77-2, SP-
77-3, SP-78-4, and SP-78-5 were installed near the outlet works in 1977 and 1978. In
1981, a dual piezometer was installed at the downstream toe of the dam (SP-81-2UP and
SP-81-2L.0). During the 1992-93 field investigation, two additional piezometers (PT-92-
3 and PT-92-6) were installed on the downstream slope of the dam.

The details of the piezometer and well installations varied from piezometer to piezometer
and well to well. Table 3 summarizes the details of the installations as understood from
the available information. The bottoms of all of the piezometers/observation wells are in
the glacial foundation materials.

The majority of the piezometers/observation wells have been monitored fairly regularly
since 1980. The maximum and minimum recorded values each year for each individual
piezometer or observation well, along with the corresponding maximum and minimum
reservoir elevations for each year are included in Appendix E. Tabie E-1 summarizes the
total change in reservoir and piezometer or observation well elevations recorded during
each year, for the readings provided.

During the period of available piezometer records, the annual fluctuation in the reservoir
water surface level has varied from 50 to 125 feet, and in years when the reservoir has
filled to the Normal Water Surface (NWS), elevation 2240, it has stayed at that elevation
only for a very short duration. Although the reservoir elevations exhibited a large
variation each year, the piezometer levels typically varied by much smaller amounts. The
recorded annual change in elevation from minimum to maximum for the piezometers
ranged from approximately 1 to 17 feet and was typically about 5 feet. The minimum
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Table 3
PIEZOMETER AND OBSERVATION WELL DETAILS

Piezometer/
Observation | Depth Screened
Well (fv) Type Interval Backfiill/Interval
SP-77-2 160 ft. | Observation well: 8 Medium fine sand®
1'/,-in. PVC pipe Cuttings®
SP-77-3 160 ft. | Observation well: (O Medium fine sand®
1Y/,-in, PVC pipe Cuttings’
SP-78-4 150 ft. | Observation well: 145-150 ft. Pea Gravel 1-150 ft.
1'/,-in. PVC pipe Cement (-1 ft.
SP-78-5 230 ft. | Pump well: 14-in. 175 - 205 ft. */,-in. Min. Gravel
casing 220 - 230 ft. 230-255 fi.
SP-81-2 110 ft. | Dual-piezometer: LO: 75-110 fi. ¢}
: 1'/,-in. PVC UP: 15-65 ft.
PT-92-3 89 ft. 4} 80-89 ft. Silica sand 80-90.4 ft.
Bentonite seal 74.5-80 ft.
Random sand/gravel 20.3-74.5 ft.
Cement bentonite 0-20.3 ft.
PT-92-6 96 ft. (D 90-96 ft. Silica sand 90-100 ft.
Bentonite seal 8§7-90 ft.
Random sand/gravel 68-87 ft.
Bentonite seal 62-68 ft.
Random sand/gravel 20-62 ft.
Cement bentonite 0-20 ft,
NOTES: 'Limited information.

? Interval unknown.

recorded piezometer elevations nearly coincided with the bottom elevation of the outlet
works tunnel (el. 2106 feet), while the maximum recorded piezometer elevations
correspond to elevations approximately at the mid-height of the tunne! (el. 2115 feet).
The variation in piezometer water levels was relatively constant from piezometer to
piezometer and did not appear to vary significantly from location to location. The
gradient from the gate chamber to the downstream toe, as determined from piezometer
readings, is quite flat, at approximately 0.0015, and the piezometric levels are relatively
low. Currently, there are no piezometers located upstream of the gate chamber or the
dam crest; therefore, no direct data are available on the gradients in the upstream section
of the dam embankment or the upstream foundation [10].

5. Hydraulic Conductivity

No laboratory or field permeability data were found in the available documentation for
Cle Elum Dam. It is believed that the outwash deposits have a relatively high
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permeability because of their coarse-grained nature (gravels and sands), while the
glaciolacustrine and ice-contact lakebed deposits have relatively low permeabilities
because of their fine-grained nature (predominantly clays and silts). The glacial till
deposits are believed to have permeabilities intermediate between the limits of the
materials described in the previous sentence.

6. Seepage

There has been expressed concern at the Cle Elum site regarding seepage and piping
potential, specifically along the outlet works tunnel. However, no surface expression of
seepage has ever been observed at the main dam, the main dike, and the saddle dikes [1].
The only mode for monitoring seepage in place at Cle Elum Dam is piezometers,
observation wells, and visual monitoring. Instrumentation records dating from 1939
show that Cle Elum’s reservoir level is at or below elevation 2210 fifty percent of the
time, and at or below elevation 2200 approximately thirty-six percent of the time, staying
at or near the Normal Water Surface (elevation 2240) for a very short duration [10].
Therefore, given the operational history and structural composition of the dam, there is
little probability that Cle Elum exhibits a high enough phreatic surface to pose as a
seepage-related threat. In addition, the low measured downstream gradient of
approximately 0.0015 may not have sufficient energy to cause a seepage-related problem.

B. Seismotectonics

A probabilistic seismic hazard analysis was performed in December 1998 [2]. Results of
that study are summarized in Table 4.

For typical return periods of 10,000, and 50,000 years, the estimated mean peak horizontal
accelerations at the ground surface are 0.28g and 0.42g, respectively [2]. The peak
acceleration hazard at the site is dominated by the Northern Cascades source zone, which the
dam is located in, and the intraplate source for return periods greater than 300 years. The
Cascadia subduction zone is the primary long-period ground motion contributor for periods
greater than 10,000 years.

Table 4
MAXIMUM CREDIBLE EARTHQUAKES
FOR CLE ELUM DAM
Epicentral Focal Peak Ground
Distance Depth Motion
Source MCE' (km) (km) (2)

Cascadia Subduction :
intraslab 7/, (My) 115 40 to 70 0.3-0.4
interface 8 Y, (M) 135 NA | 02505
Mount Rainier Zone 6 ', (Ms) 65 N/A 0.3-0.4
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Epicentral Focal Peak Ground
: Distance Depth Motion
Source MCE! (km) (km) ®
Northern Cascades Zone
shallow 6 '/, (M) 19 5to 10 0.3-04
deeper : 7 ', (Mg) 65 40 to 60 N/A

Middle Cascades 6°%/,t0 6 '/, (My) N/A N/A 0.3-0.4
Puget Lowlands 7107 ', (M) 55 N/A 0.3-0.4
Columbia Plateau 63/, t0 7, (My) N/A N/A 0.3-04
Goat Rocks Zone 5%,t06 ', (My) N/A N/A 0.3-0.4
Williamette Trough 6%, to 7, (My) N/A N/A 0.3-0.4
St. Helens Zone 6'/,t0 7 (My) N/A N/A 0.3-0.4
Subduction Zone Intraplate 7 to 7/, (My,) N/A N/A 0.3-0.4

South Whidbey Island Fault
7 to 7'/, (My) 55 N/A 0.3-0.4
Seattle Fault 7 to 7'/, (My) 76 N/A 0.3-0.4
Ahtanum Ridge Fault 6'/,t0 7 (My) 85 N/A 0.3-0.4
Toppenish Ridge Fault 7 to 7'/, (My) 111 N/A 0.3-0.4
Doty Fault 6°/,to 7'/, My) 125 N/A 0.3-0.4
Olympia Fault 7 to 7'/, (My) 111 N/A 0.3-0.4

NOTES: ! M; - surface wave magnitude; M,, - moment magnitude; M, - shallow focus local magnitude.

2 N/A - not available.

Ground surface motions developed by the Oakland office of URS Greiner Woodward Clyde
include the following:

e A 10,000-year, short-period, magnitude 7 earthquake, at 7.5 miles (12 km) from the
dam.

e A 10,000-year, long-period, magnitude 9 earthquake, at 140 miles (225 km) from the
dam.

¢ A 50,000-year, short-period, magnitude 7 earthquake, at 9.3 miles (15 km) from the
dam. '

s A 50,000-year, long-period, magnitude 9 earthquake, at 140 miles (225 km) from the
dam.

The acceleration-time history plots for these earthquakes are included in Appendix F. The
magnitude 7 earthquakes exhibit durations of strong shaking on the order of 10 seconds.
The magnitude 9 earthquakes exhibit strong shaking for a much longer duration (up to 3
minutes). The total durations of ground motion for the magnitude 7 earthquakes were
approximately 40 seconds, while the total durations of ground motion for the magnitude 9
earthquakes were approximately 160 seconds. For a 10,000-year return period, the peak
accelerations were 0.28g and 0.20g for the magnitude 7 and magnitude 9 earthquakes,
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respectively. The peak accelerations for the 50,000-year magnitude'7 and magnitude 9
earthquakes were 0.40g and 0.25g, respectively.

C. Design Data
1. Dam

No information in the records reviewed indicate .that any type of stability or stress
analysis was performed for the design of Cle Elum Dam. Other than gradation tests on
selected borrow pit materials and logging of test pits, no pre-construction testing was
performed. An in-depth dynamic evaluation of the dam has not been previously
performed. '

According to specifications drawings [5], the dam consists of two primary zones: (1) a
relatively impervious upstream Zone 1, consisting of earthfill (sprinkled and rolled in 8”
layers) and (2) a free-draining downstream Zone 2, comprised of gravel and cobbles. The
slopes of the upstream and downstream faces are both 3:1 (H:V). An upstream berm with
a slope of 20:1 is comprised of the same material as the upstream zone 1. A waste berm
with a slope of 11.3:1 was constructed downstream of the dam, consisting of remnant
construction materials.

The dam has 10 feet of freeboard (between the top-of-spillway-gate elevation 2240 and
crest elevation 2250). The freeboard is 13 feet if considering the top of the parapet wall
(elevation 2253). A 30” layer of riprap underlain by a 12” layer of gravel was placed on
the upstream face of the dam.

2. Foundation

Foundation preparation beneath Cle Elum Dam consisted of stripping the upper soil zone
and constructing an upstream cutoff trench. No foundation grouting was performed [1].
Excavation of material to be wasted (Station 10+00 to 51+00) was performed by a
Monighan walking dragline with a 70-foot boom and 3 '/, yd® bucket [5]. Excavation of
the upper part of the channel (Station 0+24 to Station 10+00) was completed using the
Monighan and some Bucyrus-Erie 43B shovels. Excavation of the river channel at the
Cle Elum site consisted of excavating 143,000 yd®, which was to be wasted, and 272,000
yd’ to be used for construction of the dam [5].

D. Construction Data

Review of the report titled “Final Report on Design and Construction of Cle Elum Dam and
Reservoir” [5] indicates that construction methods and quality appear to have been relatively
good, considering the time of conmstruction of the dam. Records of placement and
compaction of the fill are limited; however, the apparent overall minimal settlement attests
to the quality of construction.
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E. Performance History
1. Reservoir Operating History

In general, the dam and appurtenant structures appear to be operated in accordance with
criteria dictated by the SOP (Standard Operating Procedures). Routine maintenance
operations at the dam and appurtenant structures appear to be generally adequate.

As reservoir measurements indicate, the change in reservoir level from minimum to
maximum fluctuated a total of 50 to 125 feet in any given year. This corresponds to
fluctuations of the reservoir level between elevation 2115 and 2240.

2. Instrumentation

Instrumentation at Cle Elum Dam consists of eight (8) piezometers and observation wells
located on the downstream slope and crest of the embankment. These piezometers and
wells were located in drill holes DH-92-3, DH-92-6, CE-2, CE-3, CE-4, CE-5, and DH-
81-2 drilled during either the 1992-93 field investigation, the 1977-78 outlet works
rehabilitation, or in 1981. Observation wells SP-77-2, SP-77-3, and SP-78-4 installed in
drill holes CE-2, CE-3, and CE-4, respectively, were monitored during 1980, and again
from 1994 to the present. Well SP-78-5, installed in drill hole CE-5, was only monitored
during 1980, because it was installed for the primary purpose of performing a pump test.
Piezometers PT-92-3 and PT-92-6, installed in drill holes DH-92-3 and DH-92-6,
respectively, have been monitored regularly since their installation in 1992. The bottoms
of all piezometers/observation wells are in the glacial foundation materials. The
plezometer installed in drill hole DH-81-2 at the downstream toe is a dual piezometer
(SP-81-2UP and SP-81-2LO) which has been monitored consistently from 1981 to the
present. The purpose of these piezometers is to monitor the piezometric levels in the
foundation. No piezometers are installed within the compacted earthfill zone and the
actual phreatic line within that zone is unknown.

Embankment measurement points are monitored on a 6-year cycle, with the next reading
scheduled for the year 2000 {12]. One of the measurement points was reported to be
damaged [1]. No significant settlement or horizontal deflections of the embankment have
been reported [1].

3. Geological/Geotechnical

For the most part, Cle Elum Dam has been performing well. However, the SEED
analysis report concluded that open voids were located within the foundation soils near
the lower portion of the outlet gate structure, located near the right abutment [1].
Subsequent review of available information indicates that voids are actually located in the
upper portion of the outlet works tunnel [4]. These voids may have been created during
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the original construction of the outlet works tunnel, as the construction history reported
considerable caving and the presence of flowing sands and running gravels during
tunneling [5]. No surface expression of seepage through the embankments, abutments, or
foundation has ever been observed or reported at Cle Elum Dam [1].

III. ANALYSES
A. Scope of Analyses

For the most part, Cle Elum Dam has been performing well. However, the SEED analysis
report concluded that open voids were located within the foundation soils near the lower
portion of the outlet gate structure, located near the right abutment [1]. Subsequent review
of available information indicates that voids are actually located in the upper portion of the
outlet works tunnel [4]. These voids may have been created during the original construction
of the outlet works tunnel, as the construction history reported considerable caving and the
presence of flowing sands and running gravels during tunneling [5]. No surface expression
of seepage through the embankments, abutments, or foundation has ever been observed or
reported at Cle Elum Dam [1].

B. Seepage and Piping Potential

According to the 1987 SEED analysis report, the potential for piping failure of Cle Elum
Dam was considered low, as there has been no evidence of seepage through the foundation
or the embankment [1]. The dam was constructed with very flat upstream (3H:1V and
20H:1V) and downstream (3H:1V and 11.3H:1V) slopes and a cutoff trench to reduce under-
seepage. The flat slopes were included in the original design to provide a percolation
distance equal to. 10 times the available percolation head [1].

1. Seepage and Piping Through the Embankment

According to the SEED analysis report, the downstream compacted pervious fill provides
an adequate filter for the upstream compacted impervious fill [13. That conclusion was
re-evaluated by Reclamation in 1992 and again in the analyses completed for this TM.
Reclamation’s 1992 calculations and those completed for this TM are both included in
Appendix G. For this TM, filter compatibility was initially evaluated based on the
guidelines in Reclamation’s Design Standards No. 13, Chapter 5 [16] for the following
four cases:

1.  Average impervious fill gradation compared with average pervious fill gradation.
2. Average impervious fill gradation compared with coarsest pervious fill gradation.
3.  Finest impervious fill gradation compared with average pervious fill gradation.
4

Finest impervious fill gradation compared with coarsest pervious fill gradation.
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Gradations for the pervious and impervious fill were taken from Reclamation’s 1933
report titled “Analysis of Materials for Cle Elum Dam” [11]. For all four comparisons,
the impervious fill gradations were corrected for material coarser than the No. 4 sieve
size, in accordance with the recommendations included in Reclamation’s Design
Standards No. 13, Chapter 5 [16].

Key characteristics of the gradations of the impervious fill and the pervious fill are the
following:

Impervious fill - average
gradation - corrected

% fines = 34% (Category 3)
Dy = 1.1 mm

D,z =0.017 mm

% fines = 48% (Category 2}
Dgsp = 0.6 mm

D5z = 0.009 mm
Dyy:=1.1mm

Maximum size = 6 inches
Dy =4 mm

Maximum size = 8 inches

Impervious fill - minimum
gradation - corrected

Pervious fill - average gradation

Pervious fill - coarsest gradation

The filter criteria comparisons are summarized in Table 5.

Table 5
FILTER COMPATIBILITY EVALUATION - BASED ON RECLAMATION’S
DESIGN STANDARDS NO. 13, CHAPTER 5 [16]

Design Standards No.13
Actual Maximum Meet
Case Dyse Diss Criteria?
(mmm) (mm)

Average Impervious/ 1.1 1.6 Yes
Average Pervious

Average Impervious/ 4.0 1.6 No
Coarsest Pervious

Finest Impervious/ Average 1.1 0.7 No
Pervious

Finest Impervious/ Coarsest 4.0 0.7 No
Pervious
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From the results in Table 5, the following observations can be made from the evaluation
of filter compatibility according to the guidelines of Design Standards No. 13, Chapter 5
[16]:

1.  The average impervious fill meets filter requirements with respect to the average
pervious fill. This means that filter compatibility would be met at all locations
where impervious fill of average or coarser gradation was in contact with pervious
fill of average or finer gradation.

2. The finest impervious fill does not meet filter requirements with respect to the
average pervious fill, but this combination misses compliance with filter
compatibility criteria by a relatively small margin. In fact, in reviewing the original
technical paper [19] that presented the filter compatibility recommendations
included in Design Standards No. 13, Chapter 5 [16], it is found that the
recommended (D;;p),... of 0.7 mm for this case is based on test results that indicated
(D1 sp)max Varying from 0.7 to 1.7 mm. The actual D, for this case is 1.1 mm, which
is in the middle of this measured range. The near compliance of the combination of
finest impervious fill and average pervious fill suggests that filter compatibility
would likely be met at all locations where the impervious fill is in contact with
pervious fill of average or finer gradation, except for those cases where the very
finest impervious fill is in contact with pervious fill very near to the average
gradation.

3. The coarsest pervious fill does not meet filter criteria for either the average
impervious fill or the finest impervious fill.

Overall, these observations lead to the conclusion that filter compatibility, according to

Design Standards No. 13, Chapter 5 [16], is probably met at most locations where the

impervious fill and pervious fill are in contact. However, filter compatibility according to

those guidelines is likely not met at some locations — specifically, at some locations of the
- finest impervious fill and at most locations with the coarsest pervious fill.

The filter compatibility evaluations according to Design Standards No. 13, Chapter 5
[16], as summarized in the calculations in Appendix G, also indicated:

1.  The pervious fill substantially exceeds recommended permeability requirements
relative to the impervious fill. This is a favorable condition relative to piping,
because it means that the pervious fill will act as a drain for the impervious fill,
which should result in a lower phreatic level at the contact between the two zones.
This means that there should be less area where water would flow and piping could
occur across this contact if the gradations were not compatible.

2.  The gradation and the maximum size (greater than 3 inches) of the pervious fill
suggest that it may have been susceptible to segregation during placement. This is
an unfavorable condition relative to piping, because it suggests that there may be
some locations in the pervious fill where the gradations are coarser than indicated
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by the available data, and that would provide less piping protection at those
locations.

For this TM, filter compatibility was also evaluated according to guidelines recently
published by Foster and Fell [18], and the calculations from that evaluation are also
included in Appendix G. Foster and Fell [18] note that the filter criteria included in
Design Standards No. 13, Chapter 5 [16] are based on the results of “no erosion” filter
tests and are intended to represent reasonably conservative boundaries for conditions
under which essentially no erosion occurs at the boundary between the two materials.
They express the opinion that these filter criteria are reasonable and prudent for design of
new facilities, but they also suggest that it is appropriate to consider other criteria when
evaluating the risk of piping for existing structures. Specifically, Foster and Fell [18]
suggest consideration of a “continuous erosion” boundary that consists of the gradation of
a filter that defines the boundary (for a particular base soil) between: (1) the occurrence of
some erosion followed by stable conditions, and (2) essentially continuous erosion
without abatement. They recommend criteria for estimation of “no erosion” and
“continuous erosion” boundaries for the evaluation of existing dams.  Their
recommendations were developed from: (1) a review of laboratory tests by others,
including those that provided the basis of the criteria in Design Standards No. 13, Chapter
5 [16], (2) the results of additional laboratory tests that they completed, and (3) a review
of field case histories. The Foster and Fell [18] recommendations for the “no erosion”
boundaries are generally similar to the criteria in Design Standards No. 13, Chapter 5, but
there are some small differences. The conditions at Cle Elum Dam were evaluated based
on the Foster and Fell [18] criteria and the results are summarized in Table 6. The same
four cases considered for the criteria in Design Standards No. 13, Chapter 5 [16] were
considered for application of the Foster and Fell {18] recommendations.

Table 6
FILTER COMPATIBILITY EVALUATION —BASED ON
FOSTER AND FELL [18]

Continuous
Case Actaal | No Erosion Erosion Conclusion
Dsr (D1se)ne (Dyse)ee
(mm) (mm) mm ,

Average L1 1.42 610 9.5 Dise<(Disehe<(P15p)ce
Impervious/

Average

Pervious

Average 4.0 1.42 6109.5 (Disee<Dise<Dhrsedce
Impervious/

Coarsest

Pervious
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Continuous
Case Actual No Erosion Erosion Conclusion
Dsr (D1sp)ne (Dysedee
(mm) (mm) mm
Finest 1.1 0.7 6to 8 (D15 e<Dysr<(D1sp)ck
Impervious/
Average
Pervious :
Finest 4.0 0.7 6108 (D15 e<Ds5<(Dysp)ee
Impervious/
Coarsest
Pervious
A review of Table 6 indicates:
1. The results for the “no erosion” boundary are the same as those for the evaluation

relative to the criteria in Design Standards No. 13, Chapter 5 [16].

2. The actual D,4;’s are less than the continuous erosion boundaries for all four cases.
This suggests that it is reasonably likely that continuous erosion would not occur
even for the case of the finest impervious fill adjacent to the coarsest pervious fill.
However, segregation of the pervious fill could affect this conclusion in the same
way that it could affect the earlier conclusion regarding the evaluation with respect to
the criteria in Design Standards No. 13, Chapter 5 [16].

Other factors that should be considered in the assessment of the piping potential at Cle Elum
Dam are:

1. The impervious fill section is very wide, the reservoir elevation is high for only a
short period of time each year, and the reservoir is normally drawdown significantly
ever year. These factors are favorable in two ways with respect to piping potential:
(1) it is less likely that there are high gradients at the boundary between the
impervious and pervious fill, and (2) it is possible that steady state seepage
conditions through the impervious fill do not often, if ever, develop under high
reservoir levels.

2. The foundations under most of the dam appear to be very pervious and may even act
as a drain. It is possible that the phreatic surface through the impervious fill drops
into the foundation and does not cross the impervious/pervious fill boundary, which
would be favorable with respect to piping potential at that boundary. Although there
are no data for phreatic surface levels in the impervious fill zone, this possibility is
supported by the low phreatic levels in the downstream foundations and the lack of
observed water in the pervious fill zone at piezometer PT-92-6.

Considering all of the information discussed above, it is judged that the likelihood of a
piping failure through the embankment at Cle Elum Dam is low. This judgment is
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supported in part by the lack of observed evidence of seepage and piping problems in the
embankment. However, the lack of observed surface evidence of piping problems cannot be
taken as conclusive proof of the lack of such problems. All of the evaluations and factors
discussed above should be considered in the risk analysis of this failure mode.

2. Seepage and Piping Along the Outlet Works Tunnel

The identification of voids around the outlet works tunnel during the modification of the
outlet works gates in 1980 resulted in concern regarding the potential for seepage and
piping along the tunnel. As discussed previously in this TM, an evaluation of available
piezometer and observation well data indicates the following:

1.  Although the reservoir level varies over a wide range of elevations on an annual
basis, the piezometric levels in the ground in the vicinity of the outlet works tunnel
vary over a much smaller range. During years when piezometer and observation
well data are available, the annual reservoir level variations have ranged from 50 to
125 feet, while the annual variations in piezometeric level in the vicinity of the
outlet works have ranged from 1 to 17 feet, but have typically been less than 5 feet.
Therefore, the piezometric responses to changes in reservoir level are only a very
small fraction (typically less than 5 percent) of the reservoir level changes.

2. At low reservoir levels, the piezometric levels in the vicinity of the outlet works
downstream of the gate chamber are at elevations near the bottom of the outlet
works tunnel. While at high reservoir levels, the piezometric levels in the vicinity
of the outlet works are near the mid-height of the tunnel. No piezometric levels
have been observed at elevations above approximately the mid-height of the tunnel.

3. According to the available piezometric data, the gradient along the outlet works is
‘ very flat, approximately 0.0015, from the gate chamber to the downstream end of
the outlet works tunnel.

Based on the piezometric data, the following conclusions can be drawn regarding the
seepage conditions along the outlet works tunnel:

1. From the gate chamber downstream, it does not appear that piezometric levels rise
to within the upper half of the tunnel profile, which is where the voids were
observed and where voids would most likely have resulted from tunneling activities.
Therefore, it does not appear likely that voids along this section of the tunnel are
wetted by piezometric conditions.

2. The gradient along the tunnel downstream of the gate chamber is very low and may
not have sufficient energy to instigate piping.

3. The very small piezometric response, relative to changes in reservoir elevation,
suggests that an increase of 3 feet in normal high reservoir level would not result in
a significant change in seepage conditions along the outlet works tunnel
downstream of the gate chamber.
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The conclusions given above are limited to the conditions downstream of the gate
chamber, because no piezometric data are available along the outlet works tunnel
upstream of the gate chamber.

Based on the available information, it is judged that the likelihood of piping of
foundation soils along the outlet works is low to medium.

C. Static Stability Analysis
1. Method of Analysis

A static stability analysis was performed to evaluate the steady state seepage and rapid
drawdown stability of the dam (upstream and downstream) in the SEED analysis report
using STABL2. For this report, the static stability of the upstream slope under rapid
drawdown conditions was reanalyzed using subsurface information obtained during the
1992-93 and 1998 field investigations. This analysis was performed using the limit
equilibrium UTEXAS3 computer program and Spencer’s method (Appendix H).

2. Material Properties

Soil properties were obtained from the SEED report contained in the SEED data book [1].
The soil property values actually were derived from the original Construction Report for
Cle Elum Dam. Previous analyses assumed the presence of liquefiable layers in the dam
foundation. As discussed later, during the 1998 Becker drilling program, no evidence of
liquefiable layers were observed. Table 7 lists the properties used in modeling the dam to
perform the static and dynamic stability analyses, along with typical ranges of the
parameters taken from Hoek and Bray, 1981 [13].

Table 7
MATERIAL PARAMETERS USED IN STABILITY ANALYSES

Unit Weight | Friction Angle Cohesion
Undrained
Shear
Material Range | Used | Range | Used | Range | Used | Strength

Impervious U/S 105- 115 | 30-32 30 1500- 0 0
blanket 130 3000 '
Compacted 105- 137 | 30-32 30 1500- 0 2000
impervious fill (U/S) 130 3000
Compacted pervious 109- 120 | 32-40 33 0 0 0
fiti (D/S) 130
Uncompacted D/S 90-118 1 115 | 28-34 30 0 0 0
pervious berm
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Unit Weight | Friction Angle Cohesion
Undrained
: Shear
Material Range | Used | Range | Used | Range | Used | Strength
Foundation sandy silty | 110- 115 | 48-45 31 0 0 0
gravel (coarse- 120
grained) ‘
Foundation silty and | 99-124 | 110 | 34-40 | 30 0 0 0
clayey sand (finer-
grained)
NOTE:

1. Ranges obtained from Hoek and Bray (1981) [13].

For the most part, the material parameters used in the stability analyses fall within the
typical range, or on the conservative side of the ranges given. An exception to this is the
unit weight for the upstream compacted impervious fill, for which the value used is
slightly higher than the typical range. This value was used in the current analysis to be
consistent with earlier analyses, and because it is judged to not have a significant effect
on the results for two reasons: (1) the value used is only about 5 percent higher than the
upper end of the range of values, and (2) small differences in unit weights do not have
significant effects on the results of stability analyses because they affect both driving
forces and resisting forces in ways that, at least in part, balance each other and moderate
the effects of differences in unit weight. URSGWC believes that the parameters used are
reasonable and appropriate, based on a review of the available information for the
materials in the dam and its foundation.

3. Analysis Results

The inferred foundation materials were altered slightly after reviewing results from the

- more recent field investigations, suggesting that a previously inferred clay layer does not

exist within the upstream section of the foundation. Because the most critical surfaces for
the upstream and downstream steady seepage conditions pass through only the
embankment, the factors of safety reported in the SEED analysis report remain valid.

According to Reclamation criteria [9], rapid drawdown static stability is not considered to
be a deficiency if the factor of safety is greater than 1.3. The SEED-level investigations
indicated a minimum factor of safety of 1.1 using a noncircular surface passing through
the previously defined continuous clay layer. Using the updated internal geometry (no
clay or liquefiable layers), the static stability of the upstream slope under rapid drawdown
conditions was reanalyzed. Again, the critical failure surface on the upstream slope of the
dam under rapid drawdown conditions produced a factor of safety of 1.1. This surface
did not intersect into the foundation materials, passing only through the dam
embankment. Appendix H includes the static stability results documented in the SEED
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analysis report (using STABL2) and the new stability analyses (using UTEXAS3). The
results of the steady-state static stability analysis from the SEED analysis report [1], and
the upstream rapid drawdown stability analysis performed for this report, are summarized

in Table 8.
Table 8
STATIC STABILITY ANALYSES RESULTS
Computed
Case Minimum Factor | Required Factor
Considered of Safety of Safety
Downstream slope, steady seepage 2.0 1.5
Upstream slope, steady seepage 2.1 1.5
Upstream slope, rapid drawdown 1.1 1.3

D. Dynamic Stability Analysis
1. Liquefaction

An empirical assessment of the liquefaction potential and an evaluation of the dam and
dam’s foundation resistance to seismic loading was performed for Cle Elum Dam in
accordance with Bureau of Reclamation (Reclamation) procedures [9]. The process
includes the following: (1) evaluate the potential for sufficient seismic activity to produce
liquefaction, (2) use a method that empirically determines the soil’s resistance to liquefy,
and (3) perform a post-earthquake stability analysis. The analysis was performed based
on data obtained during the 1998 Becker drilling program.

Liquefaction of the dam foundation was initially thought to be a dam safety deficiency
based on data obtained from the field exploration program in 1992-93 and earlier
programs. In 1992-93, lower velocity layers (600<V <850 fps and V <1200 fps) were
identified during cross hole shear wave testing. Based on the USBR standard for seismic
design [9], materials with a shear wave velocity greater than 1200 fps (feet per second)
are considered nonliquefiable.

A subsequent Becker drilling program consisting of five Becker drill holes and one
Becker sample hole was conducted in 1998. Complete details are included in Appendix
B. This program was undertaken to obtain blow count values for the foundation materials
in an effort to determine the existence and/or extent of potentially liquefiable layers
within the foundation. Lower velocity layers (600<V <850 fps and V<1200 fps)
identified during the 1992-93 drilling and geophysical program were not supported by
low blow counts during the 1998 Becker drilling program. The uncorrected closed-bit
blow counts for the layer (600<V <800 fps) located between elevations of 2095 and 2110
(45 to 60 feet depth) near BDH98-2 ranged from 86 to 342 bpf (blows per foot), while the
uncorrected open-bit blow counts for the similar layer (V<850 fps) identified between
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elevations 2105 and 2120 (60 to 75 feet depth) near BDH98-4 ranged from 34 to 204 bpf.
Additionally, the zones exhibiting shear wave velocities on the order of 1200 fps,
identified between elevations 2010 and 2040 (115 to 145 feet depth) near BDH98-2 and
between elevations 2040 and 2055 (125 to 140 feet depth) near BDH98-4, exhibited
uncorrected closed-bit blow counts ranging from 60 bpf to refusal (>1200) and
uncorrected open-bit blow counts ranging from 20 to 203 bpf for BDH98-2 and BDH98-
4, respectively.

For this technical memorandum, analysis of the corrected Becker penetration test blow
counts was conducted. Verification of the potential for liquefaction of the foundation
soils was not evidenced by the corrected Becker Penetration Test blow counts obtained
from BDH98-1, BDH98-1B, BDH98-2 and BDH98-3. The Becker blow counts
converted to equivalent SPT N, values, using both the Harder and Seed (1987) [7] and
the Sy (1997) [8] methods, were greater than 100 (refusal) for nearly the entire
penetration depths, as shown in Figures 8A through 8D. The calculation spreadsheets for
determination of the correlated N, values by the Sy (1997) and the Harder and Seed
(1986) methods are included in Appendix I.

The foundation of the dam is glacial outwash and glacial drift consisting of a
heterogeneous mixture of gravel, cobbles, boulders, sand, and some fines (silt and clay).
Pockets and seams of these materials may be potentially susceptible to liquefaction;
however, as evidenced by the Becker penetration test results, no extensive layers of
potentially liquefiable materials appear to exist within the dam foundation. Failure of the
dam due to liquefaction of foundation materials is considered low.

~ Because potentially liquefiable layers were not identified in the downstream portion of
the dam, post-earthquake stability analyses were not performed.

2. Deformation

A deformation analysis is not required when the dam and foundation are not susceptible
to liquefaction, if certain conditions are met [9]. These conditions and applicability to Cle
Elum Dam are discussed below:

e The dam must be a well-built dam (denéely compacted), and the peak accelerations at
the base of the dam are 0.2g or less; or the dam is constructed out of clay soils, is on
clay or rock foundations, and peak accelerations are 0.35¢g or less.

As previously described, Cle Elum Dam is a zoned embankment with controlled
compaction, thus qualifying as a “well-built dam.” At typical return periods of
10,000 and 50,000 years, the estimated mean peak horizontal accelerations at the
ground surface are 0.28g and 0.42g, respectively. Therefore, the 10,000-year
earthquake is greater than the maximum value of 0.2¢g.

* The slopes of the dam must be 3:1 (Horizontal:Vertical) or flatter.
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The upstream and downstream slopes of the dam are both 3:1, with upstream and
downstream berms of even flatter slopes. Therefore, this condition is met.

o The static factors of safety of the critical failure surfaces involving loss of crest
elevation are greater than 1.5 under loading conditions expected prior to an
earthquake.

As documented previously, the factors of safety for steady-state seepage static
stability analyses are greater than 1.5.

o The freeboard at the time of the earthquake is a minimum of 2 to 3 percent of the
embankment height (not less than 3 feet (0.9 m)). Fault displacement and reservoir
seiches with regard to freeboard should be considered as separate problems.

Freeboard at Cle Elum Dam, when at maximum reservoir, is 10 feet. The structural
height of the dam is 165 feet, and, therefore, the freeboard is 6 percent of the height of
the dam.

With the exception of the peak acceleration of 0.28¢ during the 10,000-year earthquake
that is greater than the maximum value of 0.2g, all criteria were met for not performing a
deformation analysis. A detailed ground motion analysis was not completed.

The duration of the magnitude 9 earthquake was long (up to 3 minutes), so a very
simplified deformation analysis was conducted using Newmark methods. The simplified
deformation analysis was performed using the time versus acceleration plot of the long
duration magnitude 9, 10,000-year earthquake at the base of the dam and considering a
full-height potential sliding surface. Because results of this analysis indicated that
deformation along this surface would likely be negligible (less than 0.005 feet), no in-
depth deformation analysis was completed for Cle Elum Dam. Results of this analysis
are included in Appendix F. Use of the base input motion without propagation through
the foundation and embankment soil column is believed to be a reasonable simplification
for this case, because experience has shown that, for most cases, dynamic analyses result
in a peak instantaneous acceleration at the crest of an embankment dam of less than twice
the peak acceleration at the base, and a peak “average” acceleration of a mass extending
from the crest to the base that is typically about one-half of the peak instantaneous
acceleration at the crest. Therefore, the use of the peak acceleration at the base is a
reasonable approximation of the peak “average” acceleration of a full-height sliding
surface. Use of the base input motion results in the inclusion of more high frequency
shaking than would be the case if a dynamic analysis was completed to estimate the time
history of “average” acceleration for the sliding mass. However, because the resulting
calculated deformations were extremely small, this error is judged to be acceptable in this
case.

IV. CONCLUSIONS

The likelihood for failure of Cle Elum Dam with respect to liquefaction is judged to be low.
Based on Becker penetration test results, the foundation materials tested are dense and are not
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potentially liquefiable. Cross hole shear wave tests performed in 1992-93 indicated zones with
shear wave velocities lower than 1200 feet per second (fps), some as low as 600 to 850 fps,
indicative of potentially liquefiable materials. Becker penetration tests performed adjacent to
each of the cross hole shear wave test locations did not confirm the existence of potentially
liquefiable materials. Based on the low potential for post-liquefaction failure, the dynamic
deformation of the dam under earthquake loads is anticipated to be very small.

The likelihood for an instability failure of Cle Elum Dam under steady-state seepage is judged to
be low. The computed minimum safety factors for both the upstream and downstream
embankment slopes are greater than the USBR required minimum of 1.5.

The likelihood for failure of Cle Elum Dam under rapid drawdown conditions is judged to be
low to medium. The calculated factor of safety of the upstream slope under rapid drawdown
conditions was 1.1, less than the USBR recommended minimum value of 1.3. However, this is
judged not to be a Safety of Dams concern, because (1) there have been no reported stability
problems during drawdown and the reservoir is drawn down every year, (2) the calculated factor
of safety is greater than 1.0 with a reasonably conservative strength value, and (3) the safety-
related consequences of a stability failure during rapid drawdown are limited because of the low
reservoir level.

The potential for failure of Cle Elum Dam due to piping through the embankment is judged to be
low. Filter compatibility analyses were completed for the impervious fill/pervious fill boundary
based on Reclamation’s Design Standards No. 13, Chapter 5 [16]} and a recent publication by
Foster and Fell [18]. Those analyses indicated that: (1) the “no erosion” filter criteria of Design
Standards No. 13 were probably met at most locations on the boundary, and (2) the pervious fill
gradations are likely less than the no “continuing erosion” boundaries recommended by Foster
and Fell at all locations. Hence, it is judged reasonably unlikely that continning erosion would
occur at the boundary between these two materials. Other favorable factors considered in this
judgment were: (1) the likelihood that flow across this boundary may be confined to a limited
area very low in the embankment or possibly even non-existent, (2) gradients at the boundary, if
flow across the boundary exists, are likely low, and (3) no evidence has ever been reported of
seepage and piping problems in the embankment. One unfavorable factor that was also
considered was the fact that the maximum particle size and the gradations of the pervious fill
indicate that it may have been susceptible to segregation during placement, which could have
resulted in some in-place material coarser than would be indicated by the available gradation
curves.

The potential for seepage-related problems in the vicinity of the outlet works is judged to be low
to medium. There are existing voids in the foundation soils surrounding the upper portion of the
outlet works tunnel. These voids are believed to have most likely developed during the original
construction of the outlet works tunnel. Available piezometric data indicate that piezometric
levels along the outlet works tunnel, from the gate chamber to the downstream end, vary between
the bottom and the mid-height of the tuanel as the reservoir level varies. So, the piezometric
levels do not likely wet the voids around the upper part of the tunnel. The piezometric data also
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indicates a very low gradient of about 0.0015 along the tunnel downstream of the gate chamber.
Piezometric levels upstream of the gate chamber are not known.

It was judged that the 3-foot increase in the normal high reservoir pool level would have a
negligible effect on the static stability, seismic stability, and seepage stability of the dam. Based
on piezometer responses, the increases in piezometric levels in the outlet works area and within
the dam embankment due to the 3-foot increase in reserveir level would likely be very small
(<0.25 feet). In addition, the effect of the increased reservoir loading would likely be very small.

V. FUTURE ACTIONS
Monitoring of seepage in the vicinity of the right abutment should be performed in conjunction

with the 3-foot rise of the reservoir pool level. Observance of seepage flow, sand boils, or
sediment transport should be reported to the Regional and Denver Offices immediately.
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S—-WAVE VELOCITY PROFILE
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CLE ELUM DAM, WASHINGTON

S—=WAVE VELOCITY PROFILES
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APPENDIX A

Summary of Test Drilling
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SUMMARY OF TEST DRILLING

__Page 1 of 1 1

FEATURE Cie Elum Dam PROJECT Yakima STATE MHashington
Hole Location Coordinates Collar Depth of Date Depth of Water Remarks
Number Elevation Hole Completed | Date Measured
Station Offset | North East - “
DH-92-1 8+43.0 613.9° d/s | 4394.8 5451.4 2178.8 161.0° 09-22-92 72.3°; 9-22-92 CHSW "
DH-92-2 8+48.6 622.5° d/s | 4387.6 5458.4 2178.3 181.9° 10-26-92 71.335 9-30-92 | CHSW/SPT —|
DH-92-3 8+28.6 583.7° d/s | 4416.8 5426.2 2180.1 90.0° 11-02-92 72.5°; 11-2-92 Piezometer‘—'
DH-92-4 5+455.1 593.2° d/s | 4677.8 5508.4 2154.7 155.6° 11-18-92 50.4°; 11-5-92 CHSW
- { DH-92-5 5¢65.3 592.9° d/s | 4668.0 5505.3 2155.9 156.6° 12-19-92 | 49.3°; 12-9-92 CHSW/SPT _1
DH-92-6 5¢28.1 251.5° d/s | 4795.1 5186.7 2185.7 100,0° 12-18-92 79.0°; 12-18-92 | Piezometer
CE-1 9+16 19’ d/s 4483 4859 2251 77’ 06-22-77 Abandoned
| cE-2 8469.2  23.5° d/s | 4527 | 4875 2250.6 | 160’ | 08-18-77 Piezometer J‘
CE-3 9+17.4  18.0° u/s 4492 4823 2250.6 160 08-18-77 . Piezometey
CE-4 9+04.4 109.3’ d/s 4473 4949 2227.9 150° 08-23-78 Piezometer
CE-5 8+04.0 12.1° u/s 4567 4853 2251.2 255° 09-08-78 Pump Well
' AP-81-1 8448 1063’ d/s 4270 5883 2129.7 5.0° 03-27-81 [
i}DH—Si—Z 8457 1073’ d/s 4253 5890 2129.8 116.0° 04-08-81 Piezameter;_ﬂ
ll
|| ] _ |




Final Dndt

GEOLOGIC LOG OF DRILL

HOLE NO. DH-92-1%

FEATURE: CLE ELUM DaAM PADJECT: YAKIMA STATE: HASHINGTON
LOCATION: STA. 8+443.0, 613,9° D/S COORDINATES: N 4334.8 E 5451.4 GROUND ELEVATION: 2178.B
BEgUN: 08-24-02 0F1§I$HED: 09-22-92 TgTAL DEPTHERoisi.O ANGLE FROM HORIZONTAL: 90 AZIMUTH:
e I B BY 1= 8RB 723 ( 2105, 56048 FFOROCK: g‘;lletggsge_ BY: A LOCKHART & R. LINC
E| = o =
x| . 5] E g % -
1€l 81 & w| =1, CLASSIFICATION AND
lal.l - 2_4 = S (] g
Blul w| 5 =l 3B = PHYSICAL CONDITION
af S (=] E, at [=] =T
All depths are measured in - lFa: | 0.0-2.0":  FILL
feet from ground surface b 2.8t ‘ :
and are ::e gum:las those be o GRAVEL AND COBBLES. Includes some sand
used by the driller. ] 122 3 and silt. [Description based on drilling
. E conditions and cuttings return.
PURPOSE OF HOLE 5: - INTERPRETIVE NOTE: Contact with
To de;ernine the e 134 9 foundation is from as-puilt tross
strat or:uhv and . 3 o section on drawing 32~D~384: unable to
:ngi:nerdﬂg prnpe:t islof = - distinguish 3111 from fpundation on
E:se::na:tégg Egu:PD:m§ to 3 1744 L basis of drilling conditions or cuttings
groviae 1ns:runentation.fnr 105 [ return due to samilarity of materials.
-
cross-hole seismic testing, E 117 " 2.?-161.9': GUATERNARY GLACIAL OUTWASH
p 3 @gal .
DRILL EGUIPMENT - o
Gus Pech Brat/22R truck- 3 3 - .
mounted drill with Tigre b 123 [ E.gnéfﬁzeg sggﬁvgtn;NEngogitis.
dger -top-drive atr b o .
Tierra B; g Aand 720 15 - Description based on drilling
:::g;gb ,ggezgglgnnp:eszur . 36 3 conditions and cuttings return.
k ) e [ .
and Bean 75-gpm mud pump. 3 F 12.5-52.0': SAND AND GRAVEL, Includes
n p L occasional large cobbles. Description
DRILLE 3 137 r based on drilling conditions and
Ben Horton EO: o cuttings return,
ORILL SETUP : ! 52.0-57.4'
Set up on d/s £11) blanket E 1384 ; Geserintion uasca on aritting’
610 d/s of ceénter - I
;:g:tSta Rt 7] L conditions and cuttings return.
' ' b 1357 [
3 4 .4-B0.0"; R.
DAILLING METHODS 25: - 570: ggtinn 530$2§1 dgiii'i‘::t““ oased
0.0-7.5°  Drill and drive 3 [ !
SAth ZeT/e" tracons . 146 Ogoi1 - conditions, ang cuttings return.
roller A8 sno 6° Cs using 3 - §0.0-81.0': COBBLES WITH SAND AND
clear.u:ter as ard tihﬂ ] 154 - GRAVEL. Oriller reported trace af
flyia; Cs shoe split on 1 s 511ty clay returned as balls in
boulder or cnu?lg L 304 - cuttings from 60.0-70.0". Description
Zéglécgglgﬁges S and 1 1185 [ based on drilling conditions and
. o - - cuttings return,
7.6~12.5" Drill and ke d
drive, as gescribed for 3 J 3 62-66': Wash Sample. Consisted of
u.o-z.*.;x . abn;eé_ Cs shoe ; 123 s greater than 95% angular cuttings
cgzza oq.atni Hed 35 o With less than X subangular to
12'.‘01B ixth 7-7}B'ERB°5§:n ] q subrounded particles; majority of
Somss ey I} - 1275 - cuttings ranged in size from fine to
2§:i:n ; Izglgzu g_lé ng 5 E coarse sand with apout 5X fine
32.0. ns ; al . L gravel; maximum Size returned, Sem;
:u e ag:hCésgggt ag £ 4 134 b cuttings are hard, mostly dark rock
: 9 Nc onang 3 40 2 types composed chiefly of basalt,
: ::q:nﬂg S pehin . L schist, sandstone, and other
pu 3_57 ‘g: n " e 89 o unidentified types with wminor clear
.rxv 'Hiih gt;/a_bga P o k any white quartz and tan to red
g_ c: bin bentonitea:ud - . volcanics and sandstone; generally
o arillang rong e 7 14%7 3 u:rk greez ta dagk gray. HNo fines
. [ observey in sample,
lost roller cone at 454] -
57.4": retrieved roller 3 [ -81°:
with magnet mounted on Nw 3 1034 . 7Eggéaieru:z:ns;g§1:ﬁ uggzséztzgng;
Mobilok rods. Cs stopped - o g
e & . “ o with less than 5% subangular to
::s gente:u:tof r"oun;p - b aoae' o subrounded particles: meiority of
unable to pass shoe; ) - 24208 8 : i
changed to 5-3/4° RB, COMMENTS:

§7.4-84.0": Drilled open
hole with 5-3/4" RB using
bentonite mud as drilling
fluid. Pulled 6" Cs ano
installed E° TUBEX system
using air as drilling

fluid: reamed hole to
21.0".
84.0-164.0°: Drilled with

TUBEX 115 (67} system and
COP-4 downhole drill witch
button bit using
compressed air as
drilling fluid,

1.

R8 = Rock Bit
Cs = Casang

I.0. = Inside Diameter

Center column descriptors are defined in the Reclamation
Engineering Geology Field Manual, distributed Dy letter

December 7, 1988,

NR = Not Reparted by Drillap

WS = Wash Sample

Sz = Size of Casing
0.0. = Qutside Diameter

| smeeT 3 oF
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GEOLOGIC LOG OF DRILL

HOCE"NIC—DH-92=1

SHEEY 2 OF 4

R S .

FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON
LOCATION: STaA. 8+43.0, 613.9° D/S COORDINATES: N 4394.8 E 5451.4 GROUND ELEVATION: 2178.8
OEGUN:AOB-2:~92 OFI:I?HED 09-22-92 TETAL DEPTH: 1B1.0 ANGLE FROM HDRIZONTAL: 80 AZIMUTH
DROCK: HOLE LOGGED BY: A. LOCKHART & A. LINK
EEVELNENE EXTE ﬁEA&}EED 72.3 [ 2106. 5& QJQE REVIEWED 8Y:
- -
(== = P =
NOTES el £| 8 & gl 2, z CLASSIFICATION AND
— [x] (>
molela| 21226/ & PHYSICAL CONDITION
) =] =4 (=)
(181 8| E]l3ie &
o g [ -y —J]
w L E3 (] (7] - — Lu|
7] [ "
1 1204 F cuttings ranged in size from medium
SAMPLE INTERVALS a b to coarse sand with trace of fine
Gén;eg;aé_ Type < o gravel: sample is noticeably finer
-0-66.0" W5 o 1384 3 grained than that collected from 62-
76.0-91.0. WS 3 E 6E', described above; maximum size
85.0-86.0 . Ng 55: o returned, Smm cuttings are hard
135.0-:40.0. L} - 1454 3 With rock types similar to those
140.0-1;5.0. WS 3 b described for 62-66°. except noted
145.0-1 0.0‘ L& - - some granitic and gneissic fragments
155.0-161.0 nS b 600 E nediunlin :ar: gray in color;
] " generally dark green to dark gray.
o0 féggruseggngﬂégngnu 60 o No fines observed in sample.
LR - - N o
slow. 8" Cs shoe split ] 814 81.0-101.0°: COBBLES AND GRAVEL WITH
on cobbles or boulder at S - BOULDERS, Description base¢ aon action
- E P of drill, drilling conditions and
7.5-12.5": Slow, hard, ang 9] 913 r cuttings ret .
rough, 8° Cs shoe caved 55; WS - "o urn
0 at 1g:5 . J 1 65-86°: wWash Sample. Consisted of
12.5-42.0 ;- Fairly slow ] 820 o greater than B5% angular cuttings
and rough; hole caving at J F with less than i5% subangular to
42.0°, . o Y subrounded particles: majority of
42.0-52.0°; Fairly slow. 7 1.7 L cuttings ranged in size from
rough 1?‘spots. 703 b predominantly megium to coarse sand
S2.0-5§7.4": Fairly slow - - with about 10% predominantly fine
and rough. Last re}}er b 7684 o gravel; somple is noticeably coarser
cone off RB at $7.4°; o b grained than either af the two
retrieved cone with - o previous samples described above
magnet mounted ng Nw - a4 b maximum Size returned, 20mm;
Hpobilok rods. €* Cs 4 o cuttings are herd, mostly deark rock
stup?ed on boulder at 75: ago1 e types composed chiefly of basalt,
56.6°, Cs shoe bent out 134 L schist, sandstone, granite, gneiss
of round S0 that 5-7/8 1 F and other unidentified types with
RB could not pass through - b minor clear and white guartz and tan
shoE: replaced AB With S- e WS . L to red volcanics ang sangstone which
3/4" RS, 3 1059 F are praminently iron stained:
57.4-60.0°': Slow ang 80 - generally green to dark gray. No
gzz;;:; drilling thraugh E 162 P fines observed in sample.
. 4 L
60.0-81.0": Slow and - - 104.0-142.0': COBBLES. Includes
rougg; nole caving at 3 4 pccastonal boulders. Description
81.0°, . J 126 L based on action of drill, drilling
Baig-:g:ég ¢ Slow, rough 85 - conditions and cuttings return.
- AWsS L
101.0-142.0°:  Slow. TUBEX . 155 L 112.0-130.0": COBBLES AND GRAVEL.
elugged off ond stuck in 3 - Inciudes occasional boulders from
fole; pullec string ang o y £19.0-130.0°, a5 indicated by action
reamed hole with S-1/2° b 493 X of drill. Oescription based on
zfe:sésgebzgtgn::: :ﬁdl 90: L drilling conditions and cuttings
E return.
flush cuttings, hale ] 19 [
making water in excess of 3 s 130.0~440.0': SANDY GRAVEL. Includes
60 gpm. Inserted TUBEX - o oCCAS10nAl cobbles fram 131.0-140.0°.
string and continued . 1466 E pescription based on driliing
1iguéei19 0*: Fairly slow 955 [ conditions and cuttings return,
.0-1198.0" -
and rough. ] [ 135-140°: wasnh Sample. Consisted of
119.0-131.0°:  Fairly fast, . 1803 1 less than 25X angular cuttings with
:g:g;g:n:}f :¥B§§1b3$- - o greater than 75X subangular to
DS aa strang and éle;nen 3 IE"Q ] rounded particles; sbout 75X
out bit. e 2078 8.~
131.0-140.0": Fairly fast COMMENTS:

and fairly rough.

140,0-147.3": Fast
rough; very loose
material. driller
hole was making 3
water, TUBEX bit plugged
off at 147.3': pulled
string and cleaned out
bit.

147 3-16£.0': Fairly siow,
TUBEX bit plugged off at
156.0°; pulled string and
cleaned out bit.

and

noted
lot of

| sHEET 2 OF 4 | ORILL HOLE DH-92-1
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SHEET 3 OF 4

GEOLOGIC LOG OF DRILL HOLE NO. DH-82-1

FEATURE: CLE ELUM DAM

\"‘“"-]"'

— —

—.[ .

..
| §

— = —

PAOJECT: YAKIMA STATE: WASHINGTON
LOCATION: STA. 8+43.0, 613.9° 0/S COORDINATES: N 43%4.8 E 5451.4 GROUND ELEVATION: 2178.8
EEGUN: oa—aé—ga uf—']I.I:II.?HEl::l: 0g-22-pg Tg;_?L DEPTH: 164.0 ANGLE FROM HORIZONTAL: 80 AZEMUTH:
Vel B BXre e kelRBo: 72,3 [ 2106. 5870830 FEOROCK: evTEnEs Gy BT A LOCKHART & A. LTNK
£l & 1
Il B) £ =lgl E
NOTES BUEVET S | 2l 3]s 2 CLASSIFICATION AND
] o e =1lsg/ 2 PHYSICAL CONDITION
sl 8l €| §]3]lak/ 3
r )
1992 cégmsmngggnu Depth ] 1 1334 F cuttings ranging in size from fine
Date Sz Hole Cs 3 - to coarse sand with about 25% fine
08-25 8 7.5 7.5 m - to coarse gravel. mayority of
P p 12.5 12.5 ] 1617 - cuttings are Stream-worn particles
08-27 g 42‘0 12'5 105: L with much rounding of corners and
g" 4.0 32.0 . - faces, mdximum size returned, 25mm;
08-28° & 57’4 56 6 1 2aad 1 cuttings are hard, mostly gark rock
08-3t §&" Bilo E6.6 - L types composed chiefly of basalt,
05-01 &° 74'0 74'0 = o schist, sangstone, granite, gneiss,
0s-07 &° 101'0 101'0 - 16513 L and other unidentified types with
09-03 &° 112.0 112.0 3 o minor cledr and white quartz and tan
02-04 & 113.0 112.0 110-_ - to red volcsnics and sSandstone:
0508 & 1“‘3 114.0 , 1324 b generally gark gray to black. No
0805 &° 1190 1190 E 3 fines observed in sample.
09-17 B7 147.3  147.0 E F 140.0-147.3% SAND AND GRAVEL. ver
. : O 3% . ¥
08-18 & 151.0  460.¢ 3 1937 4 loose nag:r'ial: hele sade a 1ot of
11 - water, sCraption based on dgrilling
Inteitﬂa HETU:NRet.urn 5.5 2234 Ggol ] conditions and cuttings return.
¥ - 3
LA a 3 i 140-145": wash Sample. Very similar
12'5__42'0_ 80 4 L to previous wash sample from 135~
42'0-31.0‘ a5 - 2049 L 140°, but with more coarse gravel
81.0-165 o Air 1209, o ang alse fine sand; majority of
: - - L cuttings are stream-worn particles
b 1870 q with much rounding of corners and
FLUID co‘-gn ] s faces: maximum size returned, 20mm.
g“g‘_’;“;% a:::: 2 3 No fines observed in sample,
7.6-12.5" NR 3 1049 E 147.3-156.0°: SAND WITH GRAVEL. Loose
12.5-81.0" G:‘“ 125: - material; hole continuing to make
81.0-161.¢ e : 1247 s water, Description based on dri1ling
FLUID LEVEL DURING : o conditions and cuttings return.
- ad
DAILLING e F K-
1992 Depth Depth Depth 3 3304 a 47250 ¢ e f::ﬂi:,‘. coonsisten of
Dete Hole Cs  Fluid 3 : gs with
08-26 75 3.5 fr 130.: ..?JME..B.:. greater than 75X subangular tg
0R27 428 128 Dr; 7 1554 . rounged particles: about 95%
08-28 4210 32'0 2.3 3 s cuttings ranging in size from
08-31 57.4 S6.6 55 - = predominantly fine to medium sand
08-01 81.0 56'5 13-3 1 [ with enly about 5X predomipantly
0908 B0 74-0 Dr"y 3 1274 : fine gravel: Semple iS5 Significantly
09-05 1010 404.0 ory 135 L finer grained than either of the two
03-04 “2-0 :12'0 109.0 3 é 3 previou:’: wash samples collected from
03-08 “3'0_ 113'0 53‘5 4 123 [ 135-140" and from 140-145". maximum
09-09 “4'3 “4'0 &7.5 o WS - size returned, 20am generally derk
08-10 “9'0 119.0 - 58.3 E 9 gray to black. Nea fines observed in
09-14 1:9'0 11910 _’2‘3 3 1200 [ sample. Sample mcluges some
09-15 119.0 249.0 71.5 1402 legez  E CULEINGS from §45-147°.
gg:g :ig-g 1 ;;g 1 1289 3 150-185':  Wash Sample. Consisted of
09-18 147.3 “7‘0 715 - 3 less than 20% angular cuttings with
‘ M - o WS C greater than B0X subangular to
b 4 o rounded particles; apout 85% of
FLUIgalia%‘GAFTEﬂ 14‘{- 141 L cuttings ranging in size from fine
1992 Depth Depth Depth Can - to coarse sand with about $5X% fine
pate Hole s Fluid 9 138 3 to coarse gravel: samnple Shows
05-21 161.0 160.0  74.3 e ! increase in gravel and codrse sang
03-22 161.0 160.0 7273 be L 5] - fractions from those seen in
. ' M - 159 L previous sample from 145-150°;
o L
DRILLING TIME ] g et
Driliing: 142 hours COMMENTS:
Moving/Setup: 15 haurs
Down: 53 hours
Travel: 20 nours
HOLE COMPLETION
Ingyalled 4° I.0D, PVC pipe
to 154.0° and pulled B* Cs;
grouted hole through one-
way valve at pottom of
atring while pulling 6" Cs
in 10* increments: placed
1575 gallons of grout mixed
in batches of 5 bags
cement, 4.5 bags bentanite,
| SKEET 3 0F 4 |ORILL HOLE DH-82-1
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FEATURE: tE ELUM DAM

LOCATION: STA. B8+443.0, 643.9' D/S
BEGUN: 0B-24-92 FINISHED: 09-22-%2

OEP et RNG BY 1e e XelREe: 72.3

PROJECT: YAKIMA

COORDINATES: N 4394.8
TOTAL BEPTH: 161.0

( 2108. 58" 0§22 FEOO

GEOLOGIC LOG OF DRILL

HOLE NO. DH-92-1 SHEET 4 OF 4

E 5451,

4

STATE:" WASHINGTON ’

GROUND ELEVATION: 2478.8

ANGLE FROM HORIZONTAL: 80 AZINUTH:
HOLE LOGGED BY: A. LOCKHART & R. LINK
REVIEWED BY:

R S | -

NOTES

DEPTH

SAMPLE TYPE

% CORE RECOVERY

X MOIST CONTENT

*SHEAF! WAVE VEL
VISUAL CLASS

SPT

LAB CLASS

FLD CLASS/LITH

ELEVATION

CLASSIFICATION AND
PHYSICAL CONDITION

|11$n|nn

1553

WS

16

1690

Ggoa

16

._lllllllll!lll'llllIllll.lllllll!l'llillllll.lllllllll!llll'lllllllll?llllllill l?ltll.ll!l

Bu

2047 8

T T T T T T T T T Y T T T T T T L Ty TP T T T T [V F Y A T P Y P I T YTy T oorrviToyres

maximum SiZe returned, 2Sam;
generally dark gray to black. No
fines observed in sample.

166.0-161.0°: SAND AND GRAVEL. Hole
continuing to make water, Oescription
pases on drilling conditions and
cuttings return.

156-160°: Wash Sample. Very similar
to previous sasple from 150-155°,
pased on field logging of sample:
maximum size returned, 30mm. No
 fines observed in sample. Includes
some cuttings from 155-156°.

164.0°; Bottom of hole. Hole
terminated at predetermined depth.

GEDLOGIC INTERPRETATION:

0.0-2.0": FILL.

2.9~161.0" QUATERNARY GLACIAL OUTWASH
(Ggo) .
2.0-130.0": Ceoerse Qutwash (Ggoi) .
130.0-161.0": Fine Qutwash {Ggo2) .

COMMENTS:

| sHEEY 4 oF 4 [ORILL HOLE DH-S2-1
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Final D

mounted on Nw Mobilok
rods with 140-1bm Safety
hammer, 20" drop and
cathead wWith rope.

148.6-181.9": Drilled with
TUBEX £15 {6"} Syztem, as
described above. Took DS
on approx. 10' intervals
to 181.8°, as described
for 0.0-26.3" above.

SAMPLE INTEAVALS
Interval Type
26.3-27.0"' Bs

December 7, 1988,

RB = Rock Bit

Cs = Casing

I.0. = Inside Diameter

DS = Orive Sample
SPT = .Stanoard Penetration Resistsnce Test

Sz = Size of Casing

= Qutside Diameter

GEOL.OGIC LOG OF DRILL HOLE NO. DH-92-2 SHEET 1 OF &
FEATURE: CLE ELUM DaAM PROJECT:  YAKIMA STATE:  WASHINGTON
LOCATION: STA. 8+48.6, £22.5' D/S CODADINATES: N 4387.6 £ 5458.4 GROUND ELEVATION: 2478.3 :
BEGUN: 08-23-92 FINISHED: 10-26-82 “EJ;'?L DEPTH: 181.5 :'BJGEE gggﬁ HORIZONTAL: 80 AZIMUTH:
0P e PN NE B re AR 703 ( 2u07. 0B OLL SR GEOROCK: Revieweo oy T
x|l = o =
z z|z =1 3 5
NOTES 6l £ b & W = o z CLASSIFICATION AND
-t
1 IR I R = ; = IS = PHYSICAL CONDITION
— [+ [+
sl &[8|1-| 2] 2 2 |/ &
[ = - ] par)
w0 » e o) 7] o b [ L]
All depths are measured in . Fi11 5.0-2.0"1  FILL.
feet from ground surface ] ot
and are the same 35 those - [ GRAVEL AND COSBLES. Includes occasional
used by the dariller, p 122 b boulders. Description tased on drilling
J [ conditions and cuttings return.
PURPOSE OF HOLE S [ INTERPRETIVE MOTE: Contact with
To determine the e 134 L foundation is from as-built cross
Stratigraphy andg 1 ' section on drawing 32-D-384; unable to
engingering properties of - = aistinguish fill from foundation on
the foundation materials ] [ basis of arilling conditions or cuttings
pressnt st Cle Elum Dam: ko 4 1244 E return dug to Similarity of materials.
provide instrumentation for 10 -
crose-hole seismic testing, 3 117 [2.0-481.9'7  QUATERNARY GLACIAL OUTHASH
- F (Ggol .
DRILL EQUIPMENT _" L (g0}
Bus Pech Brat/22R truck- r = 2.0-26.3°! COBBLES AND GRAVEL.
mounted drill with Tigre 9 123 [ Includes occasional boulders noted
Tierra Badger top-drive air 15: - from 2,0-19.0", but particularly at
hammer, Ingersoll Rand 750 - - 7", 10*, and 13'; includes generally
¢fm/250 psi sir compressor, . 13656 E rounded send particles. Description
and Bean 7S-gpm su? pump. o b based pn action of drill, derilling
. [ congitions and cuttings return,
DRILLER - 137 F
¢.0-165.9": . Ben Harton p F 26.2-27.0': SILYY GRAVEL (GM). About
165.9-181.9°; Chuck 20: [© 75X predominantly fine, harg,
Whisnant - 1384 d subangular to rounded gravel: about
] L 15X nonplastic fines with rapid
DRILL SETUP - [ dilatancy., no gry strength: about 10X
Set up on d/s fill blanket o 13% b fine to coarse. herd. subangulsr to
about 620' d/s of center : [ rounged sand; maximum size, 25 ma;
line Sta. B+49. 254 = moist, brown: homogeneous; no reaction
3 . with HC1.

ORILLING METHODS TE1iny 148 10901 F LAB TEST DATA: BSX gravel, 14% sand,
0.0-26.3": Drilled with - - 1X fines: Cu = 5.930, Cc = 10.931; SPG
TUBEX 165 (8”) system and E X = 2.73 Ansufficient sample mass to

COP 62 downhole driil J 1547 P perform consistency tests: laboratary

with button bit using 3o L classirication of semple 1s POORLY

compressed air as 4. [ GRADED GRAVEL (GP}.

drilling fluid. Took DS 3. 118 [

on approx, 20° intervals - [ 27.0-38.6°: COBBLES AND GRAVEL.

using 3.75" I.0. heavy~- o F Description pased on drilling

walled, spilt-tube baresl b 123 [ conditions and cuttings return.

wounted on API rods and 35: o

agvanced with 350-1bm 2 L' 38.6-44.0": GRAVEL. Includes

slide hammer and cstheas 3 1274 [ occasional cobbles. Description based

with rope. b 4 an drilling conditions and cuttings
26.3-129.0': Orilled with b L return.

TUBEX 115 [6°) system and E 134 !

COP 42 downhole grill k } 44.0-44.7':  Poor recavery. Sample

with butten bit using 40 [ limiteg to 0.5' of washed cuttings

comprossed sir as - 8o u composed chisfly of coarse gravel and

drilling fluid: used b b gravel-sized cuttings: maximum size

air/foam Slurry below - ' recovered, 45 sm.

44,0'. Took DS on ] 155 9

approx. 20° intervals to I L 44.7-54.,0°: COBBLES AND GRAVEL.

$29°, 8% described above. 45 = Includes silt and sand in wash
129.0-148.6': Drilled with ] 038 [ cuttings. Description pased on

TUBEX 115 (6°) system, as . 1 1 arilling conditions and cuttings

descrived above. Took f - return,

SPT's on approx. 5° 3 L

intervals gsmq USBR- o 1084 E

design 1-3/8° constant ] 21203 1

1.0, split-tube harrel COMMENTS:

4. Center column descriptors are defined in the Reclamation
Engineering Geology Field Manual, distributed by letter

| sweer 1 oF 5 ]oORILL HOLE DH-S2-2
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FEATURE: CLE ELUM DAM
LOCATION:
BEGUN: 09-23~02 FINISHED:

DEP Vel G BX1e e 8lRED: 74.a

STA. B+aB.6, 622.5° 0/5

YAKIMA
COORDINATES: N 4387.6
TOTAL DEPTH:

 2107. 08 08-35-GFOR0CK:

121.9

GEOLOGIC LOG OF DRILL HOLE NO. DH-92-2 SHEET 2 OF S

STATE: WASHINGTON

GROUND ELEVATION: 2178.3

ANGLE FROM HORIZONTAL: 80 AZIMUTH:
HOLE LOGGED BY: R. LINK

REVIEWED BY:

‘.‘-—d

— —' —

B S

"

o

zl & " -
F B =l g =
NOTES lel gl [ & . 4  CLASSIFICATION AND
-
8 lelsl | 2] 2 A PHYSICAL CONDITION
=] T 3 (=] =] | -
| 818l 81 2 g [gf ©
Lzl ¥ R ('2 e — LE, (Y]
44.0=44.7" 0s . 1201 54.0-54.8": SILTY GRAVEL WITH SAND
54.0-64.8°* 0s . GM)s.  About B85% fine to coarse,
64.0-64.9° Ds = hard, subangular to rounded gravel:
84.0-84.7" DS ] 1384 aspbout 25X fine to coarse, hard
a4.0-94.8" DS - (] X angular to roundec sand; about 15X
114,0-114,9° os . nonplastic fines with rapid dilatancy,
129.0-130 .27 SPY 4 Ao dry strength; maximum Size, 65 mm;
133.9-434.8° SPT 1 95* moist, gray; homogeneous; no reaction
£38.7-139.8" SPT wWith HC1.
444 2-145.2° SPT LAB TEST DATA: 79X gravel, 18% sand,
§48,6-150.6" ps 1800 3x fines: insufficient sample mass to
153,7-1585.7" DS perform consistency tests; Cu -
163.7-165.9" DS 40.232, Cc = 5.390; 5PG = 2.67;
175.4-176.9° [+ a1 laboratory classification uf sample is
180.4-181.9° [+ POORLY GRADED GRAVEL WITH SAND {GP)s.
DARILLING CONDITIONS 913 54.8-64.0': GRAVEL. Includes
0.0-19.0": Fairly slow: GM) 8 {GW-GM) b oecasional cobbles. Description based
drilling nard on boulders on drilling conditions and cuttings
at 7', 10" and 13'; 8z return.
difficult to keep the
hole straight. 64,0-64.5": SILTY GRAVEL WITH SAND
19.0-21.0": Fast and 90 GM)s. Apbout 55X fine to coarse
. Frough. nard. subangular to rounded gravel;
21.0-36.3": Fairly fast. about 30X fine to casrse, hard,
Unable to flush cuttings 164 angular to rounded sand. about 15X
from B® TUBEX; bit nonplastic fines with rapid dilatancy,
jamming inside Cs. no dry strength; maximum size. SO me;
Installed B° TUBEX system 8 moist, gray. homogeneaus; no reaction
to 26.3', with HC1.
26.3-38.6': Slow and ] Joge1t LAR TEST DATA: ES5% gravel. 30X sand,
rough. 5% fihes: iAnsufficient samole mass to
38.6-64.0"; Fairly slow. 134 perform consistency tests: Cu =
Injection of air/foam 73.142, €c = 1.474: SPG = 2.68;
slurry below 44.0° laboratory classification of sample is
greatly asded in flushing 1050 WELL-GRADED GRAVEL WITH SILT AND SAND
out cuttings. {GH-GM} & ,
64.0=74.0": A little
faster! noted some moist 162 64.9-84.0": SAND AND GRAVEL. Includes
cuttings in return. occasional cobbles; noted additional
74.0-84.0": Faster. water in e8ir foam return slurry at
84,0~181.9': Fairly fast. 126 74*. Description based on drilling
Noted wet cuttings at 84° conditicns and cuttings return.
wnere hole started making
water: grout ¢bserved in 1%5% 84.0-84.7°: No frecovery. Sample
return from 129-142°, linited to several coarse. Subangular
Bit stuck in Cs at 1707, to rounded, gravel-sized cuttings
pulled strang and reamed 193 trapped above the basket catcher;
hole to 175", Noted maxisum size recovered., 60 mm.
temporary loss of return
at 143, 1 B4.7-24.0"; SAND AND GRAVEL., Includes
occasional cobbles. Desgription based
CASING RECORD on drilling conditions and cuttings
1592 Cs Depth Depth 148 return.
pDate Sz Hole cs T
08-22 8" 9.0 19.0 94,0-94.8"; No recovery, Sample
09-24 8" 21.0 20.0 8 limited to about 0.3° of washed
09-25 B" 27.0 26.3 180 cuttings composed of coarse gravel
6" 27.0 26.0 with minor medium sand; maximum Size
09-28 B" 39.14 38.8 recovered, 75 wn.
09-29 5" 74.0 74.0 214
08-30 [ 94.8 94.0 20203

10-1 6" 128.5 428.1
10-5 6* 138.8 138.7
10-6 -}y 150.6 148.0
10-7 6" . 165.9 163.1
10-14 B* 165.8 0.0
10-156  &° 165.9 30.9
10-19 6" 165.9 80.0
10-26 6" 175.0 175.0
i0-24 B" 184.9 480.0

FLUID RETUAN & FLUID COLOR
Drilled with air; fluid
return and color not
reported. Gecologist's
notes on return color as

| SHEET 2 OF 5 | ORJLL HOLE OH-92~2
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-2 SHEET 3 OF 5
FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: HASHINGTON
LOCATION: STA, 8+48.6, 622.5' 0/5 COORDINATES: N 43B87.6 £ 5456.4 GROUND ELEVATION: 2478.3
BEGUN: 09-23-92 ;INISHED: 10-26-92 TOTAL DEPTH: 184.9 :'gGLE FROM HORIZONTAL: 80  AZIMUTH:
P A hy . E Y .
OEP IVt R B 1=k elRB: 71.3 (2107, 0fFFRL. P EEOR0CK: Reviewgp pe T
z| & *
x @15 g " = :
NOTES ol E1 58 | gl 3 2 B / z CLASSIFICATION AND
- - [7:3
gl < 2|5 S = = E S PHYSICAL CONDITION
— -4 = 3 -
1215 sl 2l 2 g B/ §
[ L Fod 3}' — o> . ™ u
follows: : 1334 -
. o F 94.8-114,0°: SAND, GRAVEL, AND COBBLES.
g‘o;agag 0 As;m:nc calor) . b o Description basec on drilling
L0~124.0": . o - ns and tings re .
124.0-130.2": Blue gray. . 161 [ conditions a‘ cutting turn
130.2-14[:;‘2':") Greenisn 1051 " 114.0-444.9°:  No recovery. Sample
gray ut) . o L limited to washed cuttings composea of
142.0-184.9':  Reddish tan b 2239 [ fine to coarse, angular to subrounded
to reddisn brown - - gravel, naxisum sire recovered, 45 mm.
alternating with greenish b o
gray (grout) . 3 1813 f 114.9-129.01  SanD AND GRAVEL.
110 - Includes occasional cobbles.
FLUID LEVEL DURING E s Deseription based on drilling
DRILLING 3 1324 }  conditions and cuttings return.
1992  Depth  Depth gepth - : .
Date Hole Cs luid o P 129.0~130.2': NO recovery. Sample
09-24 19.0 149.0 Dry 1. 1937 4 limited to single gravel particle 35
08-25 21,0 20.0 Dry 115 os__1o Ggot [. »n in diameter lodged in shoe of
05-28 27.0 26.3  Dry . 9 b sampler: cleanout run througn interval
09-29 39.4 38,6 Dry J 223 [ returned fine to coarse. angular to
09-30 74.0 74,0 74.3 E - rounded sand with fine gravel; heavy
10~1 94.8 94.0 70.4 . L color of return water suggests greater
:3-—2 iggg :gg; ggg 1 204 [ than 15X of fines present) maximum
- . . . p - size returned, 15 mm.
10-7 150.6 148.0 70.3 120 - ze
10-20 16%.9 90.0 71.5 o L - ‘.
o 18 P 130.2-133.9°: SAND AND GRAVEL. Noted
10-214 1750 475.0 7.8 3 79 . grout in return flow. Description
= [ beased on drilling conditions and
FLUID LEVEL AFTER . E  cuttings return,
DRILLING 3 1045 ] ¢
1992 Depth Deptn Deptn 125+ I 133.9-134.8°: No recovery.
pate  Hole Cs Fluid 3 a [
10-22 181.9 180.0 70.4 ] 1217 F 134.8-13B.7":  SAND AND GRAVEL. Noted
- +  grout in return flow. Description
DRILLING TIME 1 [ based on drilling conditions and
Drilling: - 422 nours 130¢ F cuttings return,
Moving/Setup: 4 hours {3pJSPT JO 50 ] 2040 1 L
Cown: 39 haurs 9 EI [ - 438.7-139.8°: No recovery. Cleanout
Travel: 15 hours 4 155 b run through Anterval returned
3 . [ predominantly medium to coarse,
. stallilglaEdgo';PlﬁﬁTge: pipe k 127 ! subangular to rounded sSand with some
n -D. — L f1 ravel: m Ssire returned, 15
to 480.4° and pulled 8° Cs; 1353 SPT |0 150 | s ml:‘e grav aximun ) ety
grouted hole through one- . -
wsy valve at bottom of 3 123d P 139.8-144.4':  SaND AND GRAVEL.
strin? while pulling 6" Cs E F  Cuttings consist of broadly graded
in 10° increments; placed . s sand and gravel with little or no
grout in 7 batches totaling b 130 [  fines, Noted grout in return flow to
42 bags cement: grout 140 SPT |0 j ) }  142'. wnere color cnanged from dark
weight = 12,3, vistosity = . Ggo2 [ gray to reddish tan to reddish brown.
82 seconus/quart, as ] 1294 1 Description based on drilling
measured with Marsh funnel. a L conditions and cuttings return.
i 141 f 144.4-145.2": Mo recovery. Cleanout
155 ] L run through interval returned fine to
14-:5PT 2 50 : - coarse, subangulsr to rounded sand
- 1381! < wWith predominantly fine gravel: dark
3 ' gray, but many particles are iron
- T stained: maximum Size returned, 20 =m,
158 E
DS |45 |13 (SP-SM) LGP » 208 3
COMMENTS:
| SHEET 3 OF S |ORILL HOLE DH-92-2
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GEOLOGIC LOG OF URILL HOLE NO. DH-92-2 SHEET 4 OF &

FEATURE: CLE ELUM DaM PROJECT:  YAKIMA STATE: WASHINGTON
LOCATION: STA, 8+48.8, 622.5° D/5 CODRDINATES: N 4387.6 E 5458.4 GROUND ELEVATION: 2178.3
BEGUN: 09-23-92 FINISHED: 10-26-92 TOTAL DEPTH: 184.9 ANGLE FROM HORIZONTAL: S0 AZIMUTH:

OEPEUt NG -Blre R B0RB: 713 (2107, 08 08B EEOROCK v iEney By Bl LINK

CLASSIFICATION AND

NOTES PHYSICAL CONDITION

SAMPLE TYPE

CEPTH
SHEAR MAVE YEL
LAB CLASS
FLO CLASS/LITH
ELEVATION

SPT

L

i

J4X NOIST GONTEWT
LEVISUAL CLASS

Hl CORE RECOVERY

i

r

145.2~148.6°: SAND AND GRAVEL.
Description based on drilling
congitions and cuttings eeturn.

1680

148.6-480.6": POORLY GRADED SAND WITH
SILT AND GRAVEL (SP-SM}g. Ahout 55%
fine to coarse, harg, Ssubangular to
rounded Sand: about 3SX fine to
coarse, hard, subangular to rounded
gravel; about 40% nonplastic fines
with rapid dilatency, no dry strengeh;
maximum Size. S0 mm wed, blue gray:
homageneous. week reaction with HC1.
LAB TEST DATA: B1X gravel, 37% sandg,
2% fines. ansufficient sample ®ass to
parform consistency tests; Cu =
15.887, Cc = 0.8988; SPG ~ 2.72;
laboratory classification of sample is
POCRLY GRADED GRAVEL WITH SAND (GF)s.

(sl g GP) s

=)
0
[L]
]
[*Y
o

15

DS S5 114 (SW=-SM) P(GW) =

o @
aaaalag 1““1: nlnlul?c--!nn- q‘- s1hisas

?‘Llll.ltl!?

ago2

150.6~153.7':  SAND AND GRAVEL.
Description based on drilling
conditions and cuttings return.

17 153,7-455.7°:  WELL-GRADED SAND WITH
GRAVEL (SW)lg. About 55% fine to
coarse, hard, angular to rounded sand;
about 40X fine to coarse, hard,
subangular t0 rounded gravel, about BX
nonplastic fines with rapid dilstancy,
no dry strength; maximum size, 45 mm;
wet, blue gray: homogenenus: weak
reaction with HCI.
LAB TEST DATA: 54X gravel, 44X sand,
2% fines; insufficient sample mass to
perform consistency tests: Cu =
30.620. Cc = 0.351; SPG = 2.56;
laboratory classification of sample is
POORLY GRADED GRAVEL WITH BAND {GP)s,

17

0S8 100 |28 ML SM

s 100 |24 (cL/ML) 38 (cL-ML} |
S5t
BYTTOM] OF HOL

1685.7-163,7': SAND AND GRAVEL.
Description based on drilling
conditions and cuttings return,

163.7-165.9": WELL-GRADED SAND WITH
SILT AND GRAVEL (SW-5M)g. About 50X
fine to coarse, hard, angular to
rpunded sand; about 40X fine to
coarse, hard, supangular to rounded
gravel: about 10% nonplastic fines
with rapid dilstancy: meximum Size. 50
wn;, wet, blue gray; homggeneous; no
reaction with HE1,
LAB TEST DATA: 56X g¢ravel, 30X sand,
4% fines: insufficient sample msss to
perform consistency tests; Cy =
31.263, Cc = 1.992; SPG » 2,52
laboratory ¢lassification of semple 1is
WELL~GRADED GRAVEL WITH SAND (GW)s.

LA A A A RS RARESSAARS LAMASSANAS RAMAR AR SRS RARES LAY RARRERALSS LRSS EARAY RARSS M ALLS LS RARAS RARLE BALE

[*Y
[+1]
lllllllllllllllllll'llltlIlll?‘lllt' Lk ?1...! il

COMMENTS:

| SHEET 4 oF 5 |DRILL HOLE DH-92-2
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GECLOGIC LOG OF DRILL HOLE NG. OH-92-2 SHEET 5 OF S

FEATURE: CLE ELUM DAM
LOCATION: SYA, B+48.6, 622.5° 0/S
BEGUN: 09-23-92 FINISHED: 10-26-92

COORPIMNATES: N 4387.6

DEPTH AN FLEV e OFMATER, 715 ( 2107, of a5 GE0ROCK:

STATE: WASHINGTON

GROUND ELEVATION; Z2178.3

ANGLE FROM HORIZONTAL: 80 AZIMUTH:
HOLE LOGGED BY: R. LINK

REVIEWED BY:

CLASSIFICATION AND
PHYSICAL CONDITION
{CONTINUED)

165.8-1475,4°: SAND AND GRAVEL.
Description based on drilling
congitions and cuttings return.

175.4-476.9*: SILT (ML) . About 90X
nonplastic fines with rapid dilatancy,
jor dry strength; about 10%
predominantly fine, hard. angular to
subrpunded sand; trace of fine, hard,
subangular gravel; maximum size, 10
mm wet, dark gray: fine, oxidized
orgsnic debris present: stratified
with horizontal layers of
predominantly fine sand $-10 mm thick
spaced on intervals of 25-75 mm
sample composed mostly of rock flour;
no reaction with HCl.
LAS TEST DATA: 58X sand, 42X
nonplastic fines: LL = 28, PI = 0 SPG
= 2.47; laboratory classification of
sample is SILTY SAMD (SM).

176.9-180.4°; SAND WITH CLAY SEAMS.
pescription based on drilling
conditions and cuttings return.

4180.4=-181.9": SILTY CLAY WITH SAND
(GL/HLYS. About 85% fines with low
plasticity. slow dilatancy, low to
medium gry Strength, low to medium
toughness; about 15% predaminantly
fine, hard, angular to subrounded
sand; maximum Size, coerse sand: moist
to wet. dark gray: fine, oxidized
‘arganic debris present 85 laminations;
laminated to stratified in horizontal
layers 1«50 mm thick: includes
prominent laminations of predominantly
fine sand and erganics; includes - !
layers of nonplastic rock flour and
1ight gray clay; no reaction with HC),
LAB TESY DATA: 64X fines, 36X sand:
LL =27 Pl =5 SPG = 2,38
lsboratory classification of sample is
SANDCY SILTY CLAY s{CL-ML) .

484.9': Bottom of hole. Hole
terninated at predetermined depth.

GEOLOGIC INTERPRETATION:

0.0-2.0"t FILL.

2.0-184.8"; GUATERNARY GLACIAL OUTHASH
{Ggo) .
2.0-130.2": Coarse Outwash [(Ggol).
130.2-181.9°: Fine Outwash [(8go2) .

| sHeEY s oF 5 |DbRILL HOLE oH-92-2

.
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HOLE NO.

FLUID RETURN & FLUID COLOR
Drilled with air: fluid
return and color not

reported.
FLUID LEVEL DURING
DRILLING

1992 Depth Depth Qepth
Date Hole Cs Fluid
10-28 14.9 14.5 Dry
10-29 40,0 39.6 Dry
14-02 0.0 €9.6 Dry

FLUID LEVEL AFTER

GEOLOGIC LOG OF DRILL DH-92-3 SHEET 1 OF 2
FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON
LOCATION: STA, 8+28.6, 583.7' D/S COORADINATES: N 4416.8 E 5426.2 GROUND ELEVATION: 2180.1
BEGUN: 10-27~92 FINISHED: 11-02-92 TOTAL DEPTH: 80.4 ANGLE FROM HORIZONTAL: 490 AZIMUTH;
e e AR B BY e aTRBo: 72.54 ¢ 2407 5EFFTIL IR gEOROCK: %?E‘QSSGEQ; oY R LI
- = ] =
=Ll 2| E gl B
NOTES HEIE 2 14.E /2 CLASSIFICATION AND
= %] o3
o g & 8 =1 2 = PHYSICAL CONDITION
o)
- f=) w ] -~
el 25l 2 |2]2k/ &
& » »E o) X b . |
411 depths are measured in 3 s -3.0%  FILL.
feet from ground surface h Fany f o 000730
and are the same as those - 2172 4. I 0.0-1.3": SILY, SAND AND GRAVEL.
used by the driller. b : Description pased on drilling
PURPOSE OF MOLE 5...'. [ congitions and cuttings return.
To determine the 3 L 1.3-3.0": COBBLES AND BQULDERS.
Stratigraphy ond 9 o Includes gravel and sand. Description
engingering properties of P o based on action of drill, drilling
:t’:zs:g:n::tég: Egﬁ:l‘é:'ils to h F conditions and cuttings return,
Pravsae :nstrunentation' o h 9 INTERPRETIVE NOTE. Contact with
10-] be foundation ig from as~built cross
monitoring of water level 1 s section on drawing 32-0-384; ynable to
fluctyations in the J - distinguish fill from foundation on
foundation. 5 L pasis of drilling conditions or
ORILL EGUIPMENT k s cuttings return due to Similarity of
h - 5.
Gus Pech Brat/22R truck- 15 - materisl
.?ggz:zcls::::rl‘ ::;deg:e“r 3 b 3.0~80.47: GUATERNARY GLACLAL OUTWASH
nammer, Ingersall Rand 750 h s (@go) -
¢fm/280 psi air compressor, ',: 9 3.0-34.3': COBBLES AND BQULDERS.
and Bean 75-gom mud pump, 3 E Includes gravel and sand. Description
- o based on action of drill, drilling
Chuck uhisgann'ltl-ea 20: C conditions and cuttings return.
3 9
p L
P L 34.3-37.2°: HBOULDER. Description based
BRILL .?EIEIJP - C on action of drill, drilling
i;:u:psgg_dﬁs ;f ngﬁ:::et ] F conditions and cuttings return,
line Sta. 8429. 25-: E- 37.2-40.0°: COBBLES AND BOULDERS.
. Includes gravel and sand. Descriptton
DRILLING METHODS 3 Ggol ¥ vased on acticn of arill, orillin
£x 9 N 3 : . 1 9
2323::",:3‘30;”3.?”“3.\ rf:1’e :. r conditions and cuttings return.
drill with button bit using 3 : 40.050.4% COBBLES AND GHAVEL.
compressed air/foasm slurry 30 - Includes sand. Oescription pased on
as circulating fluid, h i drilling conditions and cuttings
SAMPLE INTERVALS 3 3 return.
Sampies were not collected. 3 s 80.4°; Bottom Of hole. Hole terminated
. DRILLING CONDITIONS b b at predetermined depth.
0.0-1.3": Fast and easy. 35: P
1.3~40.0*: Slow, hard., and 3 [
ri‘g:gg;“:c;:::eﬁ;cdsill 3 [ GEOLOGIC INTERPRETATION:
boulders throughout b F 0.0-3.0m Fill,
interval with large 40_.. - 3.0~90.4': QUATERNARY GLACIAL OUTHWASH
ggugu;; ;c'u:ateu from . [ (Ggo} .
w0 0;96 4:. -51“ and ] E 3.0-90.4': Cosarse Outwash (Ggo1).
rough. Hit water at ] .
72.5°. 3 4
p L
CASING RECORD 454 -
1992 Cs Depth  pepth 3 [
Date Sz Hole cs “ i
10-27 4" 14,9 14.5 a A
10-28 4" 40.0 35.6 b L
10-29 4 70.0 69.6 o o
1i-02 4" 90.4 20.9 by 2430 1 L
COMMENTS: )

4. Center column descriptors are defined in the Reclamation

Engineering Geology Field Manual,
D=cember 7, 1988,

A9 = Rock Bit
Cs = Casing
1.0. = Inside Dismeter

NR = Not Reported by Driller

distributed by letter

WS = Wash Sample
52 = Size of Casing

0.0. = Qutside Diameter

| sHEeET 1 oF 2 |DRILL HOLE OH-92-3
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FEATURE: CLE ELUM DAM

GEOLOGIC LOG OF DRILL HOLE NO. DH-82-3 SHEET 2 OF 2

PROJECT: YAKIMA STATE: WASHINGTON

LOCATION: STA. 8+28.6, 583.7°' 0/S COORDINATES: N 4416.8 E 5426.2 GROUND ELEVATION: 21B0.4

BEGUN: 10-37-52 FINISHED:

1i-02-92 TOTAL DEFTH: 90,4 ANGLE FROM HORIZONTAL: 90  AZIMUTH:

O et ANE B e Ol lllRBD: 72.54 (2107 s8FPTILJP.BFOROCK: HOLE LOSGED BY:  R. LINK

REVIEWED BY:

NOTES

CLASSIFICATION AND
PHYSICAL CONDITION

DEPTH

|SARMPLE TYPE
X CORE RECOVERY|

% MOIST CONTENT
HOLE CﬂHPLETIUN&
YISUAL CLASS
FLO CLASS/LITH
ELEYATION

T
{128 cLass

DRILLING
1992 Depth
Date  Water Elevation
11-17 72.54 2407.56

DRILLING TIME
Drilling: 31.5 hours
Moving/Setup: 6 hours
Down: © hours
Travel: 2.9 hours

HOLE COMPLETIDN
0.0-20.3": Installed
surface seal composed of
ngat cement mixed with
bentonite: installed
locking steel cap to
protect riser pipe;
stickup of riser pipe 1S
sbout 3.46' (surveyed
elevation is 2183.26) .
20.3-74.5": Backfilleg
nole with random sand and
gravel.
74.5-80.0°; Installed
bentonite seal.
&0.0-90.4": Backfilled
hole with silica sang;
installed 2'-long porous-
tube piezometer tip with
3/4" riser pipe to 83.0°.

ho
L._.I..-Tnn-l..l ?llllll.l]?llllllllljl?illl.lll‘?‘]]l_‘]w?“l’.llll

COMMENTS:

${"ll|lll${-|llllll#{llllllll

~
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[*+] 3
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to
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| SHEET 2 OF 2 |DRILL HOLE DH-92-3
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-4 SHEET 't OF 4
FEATURE: CLE ELUM DAM PROJECY: YAKIMA STATE: WASHINGTON
LOCATION: STA, 5455.1, §93.2° D/S COORDINATES: N 4677.8 E 5508.4 GROUND ELEVATION: 2154.7
gEgUN 11-03-92 OEI;II_?HED: 11=-18-92 TO;_?L DEPTH: é?ﬁ.s 'I:SE!E.ELE'SGOIE'I HO&IZO;ITAI..:I NKQO AZIMUTH:
A L| H ! .
LE”ELNRNE EXTE MEA@UEED: $1.3 { 2.‘.03.&8}E :I‘-I&Ef"“” REVIEWED 33; 8 -
z] = s =
zl . “B" w H 2
NOTES Bl El 8 & w2 z CLASSIFICATION AND
—_ - 3
&l = ; 2128 / & PHYSICAL CONDITION
2| £ & g2 =
2l et =il 2182/ B
All depths are measured in 3 - 0.0-41.0"': FILL (F).
feet from ground surface 4 L
and are the same as those = o 0.0-17.5": COBBLES AND BOULDERS.
used by the driller. 4 +40 3 Description based on action of drill,
PURPOSE OF MOLE 5-:- : < drilling conditions and cuttings
-
To determine the 3 L rewure.-
stratigraphy &nd . ] 82§ - 17.5~23.0°: COBBLES, GRAVEL AND SAND,
::gi::::;:gig:o::::ﬁ:l: ] o Description based on drilling
st ot Cle Eius daar t0 3 g1 . canditions and cuttings return.
provide instrumentation for 10_' = 23.0-27.3": SAND AND GRAVEL.
cross-hole seismic testing. - o Description based on drilling
DRILL EGUIFMENT 3 774 - conditions and cuttings return.
Gus Pech Brat/22R truck- 3 3 27.3-28.7°; SAND AND GRAVEL. Chiefl
3 . 7% : ¥
mounted orill with Tigre u 803 L fine sand with gravel: includes
Tierra Badger tox;-dnve asr 157 - numerous woad fragments noted in
I\:mner. Ingersoll Rang 75 3 - return. Description based on drilling
:n:/gg:nn%_u;; :::pr:rsnsar. ] ai1g " canditions and cuttings return,
’ pume: 3 3 29.7-31.3". SANO AND GRAVEL
P o M e r T -, .
DRILLER 3 a2 F Descripticn based on drilling
Chuck Whisnant 20: - conditions and cuttings return,
F b .
DRILL SETUP E g2 in 9 31.3-44.0": SAND AND GRAVEL. Chiefly
Set up on.d/s £111 blanket a L medium to coarse sand with coarse
about 595' d/s of center - o gravel. Descripticn based on drilling
line Sta. 5+55. - 100 b canditions and cuttings return,

. 3 L INTERPRETIVE NOTE: Contact with
UFIIITI.ING METHODS 25-_ e foundation is from as-built cross
0.0-24.3': Drilled with e 11 9 section on drawing 32-0-384; unable to
TUDEX 115 [67) system and L - aistinguish f1i1l from foundation on

COP-4 dawntiole dri)l with - - basis of drilling conditions or
button bit using 3 [ cuttings return due to similarity of
compressed air as < 970 ' materials.
drilling fluid. 30 -
31.3~155.6": ?ﬂilled with 4 o 41.0-155.6": QUATERNARY GLACIAL OUTWASH
TUBEX 135 (67) aystem., as q 1166 A (Qga) .
described above, using 3 [
compressed air/foam 1 F 41.0-60.0°: SAND AND GRAVEL. Cniefly
slurry 25 circulating 3 1274 s medium to Coarse Sand with coarse
fluid. a5 - gravel. Description based on drilling
SAMPLE INTERVALS 1 E . canditians and cuttings return.
1314 3
Samples were Not collected. _3 . £0.0-87.4": GRAVEL WITH SAND. Chiefly
r : coarse gravel with sand. Description
0 u_g&;l;&lﬂﬁ;{ﬁ:ﬂ:;:ﬁﬁugh 9 1374 F based on drilling conditions and
9313 Slow . 40_: ._ cuttings feturn.
circulation at 31i°: ] 1680 21437 4 87.4-88.77: SAND WITH GRAVEL. Chiefly
swWitehed te air/foam e t coarse sand with gravel. Description
315;522; ;? wg;g:ea::tur'n. 7 " based on drilling concitions and
rough with faster spots. ] 1528 eustings recurn.
Hit water at 50.4°, 45-_ logos - B88.7-114.0': GRAVEL WITH SAND.
o L Description pased on drilling
- cagmsoggggnn beath : 734 - CONJLtAONSs and cuttings return.
-l -
E:tga gf Hgiea gsg . : 624 3 144.0-129.7':  SAND WITH GRAVEL.
- .\ R 3 L
11-05 6" 60.0 52.6 . 230421
15-09 6" 92.0 9i.6 COMMENTS: ‘
“11-10 - 122.0 121.6
11-12 6" 155.6 155.0 1. Center column descriptors are defined in the Reclamation
FLUID RETURN & FLUID COLOR Engineering Gevlogy Field Manual, distributed by letter
Ux U 1D COL December 7, 1988,
Drilled with air; fluio
return and coior not. Cs = Casing Sz = Size of Casing
reported. :
FLUID LEVEL DURING I.0. = Insiade Diameter 0.0, = Qutside Diameter
L. N
1892 DegsgLLg:gtn Depth NR = Mot Reported by Oriller
Date  Hole Cs Fluid
11-05 31.3 29.7 Dry
11-09 60.0 S9.6 51.3
| sHEET 1 OF 4 |DRILL HQLE DH-92-4
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-4 SHEET 2 OF 4
FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON
LOCATION: $TA. S+455.4, £93.2' D/S COORDINATES: N 4677.8 E 9508.4 GROUND ELEVATION; 2154.7
BEGUN: £4-03-82 FINISHED: 11-19-82 TOT?L DEPTH: R°155.B ;gEEELSSGDEDHgﬁzzo:TAEINKQO AZIMUTH:
EPTH Ti OROCK: H .
°EEEVEE"RNE"EX15°§55‘%6§E::: 51.3 { 2103.43) 11-:2.9-35 AEVIEWED BY:
E E -l .
T g g Elal E
NOTES el 518 | ¢l%l, 2 CLASSIFICATION AND
wlol o)z 21012k [ & PHYSICAL CONBITION
gl & & X 1 =
z| © TlEl €] 3] 21 o
(2] e » 1] 7] > pary oy (18]
13-10 92.0 91.6 50.4 ] 520 Chiefly fine to coarse sand with
11-12 122,0 121.6 51.3 i s gravel, Description based on drilling
i1-16 155.6 155.0 S52.3 - o conditions and cuttings return.
FLUID LEVEL AFTER E 659 9 129.7-143.8"; SAND. Chiefly sang with
ORILLING - some fine gravel: very little fines
4932 Oepth Depth Depth 3 »08 3 noted in return, Descripticn based on
Date Hole Cs Fluid E r drilling conditions and cuttings
11-17 455.6 155.0 52.3 o - return.
! . .

CAILLING TIME d 1256 F 143.9-155.8": GRAVEL WITH SAND,
Drilling: 70.5 hours 60 e Chiefly coarse gravel with sand.
Moving/Setup: 9.5 hours k s Description bssed on drilling
Down: 15 hours I 1174 [ conditions and cuttings return.
Travel: 5 hours J L

' E 155.6°; Bottom of hole. Hole
ROLE COMPLETION o 1720 9 terminated ot predetermined depth.
Installed 4* I.D. PYC pipe 55 3
to 153.0° and grouted hole - e
through one-way valve at o 1673 [
bottom of string while b E GEOLOGIC INTERPRETATION:
pulling 6" Cs in 10" - »
increments; grout weight = 5 2124 [ 0.0-44.0"; Fill,
12.6, viscosity = B2 4 3 41.0-155.6"1  GUATEANARY GLACIAL OUTWASH
seconds/quart, a5 measured 70~ o (Qgo) .
with Marsh funnel. o 1974 E 41.0-114.0°: Cosrse Qutwash (QGgoi) .
: 3 114.0-155.6"; Fine Outwash {Ggo2) .
- -
J 1187 i
75+ Ggo1i -
3 954 [
3 101 .
80 -
q 101 s
3 1185 s
BS-: o
3 74 s
] 140 E
804 -
e 151 [
E 1920 o
957 -
b 1957 o
k 168 F
- i 2onag 2 L
COMMENTS:
| SHEET 2 OF 4 |ORILL HOLE OH-32-4
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-4 SHEET 3 OF 4

FEATURE: CLE ELUM DaAM PRDJECT: YAKIMA STATE: WASHINGTON

X

LOCATION: STA. S+55.1, 593.2° D/S COORDINATES: N 45677.8 E 5508.4 GROUND ELEVATION: 2164.7
BEGUN: 14-03-92 FINISHED: 11-18-92 TOTAL DEPTH: 155.6 ANGEEnggEDHgs?ZOEYkL: 80  AZIMUTH:
DEvaEtNENELEXTEosE%’gEEeD: 81.3 { 2£Q3.4aEPEP-f£"£§°ROCK' ﬁl\?IEHED BY: ) . LINK
[ - oy
NDTES AHEIEIREIEE CLASSIFICATION AND
! e I E ] PHYSICAL CONDITICON
mad -
Bl 8| Ef 1 E[E|=
Lzl » o 2] Liz] P _=J-
] 2129 [
3 s
E 1704 L
1053 -
k 2199 s
E agoil 4
3 [
3 1737 [
1103 2
3 1949 [
7 E
3 1076 | 2040 7 F
1153 :
3 1166 [
d 1196 s
1203 3
3 1274 o
] L
- p
3 1594 4
125-: -
3 164 "
5 ‘ 174 o
1303 2
3 207 F
k lago2 4
3 1850 b
1353 3
3 1546 3
] 41290 s
1403 :
] 106 s
- -
] 1181 3
1453 -
] 1420 [
- L
: aDnA hr :

COMMENTS:

] sHEET 3 OF 4 |ORILL HQLE DH-92-4
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-4

FEATURE: CLE ELUM DAM PROJECT:  YAKIMA STATE: WASHINGTON
LOCATION: STA, 5455.1, 593.2° 0/5 COCADINATES: N 4677.8 E 5508.4 GAOUND ELEVATION: 2154.7
BEGUN: 11~03-92 FINISHED: $4-19-92 TOTAL DEPTH: 155.6 ANGLE FROM HORIZONTAL: 90  AZIMUTH:

CE| Al L OF WATER EPTH T OROCK: HOLE LOGGED BY: R. LINK
EEvELhQNE EXTE EEASUEED. 51.3 { 2103.48 11‘—13—55 REVIEWED 8Y:

SHEEY 4 OF 4

— =

—

e — o

—q

X E E g o
NOTES ol £] 81 8 ¢ |3l q N CLASSIFICATION AND
Bfu] wl g =12]% S PHYSICAL CONDITION
HIH R EEE T
-; |Ggo2
1555 4 O3
BOTTON)

[*Y
1]

.-u-l-nnln.n:.n.l-tn'nn-ll-n.t.l-:nnl--'-||ll|lnlllslnlnnlll.|llllllllln.l_-l-n-?-:-l.n-

Q
=]
X
T

ENT

| SHEET 4 OF 4 |ORILL HOLE OH-92-4
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-5 SHEET 1 OF 4
FEATURE: CLE ELUM DAM PROJECT:  YAKIMA STATE:  WASHINGTON
LOCATION: STaA. 5+65.3, 592.9' D/S CODADINATES: N 466B8.0 E 5505.3 GROUND ELEVATION: 2155.9
\HJ BEGUN: 11-23-02 FINISHED: 412-19-832 TOTAL 2EPTHBGDISB.5 " AgEEE gggEOHgﬁIZD:TAL: KQO AZIMUTH
O e MR E R e he MlRBe: 49.3  ( 2106, 6BEF T 08 FEPROCK: | L€ LOseED eY: R.LIN
|l = i =
T plE Bl g =
e NOTES =l el 8|8 w 2 = CLASSIFICATION AND
el £ #]¢ z| 4 2 3
WLl wlsl [Z] 21 5 5/ § PHYSICAL CONDITION
| B8 gl 3 2 B/ =
O
: 2l 21 =ig) ] @ g [3/ &
. © » w{ il = =l = [
val All depths are measured in e jo.0-41.6°: _FILL.
feet from ground surface - [ M
and are the ssme as those - ™ 0.0-13.0°: SAND AND GRAVEL WITH
used by the driller. b 740 | COBBLES. Description based on
4 L drilling conditions and cuttings
. PURPOSE OF HOLE Ched o return.
- To determine the e a2 [
stratigraphy and E [ 13.0~36.0": SAND AND GRAVEL WITH
angineering praperties of - - COBBLES AND BOULDERS. Description
the foundation materials - [ based on actian of grill, drilling
present at Cle Elum Dam: to 3 ai I conditions and cuttings return.
. provide insStrumentation for 10-] L
puut’ cross-hole seismic testing. b P 36.0-37.6"': SAND AND GRAVEL WITH
E 77 }  COBBLES. Oescription based on
DRILL EGUIPMENT b " drilling conditions and cuttings
Gus Pech Brat/22R truck- - X return.
) mounted Orill with Tigre 1 80 [
’ Tierrs Badger top-drive air 15 [, 37.6-39.0": POORLY GRADED GRAVEL WITH
- hammer. Ingersoll Rand 750 - q SILT AND SAMD (GP-GM)s._ About BOX
cfm/250 psi air compressor, 3 818 b fine tc coarse. hard, subangular to
and Bean 75-gpm muyd pump. e - rounded gravel; abput 30X fine to
) = [ ¢coarse, hard, angular to rounded sand;
ORILLER 3 a83d [ aocout 10X nonplestic fines with rapgid
) Gregg Purdome d - dilatancy: maximum size, 80 mmi moist,
. 201 - dark gray: heterogeneous: no resction
ORILL SETUP ] az [F31 f  witn Hed.
Set up on dss fill blanket 4 3 LAB TEST DATA: 64% gravel, 31X sand
aboyt 595° dfs of center - [ 6X fines: Cu = 47,998, Cc = 31,289
line Sta. 5485, 3 100 L laporatory classification of sample is
. 4 [ WELL-GRADED GRAVEL WITH SILT AND SaMD
— DRILLING METHODS 25.] o {GW~GN) 5,
Drilied witn TUBEX 115 (67) 3 3 NOTE: SPT interval is 37.6-38.4°;
system and COP 42 downhole e 115 k drove heavy-welled DS from 37.6-39.0°
. drill with button bit using - b to obtain adgitional sample material.
compressed air as i 4 [
circulating fluid: useg : 970 b 38.0-41.6°: SAND, GRAVEL AND COBBLES.
e’ air/fosm Slurry below 39°. 30 |- Description baseo on drilling
Took BPT's gn spprox. 20° L I  conditions and cuttings return.
intervals to 117° using 3. 1468 }  INTERPRETIVE NOTE: Contact with
UsBR-design 1-3/8" constant 4 [ foundation is from as-puilt cross
1.0. split-tube barrel o ' section on drawing 32-0-384; unable to
g mounted on N« Mobilek rods 3 27 L distinguish €111 from foundation on
ol with 140-1bm safety hammer, 5.7 [ basis of drilling conditiaons or
30" drop and cathead with . 3 cuttings return due to similarity of
rope; where no or poor ] 134 L materials.
recovery was ohbtained in p L
SPT, collected sample using . [41.6-184.9":  QUATERNARY GLACIAL OUTWASH
3.75" I.D. heavy-walled, - ASPT {100 }10 |30 |, 4, (SP-GM) E(GH-GM) k - (ggn).
— spilt=tube barrel mounted ] [
on’APL rods and ¢riven 40+ [ 41.6-55.5': SAND, GRAVEL AND COBBLES.
using downhgle hammer and < 188 1g = £ Description based on drilling
bopnet mounted on top of 3 L conditions and cuttings return.
API drill rods. - -
. e 1529 } 55.6-56.3': POORLY GRADED GRAVEL WITH
—_— SAMPLE INTERVALS E [ SAND (GPls. About 75% fine to coarse,
Interval Type 45 - hard, angular to subrounded gravel;
37.6-30.0" SPT/DS e 3 ogo1 L angut 20X fine to coarse, hard,

. 55.6-56.3" $PT/DS 4 [ angular to rounded sand: sbout 5%
76.2-76.8" SPT o I  rnonplastic fines with rapid dilatancy:
96.8-98.3" SPT/DS f L maximum size, 40 mm; wet, dark gray

- 115.6-117.2°  SPT/DS J &4 :

- 240% o b
DRILLING CONDITIONS COMMENTS:
0.0-98.3": Rough any very

—C —

SlowW. .

§6.3-119.0':  Rough and
Slow, but faster;
drilling on cabble from
102.0~102.4°. Hole
started making water at
103" with amount of water
tn return gradunlly
increasing with depth,

119.0-141.7':  Very soft
except hard at 139.5°; Cs
advanced very rapidly
with minimal down

1. Center column descriptors are defined in the Reclamation
Engineering Geology Field Manual, distrituted by letter
Qecember 7, 1988,

RE = Apck Bit 08 = Orive Sample

SPT =« Standard Penetration Resistance Test

Cs = Casing Sz = Size of Casing

I.D. = Inside Dismeter 0.0, = Qutside Diameter

| SHEET 1 OF 4 | DRILL HOLE DH-92-5
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-5

SHEET 2 OF 4

EATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON
f.OCATION: S$A. 5+65.3, 592.9' O/S COORADINATES: N 46668.0 E 5505.3 GRAOUND ELEVATION: 2455.9
BEGUN: 11-23-82 FINISHED: 12-19-92 TOTAL DEPTHl:J noéss's mlél-:i_ggggongexzogm.; Nxso AZIMUTH:
K2 : . LI
e Vet RNE BX1c FealfBo: 4.3 ( 210568 THLI5-5F REVIEWED BY:
=3 =
X § E E. P =
—J
NOTES al £ 518 et 3 @ s CLASSIFICATION AND
gl = gD if @ 2 [/ § PHYSICAL CONDITION
£ &158 E S N b =
© = [l %] w3 (=] [TY)
2|l o] =Bl &1 2 B &
pressyre; drilled in 10° - G20 [ heterogeneous; np reaction with HC1,
PURS wWith less than 10 1 L LAE TEST DATA: 80X gravel. 18% sand,
minutes gdrilling time per - o 2% fines: Cu = 40.495 Cc = 7.448,
run. Sand heaved 2.8 up p 650 + NOTE: Mo recovery in SPT interval
into Cs prior ta SPT at - [ from 565.6-56.3"; drove heavy-walled DS
120.8°: sand continued to 55 - from 55.6-56.0° to obtain sampie.
heave 2-3' up into Cs 33 TGPT s ] [
after each run, Ho ELE 0] 7o TERLE b 56.3-76.2°:  SAND AND GRAVEL WITH
sampling performed below - s COBBLES. Oescription based on
120" due to artesian 3 E drilling conditions and cuttings
pressures and heaving - 135q ' return.
Sand; oOrilled through 60 -
this interval in most - [ 76.2-76,8': PODRLY GRADED GRAVEL WITH
expeditious manner b 1379 L SAND [6Pls. About 55% fine to cosrse,
possible to minimize - [ hard, angular to subrounded gravel:
disturbance of in-place 4 [ about 40X fine t0 coarse. hard.
founoation materials. 1 1720 s angular to rounded Sand: about 5%
141,7-156.6': Hard and 65 [. nonplastic fines with rapid dilatancy;
s1ow wWith very soft o - maxieum size. 50 mm: wet, dark gray;
intervals up to 0.6" 3 1674 s heterogeneous; no reaction with HCI.
thick; drilied in 10° r L NOTE: Insufficient sample mass for
runs with about 20 o 3 standard properties tests; only
hinutes drilling time per ] 2124 [ moisture content determined for this
run. Noted heaving ssnd b . interval.
at 123’ when trying to 70- o
install 4" PYC pipe o 1974 [ 76.68-96.8': GSAND AND GRAVEL WITH
.durihg hole completion: 9 [ COBELES. ODescriptian based on
washed hole to bottom and - [ ¢rilling conditions and cuttings
set PVC. Oriller noted b 1187 b return,
hole took all grout b [
during initial groyting 754 Ggoi - 96.8~98.3': POORLY GRADED GRAVEL WITH
of hole on 12-10-92; ] s SAND {GP)S. About 6DX fine to coarse,
reported hearing grout ISE BRI IEn ] 964 TEpTS F hard, sngulsr to subrounded gravel:
sucking put of bottom of o - about 35X fine to coarse, hard,
PYC string. 1 s angular to rounded sandg; about 5%
) d io1g [ nonplastic fines with rapid dilatancy:
CASING RECORD 80w - maximuk size, 55 mm wet, dark gray:
1882 Cs Depth  Depth E [ hetercgeneous: np reaction with WC1.
" Date Sz Hole Cs 3. 018 ' LAB TEST DATA: 72X gravel, 26% sand,
1130 6" 13.0 . 12.4 3 [ 2% fines: Cu = 30.347. Cc = 1,985
2«01 &" 39.0 3.2 . 1 laboratory classification of sample is
12-02 g° 56.3 55.0 3 1185 5 WELL-GRADED GRAVEL WITH SAND (GW)s.
1203 6" 76.8 75.49 a5 [. HOTE: Poor recovery in SPT from 96.8-
t2-pa  &° 88.3 95,7 . 3 97.7'. ¢rove heavy-walled DS from
12-05 & 117.2  115.0 9 74 [ $6.8-868.3" to obtain agditional sample
12=-07 B* 145.0 144.4 p F materisl.
12-08 6" 166.6 156.0 - .
= 140 [ 98.3-115.6": SAND AND GRAVEL. Drilled
FLUID RETURN p F on hard cobble from 102.0-102.4°,
0.0-13.0":  BOX. 80+ [ Noted distinct blue gray coloration in
13.0-39.0": 70%. p 151 1 return below 102°. Hole begsn making
39,0-556.4": o95x. 4 5 conajgersblie water below 102° which
55,4-98,3':  90%. - " gradually increased with deptn,
§8.3-156.6":  NR. ] 1920 I Description based on driiling
] [ conditions and cuttings return.
FLUID COLOR 954 o
0.0-102.0°. Brown to tan. 4 } 145.6-117.2': POOALY GRADED GHAVEL WITH
102.0-147.2°:  Blue gray. 3 1857 E SILT ANO SAND {GP-GM)S. About 55X
117.2-156.6': Gray. - s - fine to coarse. hard. subangular to
i I L o 5P s (o 9 rounded gravel, atout 35% fine to
FLUID LEVEL OURING ] iseq 1
DRILLING . 2055 o 1
1992 Depth Depth Depth COMMENTS:
Date Hole Cs fFluid
12-01 13.0 12.4 Dry
i2-02 39,0 36.2 bry
12-03 56.3 55.0 NR
12-04 76.8 75.9 49.7
12-08 88.3 96.7 49.0
12-06 117.2 115.0 49.2
12-08 145.0 144.4 49.0
FLUID LEVEL AFTER
DAILLING
1992 Depth Depth Depth
Oste  Hole Cs Fluid
12-09 156.6 156.0 49.3
| sHEET 2 OF 4 |ORILL HOLE DH~-92-5
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-5 SHEET 3 OF 4
FEATURE: CLE ELUM DAM PRAOJECT: YAKIMA STATE: HASHINGTON
LOCATION: STA. 5+65.3, 592.9' O/S COOADINATES: N 4668.0 E 5505.3 GROUND ELEVATION: 2155.9
BEGUN: 11-23-92 mf_‘INIsiI-I‘E!J: $2-19-g2 TOT#L DEPTH: 156.5 ANG;.E Fﬂgg HORIZONTAL: S0  AZIMUTH:
DEEEvEtNRNELEXTE uexéﬂﬁgu: 49.3 ( 2105_685955_38_3503:&0{:&. ;EO‘G;E';ES 33: By: R, LINK
Z[ & " -
NOTES clelslE 12| 81 . J CLASSIFICATION AND
- = n
| I = 3 2 [/ 2 PHYSICAL CONDITION
=g " .
sl BlS[s] 8| 2 g B/ B '
["2] E a3 » & o o —+ L. wij
3 ! coarse, hard, angular to rounded sand;
DRILLING TIME E 2128 E  about 10% nonplastic fines with rapid
Orilling: 78 hours “ [ odilatancy: smaximum Size, 55 mm wet,
HWoving/Setup: 31.5 hours o 1704 3 blue gray; heterogenedus, bottom 0.B°
Down; 29 hours ] 4 of sample is gap-graded ang completely
Travel: 8.5 nours 1('.‘5-_-| . > lacking in fine sand: no reaction wath
b HCl1.
HOLE COMPLETION E 219 k' LAB TEST DATA: 54X gravel., 34% sand,
Installer:i 4° 1.0, PVC pipe - | - eX fines; Cu = 20.892, Cc = 1.389;
to 156.6° and grouted hole 3 : laboratory classification of sample is
through one-way valve at 3 173 Ogoi b WELL-GRADED GRAVEL WITH SAND (GW) S,
bottom of String while 110.3 -
pulling 6° €5 in 10° h [ 147.2-141.7": SAND WITH GRAVEL .
increments: placed total of o 1915 - Chiefly fihe to coarse sand with
5400 1bm of cement, 1400 3 [ minor. predominantly fine gravel:
1bm of bentonite. and 100 9 é < maximum size returned. 25 mm: blue
1bm of CalSeal. . 107 - gray: stratified, as ingicated by
1154 [ intervals of very fast penetration
F under minimal down pressure up to 1°
IsPT | 65 | 8|S0 J146§ (GP-GM) B(GW) s E thick. Description based on orilling
- E conditions and cuttings return.
- 2032 o F
E 119 F 441.7-456.6'. SAND AND GRAVEL. Chiefly
120: F sand and gravel with rock flour;
. - gravel content appeared to increase
9 127 9 with depth; maximum size ceturned, 20
] L mm; blue gray; stratified, as
b o ingicated by prominent zones of very
o 1994 b rapid penetration with minimal down
3 [ pressure up to 0.6° thick. Noted
1254 = nuserous wood fragments in return at
. 164 9 about 146.8°; maximum fragment
b o returned, 35 om by 10 Am by T mm,
- - Deschiption based on drilling
] [ conditions and cuttings return.
4 17¢ [
430 = NOTE: Mo sampling performed from
3 4 147.2-156.6° due t0 Brtesian pressures
= 207, b and heaving sand; drilled through this
3 [ interval in most expeditious wanner
- 1 possible to minimize disturdance of
4 1850 ago2 , in-ploce foundation materisls.
135: e 9 Bottom of hole. Hole
h 154 [ terminated at predetermined depth.
by L
3 1239 EGE(JL(JGIC INTERPRETATION
140—: -
] 106 00.0~41.6":  Fill,
o b41.6-156.6": GUATERNARY GLACIAL GUTWASH
- - {agal .
d 1194 } 41.6-118.0°: Coarse Outwash {Ggoi}.
3 [ 118.0-186.6': Fine Outwash (Ogo2} .
145-: o
b 1420 9
] 2ao= o b
COMMENTS:
l SHEET 3 OF 4 IDRILL HOLE DH-92-5
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-5 SHEET 4 OF 4
FEATURE: CLE ELUM BaM PROJECT: YAKIMA STATE: WASHINGTON
LOCATION: STA. S5+65.3, 592.9°' 0/5 COORDINATES: N J466B8.0 E 55¢5.3 GROUND ELEVATION: 2155.9
BEGUN: 131-23-82 FINISHED: i2-49-92 . TOTAL 2EPTH: 156.86 ANGLE FROM HORIZONTAL: S0 AZIMUTH
OEP T E Y reOFeblEB: 40,2 ¢ aeoe. cBFTILL g8 GEOROCK HOLE LOGGED 6Y: A. LINK
=1 5 " -
Il Ll 2]% = 2 5
NOTES Elel 818 | 2| 2| 2 B /4 CLASSIFICATION AND
=1 I A I = o 2 12 S| PHYSICAL CONDITION
(=}
sl £ 2 z 2 S =
s {2l u & 2 |[g @
w » »e (.2“ [7] - P L i

Ogo2

LB RA LS RAMEN RiLE S

ML ANNEARAS RAREE RARES RALRE |

TTrv TPy

YTy rTTTTY

AR RAREE |

LAl RAREE RLELEE B

llll.lllllIll]]_l_lll'lIlllllll'lllll!liillll]llllIllllllllll!llll.llll'lllllllll?llll.l‘ 11?1:n|nlg|an
T

NTS!

)
P=
X
=]

{ SHEET 4 OF 4 [ORILL HOLE DH-S2-5
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-6 SHEET % OF 3
FEATURE: CLE ELUM DaM PROJECT: YAKIMA STATE: WASHINGTON
\ LOCATION: STA. S+28.1, 251.5' D/S COORDINATES: N 4795.1 E 5186.7 GRAOUND ELEVATION: 2185.,7
' BEGUN: 12-12-92 gINISHEﬂ: 12-18~-82 TOTAL DEPTH: 100.0 ANGLE FROM HORIZONTAL: 90 AZIMUTH:
- : H .
Rt R Blre Rl 3.0 ( 2106, 7BFFIELIG-GEOROCK oLk Lossm e R, L
. o [= =
= = (=] =
‘ Sl 5| % 5 gl B
(- NOTES el £l g1 & g |32 /& CLASSIFICATION AND
= x @
=1 B 5 8 2] 3 = PHYSICAL CONDITION
)
S 2(sl 2 (2 2/ &
L] e » oy €I = - JU. [T
o All depths are measured in : E 0.0-7.0t FILL.
feet from ground surface . o
and are the same as those ] :' SAND AND GRAVEL WITH COBELES.
A used by the deiller, - Fill 3 Description based on drilling
1 < canditions and cut .
. PURPOSE OF HOLE 5.4 - uttings return
—~ To determine the 3 [ 7.0-65.0°: DAM EMBANKMENT (Em) .
Stratigraphy and 1 5478 7 F
engineering properties of - o 7.0-27.0°: SAND AND GRAVEL WITH COBBLES
the foundation materials h [ AND BOULDERS. Oescription pased on
present at Cle Elum [am: to K F action of drill, drilling cenditions
provide instrumentation for 107 - and cuttings return,
- eonitoring of water lavel E s
fluctuations in the E F 27.0-65.0": SAND AND GRAVEL WITH
foungation . ‘ 3 o COBBLES. Description based on
- 3 r31ling
’ DRILL EQUIPMENT 3 ] :E::.rl‘.n-g anditions and cuttings
- Gus Pech Brat/2QER truck- 15 -
- mountea orill with Tigre . p k 65.0-100.0": QUATEANARY GEACIAL OUTWASH
Tierra Badger top-drive air - [ (Ggo) . .
nammer, Ingersoll Rang 750 ] .
cfm/250 psi air compressor, b [ 65.0-50.0°: - SAND AND GRAVEL WITH
ang Bean 75-gpm mud pump. 7 L COBBLES. Description based on
. - b drilling conditions and cuttin
- ORILLER 203 3 o tangs
Gregg Purdome r 3
9 3 80.0-100.0':  SAND AND GRAVEL.
set up ogﬁgl;ls- if'{‘iﬂ"nunk“ - - Description based on odrilling
: e , onditions ngs return.
. about 250' dfs of center 4 [ condi ond eusting urn
N line Sta. 5+28. 25: > $00.0°: Bottom of hple. Hole terminated
p [ ] . :
I—/ SRTLLING KETHODS 3 : at predetermined depth
Drilled with TUBEX 9¢ (4%) 3 L
- system and COP 32 downhole 1 Em r
. grill with button dit using L : I GEOLOGIC INTERPRETATION:
N, compressed sir as 30 -
circulating fluid. L [ 0.0-7.0": Fill.
o’ F 7.0-65.0': Dam Embankment (Em) ,
SAMPLE INTERVALS o " 65.0-100.0": QUATEANARY GLACIAL OUTWASH
) Samples were not ¢ollected. o 3 6go) . .
‘ 3 [ 65.0-100.0°; Coarse Outwash (Ggod).
— DAILLING CONDITIONS 357 d . b9
0.0-7.0': Slow and rough. - =
7.0-27.0°: Slow. hard, and 1 4
rough. Action of drill - L
+ indicated presence of - o
4 boulders throughout E [
o tnterval. 3 s
27,0-90.0°: Slow and 40 -
rough. - Hit water st 3] -
8g.0". ] "
90, 0-100.0":  Softer. -~:j -
‘ CASING RECORD 4
: kad 1892 ©s  Depth  Depth 4577 -
Date Sz  Hole Cs 1 o
12=-42 4 7.0 5.6 o L
12-14 a" 27.0 26.6 - .
12-45 a" 1000 99.6 E "
L -
FLUID RETURN n 2a3s 7 b
Drilled with a&iri fluid COMMENTS:
return not reported,
i. Center columh descriptors are defined in the Reclamation
FLUID COLOR Engineering Geology Field Manual, distributed by letter
0.0-62.0°: Brown. December 7, 18988.
62.0-100.0": Dark brown.
Cs = Casing S5z = Size of Casing
FLUID LEVEL DURING )
DRILLING I.0. = Inside Diameter 0.D. = Qutside Diameter
1892 Depth Depth Depth
' Date  Hole Cs Fluio . NR = Npt Reported by Oriller
12-14 7.0 6.6 Bry
12-4% 27.0 26.6 Pry
12-16 100.0 99.6 78.2
I SHEET 4 OF 3 IDRILL Hgl_.E DH-82-6




GEDLOGIC LOG OF DRILL HOLE ND. DH-92-6

FEATURE: CLE ELUM DAM PAOJECT: YAKIMA STATE: WASHINGTON
LOCATION. STA. S+28.1, 2%51.5' D/S COOADTNATES: N 47954 E 5188.7 GROUND ELEVATION: 2485.7
BEGUN: 12-12-092 FINISHED: 12-16-92 TOTAL DEPTH: 100.0 ANGLE FROM HORIZONYAL: S0 AZIMUTH:

O et B BX e T la0RBo: 79.0 ¢ 2106. 7BFPHL 18- GEOROCK: A Eeumg By o R LINK

SHEET 2 OF 23

i
i

~— —_—

— =

—

REVIEWED BY:

NOTES

DEPTH

SANPLE TYPE

% CORE RECOVERY

X MOIST CONTENT

SPT

HOLE COMPLETION

YISUAL CLASS

ELEVATION

CLASSIFICATION AND
PHYSICAL CONDITION

FLUID LEVEL AFTER
DRILLING
1992 QOepth
Date Water Elevatian
i2=-17 78.8 2106.9
12-18 79,0 2106.7

DRILLING TIME
Drilling: 39.5 hours
Moving/Setup: 13 hours
Down: 4 hours
Travel: 3.5 hours

HOLE COMPLETION

0.0-20.0": Installed
surface seal composed of
neat cement mixed with
pentenite; installed
locking steel cap to
protect riser pipe;
stickup of ciser pipe is
about 2.80° [surveyed
elevation 1s 2188.50) .

20.0-62.0°; Packfilied
hole with random sand and
gravel.

62.0-68.0": Installed
bentonite seal.

€68.9-87.0"': PBackfilled
hole with random sanc ang
gravel. .

87.0-80.0': Installed
tentonite seal.

80.0-100.0": Backfilled
hole with silica sand;
installed 2°'-long porous-—
tube piczometer tip with
3/4" riser pipe to 96.0°.

?illl’lll!?lllllllinﬁllllllll%‘l]]"llll%lll‘llllll%'lllllllll%lllllllll
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Em

Ggo1
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[7111

COMMENT

| SHEET 2 OF 3 |ORILL HOLE DH-92-6
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-86 SHEET 3 OF 3
FEATURE: CLE ELUM DAM : PRQJECT: YAKIMA STATE: HAS'HINGTUN
LOCATION: STA. 5+28.1, 264.5° D/S COOADINATES: N 4785.1 E 5186.7 GROUND ELEVATION: 2485.7
BEGUN: 12~12-92 FINISHED: 32-1B8-02 TOT?L _?EPTHEROEEIO.D :BJBLELSSEE HOR-IZONTAL: 90 AZIMUTH:
e Rt NG Bl re e ialhBo: 79,0 ¢ 2105 78 14- 8- FEOROCK: hovenm oo, BY: R. LINK
| = 5 =
zl S| 21 | B g B
NOTES &l & § '3 z 3 g3 z CLASSIFICATION AND
8l < g | & g |2l 35 = PHYSICAL CONDITION
g g8 s 3 =
o3
2l w18 2 |2f33/ &
] BUTTOH OF HOLE
105+
3
COMMENTS:
| SHEET 3 OF 3 }DRILL HOLE DH-S2-6
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GEOLOGIC LOG OF DRILL HOLE -

Duress of Reslamaiion SHEET...!... OF .4.....
reavune .. Cle Elum Dam, Observation Well . gér. Yekima .o . L ... STATE. H¢$h1n9to ..........
HoLe mo. . GE-4 . ::::;;ON_St_a_ . 1606337 £ ,ET.u,n,n.e"I_ e Ao LY 2273 leotlar VB VanBB8A orrz, 90, L.
8 . 7-20-78  ppuisuen. .8-23-T8 . OErTH OF OVERMURDEN ... %% . .. ... S Tb . o B0 BEARING .. e T iee et
O v AN bSve MeasURto. See note delow .. ...... Loscep oy. R A bink ... ..., Loc reviewen sy, . B, .Y, . Carter. ... ...,

» PERCOLATION TESTS .| .= | EF -3
HOTES ON WATER wps* i —_— ZZw | aw v fee
. ow DEPTH - T =l w k3 = .
Loses mpLevels (vl 52 | 0V |5 |aE | BE jEgu Srtgurication o
CAVING, AND OTHER oF ] L0s$ o] a” |aM
DRILLING CONDITIONS [HOLE| & | rmou £ | o =
m [ EEs T leem|eSo joms . 5
Driil Equipment " 2227.3| 0' 4§ 0-10'x: DAM EMBANKMENT. Large_.' boulders}
“Eori ] E cobbles and gravel of predominantly
Bucyrus-Eterie 22W C ] " L.
ies. Thr h J volcanic and metamorphic origin, Con-
Series ee churn .
drill. 1 ] tact with underlying glacial meraine
orille ] - only approximately located.
T r 4 1
—_— w0 104 10:-150": ATERNARY GLACIAL MORAINE
2}15?&:%22;‘322-}?_ ] i {Domerie %ermina! Moraine). Glacial
ing Co ] ] debris composed of poorly sorted
‘ - - boulders, cobbles, gravel and sand in
Drilling Method k 1 a silt matrix, generally poor to very

Hole was drilled . 1 ocorly consolidated.
with 5" churn drill] 2o 20- 0:-28': Boulders; large boulders,
bit. 5-10 gallons ] 3 cobbles and gravel of mainly volcan~
of water used to re{ 1 ] ic and metamorphic types, including
turn cuttings in 4 - tasalt, diorite, and ouartzite, Med}
bailer. Hole bailed - ium brown to tam matrix of silt and
out prior to casingj 2199.3} 28' | sand; minor amounts of clay in
advance. 301 30~ variable proportions from 10-21°,
0-131': 6" casing ] ] 28-52'; Gravel; cobbles and gravel of

advanced behind . 1 mainly v volcanic and metamorphic
drilling on inter4y J - origin in a medium brown to tan
vals of 1-5', ] : matrix comprised mainly of sand, but
]31?50';.@ 6" casir::g 4 ] with some silt and very little clay.
advanced ahead of ] 4 o
drilling up to 2' ] ]
bevond bottom of e ]
lors s ing_Conditions a ]
-28':  Rough and p .
s low *] 2175.3] 52° ] 52-56':  Bould bbles and gravel
PB-85': Slow ] : -0 - Dougers, cobbies and gravel
loose mater;al : y tightly packed with some silty matrix.
with caving 3 2171.3| 56° 56-62': Sand; water bearing sand, gray
5-93¢: Slow, hole b 3 in color and possibly containing some
hol d%ng oper’l ] ] gravel; compact and well consolidated.
93.114': Moderatel &0 804 62-114": Sandz Gravel; cobbles and
sTow and casi: e 2165.3] 62" 3 gravel in a medium brown to tan matrix
114-12€" - Hoderage 3 ] of sand with some silt.
u:r'i'tliég in loose 3 «- 62-85"': Cobbles and gravel in a matri
poorly consolida- | h h c_)f sanc_l; poorly indurated resulting
ted material ; ] n caving.
26-150': Fast, in | 7] 79
“ loose to very J ] ]
loose, poorly cond 6" 4 1
solidated materialf ¢ ]
Casing Record 3
0 Hole Casing g 80
Date egth Depth 1 ]
j-20-7¢ g 4 k
7-21-76 10' 10 2 @42,3 gs5! 85-93': .Gravel {md sand, rpoderate‘ty
7-24-78 16’ 18* . . b consolidated with no caving.
y-25-78 21° 19¢ 1 ]
p-26-78 28' 27" | oo o0
-28-78 34’ 33 ] + ] . . .
;_3]_73 39¢ 38" ] £134.31 93 93-105': Fine gravel up to 2" in
B-1-78 45" 43" k h diameter. Sandy medium brown to tan
b-2-78 52" 51" ] ] si1t; clay present as small balls
B.3-78 62* 581 ] 100+ 1 from 96-105'. Poorly consolidated.
XPLANATIO
*Location of hole approximate as hand level ar\'a"t'a'—“"é‘é_?“pe were used to survey in drill hole.
Loft
.............. D = Diomond, H = Hoysteilite, 5 = Shot, C-C!wm
CORE II: . ::c'l‘:Id. i e E -Pr:Er'.Cn :C:xo?l;l;:::’c' .Bx m;‘._ i
[RECOVERY | A0oror: o o el K teries) . Ex = T :' - ;'m;;: L A 7
ﬁ".'.i'.‘?.ﬁ“'a'i-‘.".ﬂ'?ﬁ'ﬁ'&'.’;" E: =l t%"‘ Ax = 1.29/33", Bx m 2.3/8°", Hxw 3"

FEATURE ... .Cle Elum Dam, Observation

sTATE . Washington sueer. ). .or .3 ..


http:T.u.n.n.eJ

Puresu of Keslamauon GEULULIV LUV UF UNILL Ve

reature ... .. Cle Elum Dam, Observation Well  pposecy...Yokima... . ....... e state. ¥ashington ...
) 3 * *
woLE wo. . CE- . LOCATION.St2. 16163.37.{ Tunrel, O£ES oo LEEY 221.3 ffﬂ‘.@x el rublEE MW worezy . 90 .. ...,
g «..1-20-78  mniswep. .B-23-78. .. DEPTH OF OVERBURDEN ... .37 ... ... DEPTH. .. 190" . BEARING. .. = e cecrneennnrnnaiaaa,
Dk v AN LY O A TNeo. .. See note below. ... ..., roceeomy..R A Link.......... Loc reviewep oy, . 8. H. Carter .
o PERCOLATION TESTS <. c | EF -4
NOTES ON WATER  |ryee] wis - T 230 [ sw-te {ey
LOSSES AND LEVELS, | AND| %2> AR & EE are | 8e | Eg |28 CLASSIFICATION AND
aw:‘% iﬁ%‘:ﬂ&% sgz't oy Loss 2 z . :3 30 PHYSICAL CONDITION
DRILLING CONDITIONS HOLE’ L (:lg:‘ 1o 4 -9 [ z"
A o e ©.r.a) | (S0 Joun) @
Casing Record {Cont) 6"] ]
-Hole Casing C ]
Date Depth Depth . 2122.3|105° j05-114'c Gravel with some scattered
8-4-78 68° 68" ] ] cobbles fn a fine grained matrix of
8-7-78 71" 7 . h sand and silt. Ho clay present.
§-3-76 81' 78.5'| V7 Tro Poorly indurated with caving.
g-?OZgS ?85' gg- ; ’ 2113.3[114* 114-126': Sandy Pea Gravel: small
8-11-78 111* 108° -4 > gravel with size recover:e& up to
8-14-78 118° 138" ] ' ] 1.5" in diameter. Matrix of fine to
8-15-78 126° 125 ] ] med i um grained sand, medium brown to
la-16-78 136 136' | 127 120 tan in color. Some silt, but no clay
8.17-78 146' 146’ . : present. Poorly consolidated with
8-18-78 150" 150° | 3 10130126 caving.
1 2101. 6 . 126-150': Sand; pooriy sorted sand,
Depths to Water ] r coarse to medium grained, but fine to
During Driilin 130-] ’Po' very fine grained from 149-150'. Sand
Hole Water| — 1 2096.3{131™ composition of 25% basalt, 20% auartz,
Date . Depth Depth ] 2094.3}133' : 15% feldspar and the remainder com-
7-20-78 g' dry k 2093.3}134" posed of various unidentified rock
7.21-78 10* " p 2090.8 136.5? fragments and minerals, gray in color.
7-24-78 16' " . ] Some gravel with minor amounts of silt
7-25-78 21* " 1 eod Tao-] and clay.
7-26-78 28' " " ] 126-131': Sand, medium to fine grain-
7-28-78 34° - ¢ ] k ed with some silt; very few gravels
7-~1-78 39° " E 3 and no clay. Poorly consolidated
-3 48! ” 4 ] with caving. :
~-/8  52° " 3 2078.3(149" 1 131-133": Gravelly sand, medium to
-3-78  62' " Lysod g fine}grained with some gravel. Very
-4-78  68' 38 { | Botitom off Hole poorly indurated with much caving.
7.7 Nt - 3 Bottom of Hofe 1331347 : Sand, mediun to Fine grain-
-8-78 81’ " ] h ed with some silt, but no gravel or
-9-78  93° " ] _ ; clay. Very poerly consolidated with
-10-78 105° " ) ] - caving.
-11-78 111! " 1601 o0 134-136.5': Gravelly sand, coarse to
.14-78 118* u 4 j fine grained with gravel ranging
B-15-78 126' 118 | ] ‘ 1 from pea size to coarse. Poorly
B-16-78 136*' 112’ ] ] consolidated with caving.
B-17-78 146'  105°' 1 ] 136.5-149': Sand, generally coarse
R-18-78 150" 136 ] - grained, but ranging down to medium.
170 704 Composed primarily of quartz, felds-
brilling Time 9 1 par and basalt. Some gravel and sily
176.25 hours 1 ] present, but no clay.
h ] 149-150": Sand, fine to very fine
1 . grained with some coarse to medium
] ] sand. Very little silt, gravel ?r
b ] clay present. Very poorly consolie
1” ”' dated with caving.
] . KOTE: 0-150'=Geologic log based on drill
1 ] cuttings return and drilling
3 1 conditions.
190 0]
- -+
b T
b -+

EXPLANATION

f 2E *|ocation of hole apprbximate as hand level and tape were used to survey in drill hole.

-5
Fhle. cvvneusoncnas D = Diomond, H = Hoystellits, 5 & Shot, C w Chum
CORE I: . :nm. .............. E : P‘.cclk;zr. Cm :Cﬂ‘:i;l;';:..c: :.Bon;na/c; ce.:‘ng -
N hole (X- . -1/2%, a = 1.7/8, xw2:.3/8", Nxw
IRECOVERY [ Approx. sine ot ol d avion) . . Ex m 7787, | Ax = L1/87  Bxw -3/87 Nx-21/8"
Qutside dia. of casing (K-series). Ex = 1-13/16, Ax=2.1/48", Bx= 2.7/8°, Hx= 312 .
Inside dio. of cosing (X-saries). . Ex m 1.1/2",  Axa= 1.29/33", Bx = 2.3/8", Nx =] :
fEATuRe .. C1e Elum Dam, Observation Well . pposect...Yakima ... ... srarélashington . sweer.2..o0 3. woLewo. . LE=4....... .

* GPD 778 -404
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Bureen'o; Restameuon GEOLOGIC LOG OF DRILL HOLE SMEET. 4. ... OF 4.
reaTure .. Cle Elum Dam, Observation Well | proJECT. .. JAKIma ... sTaTe Mashingtom
woLe no. . . CE-4 . ::g::';’" ;‘S'tﬂ"‘ 16+63.317. E.ETunne] - °ff58§ol§n e’fzfvt.'2227.3. S??! 1 ?T.%.%"m%ﬁaf}%mm.,. . .9D.O ...........
e ..7-20-78 . punisueo. 8723-78. .. oEPTH OF OVERBURDEN ..TT.. ... ..., DEPTH. 150! . ... BEARING. . % cenienneiiiniaaiins
RN R bRV WeadUReD. . See note below  ........ Losceo ey, . Re. &, LIk, ... ..., Locreviewep oy, B. H. Carter.........

= PERCOLATION TESTS « = | =& o
omarnes o o8 (o aaREIEAE
. A I~ B v | To oS CLASSIFICATION AND
. . size| 28 (FEET) 2 o Lol 3 o= & wi
Saime ceheiie | oE| SF w |3 |E|° 3 |d8 PSIGAL CoRDITion
ORILLING CONDITIONS [fHOLE] & | ra 1o & | ag s |3
| éy et | e ouma x
Hole Completion )
Instalied i&“ dia- )
meter plastic PVC .
pipe, capped on - 4
both ends, tg 150'; mé
pipe was perforate .
from 145-150' and i Interpretive Hote: Photographs in the
had a stick up of ] Yakima Project History for 1932 and 1933
0.7'. Backfilled . indicate that the majority of this hole

Aol

hole with 5 yards
of pea gravel from
1-150'. Pulled 6"
casing. Sealed
hole with cement
from 0-1".

Purpose of Brilling}
0 establish 2
point of observa-
tion for monitoring
during test pumping
and to obtain data
on the foundation
material and the
conditions thereof.

(1976)**, this moraine is the

Water Level
Measurements
Dg;e " Eleva-
[(1978) Dept tion
8730 176.40 2111.70
9/6 117.00 2111.10
9/7 117.00 2111.10
9/8 117.00 2111.10
9711 117.25 2110.85
9/12 117.35 2110.75

..a
L=]
.?..1.!..‘|§..x.lnln_.§x_lllll|:|§A||Alln.|¥.n.|.11ll_nn_;§:_n|.l_ln|AI:..AI|-1-

91]1IA§IIll.lle?]Illllill§l‘l1ll_lAl#!l]!lll]l§‘.lll'llll¥l.lll._l_l.lll$ll

.'|.§..-xlnn_‘_.§_..xtlln.

P Y

l.;llnnl_:§-.;

is located within undisturbed originail
foundation material, the giacial till of
a terminal moraine. According to Porter

Member of the Lakedale Drift and is
Quaternary in age (13,570 330 years).

Domerie

EXPLANATION
*{ocation of hole approximate as hand level and tape were used to survey in drill hole.

<€ [*Porter, Stephen C., 1976, Pleistocene glaciation in the southern part of the North Cascade Range,
Loss Washington: Geological Society of America Bulletin, V. 87, pp 61-75.

T [ P D = Diomond, H @ Hoystellite, $ @ Shot, C w Chuen
Mzr: :..i.d. .............. P = Pachar, Cm @ Comented, Cs = Bottom of casing

CORE . ", , & .
Approms le Oleanring) o Ex m 1172, Ax=1.2/8",  Bew23/8', Nxwd
IRECOVERY | APProx. Site ot b ariar) . En w7787, | Ax mL1/8  Bx w L.8/B". Mx - 2.1/8"
Outside dio. of cosing (X-series). Ex w 1.13/16", Ax = 2.1/4™, Bx w 2-7/‘:". Nx = 3-}/2“
lnside dia. of casing (X-seriss). . Ex & 1.1/2",  Ax w1.29/32", Bx = 2-3/8", Hx w3}
reatone. . Cle Elum Dam, Observation Well . smosect..Yekim. . .. ... syareWashington sueer3..or.3..morzwo CEZ5... . . ..

% GPO TTR.408



TAENST A6eTan e e .
Burbau of Reclamaion B GEOLOG‘C LOG OF DR"..L HUL.: AVCE I, o h - At v n s -
peatune . .Gle Elum Dam Test Well .. .. .. ... PROJECT. ... ... Yakima ..., sTate. Mashington

" . " N . i
woLe no. 5572 ... ‘c'g::;;“' Sta.. 4372 L .d::m. 2xis.. 3.0 chos E?.fE\E dam _a.x.'l's" 2250, 6Qfip rANGLE FROMHORIZ.) . . - - 07 .
.......................... To
g .BA1978 . puisken. . 378773 . bEPTH OF OVERBURDEN .. ... .. SEPTH. .. 255 . BEARING. ....... et
DEE s AND ELEV. OF WATER  142.3', 2103.3 (10/12/73) Loccepey.. R A Link ... ...... Loc revieweo oy. ... B, L. .Carter. ... ...
ot PERCOLATION TESTS o I x
emsonmree  foved o8 —on T e T 838 | BB (g, 122
g ND ' i w | o |0 CLASSIFICATION AND
CASING, CEMENTING, | SIz€| 51 (reeT) Cortlp'le 2 |EE dre | 8 g |8 PHYSICAL CONDITION
DRILLING CONDITIONS OLE & FROM , tion = -5 4 x
m §EnG TOON 30 [ =
Drilling Equipment boe 4 2250.60 0' ] Note:
Bucyrus-terie 2e0 [ : b-255':  Geologic log based on drill
Beries Three atr ] » cuttings return and drilling conditions
rotary/churn- drill, . ]
Dritlers ] 3 3-51;: DAM_EMBANKMENT.
ri 1 . T T ey
. . 101 silt, medium brown to tan in color with
tike Ring a_qd Jim 1 m} highly variable amounts of clay up to
. looper of Rike Bach ] 1 35 percent which sometimes occurs as
priliing Company. b 3 small clay balls. Minor amounts of
o ' ; b medium to fine grained sand. Gravel
__9._1.1__9””1" tiethod ] . occurs as small, thin layers or lenses
ole was drilled 20 . 20 dispersed randomly throughout, Dresent
With 12 ‘star!dard 16" 16 ; as gravel with size recovered up to
pit tool 5-15 gallons caging ] 1.5% in diameter and possibly some
pf water used to c ] cobbles.
Feturn cuttings in - e
bailer to 215'. ol ] ]
bailed out on inter- ] i
vals of 3-5°, prior ] 30
to casing advance. ] ]
PU" diameter tempord - ]
ry surface casing : E
Fnstalled to 21'; 3 ]
6" dianeter casing ] 3
wdvanced from 21-252'.‘0- “]
[}-152': casing ] ]
a  1ced behind 3 3
¢ .ing on inters 1 4
vais up to 20', buf 3 p
averaging 5'. 50-] 50-]
l82-zwe*: casing : -
advanced ahead of ] ]
drilling on inter- ] ]
vals of 3-b', but 1 1
reacning a maximum ] ]
of 20°. 40 0]
Drilling Conditionsf 1 )
D-t7': Fast and J R
easy; nole holding ] ] 5
open. 1 : 2183.69 67' ] H7-255": QUATERNARY GLACIAL TILL
p7-74': Slow and harfl.zo] 707 {Domerie Terminal Moraine). Glacial
F4-75": Stow and very 1 1 ]| debris composed of poorly sorted
hard; boulders ] ] boulders, cobbles, gravel, sand, and
rotling into hole. _' ] silt, generally poorly to very poorly
5-105": Slow and E 2174.60 76 consolidated.
hard, caving. ] ] 67-76': Boulders; boulders and cobbles
(5-215': Fast and | goJ 201 of basalt, andesite, granite and/or
easy, caving. . ] granodiorite among others. Matrix
V15-255": Fast and ] ] of mediym brown to tan silt with
easy, sand flowing 3 e variable proportions of clay and
into hole. 1 E minor amounts of sand.
Z ] 76-90°: Silty Gravel; gravel and silt
Casing Record o0 2160.6? 90, in nearly euual proportions. Gravel
iloTe Casing ] . occurs as fine gravel and cobbles.
late  Depth Depth ] ; Matrix is silt, medium brown to
o/ 70 16 7’ _‘ : b tan in color with up to 25 percent
b/2V/78 22t 2v ] 1 clay; medium to fine sand present in
100* ] minor amounts.
. . EXPLANATION
* Location of hole approximate as hand level afid tape were used to survey in drill hole.
E
\.0;5
Typsofhale .. v ocosevnnann D = Diamand, H = Haystallite, § = Shot, C & Chum
Hole seoted .. .. ... C P m Packer, Cm w Comanted, Cs = Botram of cosing
CORE 1 approx. size of hole (X- DiEa w1.0/27,  Ax = 17/8°, Bam2-3/87, Nx w3
RECOVERY | or s size of core (Kogaries) . . Ex = /87, ' Ax= 1187, Brel.8/87, Nx-2.1/80
Ourside dia, of cosing {X-series). Ex = 1-13/16", Ax= 2-1/4", Bx = 2-7/8", WNx = 31/2" -t
L Ingide dic. of cosing (X-serian). .Ex = 1-1/2", Ax = 1.29/32"", Bx = 2-3/8", Nx = 3"
eeature Cle Elum Dam, Test Mell . .. .. .. prosecT. . Yakima sTaTE Nashington, speer. l.orF. 3. .ot wo. . CE-5 .. ......
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§/5/18 182° Dry blankl

190-200': Sandy Gravel;
Fine gravel o¥ unidentified igneous

9/6/78 190' Dry ] casing ]
9/6/78 215' Ory ] — J intrusives and some basalt. Matrix
9/7/78 225' 147.14) 180 l, " el — 2070.6D 153 of medium to fine grained sand and
9/7/78 241' 148" ; 4° wall = | pe—s ] some silt, dark grayish blue in
9/8/78 255' 174° ] creern with | color. Clay present in very small
] .040" width [—— amounts.
Drilling Time 1 TothS iy 1
180 hours. 3 — -
1904 I 2060.6D 199
—

2050.6p 2009
EXPLANATION
* Location of hole approximate as hand level and tape were used to survey in drill hole.

reature . .Cle Elun. Dam, Test Mell.............. PROJEE])» - ;a.%' At At < b e e m e STATE. . Washington.........
. . Tgh ?mt dant axig* .

HoLE wo. .CE=5. ... :g:;;;ou;‘ﬁta.. AIA L .d:m AXISe s CROUND ELEY. . 2260, 60% . . . $HP (ANGLE FRONHORIZ.).... 907 .. o..oo ..
sr~-m . BS19418. . pisneD. . 3/8/78 ... QEPTH OF OVERBURDEN .. ... e Eg;#i. .. 255" .. BEARING. ....--- e
b evel hne BavE MEatuRED. 142,37, .2108..3 .(10/12/78) LoGGED &Y. . R A. Link . ........ LOG REVIEWED BY. . .. B, - H.. Carter--.----

ot PERCO TESTS <= | Tk 3
Jormsovars e o8 [—en T T E T 388 | EE [y |3
- | ANDY oo (FEET) Hole; £ |58 | ZFe | 8% | 22 |8 CLASSIFICATION AKD
S, SEMENTIYG | SiF| S8 comple- 2 [ 1° 3¢ |28 PHYSICAL CONDITION
ORILLING CONDITIONS [HOLE| & [ Fmom tion &£ |48 I
o [ O&1 ™ P51} | iuney =
/21/78 39 21' 16" ¢ 1007 90-136': Silty Gravel; gravel with si
/22/78 60' a'e . recovered up to 2" in diameter
/22/78 69° 61’ b 3 composed of basalt, andesite, granit
/23/78 74’ % ] N granodforite, rhyolite, sandstone,
f24/18 75' 75! 1 1 mudstone and other unidentified rock
/24/78 88° 81" | No 1104, types including metamorphics. I"atrixt
/25/78 90'  85' 1 1 of medium brown to tan silt; clay
/25/78 97' 96’ x 5 present in variable proportions up td
/28/78 100* 101" _' 3 15 percent. Medium to fine grained
/28/78 105'  105' ] ] sand occurs in very small amounts
/29/78 120' 1200 E 1 from 90-100'; from 100-136' sand
J29/78 132" 131'1 120 120 steadily fncreases to maximum of
/30778 137 137* k ] 20 percent.
/31/78 152" 150’ 4 1 136-143': Sandy Gravel, gravel and

9/1/78 161' 161 ] ] smal) cobbles of basalt, granite,
/5/78 170" 182° . ] diorite, shale, greenstone and other

9/5/78 182*'  182' . 4 unidentified 1ithologies. Matrix is

9/6/78 130" 200 po-] 1304 | predominantly medium grained sand,
/6/78 215' 202 ] . 3 but varias into fine and coarse

9/7/78 225 240’ . . 4 © ranges; composition of sand similar

9/7/78 241' 241’ ] . ] to that of gravels, but also included

9/8/78 255*  252' . 2114.60 136'] quartz, feldspars, and epidote. Sild

- 1 occurs in small amounts; no clay
Denth to Water § 140 1404 i present.
0 Hoie Water ] . 143-147": 1Si'|1:¥ Gravel; small gravels
ate  Jepth Depth - v and cobbles of andesite, basalt,
o178 T187 Dry 3 2107.6p 143 M  and diorite among others. Matrix of
78 22' Dry ] 2103.60 1474 silt and fine sand, medium brown to
7w /78 39' Ory . : - tan in color. Coarse to medium
/2218 60' Dry §1s0- 1 504 | grained sand present up to 15 percent.
/22/78 69 Dry i 1 Minor amounts of clay present.
f23/18 74 73 1 147-180': Sandy Gravel; gravel and
/24778 75' Dry 2 ] cobbles of granite, diorite, green-
/24718 88' Dry ] ] stone, basalt, quartzite, rhyolite,

8/25/78 90' 88 ] ] shale, and unidentified 1ithologies.

B8/25/78 97' Dry | leod 140+ Matrix primarily composed of medium

8/28/78 100 Ory ] 16" ] to fine grained sand with smaller

8/28/78 105° Ory 1 casin ] amounts of silt and coarse sand.

8/29/78 120' Dry 4 N Clay occurs as small balls up to 1"

8/29/78 132' Dry ] h in diameter.

8/30/78 137° Dry ] 1 180-190': Sand; coarse to medium

8/31/78 152' 150" | 170 $eal 1704 | grained sand, dark grayish blue in
9/1/18 161" Dry ] 1 Tseal b color, Some fine gravel present,
9/5/18 170' DOry 1 14+ -ZE ] o Yery little clay or silt occurs.

] e u
)
J

a5

Typeoibole ..o ieesan D » Diomond, H = Haystallite, S = Shot, C & Churn
CORE u.l'.' P P = Pocker, = Comented, Cs = Borem of cosing
ECOVERY Apprax. size of hele (Xesaries) . . Ex w 1.1/2"",  Ax » L7/8", Bx = 2-3/8"", Nu w3
Approx. gize af core (X-esties) . . Ex w 7/8", Axn w 1.1/8",  Bx = 1.5/8", Nx - 2.1/8"
Ovtside dio, of casing {X-sevien}. Ex m 1.13/16", Ax = 2-1/4", B w 2.7/8", Nx= 3:!/2"
Inside dig, of cosing (X-series). . Ex m 1.4/2%, Ax = 1.29/32"", Bx = 2.3/8", Nx m}
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DRILLING CONDITIONS rm..-.ﬂ e |“rrom pler = | 3B =" 13-
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Hole Completion 16" 14" wﬂl] m——— P050.60 200° ] 200-205';: Sand; dark grayish blue
puTied 16 casing tq C 1 screen with| f~—] ] sand, medium to coarse grained with

P30', Backfilled - 0. 040" oo b04a5. 60 205" very Tittle silt or clay. Scattered

hote with 3/4" mini+ ] width islots” : grave} present.

um diameter gravel ] y 205-215': S5ilt; s{it and clay with
rom 230-255'. Set |20 14" blank 210 a slightly less amount of fine sand,
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.gz0" width.s‘lats ] ] sorted with almost no coarse
rom 220-230'. 4 b035.60 215° material.

[nstatied blank 14" ] : 215-225': Sand; mediym to fine grained
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ith 0.040" width ] screeg withj F=5 ] present, but with little or no silt
lots from 175-208'4 4 0.020" — : and clay.

Installed blank 14" . width |siots 025, 60 225--—-“ 225-235*: Sandy Silt; siit and finz

casing from 170-1757. ] 3 sand, dark grayish blue ir color.

PuT1ed 16* casing td i ] Medium to coarse grained sand in

175' and set seals |2a0-] - 230+ | minor amounts; small proportions of

between 14" and 16" 3 e ] clay alsn present. Gravel occurs

casing in telescopec 3 ngs ] in very small amounts.

section from 170-179'. J 3/4" finimu]e2o9 bo1s.6d 235'7 235-255': Silt; very fine to fine

] diameter |92 : : grained silt, dark grayish blue in

{Purpose of Drilling ] grave| back- go%’ b color with some ¢lay and fine grain-
o provide a large | 240 i1l %"c;: 240 ed sand present. Well sorted with

diameter well for 3 a0 ] medium to coarse sand and gravel

test pumping and to| 3 ool 1 totally lacking.

ob+ain data on the J G900 3

f ation material ] o°o° ]

an. Jhe conditions . rA 43 1

thereof. 250 052 %) 04

] %S0 ;
: [RRe :
Botepn of fliole . 1995.60Q 255'F
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7 70_:
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4
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EXPLANATION
r %€ | * Location of hole approximate as hand level and tape were used to survey in drill hole.
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> PERCOLATION TESTS = | = -3
LOSSES AND LEVELS 'I.TE' il e ¥ T Sgk | B& ¥ £g
X oo (FEET) 2 50 | dre | 0% |38 |uR CLASSIFICATION AND
- gﬁ,":% iy Bt Y Loss g gi.‘ w =S |28 PHYSICAL CONDITION
DRILLING CONDITIONS MOLEl & | From| x |5 s |3
%) | 'ercal G.Pa | (PS0 [mny %
prill Equipment 3 2129.8 F.:i-4 (0.0-110,0': GLACIAL DRIFT composed of:
. {mobiTe B-BO truck |[AP]{° i: GLACIAL TILL characterized by a hetero-
mounted drill with ‘ X geneous mixture of mostly subrounded  to
Bean 35 pump. b by rouned jgneous and metamorphic cobbles
] 1 and gravel, with sand and fines, and a
» Driller 10- 19.0110.5 | 0.1 6 5 10+ few boulders, lacks stratification. =
~ |Don Jackson 1 1 GLACIAL OUTHASH which is typified by
. 1. well sorted, stratified gravel, sand,
Drill Setup J 3 and fines in layers and/or lenses,
 {Orill setup near " ] 0.0-15,7*: Mostly Cobbles, Gravel and
w Jthe righr d/s toe - and Fines with some Boulders and San
of the dam. 20-] 20024042 | ¢ 5 based on drilling conditions and was
B-7d] {ws samples.
Orilling Methods { grp 15.7-59,7': Mostly Cobbles, and Gravel
" 10.0-5,0': Started - with Sand, and Fines based on drill-
== | the hole using 2 ] ing conditions and wash samples,
solid stem auger. E 59.7-60.8': Standard Penetration Re-
5.0-38.0': Ad- 303 29.3130.5] 0.4 G 5 sistance Test 50 biows per 0.6 feet

. vanced the hole 1 ' ) ' - penetration,

- using a 5-7/8" - £9.7-60.8': Gravel, hard, angular,
roller rock bit 3 . maximum size 60 mm, moist, blue.
and clear water. 60.8-70,5': Cobbles, Gravel, Sand,
38.0-85.n': Ad- Fine:'s with some Boulders based on

. vanced the hole . : driliing conditions and wash samples.

- using a 3-3/4" k 40.0140.5 4.2 G 5 70.5-8n.5': Mostly Gravel, Sand and
roller rock bit : Fines, with some Boulders and Cobbles|
and clear water. _' based on driiling conditions and was

' .B5,0-110.2': Ad- ] samples.

i | vanced the hole 3 80.5-94.5': Mostly Gravel, Sand and |
using a 2-15/16" 50 Fines, with a few Cobbles based on
rollier rock bit 1 50.0150.5325.44 G S drilling conditions and wash samples.

g and clear water. ¥4} WS 94.5-110.0': Sand_and Fines based on
+ oy RE 1 drilling conditions and wash samples.
i Open-end gravity ] Unable to conduct Standard PR due to
water tests were 4 heaving con?i tions, but tried PR tube1
conducted on 10- = . * for samplie (no recovery).
1 |foot intervars.  [EEgEr60-060.5|40.9% € | 8 110.0°:  BOTTOM OF HOLE
T r
‘ Standard Pneetratiol ] :eplogic Interpretation
Tests were conduc- ] 0.0-110.0": GLACIAL DRIFT, Quaternary
ted when possible. ] Age.
J 70 70.0 [ 70.5 { 40.0% 6 5
i~ Sample lInterva) ] 0 : 5140 '
SPT 69.7-60.8 ﬁ"y“: ws
; Drilling Conditions| RE 1
) ~  |D0.9-%4.5": Siow 1
ard rouah, 00 . &
© 198.5-110.0°: Faste] 8.0 180.5 128.0 1 & 1} S
1 er and smooth. 1
Yt -
' ]
%07 90.9 {95 {11.2 | & 5
‘s...- faestd] | ws
RE ]
- ] 100.0{100.010.8 16 |3
l;_. n3 = Rock Bit : EXPLANATION
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NOTES ON WATER TYPE’
LOSSES AND LEVELS. AND
CASING, CEMENTING, SIZE

B OF
ORILLING CORDITIONS [HOLE

Eﬂéiﬂggg%ﬁgrgh el ] Hple Completion

Date Sz H ?e Cg News] lws |Installed 2|plezofetersicon-
Date Sz Holer, —<S;qeeq | [sistifg of J-1/4*[PVC with
-30 6" 12'0. 10‘0, ] the bottom B0 feet perfpra-
B-31 6 !4'0. 14'0, ] ted in the Jower piezometer 2019.8
. " 24.0' 20.04 H and 1§ feet|perforated In a
g- 38'0' 350" the upper pjezometer. rhe
4" 60.5' 60.0' Tower|piezometers|influence 1
pe 80'5' 80.0‘ zone §s f 75-110' ani the .
4 80.5' 80.0' upper|piezometers|influgnce

: * z0ne rs fr 15-5!'.

CLASSIFICATION AND
PHYSICAL CONDITION

CORE
RECOVERY
GRAPHIC

106

SAMPLES FOR

TESTING

3
B

b

.4

3" 110.0'105.0"

] Purposelof Hole |
!EEE!—ESE!;E 1 Feasiﬁigity!§tudy; Founfa-

.0-40.5" 00% tion [nvestjgation for Powert
40.5-60.0'  75% plant| :

e s aa b i i

¥

50.0-80.5'  50%
R0.5-110.0¢ 752 i

Water Color
.0-T2.0° Tan
2.0-91.5' Gray
21.5-110.0" Brown

l%lllllllllllljll:
.lal.ll_?.l;l]_l.ln

.

Water lLevel
During Orilling
pth Water
Date Hole Level
B30 507 dry
12.0' dry
14.00 11.0°
24.0° dry
3g.0* 22.7
60.0* 21.8'
80.5* 20.8°

PO PR

i 50

o bi

bt b aaa dag i b dy

2
g,

Water Level

After Drilling . ]
Piezometer Readings : 4
see hole compietion
Upper Lowen
2107.1§ === 7
2107.42 ---
2110.44 211034
2111.48 2111.34
2112,08 2112.0¢
2112.09 211209 4 1
211204 2111 Jp%o- 80
2112.04 211189 ] ]
2112.04 211109 {- 1
2111.99 211109 J -
2111.44 211104 .
2110.84 211062 1 1
2110.78 21105404 20
2109.34 2109.p4 3 b
2109.34 210904 1
2109.09 2108.p9 ] 2
? 2109.1 2}08.9 h ]
i Ee HEE ] :
0-30 2108.5 2108.4 EXPLANATION

hdead

—

srLaand
3
]

il

CORE
LOss

.............. i d. H = HMaystetlite, $ m Shot, C = Churn
I:r: :::l::!. .............. 2 : P:l.c'::: Lm : C::\:c;.:f s = Bottom o("cn-inq . -
EC%%EEY Approx. izt oi hole (X.series) . . Ex = 1.1/2', Ag = 1.7,1;". Bx w 2-3:'8". Nx w3t .
F Approx. size of core (X-sevies}. .Ex® 'I’/I.:'.'f'li" :: » ;';';.:--‘ :: :‘ ;-g{:ﬂ, :: = i:;“
; ¥ i S N - . L , S 1N .
Outade dio 8! et arenr. - Ex = A rtierai. B w238 Wi =3

taside dic. of coning (X-teries). . Ex w 312",
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f L0G OF TEST PIT OR AUGER HOLE
FOR BORROW AND FOUNDATION INVESTIGATIONS
festos_ Cle Elum Dam Profect Yakima Aren Desination_Right _d/s toe
Hole No_ AP-81-1 Coordinates N_4270 t_5883 Grownd Elevation_2129.7 __ Approx. Gimensionel/ 6" _splid_stem.
Depth to Water Leveiy 8 2/ __ Ot _encountered Method of Excavation_pOwer_auger ___ Ose_3-27-81 logged ty_.)_Brad_Buehler
PENGERTAGE UF COBGLES AND NUOOERSY
" CLASSFICATION AND DESCRIPTION OF MATERIAL e T RET T vicere ¥
e | o T ISEE OESTGNATION .3, EARTH MANUAL, FOR METHOD OF DESCRTION: k,,;&g’:;gml ,,’*,:,S:,,“ml}m?m“f e o b | FORUME
s ™Y | sampie Taxeny GIVE GEOLOGIC AND IV-PLACE DESCRIPTION FUR FOUNDATION MNVESTIGATIONS} (W15 [SAMPLED Orpid] 10 gy [SAMPLED S 1oy o
0.0- 5.0 ft SILTY GRAVEL WITH COBBLES: approx. 50% coarse to fine,
7 subrounded to rounded, hard, gravel; approx. 30% coarse to fine,
— subangutar to subrounded sand; 20% fines with low plasticity:
M 4 0 brown, dry, no reaction to HC1
:7 TOTAL SAMPLE (BY VOLUME): approx. 40% subrounded, hard, cobbles}
5.0 remainder minus 75 mm; max. size 200 rm
- GEOLOGIC INTERPRETATION: GLACIAL DRIFT
~
gﬁ%ﬁﬁ§ Depth measured in feet. Note local coordinate grid system.

Met refusal at 5.0 feet.
Difficult to auger.

NOTES: §/Mevort to nesrest 0.001 m? o

1/Report to nesrest 001 m Bithy . {mass of mck X 10

2/Record after water has reached its naturst level end give date of reading Bufk metres o

J/Report to nearest 05 ky 1D Record bufk In Remarks, stating how oirisined (meesored or estimeted)

AfAppRieabls only to borow pits and to foundations which are potential sourees of eonstruction materisls Report to neerest 0.1%

a4ro 944
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B-4  Becker Sample Hole BSH98-1

B-5  Becker Drill Hole BDH98-1B
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APPENDIX B

Becker Drilling Program Results

A drilling program consisting of Becker penetration and sample tests was conducted at the Cle
Elum Dam near Cle Elum, Washington. The purpose of the investigation was to provide data to
evaluate the coarse-grained foundation materials with respect to their potential for liquefaction
under earthquake loads. The potential for liquefaction of the foundation soils was questioned
after lower shear wave velocity zones were measured in the foundation materials during the
1992-93 cross-hole shear wave (CHSW) tests performed at the site. Zones with lower velocities
included a layer between elevation 2105 and 2120 near the spillway (DH-92-1 and DH-92-2)
exhibiting a shear wave velocity on the order of 850 feet per second (fps); and a similar layer
between elevation 2095 and 2110 near the center of the downstream berm (DH-92-4 and DH-92-
5), having a shear wave velocity ranging from 600 to 800 fps. In addition, both CHSW tests
showed the velocity of the foundation materials exhibited a decrease to approximately 1200 fps
near the bottoms of the test holes, between approximate elevations 2040 and 2055 near the
spillway (DH-92-1 and DH-92-2), and between approximate elevations 2010 and 2040 near the
center of the downstream berm (DH-92-4 and DH-92-5).

Field work for the Becker drilling program at Cle Elum Dam near Cle Elum, Washington, began
on November 11, 1998. The work was completed in conjunction with personnel from the U.S.
Bureau of Reclamation (Reclamation). Layne Christensen Company of Tacoma, Washington,
was the drilling subcontractor for the Becker penetration testing. Figure B-1 shows one of the
Becker tests performed by Lane Christensen at Cle Elum. Five (5) Becker drill holes and one (1)
Becker sample hole were completed during the field investigation performed between November
11 and 22, 1998. Daily reports completed by the URS Greiner Woodward Clyde field
geotechnical engineer are included in Attachment A.

Approximate locations of the Becker drill holes performed during the November 1998
investigation program are shown in Figure B-2. Exact locations and elevations of the drill holes
have been surveyed by Reclamation, as reported in Table B-1. Drill holes BDH98-1 and
BDH98-1B, and sample hole BSH98-1 were performed near the break in slope between the main
body of the dam embankment and the downstream berm at the maximum-height section of the
dam. Dirill hole BDH98-2 was conducted adjacent to cross-hole shear wave (CHSW) location
DH-92-5, near the midpoint of the downstream berm at the approximate maximum-height
section of the dam. Drill hole BDH98-3 was located near the toe of the downstream berm, but
about 50 feet upstream of the planned location, as that location would have required cutting and
clearing of a substantial number of trees. The final drill hole, BDH98-4, was sited adjacent to
CHSW location DH-92-1, on the downstream berm near the spillway.

The details and results of the Becker drill and sample holes are summarized in the following
paragraphs. :
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Becker Dritling Program Results

Table B-1
BECKER TESTS SURVEY DATA
Survey Pt. _ o Elevation Becker
No. Northing Easting | (feet) | =~  Test Hole
8601 270.39 270.79 2184.94 BDH-98-1
8602 265.16 283.53 2184.14 BSH-98-1
8603 261.01 292.24 2183.16 BDH-98-1B
8604 154.80 584.19 2153.72 BDH-98-2
8605 226.05 148.79 2129.53 BDH-98-3
8606 857.22 942.33 2177.97 BDH-98-4

Becker Hammer Drilling

Becker drilling was carried out from November 11 through November 22, 1998, using a truck-
mounted Becker hammer drill (ICE 180 double-acting diesel hammer) supplied and operated by
Layne Christensen of Tacoma, Washington. Becker drilling was used for two types of tests: the
Becker Penetration Tests (designated as BDH98-2, etc.) and the Becker Hammer Sampling Test
(designated as BSH98-1). The Becker Penetration Test (BPT) consists of driving a 6-5/8-inch
outside-diameter (O.D.) closed-end casing into the ground, with a double-acting diesel pile
hammer, and recording the blow counts for each foot of casing penetration. Where refusal was
met using the closed-end bit, an open-end bit was used. As such, open-bit drilling was
performed for vartous intervals in some of the Becker Penetration Test drill holes. The closed-bit
penetration values can be used to infer relative densities of soil and to assess liquefaction
potential. The Becker Hammer Sampling Test is a variation of the BPT where an open-end
casing 1s used, allowing samples to be collected by operating a rotary blower supercharger
connected to the inlet ports of the diesel pile hammer combustion chamber.

Penetration resistance, measured in blows per foot (bpf), and bounce chamber pressure
measurements (in psi) were recorded by the field team for all six Becker test holes. Bounce
chamber pressure, the pressure in the sealed chamber above the ram, is an indicator of the kinetic
energy imparted to the falling ram on completion of the stroke. Bounce chamber pressures were
measured and blow counts were recorded using a pressure transducer and an analog/digital
converter unit (data logger) borrowed from Reclamation. Attachment B contains the raw Becker
hole test data, including penetration resistance and bounce chamber pressure measurements. At
the time that this Becker memo was prepared, the Becker penetration test data at Cle Elum Dam
had not been evaluated using the equivalent (N1),, due to high raw Becker blowcounts, assumed
to correlate to high (N1),, values. Since that time, evaluations of (N1),, have been performed, as
shown in Figures 8A through 8D in the main portion of the Technical Memorandum.
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Becker Drilling Program Results

Goble Rausche Likins and Associates, Inc. (GRL) from Seattle, Washington, monitored the
Becker penetration tests with a Pile Driving Analyzer (PDA). A 2-foot section of Becker casing
was outfitted with PDA instrumentation and was situated below the drive helmet. The
measurements of force and velocity from the PDA were used to measure the energy transmitted
from the hammer/helmet system into the casing. From this, the efficiency of the Becker hammer
(ratio of transmitted energy to hammer rated energy) was calculated. The PDA was also used to
assess the skin friction of the casing. The PDA field results obtained from GRL are presented in
Attachment C. The PDA results were not used to evaluate the Becker penetration test data in
detail at the time of this Becker memo. However, PDA data was used to evaluate the (N1),,
values as shown in the main body of the Technical Memorandum.

Becker Drill Hole BDH98-1 (approx. 269 feet downstream of Sta. 5+16)

The first Becker drill hole was drilled adjacent to piezometer DH-92-6, near the break in slope
between the mainbody of the dam embankment and the downstream berm at the maximum-
height section of the dam. Initial closed-bit penetration testing was completed to a depth of 68.5
feet where refusal was met, with 960 blows for 6” of penetration. Refusal occurred about 10.5
feet into the glacial outwash foundation material. The casing was pulled and the hole was drilled
to a depth-of 72 feet with the open-bit casing to attempt to drill through the cobbles and boulders
causing the obstruction. With the open-bit casing, blow counts ranged between 90 and 150 bpf
from 68.5 to 72 feet. The closed-bit casing was inserted back down hole to continue the
penetration test. Caving within the fill materials occurred and refusal was encountered at 68 feet
in the caved material. Testing was terminated at this point and the hole was backfiiled with
grout.

Figure B-3 shows the penetrafion resistance and average bounce chamber pressures recorded for
drill hole BDH98-1. An approximate breakdown of the measured blow counts (blows from the
hammer per foot of penetration) for drill hole BDH98-1 during closed-bit penetration are as
follows:

_ _ : Depth. | Blows/Foot
. Material . (feet) (Closed-bit)
Downstream Berm (Fill) 0-10 6-37
Dam Embankment (Fill) 10-58 55-572
Coarse-grained Glacial Outwash (Qgo,) . 58-72 30->900/6"

Becker Sample Hole BSH98-1 (approx. 283 feet downstream of Sta. 5+15)

An open-bit sample hole was drilled adjacent to drill hole BDH98-1. Bag samples of cuttings
were collected from the hole, using a cyclone-type retrieval system, on approximate 5-foot
intervals, beginning at the bottom of the embankment fill (approximate depth of 65 feet). Blow
counts were logged for a relative indication of the in-place densities of the fill and foundation
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Becker Drilling Program Results

materials. Drilling was completed to the planned depth of 250 feet. The following stratigraphy
was encountered in this hole:

0-10’: Downstream Berm (Fill)

10°-65": Dam Embankment (Fill)

65°-141": Coarse-grained Glacial Outwash (Qgo,)

141°-185":  Fine-grained Glacial Outwash (Qgo,)

185°-250°:  Glaciolacustrine Sediments (Qgl). Primarily fine sand and
silt to 202°, then silty clay and lean clay to 250°.

The penetration resistance (open-bit) and bounce chamber pressures for sample hole BSH98-1
are shown graphically in Figure B-4. The open-bit blow counts of the materials ranged from 8§ to
30 bpf in the downstream berm, 19 to 107 bpf in the dam embankment, 13 to 470 bpf in the
coarse-grained glacial outwash, 5 to 30 bpf in the fine-grained glacial outwash, and 18 to 183 bpf

in the glaciolacustrine sediments. Water was encountered during sampling at an approximate
depth of 70 feet.

The hole was backfilled with grout and selected samples were delivered to Reclamation’s soils
lab at the Pacific Northwest Construction Office in Yakima, Washington, for standard index
properties testing (gradation, hydrometer, and Atterberg limits). The laboratory test results are
included in Attachment D.

Becker Drill Hole BDH98-1B (approx. 293 feet downstream of Sta. 5+16)

A second attempt was made to complete a closed-bit Becker penetration test adjacent to the
location of Becker drill hole BDH98-1 and Becker sample hole BSH98-1. The goal was to reach
depths within the dam foundation for correlation of closed-bit blow counts with the profile of
open-bit blow counts obtained in BSH98-1. An error with the Pile Driving Analyzer (PDA)
occurred at 26 feet depth, resulting in retraction of the casing to check for damage. The casing
was intact, thus drilling resumed. Retraction of the casing resulted in severe caving at
approximately 15 feet depth. Redrilling was completed to 26 feet with very high blow counts.
Testing continued to a depth of 68.5 feet. Very high blow counts were attained below 58 feet,
frequently exceeding 1000 bpf, and testing was terminated at 68.5 feet after recording over 1500
blows for 6” of penetration. The hole was backfilled with grout.

The materials encountered and the blow counts achieved were very similar to those of Becker
drill hole BDH98-1. Figure B-5 presents the penetration resistance and bounce chamber pressure
measurements for BDH98-1B.

Becker Drill Hole BDH98-2 (approx. 600 feet downstream of Sta. 5+54)

Becker drill hole BDH98-2 was drilled adjacent to cross-hole shear wave (CHSW) hole DH-92-
5, near the midpoint of the downstream berm at the approximate maximum-height section of the
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dam. Initial closed-bit penetration testing was completed to a depth of 108.7 feet where refusal
(845 blows with 0.7 feet of penetration) was attained. The closed-bit casing was retracted and
the hole was redrilled to a depth of 122 feet with the open-bit to penetrate through the refusal
zone, enabling collection of test data from the finer-grained outwash present at depth. The hole
was grouted with a bentonite cement to stabilize the bore hole sidewalls during insertion of the
closed-bit for continued Becker hammer testing. Closed-bit Becker penetration testing was then
conducted from 122 feet to refusal at 142.8 feet (1367 blows with 0.8 feet of penetration).
Testing was terminated at this point as correlation with holes DH-92-2 and BSH98-1 indicated
that the underlying glaciolacustrine sediments (predominantly silts and clays) would have been
intercepted at a depth of about 155 feet.

"A zone with a shear wave velocity ranging between 600 and 800 fps, identified between the
elevations of 2095 to 2110 (45 to 60 feet depth) in the 1992-93 cross-hole shear wave data, was
not supported by low penetration resistance, as blow counts ranged from 86 to 342 bpf through
- this interval. Similarly, the zone between the elevations of 2010 and 2040 {115 and 145 feet
depth) characterized by a shear wave velocity of approximately 1200 fps exhibited closed-bit
blow counts ranging from 60 bpf to refusal (>1200).

The penetration resistance and average bounce chamber pressures recorded for drill hole BDH98-
2 are shown in Figure B-6. The approximate breakdown of materials encountered in BDH98-2
and their corresponding blow counts are as follows:

- : ‘ Depth Blows/Foot
~ Material : 3 (feet) = (Closed-bit)
Downstream Berm (Fill) 0-35 6-28
Coarse-grained Glacial Qutwash (Qgoy) 35-118 49->840/0.7°
Fine-grained Glacial Outwash (Qgo,) 118-141.8 60->1300/0.8°

Becker Drill Hole BDH98-3 (approx. 888 feet downstream of Sta, 5+10)

Becker penetration test BDH98-3 was conducted near the toe of the downstream berm, but about
50 feet upstream of the location indicated in the drilling program plan. Closed-bit penetration
testing was conducted to a depth of 108.1 feet where refusal was encountered at 444 blows for
0.1 feet of penetration. No low density materials were noted in this test hole, with blow counts
ranging from 8 to 54 bpf in the downstream berm (0-16’) and 81 to 595 bpf in the coarse-grained
glacial outwash (16-108"). The open-bit casing was inserted into the hole and advanced to a
depth of 122 feet where open-bit blow counts of 11 to 38 bpf were recorded. The hole was
grouted as the open-bit casing was retracted. Becker penetration testing with the closed-bit was
resumed from 122 to 138.8 feet, where refusal was again encountered (926 blows with 0.8 feet of
penetration). The blow counts at depths greater than 122 feet ranged from 37 to 1018 bpf. No
further testing was attempted in this hole, as the underlying glaciolacustrine sediments were
inferred to have been intercepted at 2 depth of approximately 120 feet. Figure B-7 presents the
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penetration resistance and bounce chamber pressure measurements for Becker drill hole
BDH98-3.

Becker Drill Hole BDH98-4 (approx. 613 feet downstream of Sta. 8+37)

Becker drill hole BDH98-4 was sited adjacent to cross-hole shear wave (CHSW) location DH-
92-1, to evaluate the blow counts in two zones identified in the 1992-93 CHSW data: (1) a upper
zone with a shear wave velocity of approximately 850 fps at an elevation between 2105 and 2120
(60 to 75 feet depth), and (2) a lower zone with a shear wave velocity of approximately 1200 fps
at an elevation between 2040 and 2055 (125 and 140 feet depth). Because of the large number of
boulders encountered at this drill site during previous drilling programs, the initial plan for this
hole was to drill with the open-bit to the top of the upper zone (Vs=850 fps) at about 60 feet.
Blow counts were recorded during open-bit drilling for an indication of the relative density of the
layers. Initial penetration into the upper zone did not yield blow counts low enough to warrant
pulling the open-bit casing. Open-bit testing was continued through this upper zone, yielding
blow counts ranging from 34 to 204 bpf. Blow counts did not drop below 34 bpf, and the
decision was made in the field to continue with the open-bit until blow counts became low
enough to require Becker hammer testing with the closed-bit. Becker open-bit blow counts
through the 1200 fps shear wave velocity zone (125 to 140 feet depth) were not low, ranging
from 20 to 203. As the majority of the blow counts remained high, drilling with the open-bit was
continued to a depth of 145 feet, where blow counts ranged between 11 and 20 bpf from 139 to
145 feet. The hole was grouted with bentonite cement while extracting the open-bit, and Becker
penetration closed-bit testing began at that depth. About 5 feet of caved material was noted in
the hole and the casing experienced considerable difficulty reaching the bottom depth of the hole.
Becker penetration testing was initiated at a depth of 145 feet, but refusal was soon reached at
146 feet (1990 blows with 1.0 foot penetration). Drilling was resumed with the open-bit casing
to obtain some general density data from the deeper outwash foundation materials. A zone of
relatively low blow counts was noted from 148 to 158 feet (ranging from 5 to 10 bpf with the
open bit), but these materials would likely have yielded fairly high closed-bit blow counts based
on field experience seen in BDH98-2 and BDH98-3, where similar soils with open-bit blow
counts of 10 to 13 bpf later tested in excess of 100 bpf with closed-bit drilling. The
glaciolacustrine sediments were intercepted at 172 feet and drilling was terminated, after
penetrating to a final depth of 207 feet. Figure B-8 illustrates the penetration resistance and
average bounce chamber pressures recorded for BDH98-4.

SUMMARY

Five (5) Becker drill holes and one (1) Becker sample hole were completed to depths up to 250
feet at the Cle Elum Dam site. This report summarizes the raw Becker test data. Lower velocity
layers (600<V <850 fps and V, ~1200 fps) identified during the 1992-93 drilling and geophysical
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program were not supported by low blow counts during the 1998 Becker drilling program. The
closed-bit blow counts for the layer (600<V <800 fps) located between elevations of 2095 to
2110 (45 to 60 feet depth) near BDH98-2 ranged from 86 to 342 bpf, while the open-bit blow
counts for the similar layer (Vs~850 fps) identified between elevations 2105 and 2120 (60 to 75
feet depth) near BDH98-4 ranged from 34 to 204 bpf. Additionally, the zones exhibiting shear
wave velocities on the order of 1200 fps, identified between elevations 2010 and 2040 (115 to
145 feet depth) near BDH98-2 and between elevations 2040 and 2055 (125 to 140 feet depth)
near BDH98-4, exhibited closed-bit blow counts ranging from 60 to refusal (>1200) and open-bit
blow counts ranging from 20 to 203, for BDH98-2 and BDH98-4, respectively.

A saturated sand layer located at depths of 170 and 190 feet (approximate El. 1995 and 2015)
produced open-bit blow counts ranging from 10 to 20 bpf during the drilling of Becker sample
hole BSH98-1. Becker drill hole BDH98-3 penetrated through the same elevations, and what is
believed to be the same soil type, using a closed-bit casing. A fourteen-foot portion of BDH98-3
(EL 2008 to 2021) was drilled using the open-bit to penetrate through a refusal zone, which was
located directly above the elevation interval corresponding to the 10 to 20 bpf encountered
during open-bit penetration in BSH98-1. In addition, Becker drill hole BDH98-2 reached refusal
with the closed-bit casing within the upper portion of the same zone (El. 2012). Figure B-10
shows a comparison of the measured penetration resistances for BSH98-1, BDH98-2, and
BDH98-3. The figure shows that the lower blow counts measured with the open-bit casing do
not correspond to low blow counts with the closed-bit casing. The relatively large difference
between blow counts for the closed-bit casing and the open-bit casing is most likely explained by
the fact that this stratum is predominantly a fine sand. The open-bit casing would likely
penetrate relatively easily through a fine sand, even if it is dense. As shown in Figure B-10, low
closed-bit blowcounts were not measured in the saturated sand layer.
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Figure B-1
BECKER SAMPLE HOLE BEING DRILLED AT CLE ELUM DAM
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BDH98-1

BDH98-1
T)epth (ft)| Elevation (ﬁT Blows per Foot “Chamber Pressure (psF Bit Type

1 2183.94 7 Closed
2 2182.94 7 Closed
3 2181.94 8 Closed
4 2180.94 6 Closed
5 2179.94 10 Closed
6 2178.94 15 Closed
7 2177.94 16 ‘ Closed
8 2176.94 13 15 Closed
9 2175.94 19 - 18 Closed
10 217404 37 " 17 Closed
11 2173.94 55 18 Closed
12 2172.94 80 Closed
13 2171.94 89 Closed
14 2170.94 97 Closed
15 2169.84 Ciosed
16 2168.94 210 16 Closed
17 2167.94 415 18 Closed
18 2166.94 400 18 Closed
19 2165.94 497 19 Closed
20 2164.94 572 18 Closed
21 2163.94 410 Closed
22 2162.94 300 Closed
23 2161.94 . 182 Closed
24 2160.94 235 19 . Closed
25 2159.94 237 19 Closed
26 2158.94 260 19 Closed
27 2157.94 282 15 Closed
28 2156.94 361 15 Closed
29 2155.94 404 17 Closed
30 2154.94 280 15 Closed
31 2153.94 333 14 Closed
32 2152.94 271 15 Closed
33 2151.94 182 18 Closed
34 2150.94 245 16 Closed
35 2149.94 251 14 Closed
36 2148.94 256 14 Closed
37 2147.94 227 14 Closed
38 2146.94 206 15 Closed
39 2145.94 261 15 Closed
40 214494 238 18 Closed
41 2143.94 144 18 Closed
42 2142.94 107 18 Closed
43 2141.94 108 18 - Closed
44 2140.94 17 18 Closed
45 2139.94 177 18 Closed
46 2138.94 - 166 16 Closed
47 2137.94 290 15 Closed
48 2136.94 260 18 Closed
49 2135.94 360 17 Closed
50 2134.94 473 19 Closed
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BDH98-1

[Depth (ﬁilevation {ft) Blows per Foot | Chamber Pressure (psi) | Bit Type
51 2133.94 400 20 — | Closed
52 2132.94 338 20 Closed
53 2131.94 223 21 Closed
54 2130.94 165 21 Closed
55 2128.94 155 20 Closed
56 2128.94 160 21 Closed
57 2127.94 134 21 Closed
58 2126.94 72 20 Closed
59 2125.94 42 20 Closed
60 2124.94 81 13 Closed
61 2123.94 30 15 Closed
&2 2122.94 38 18 Closed
63 2121.94 45 20 Closed
64 2120.94 63 21 Closed
65 2119.94 128 21 Closed
66 2118.94 320 21 Closed
67 2117.94 500 . 21 Closed
68 2116.94 960 21 Closed
69 2115.94 960 21 Open
70 2114.94 116 Open
71 2113.94 150 Open
72 2112.94 93 Open
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BSH98-1

BSH98-1
'ﬁgpth {ft) Elevation {ft)| Blows per Foot | Chamber Pressure (psﬁ' Bit Type
1 2183.14 7 8 — | Open
2 2182.14 12 8 Open
3 2181.14 12 8 Open
4 2180.14 12 8 Open
5 2179.14 18 8 Open
6 2178.14 30 8 Open
7 2177.14 19 8 Open
8 2176.14 15 8 Open
g 2175.14 8 10 Open
10 2174.14 12 13 Open
1 2173.14 23 13 Open
12 217214 39 15 Open
13 2171.14 39 15 Open
14 217014 36 15 Open
15 2169.14 53 17 Open
- 16 2168.14 48 17 Open
17 216714 54 18 Open
18 2166.14 68 18 Open
19 2165.14 63 18 ~ Open
20 2164.14 54 18 Open
21 2163.14 72 18 Open
22 2162.14 63 16 Open
23 2161.14 b1 16 Open
24 2160.14 - 78 18 Open
25 2159.14 66 18 Open
26 2158.14 49 18 Open
27 215714 ' 36 18 Open
28 2156.14 47 18 Open
29 21565.14 32 17 Open
30 215414 28 18 Open
3 2153.14 30 20 Open
32 2152.14 42 22 1 Open-
33 2151.14 48 20 Open
~34 2150.14 46 22 - | Open
35 2149.14 102 22 Open
36 2148.14 74 15 Open
37 2147.14 52 15 Open
38 2146.14 C B2 15 Open
39 2145.14 85 18 Open
40 2144.14 40 : 20 : Open
41 2143.14 34 17 Open
42 2142.14 32 16 Open
43 2141.14 38 ' ' 16 . Open
44 2140.14 57 17 Open
45 2139.14 67 17 Open
46 2138.14 44 16 Open
47 2137.14 73 15 Open
48 2136.14 107 16 Open
49 2135.14 ‘ 47 15 Open
50 2134.14 54 15 Open
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BSH98-1

Depth (ft) Elevation (ﬁTﬁEws per Foot | Chamber Pressure (pEi')- Bit Type
51 2133.14 30 15 — Open
52 2132.14 38 17 Open
53 2131.14 43 16 Open
54 2130.14 42 23 Open
85 2129.14 30 23 Open
56 2128.14 53 25 Open
57 212714 61 25 Open
58 2126.14 48 17 Open
59 2125.14 36 18 Open
60 212414 82 13 Open
61 2123.14 34 17 Open
62 2122.14 19 18 Open
63 2121.14 22 24 Open
64 2120.14 63 25 Open
65 2119.14 32 22 Open
66 2118.14 50 23 ' Open
67 2117.14 56 23 Open
68 2116.14 34 23 Open
69 2115.14 34 25 Open
70 2114.14 72 25 Open
71 | 2113.14 80 25 Open
72 2112.14 64 25 Open
73 2111.14 113 25 Open
74 2110.14 80 25 Open
75 2109.14 103 24 Open
76 2108.14 84 20 Cpen
77 2107.14 50 19 Open
78 2108.14 | 85 25 Open
79 2105.14 64 25 Open
80 2104.14 140 25 Open
81 2103.14 96 25 Open
82 2102.14 85 25 Open
83 2101.14 88 24 Open
84 2100.14 70 25 Open

~85 | 2099.14 59 20 . Open
86 ' 2098.14 32 20 Open
87 2097.14 53 20 Open
88 2096.14 97 21 Open
89 2095.14 51 25 Cpen
90 2094.14 24 21 Open
a1 2093.14 56 19 Open
g2 2092.14 67 18 Open
a3 2091.14 53 22 Cpen
g4 2090.14 - 80 ' 21 Cpen
95 2089.14 84 18 Open
96 2088.14 70 20 Open
97 2087.14 108 18 Open
98 2086.14 195 14 Open
99 2085.14 143 13 Open
100 2084.14 185 : 13 Open
101 - 2083.14 470 13 Cpen
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BSH98-1

Page 30of 5

Depth (ft) [Elevation (ft) "Blows perJF'o_ot Chamber Pressure (psi) | Bit Type
102 2082.14 41 15 Cpen
103 2081.14 30 18 Open
104 2080.14 40 20 Open
105 2079.14 38 20 Open
106 2078.14 38 20 Open
107 2077.14 30 13 Open
108 2076.14 30 13 Open

- 109 2075.14 45 13 Open
110 2074.14 57 13 Open
111 2073.14 38 14 Open
112 2072.14 30 14 Open
113 2071.14 64 15 Open
114 2070.14 74 15 Open
115 2069.14 77 15 Open
116 2068.14 80 13 Open
117 2067.14 35 - 13 Open
118 2066.14 30 15 Open
119 2065.14 38 13 Open
120 2064.14 45 13 Open
121 2063.14 22 8 Open
122 2062.14 €8 10 Open
123 2061.14 40 12 Cpen
124 2060.14 80 12 Open
125 2059.14 37 10 Cpen
126 2058.14 30 10 Open
127 2057.14 57 17 Open
128 2056.14 34 16 Cpen

- 129 2055.14 14 15 Open
130 2054.14 37 15 Open
131 2053.14 37 15 Open
132 2052.14 37 15 Open
133 2051.14 35 16 Cpen
134 2050.14 29 16 Open
135 2049.14 108 16 Open
=136 2048.14 108 16 Open
137 2047.14 130 15 Open
138 2046.14 20 12 Open
139 2045.14 13 12 Open
140 2044.14 15 12 Open
141 2043.14 20 13 Open
142 204214 5 12 Open
143 2041.14 10 12 Open
144 2040.14 14 13 Open
145 2039.14 12 13 Open
146 2038.14 12 13 Open
147 2037.14 7 13 Open
148 2036.14 11 13 Open
149 2035.14 24 13 Open
150 2034.14 20 14 Open
151 2033.14 12 13 Open
152 2032.14 22 13 Open




BSH98-1

Page 4 of 5

Depth (ft)| Elevation (i1)] Blows per Foot | Chamber Pressure (psi) | Bit 1ype
153 2031.14 20 12 Open {
154 2030.14 22 13 Open

155 2029.14 14 13 Open
156 2028.14 25 14 Open
157 2027.14 10 14 Open
158 2028.14 10 13 Open
159 2025.14 11 13 Open
160 2024.14 11 14 Open
161 2023.14 8 14 Open
162 2022.14 11 14 Open
163 2021.14 10 14 Open
164 2020.14 10 13 Open
165 2019.14 12 14 Open
166 2018.14 13 14 Open
167 2017.14 30 14 . Open
168 2016.14 7 15 Open
169 2015.14 31 14 Open
170 201414 41 14 Open
171 2013.14 11 14 Open
172 2012.14 11 14 Open
173 2011.14 12 14 Open
174 2010.14 8 15 Open
175 2009.14 9 15 Open
176 2008.14 29 14 Open
177 2007.14 7 14 Open
178 2006.14 5 14 Open
179 2005.14 6 14 Open

- 180 2004.14 11 14 Open
181 2003.14 8 14 Open
182 2002.14 15 14 Open
183 2001.14 22 13 Open
184 2000.14 20 14 Open
185 1999.14 22 14 Open
186 1998.14 19 14 Open

~187 1997.14 19 14 Open
188 1996.14 20 14 Open
189 1995.14 18 14 Open
190 1984.14 23 14 Open
191 1993.14 20 14 Open
192 1992.14 31 14 Open
193 1891.14 23 14 Open
184 1990.14 28 14 Open
195 1989.14 37 14 Open
196 1988.14 H 14 Open
187 1987.14 22 14 Open
198 1986.14 25 14 Open
199 1985.14 34 14 Open
200 1984.14 39 14 Open
201 1983.14 29 14 Open
202 1982.14 42 14 Open
203 1981.14 3 14 _Open




BSHo8-1

[Depth (ft)| Elevation (11)] Blows per Fool | Ghamber Pressure (psi) | Bit Type
204 1980.14 30 14 - Open
205 1978.14 29 14 Open
206 1978.14 36 14 Open
207 1977.14 38 14 Open
208 1976.14 28 14 . Open
209 1975.14 29 .14 Open
210 1974.14 338 15 Open -
211 1973.14 45 15 Open
212 197214 39 15 Open
213 1971.14 70 15 : Open
214 1970.14 67 15 _ Open
215 1969.14 70 : 14 Open
216 1968.14 74 12 Open
217 1967.14 105 14 Open
218 1966.14 102 13 Open
219 1965.14 153 14 Open
220 1964.14 53 15 Open
221 1963.14 70 15 Open
222 1962.14 92 15 Open
223 1961.14 100 15 Open
224 1960.14 183 15 Open
225 1950.14 180 14 Open
226 1958.14 63 13 Open
227 1957.14 63 13 Open
228 1956.14 59 15 Open
229 1955.14 49 15 Open
230 1954.14 62 15 Open

- 231 1953.14 69 ‘ 15 Open
232 1952.14 85 15 Open
233 1951.14 85 15 Open
234 1950.14 100 15 Open
235 1949.14 100 15 Open
236 1948.14 103 15 Open
237 194714 53 15 Open

2238 1246.14 41 15 Open
238 1945.14 57 15 Open
240 1944.14 72 15 Open
241 1943.14 77 14 Open
242 1942.14 76 15 Open
243 1941.14 96 15 Open
244 1940.14 104 14 Open
245 1939.14 159 14 Open
246 1938.14 132 14 Open
247 1937.14 - 113 15 Open
248 1936.14 148 15 Open
249 1935.14 133 14 Open
250 1934.14 180 14 Open
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BDHS8-1B

BDH98-1B
[Depth (it)| Elevation (ft) | Blows per Foot | Chamber Pressure (psi) | Bit Type |
1 2182.16 13 10.63 Closed
2 2181.16 7 - 11.69 Closed
3 2180.16 8 . 11.69 Closed
4 2179.16 8 10,96 Ciosed
5 2178.16 11 12.12 Closed
S 2177.16 10 12.58 | Closed
7 2176.16 10 - 11.37 Closed
8 2175.16 8 . 11.21 Closed
9 2174.16 - 15 - 8.3 Ciosed
10 2173.16 6 © 874 Closed
11 217216 7 9.24 Closed
12 2171.16 & 9.53 Closed
i3 2170.16 9 12.9 Ciosed
14 2169.16 26 . 18,77 Closed
15 2168.16 37 20.02 Closed
16 2167.16 57 22.85 Closed
17 2166.16 155 23.66 Closed
18 2165.16 246 2269 Closed
19 2164.16 324 22.73 Closed
20 2163.16 304 20.43 Closed
21 2162.16 462 19 Closed
22 2161.18 673 16.92 Closed
23 2160.16 . 522 ' 17.58 Closed
24 2158.16 364 19.41 Closed
25 2158.16 299 © 18.09 Closed
26 2157.16 294 21.85 Closed
27 2156.16 594 22.88 : Closed
28 2155.16 516 2419 Closed
29 2154.16 494 23.75 Closed
30 2153.16 499 23.54 Closed
31 2152.16 ' 497 23.67 Closed
32 2151.16 433 23.35 Closed
33 2150.186 447 21,98 Closed
awd 2148.16 290 23.32 Closed
35 2148.16 277 22.46 Closed
36 2147.16 262 23.92 Closed
37 2146.16 346 2418 Closed
38 214516 331 24.84 Closed
39 2144.16 306 24.65 Closed
40 2143.16 307 24.08 Closed
41 214216 220 24.51 Closed
42 2141.16 310 23.39 Closed
43 2140.16 203 ' 24.45 Closed
44 2139.16 211 24.84 Closed
45 2138.16 272 24.67 Closed
46 2137.16 368 24.93 Closed
47 2136.16 590 - 24.08 Closed
48 2135.16 554 24.55 Closed
49 2134.16 325 24.91 Closed
50 2133.16 358 22.49 Closed
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BDH98-1B

Pepth (ft) Elevation (?tt) Blows per Foot| Chamber Pressure (psti) | Bit Type
51 2132.16 431 2159 Closed
52 2131.16 245 23.89 Closed
53 2130.16 231 21.67 Closed
54 2129.16 120 22.9 Ciosed
55 2128.16 100 23.93 Closed
56 212716 93 21 Closed
57 2126.16 81 21.96 Closed
58 2125.16 86 20.33 Cilosed
59 2124.16 135 23.74 Closed
80 2123.16 163 25.08 Closed
61 2122.16 161 24.79 Closed
62 2121.16 161 24.97 Closed
63 2120.16 514 26.06 Closed
64 2119.16 1243 26.25 Closed
65 2118.16 1368 26 Closed
66 2117.16 1524 24.6 Closed
67 2116.16 1199 24.5 Closed
68 2115.16 1284 24.33 Closed
69 211416 1405 24.88 Closed
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BDH@8-2

BDH98-2
T)epth (ft_) "Elevation (ft) Blows per Foot | Chamber Pressure {psi) | Bit 'Type
1 2152.72 14 10.46 Closed
2 2151.72 11 12,28 Closed
3 2150.72 6 11.98 Closed
4 2149.72 8 12.54 Closed
5 2148.72 4 12.75 Closed
6 2147.72 8 12.37 Closed
7 2146.72 20 15.38 Closed
8 2145.72 12 12.08 Closed
9 214472 17 8.5 Closed
10 2143.72 6 11.11 Closed
11 2142.72 10 12.69 Closed
12 - 2141.72 11 12.59 Closed
13 2140.72 11 12.8 Closed
14 2139.72 11 13.23 Closed
15 2138.72 14 14.36 Ciosed
16 2137.72 18 17.28 Closed
17 2136.72 30 18.66 Closed
18 2135.72 18 15.7¢ Closed
19 2134.72 Eh 14.33 Closed
20 2133.72 18 10.48 Closed
21 2132.72 10 12.78 Closed
22 2131.72 18 18.1 Closed
23 2130.72 26 18.92 Closed
24 2129.72 17 1711 Closed
25 2128.72 13 15.89 Closed
26 2127.72 BR 14.43 Closed
27 2126.72 9 13.63 Closed
28 2125.72 11 14.58 Closed
29 2124.72 g 15 Closed
30 2123.72 12 13.05 Closed
31 212272 11 13 Closed
32 2121.72 11 13.7 Cilosed-
- 33 2120.72 10 13.66 Closed
~34 2119.72 11 15.18 Closed
35 2118.72 27 19.31 Closed
36 2117.72 52 25.05 Closed
37 2116.72 &1 26.26 Closed
38 2115.72 118 25.68 Closed
39 2114.72 172 25.39 Closed
40 2113.72 232 22.95 Closed
41 2112.72 246 25.42 Ciosed
42 2111.72 440 25.99 Closed
43 2110.72 595 25.58 . Closed
44 2109.72 724 26.16 Closed
45 2108.72 483 26.37 Closed
46 2107.72 347 26.65 Closed
47 2106.72 303 26.6 Closed
48 2105.72 187 26.52 Closed
49 2104.72 158 25.24 Closed
50 2103.72 127 21.74 Closed
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BDHO8-2

'Depth (ft)] Elevation (it)| Blows per Foot| Chamber Pressure (psi) | Bit Type
51 2102.72 91 26.66 Ciosed
52 2101.72 91 26.43 Closed
53 2100.72 80 2541 Closed
54. 2099.72 109 25.97 Closed
55 2098.72 119 25.31 Closed
56 2097.72 173 25.91 Closed
57 2098.72 231 26.85 Closed
58 2095.72 225 26.55 Closed
59 © 2094.72 188 26.9 Closed
60 2093.72 119 22.04 Ciosed
61 2092.72 92 26.9 Closed
62 2091.72 126 27.18 Closed
63 2080.72 184 26.84 Closed
64 2089.72 116 25.52 Closed
85 2088.72 183 26.16 Closed
66 2087.72 - 159 26.65 Closed
67 2086.72 140 24.64 Closed
68 2085.72 103 24.97 Closed
69 2084.72 102 25.22 Closed
70 2083.72 88 24.43 Closed
71 - 2082.72 93 25.44 Closed
72 2081.72 103 - 24.56 Closed
73 2080.72 89 24.63 Closed
74 2079.72 114 25.01 Closed
75 2078.72 146 25.24 Closed
76 2077.72 147 26.04 Closed
77 2076.72 114 26.28 Closed
78 2075.72 | 123 25.95 Closed
79 2074.72 186 25.44 Closed
80 2073.72 356 25.48 Closed
81 2072.72 | 536 26.11 Closed
82 2071.72 800 26 Closed
83 2070.72 591 25.01 Closed
84 2069.72 900 24.18 Closed

-85 | 2068.72 608 26.8 Closed
86 " 2067.72 489 26.25 Closed
87 2066.72 353 25.23 Closed
88 2085.72 302 25.05 Closed
89 2064.72 255 24.27 Closed
90 2063.72 216 24.7 Closed
91 2062.72 185 24.66 Closed
92 2061.72 165 25.33 Closed
93 2060.72 194 25.82 Closed
94 2059.72 191 25.6 Closed
85 2058.72 160 25.28 Closed
96 2057.72 162 25.16 Ciosed
97 2056.72 178 25.11 Closed
98 2055.72 184 24.84 Closed
99 2054.72 196 24.67 Closed
100 2053.72 273 : 2545 Closed
101 - 2052.72 414 25.54 Closed

Page 2 of 3




BDHE8-2

Depth (it)] Elevation (ff)| Blows per Foot | Chamber Pressure (psi) | Bit 1ype
102 2051.72 573 25.92 - Closed
103 2050.72 . 544 2557 Closed
104 2049.72 397 24.36 Closed
105 2048.72 260 23.27 . Closed
106 2047.72 - 244 23.79 Closed
107 2046.72 420 23.34 Ciosed
108 2045.72 205 23.9 Closed
109 204472 26 16.37 Open
110 2043.72 24 21.21 Open
111 2042.72 29 23.6 Open
112 2041.72 29 ’ 23.31 Open
113 2040.72 63 24.27 Open
114 '2039.72 19 13.3¢ Open
115 2038.72 63 18.07 Open
116 2037.72 45 16.79 Open
117 2036.72 11 13.41 Open
118 2035.72 9 13.67 Open

" 119 2034.72 13 a.71 Open
120 2033.72 9 14.56 Open
121 2032.72 10 15.55 Open
122 2031.72 10 16 Open
123 2030.72 301 22.7 Closed
124 2029.72 362 22.74 Closed
125 2028.72 262 23.42 Closed
126 2027.72 160 . 22.23 Closed
127 2026.72 125 20.94 Closed
128 2025.72 116 23.24 . Closed

- 129 2024.72 189 : 23.48 Closed
130 2023.72 213 23.64 Closed
131 2022.72 239 23.38 Closed
132 2021.72 . 255 22.82 Closed
133 2020.72 217 22.55 Closed
134 2019.72 173 22.94 Closed
135 2018.72 : 86 2211 Closed
136 2017.72 87 21.71 Closed
137 2016.72 87 22.25 Closed
138 2015.72 60 22.93 Closed
139 2014.72 79 . 23.17 Closed
140 2013.72 95 22.72 Closed
141 2012.72 186 : 23 Closed
142 2011.72 1363 22.82 Cilosed
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BDH98-3

BDH98-3
'Depth ()] Elevation (ft)| Blows per Foot | Chamber Pressure (psi) ] BRt Type

T 2128.53 25 6.299 Closed
2 2127.53 11 7.01 Closed
3 2126.53 7 9.71 Closed
4 2125.53 10 12.01 Closed
5 2124.53 11 12.71 Closed
6 2123.53 11 11.89 Closed
7 2122.53 12 12.85 Closed
8 2121.53 11 13.2 Closed
9 2120.53 12 12.17 Closed
10 2119.53 31 17.38 Closed
11 2118.53 26 17.79 Closed
12 211753 35 18.8 Closed
13 2116.53 29 16.75 Closed
14 2115.53 17 14.31 Closed
15 2114.53 25 16.92 Closed
16 2113.53 55 20.68 Closed
17 2112.53 85 19.81 Closed
18 211153 111 20.86 Ciosed
19 2110.53 14 21.12 Closed
20 2109.53 308 23.16 Closed
21 2108.53 272 24.69 Closed
22 2107.53 232 25.16 Closed
23 2106.53 265 25.04 Closed
24 2105.53 199 24.95 Closed
25 2104.53 207 24.68 Closed
26 2103.53 167 25.01 Closed
27 2102.53 144 25.03 Closed
28 2101.53 137 25.01 Closed
29 2100.53 157 25.01 Closed
30 2089.53 ieg 24.78 Closed
31 2098.53 196 26.23 Closed
32 2097.53 202 25.8 Closed
33 2096.53 140 25.04 Closed
=34 2095.53 125 24.73 Closed
35 2094.53 109 24.47 Closed
36 2093.53 73 23.13 Closed
37 2092.53 67 22.25 Closed
38 2091.53 78 22.86 Closed
39 2090.53 108 23.72 Closed
40 © 2089.53 137 24.59 Closed
41 2088.53 144 - 25.69 Closed
42 2087.53 146 25.64 Closed
43 2086.53 159 26.14 Closed
44 2085.53 221 26.12 Closed
45 2084.53 123 24 Closed
46 2083.53 126 24.01 Closed
47 2082.53 140 24.8 Ciosed
48 2081.53 183 25.28 Closed
49 2080.53 319 26.03 Closed
50 2079.53 361 24.38 Closed
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BDH98-3

Depth (ft)] Elevation (f1) | Blows per Foot ] Chamber Pressure (psi) | Bit Type
51 2078.53 446 2453 Ciosed
52 2077.53 271 24.86 Closed
53 2076.53 256 - 24,95 Closed
54 2075.53 354 25.49 Closed
55 2074.53 267 25.37 Closed
56 2073.53 174 . 2452 Closed
57 2072.53 218 25.51 Closed
58 2071.53 202 26.11 Closed
59 2070.53 133 24.67 Closed
80 2069.53 146 23.72 Closed
61 2068.53 176 24.11 Closed
62 2067.53 212 22.98 Closed
63 2066.52 375 22.84 Closed
64 2065.53 269 26.42 Closed
65 2064.53 188 26.78 Closed
66 2063.53 20 25.93 Closed
67 2062.53 145 25.37 Closed
68 2061.53 208 25.88 Closed
69 2060.53 260 24.75 Closed
70 2059.53 403 25.26 Closed
71 2058.53 332 24.59 Closed
72 2057.53 190 23.65 Closed
73 2056.53 184 2067 Closed
74 2055.53 221 23.33 Closed
75 2054.53 212 23.38 Closed
78 2053.53 254 23.27 Closed
77 2052.53 360 23.02 Closed
- 78 2051,53 414 25.36 Closed
79 2050.53 246 25.17 Closed
80 2049.53 207 24.66 Closed
81 2048.53 324 23.07 Closed
82 2047.53 350 22.89 Closed
83 2046.53 3 23.65 Closed
84 204553 238 23.87 Closed
:_\:‘85 2044.53 188 23.75 Closed
86 2043.53 215 24.2 Closed
87 2042.53 184 24.96 Closed
88 - 2041.53 196 25.12 Closed
89 2040.53 165 24.34 Closed
80 2039.53 165 24.51 Closed
91 2038.53 442 23.06 Closed
a2 2037.53 428 22.8 Closed
93 2036.53 229 22.72 Closed
94 2035.53 133 22.66 Closed
a5 2034.53 113 23.15 Closed
96 2033.53 &1 2417 Closed
a7 2032.53 a3 24 Closed
98 2031.53 113 24.47 Closed
99 2030.53 124 24.67 Closed
100 2029.53 255 24.8 Closed
101 2028.53 539 23.87 Closed
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BDH98-3

"Depth (f)] Elevation (ff) | Blows per Foot | Chamber Pressure : (psi) Bit Type
102 2027.53 517 2417 Closed
103 2026.53 546 23.33 Closed
104 2025.53 326 .24.14 Closed
105 2024.53 346 .23.92 Closed
1086 2023.53 188 '24.08 Closed
107 2022.53 539 24.24 Closed
108 2021.53 600 24.32 Closed
109 2020.53 28 111 Open
110 2019.53 55 - 9.96 Open
111 2018.53 . 15 -14.6 Open
112 2017.53 21 14.53 Open
113 2016.53 28 14.89 Open
114 2015.53 37 15.1 Open
115 2014.53 16 15.3 Open
116 2013.53 13 16.75 Cpen
117 2012.53 11 15.78 Open
118 2011.53 20 15.32 Open
119 2010.53 17 15.79 Open
120 2009.53 22 17.38 Open
121 2008.53 19 15.96 Open
122 2007.53 9 15.06 Open
123 2006.53 37 20.71 Closed
124 2005.53 51 21.8 Closed
125 2004.53 . 78 22.39 Closed
126 2003.53 89. 23.11 Ciosed
127 2002.53 108 ~23.28 Closed
128 2001.53 166 23.04 Closed

© 129 2000.53 206 23.04 - Closed
130 1999.53 160 23.08 Closed
131 1998.53 224 23.81 Closed
132 1997.53 267 ‘ 23.48 Closed
133 1996.53 115 22.97 Closed
134 1995.53 127 23.53 Closed
135 1994.53 219 23.99 Closed
=136 1693.53 K27 23.5 Closed
137 1992.53 791 ‘ 23.4 Closed
138 1991.53 1017 23.55 Closed
139 1990.53 924 23.66 Closed
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BDHG8-4

BDH98-4
Depth {ft}| Elevation (ft) Blows per Foot | Chamber Pressure (psﬁ' Bit Type|
1 2176.97 ) 8.62 3 Open
2 2175.97 12 10 Open
3 2174.97 22 15.05 Open
4 2173.97 50 20.23 Open
5 2172.97 56 20.75 Open
6 2171.97 82 18.07 Open
7 2170.97 84 21.16 Open
8 2169.97 73 23.52 Cpen
9 2168.97 893 22.41 Cpen
10 2167.97 164 20.51 Open
11 2166.97 158 23.93 Open
12 2185.97 136 24.62 Open
13 2164.97 83 23.86 Cpen
14 2163.97 83 23.91 Cpen
15 2162.97 80 15.84 Cpen
- 186 2161.97 60 21.66 Cpen
17 2160.97 22 20.92 Cpen
18 2158.97 65 24.16 Open
19 2158.97 64 22.24 Open
20 2157.97 78 25.03 Open
21 2156.97 g7 25.88 Cpen
22 2155.97 50 23.07 Open
23 2154.97 50 23.31 Cpen
24 2153.97 65 24.86 Cpen
25 2152.97 33 19.75 Open
26 2151.97 51 22.06 Cpen
- 27 2150.97 48 22.02 Open
28 2149.97 30 18.62 Open
29 2148.97 58 19.33 Open
30 2147.97 159 23.77 Open
31 2146.97 65 23.17 Open
32 2145.97 72 24.52 Open
33 2144.97 38 21.17 Open
- T84 2143.97 28 21.29 Open
35 2142.97 144 26.08 Open
36 2141.97 54 22.46 Cpen
37 2140.97 55 23.26 Open
38 2139.97 63 23.54 Open
39 2138.97 a3 22.97 Open
40 2137.97 57 25.42 Open
41 2136.97 98 24.58 Open
42 2135.97 100 24.07 QOpen
43 2134.97 113 23.15 Open
44 2133.97 55 21.25 Open
45 2132.97 57 20.91 ‘Open
46 2131.97 88 21.67 Open
47 2130.97 97 23.03 Open
48 2129.97 61 22.87 Open
49 2128.97 52 17.63 Open
50 2127.97 75 2265 Open
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BDH98-4

 Depth (ft)] Elevation (11) | Blows per Foot | Chamber Pressure (psi) | Bit Type
51 2126.97 5 13.91 ) Open
52 2125.97 193 19.36 Open
53 2124.97 121 - 25.03 Open
54 2123.97 67 23.22 Open
55 2122.97 101 25.13 Open
56 2121.97 141 25.83 Open
57 2120.97 82 25.17 Open
58 2119.97 65 24,52 Open
59 2118.97 132 25.26 Open
60 2117.97 127 25.45 Open
61 2116.97 111 24.28 Open
62 2115.97 99 2413 Open
63 2114.97 84 24.08 Open
64 2113.97 78 23.82 Open
65 2112.97 44 22.73 Open
66 2111.97 41 22.23 Open
-67 2110.97 88 24.28 Open
68 2100.97 96 24.57 Open
69 2108.97 62 21.56 Open
70 2107.97 145 23.91 Open
71 2106.97 204 24.28 Open
72 | 2105.97 89 22.74 Open
73 2104.97 52 21.69 Open
74 2103.97 33 , 20.59 Open
75 2102.97 - 66 - 22.37 Open
76 2101.97 102 22.65 Open
77 2100.97 23 18.29 Open
78 2099.97 72 _ 22.28 Open
79 2098.97 57 17.72 Open
80 2097.97 | 66 22.25 Open
81 2096.97 42 20.88 Open
82 2095.97 49 21.45 Open
83 2094.97 83 22.52 | Open
84 2093.97 38 19.94 Open
~85 2092.97 23 18.29 : Open
86 2091.97 27 18.31 Open
87 2090.97 88 21.38 Open
88 2089.97 36 19.44 Open
89 2088.97 28 13.32 Open
90 2087.97 91 15.25 Open
91 2086.97 89 : 18.29 Open
92 2085.97 81 18.43 Open
93 2084.97 77 18.93 Open
94 2083.97 93 . 18.99- Open
95 2082.97 182 19.8 Open
96 2081.97 153 19.58 Open
97 2080.97 95 19.69 Open
98 2079.97 87 ' 20.79 Open
99 2078.97 66 22.58 Open
100 2077.97 . 108 23.84 Open
101 2076.97 30 20.79 Open
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BDHo8-4

Depth (ﬁ')"-lli-levation (ft) | Blows per Foot | Chamber Pressure {psi) Ei't"_l'ype
102 2075.97 39 21.24 Open
103 2074.97 47 21.9 Open
104 2073.97 46 21.63 Open
105 2072.97 66 22.39 Open
106 2071.97 35 20.94 Open
107 2070.97 70 22.26 Open
108 2069.97 57 22.01 Open
109 2068.97 39 15.71 Open
110 2067.97 84 19.17 Open
111 2066.97 155 19.48 Open
112 2065.97 66 18.88 Open
113 2064.97 18 17.42 Open
114 2063.97 30 16.91 Open
115 2062.97 31 17.7 Open
116 2061.97 56 21.36 Open
117 2060.97 38 20.65 Open

- 118 2059.97 65 22.98 Open
119 2058.97 34 15.74 Open
120 2057.97 23 19.56 Open
121 2056.97 17 18.11 Open
122 . 2055.97 20 18.69 Open
123 2054.97 38 20.28 Open
124 2053.97 61 21.85 Open
125 2052.97 87 21.79 Open
126 2051.97 146 21.55 Open
127 2050.97 203 2317 Open
128 2049.97 132 22.67 Open
129 2048.97 73 19.96 Open
130 2047.97 35 20.65 Open
131 2046.97 67 21.27 Open
132 2045.97 98 21.27 Open
133 2044.97 116 20.72 Open
134 2043.97 28 19.35 Open
135 2042.97 72 20.52 Open

#3836 | . 2041.97 108 20.86 Open
137 2040.97 51 20.54 Open
138 2039.97 17 18.42 Open
139 2038.97 21 13.59 Open
140 2037.97 22 14.92 Open

S 141 2036.97 17 15.8 Open
142 2035.97 20 15.8 Open
143 2034.97 , 19 15.34 Open
144 2033.97 23 15.21 Cpen
145 2032.97 23 14.64 Open
146 2031.97 1000 20 Closed
147 2030.97 68 i4 Open
148 2029.97 8 12 Open
149 2028.97 9 12 Open
150 2027.97 10 12 Open
151 2026.97 8 12 Open
182 2025.97 8 12 Open
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BDH@8-4

[Depth (ft)] Elevation (ft)] Biows per Foot | Chamber Pressure (psi) | Bit Type]
153 2024.97 7 12 3 Open
154 2023.97 6 12 Open
155 2022.97 4 12 Open
158 2021.97 7 - 12 Open
157 2020.97 7 12 Open

- 158 2019.97 5 10 Open
159 2018.97 17 11 Open
160 2017.97 18 12 Open
161 2016.97 34 13 Open
162 2015.97 45 13 Open
163 2014.97 10 12 Open
164 2013.97 11 12 Open
165 2012.97 12 13 Open
166 2011.97 30 i3 Open
167 2010.97 49 13 Open
168 2009.97 46 ° 13 : Open

169 2008.97 51 13 Open
170 2007.97 8 19 Open
171 2006.97 13 18 Open
172 2005.97 8 18 Open
173 2004.97 13 19 Open
174 2003.97 19 19 Open
175 2002.97 21 18 Open
176 2001.97 21 19 Open
177 2000.97 21 - 19 Open
178 1999.97 20 14 Open
179 1998.97 23 19 - | open
180 1997.97 24 ' 19 Open
181 1996.97 26 19 Open
182 1995.97 32 20 Open
183 1994.97 - 29 19 Open
184 1993.97 35 19 Open
185 1992.97 34 18 Open
186 199197 | 56 : 10 Open
87 1990.97 17 18 Open
188 19898.97 29 18 Open
189 1988.97 28 19 Open
190 1987.97 28 ‘ 18 Open
191 1986.97 31 19 Cpen
192 1985.97 37 18 Open
193 1984.97 24 19 Open
194 1983.97 33 ’ 19 Open
185 1982.97 36 1@ Open
196 1981.97 36 . 19 Open
197 1980.97 48 19 Open
198 1978.97 47 13 Open
199 1978.97 83 : 13 Open
200 1977.97 62 14 Open
201 1976.97 62 14 Open
202 1975.97 62 - 13 Open
203 1974.97 2y 13 Open
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BDHO8-4

Depth (i) Elevation (ft); Biows per Foot ChamberT’ressure( sF Bit Type|
204 1973.97 91 13 . Open
205 1972.97 73 13 Open
206 1971.97 58 13 Open
207 1970.97 68 13 Open
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GRL

Goble Rausche Likins and Associates, Inc.

December 9, 1998

Layne Christensen Company
1401 E. 26 th Street
Tacoma, Washington 98421

Attention: Ms. Janine LaMaie

Re: Dynamic Measurements and Analyses, Becker Hammer Drill
Cle Elum Dam, Yakama Project, November 11-19, 1998 GRL Job No. 888043

Dear Sir:

This report presents results from dynamic measurements made during operation of a Becker
hammer driil for the project referenced above. The dynamic measurements were made by
Goble Rausche Likins and Associates, inc. (GRL), at the request of Layne Christensen
Company. Measurements were made on five holes (BDH 98-1, 1b, 2, 3 and BSH 98-1during
the period of November 11 to 19, 1898.

Results from GRL’s monitoring and analysis include data on energy transfer from the hammer
to the drill casing. Also, the field resuits from three test holes inciude estimates of the shaft

friction acting on the casing during testing. All results are based on Case Method calcuiations.

The Case Method, our measurement techniques and our test equipment are described in
Appendix A. Appendix B contains a summary of the field resuits. Appendix C contains
measured force and velocity records for representative hammer blows from various
penetrations in BDH 98-1b and BDH 98-2.

The Becker hammer drilis use an ICE 180 double acting diesel hammer with a maximum
energy rating of 8.1 kip-ft and a 1.73 kip ram. Transfer energy measured with the PDA, EMX,
can be divided by the 8.1 kip nominal maximum energy to obtain a rated transfer efficiency,:
ETR. Attached figures provide a graphical summary of ETR or EMX for each test hole. These
figures, and the numerical summaries in Appendix B, indicate that transfer efficiency varied
over the test holes and depths monitored, but was typically between 40 and 50 percent.
Discussion regarding the causes and significance of the measured energy transfer variations
is beyond the scope of this report.
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Layne Christensen Company December 9, 1998
3RL Job No. 986043
Page 2

it is our understanding that the transfer energy data measured on this project may be used to
normalize the observed penetration resistance to the N, values proposed by Sy and
Campaneilia (1992). The numerical summaries given in Appendix B contain average values of
ETR for each ft of PDA monitored drilling. The N, value is computed as Ny, = N,*ETR/30,
where N, is the observed penetration resistance in blows per ft, and ETR is the measured
transfer efficiency in percent.

The effects on N, of shaft friction acting on the Becker casing have been discussed by Sy and
Campaneila (1993). Estimates of the shaft fiction can be obtained by CAPWAP analysis of the
measured PDA data. To date CAPWAP analyses have not been requested for this project.
However, the Case Method SFT calculation is an estimate of the total shaft friction acting
during driving, including the so-called dynamic (damping) and static componentis of the friction.
For BDH 98-1b, 98-2 and 98-3 the piotted and numerical summaries contain the computed SFT
‘values. Because these SFT values are effected by the presence of any loose joints or other
reflectors in the drill string and include the dynamic resistance component they must be
ccnsidered as indications of relative changes in friction rather than estimates of the static shaft
friction.

it was a pleasure to work with you on this project. Please do not hesitate to contact us if you
have any questions regarding this report or our participation on the project.

Sincerely,

w4

GOBLE RAUSCHE LIKINS
AND ASSOCIATES, INC.

R obach [T inen «r

Rot_)ert F. Miner, P.E.

o Vs
S i (-;gx‘.g
Jéy Berger i
RFM:cp
griwa12/98

GRL Goble Rausche Liking and Asscciates, Inc.
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Cie Elum Dam, BOH 98-1, 6-5/8" 0D, Closed End

BLC (bl/ft)

EMX. (kips-ft} ~——— BPM (b1/min)

Blow Count Max Transferred Energy Blows Per Minute
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BEGIN TESTING ON THIRD SECTION, PENETRATION 18.9Ndtles 6. STOP, PULL OUT CASING AND THEN DRILL WITH OPEN BITEAIALI

. STOP AT 28 FT, ADD 10 FT RDD,
STOP AT 39 FT, ADD 10 FT ROD

. STOP AT 49 FT, ADD 10 FT ROD,
. STOP AT 59 FT, ADD 10 FT ROD,
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Cle Elum Dam, BSH 98-1, Open Bit

BLC (b1/ft) ——— EMX (kips-ft) ———  BPM (bl/min)
Blow Count Max Transferred Energqy Blows Per Minute
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Notes . BEGIN TESTING AT 57 FT,
. STOP AT 67 FT. ADD 10 FT ROD, CONTINUE. .
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GRL & Ass iates, Inc. 15-Nov-9G
CLE ELUM DAM, BDH 98-1B, 6-5/8" 0D

BLC (bl/ft) — ETR (%) —— SFT (kips)
Blow Count Energy Transfer Ratio Shaft Friction Total
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Notes i. START PDA MONMITORING AT 8 FT 14-NOV-98, Notes 6. STOP AT 49 FT, ADD ROD, DRIVE.

2. STOP AT 18 FT, ADD 10 FT ROD. 7. STOP AT 58 FT, ADD 10 FT ROD, DRIVE.

3. 26.5 FT: PULL OUT & INSPECT ROD, CONTINUE. B. STOP AT 6B FT, ADD 10 FT ROD, DRIVE.

4, STOP AT 29 FT, ADD ROD, DRIVE 9. (70ft), TERMINATE BDH 98-1B AT 69.6 FT, 15-NOV-98.
o]

. STOP AT 39 FT, ADD 10 FT ROD.
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@ 2. STOP AT 19 FT, ADD AOD, ORIVE. 7. STOP AT 79 F1, ADD ROD, ORIVE.
2 3. STOP AT 39 FT, ADD ROD, DRIVE. 8. STOP AT 89 FT, AOD ROD, DRIVE.
T 4. STOP AT 49 FT, ADD ROD, DRIVE. 9. STOP AT 99 FT. ADG ROD, DRIVE.
5 5. STOP AT 59 FT, ADD ROD, DRIVE. 0. STOP AT 108.7 FT 16-NOvV-98.
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Notes . BEGIN 17-NOV-98 AT 13: 23 AFTER DRILLING WITH OPEN BIT TO 122 FT.

. Stop to fuel hammer,

., Stop at 139 fi, add rod, drive.

1
2
.3. Stop at 429 ft, add rod, drive.
4
5. Terminate BDH 9B-2 at 141.8 f¢t,

17-NOV-98 at 14: 35,
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Notes

1. Begin PDA monitoring of BDH 98-3 at
2. Stop to work on hammer,

3. Stop at 108.1 ft 15 26 18-NOV-98,

4

i6 ft, 08:91 18-NOvV-98B.

. Terminate BDH 98-3 at 138.8B ft, ,15: 42 19~NOV-98.

Computed Toe Force



APPENDIX A:

AN INTRODUCTION INTO DYNAMIC PILE TESTING METHODS

BACKGROUND

Between 1964 and 1977 research was conducted
at Case Institute of Technology in Cleveland, Ohio
with the objective of improving pile instaliation and
construction control methods using electronic
measurement and modem analysis methods. This
work was supported by the Ohio Depariment of

Transportation and the Federal Highway
Administration.

In 1972, the research resulis were introduced into .

~ practice. Professor G. G. Goble, who had been
the principal investigator at Case, founded Pile
Dynamics, Inc. a company which manufactures -
among other devices - the Pile Driving Analyzer®
(PDA). Together with his former research
assistants he also founded Goble Rausche Likins
~and Associates, Inc. (GRL) a consulting
engineering .. firm specialized in the dynamic
measurement and analysis methods of piles,

4
-

Dynamics gradually improved the PDA
technology, always .searching for and utilizing
advances in electronic and computer technology.
In addition, new devices were built and introduced
into the market. GRL, on the other hand,
developed methods and software for the analysis
of the measured quaniities. !t is the intent of this
paper to summarize both anaiytical and
measurement tools aggailabie.to the civil engineer.

RESULTS FROM DYNAMIC TESTING

" The following are the main objectives of dynamic
pile testing (or monitoring).

e Bearing Capacity at the time of testing. For
the prediction of a pile's long term bearing
capacity, measurements are taken during
restriking.

Dynamic Pile Stresses during pile driving. In
order to fimit the possibility of pile damage,
stresses must be kept within certain bounds.

A-1

For concreie piles, both tension
compression stresses are important.

and

Pile Integrity often must be checked both
during and after pile installation.

Hammer Performance must be checked for
productivity and construction control.

MEASUREMENTS

The basis for the results calculated by the PDA are
pile top force and velocity signals, obtained using
accelerometers and bolt-on strain transducers
attached to the pile near its top. The PDA
conditions and calibrates these signais and
immediately computes average pile force and
velocity. Using Case Method solutions, the PDA
caiculates the resuits described in the following
section.

Other measurements are sometimes also reguired.
The ram velocity may be directly obtained using
radar technology in the Hammer Performance
Analyzer™ (HPA). For open end diesel hammers,
the time between two impacts indicates "the
magnitude of the fall height. This information is
measured and calculated by the Saximeter™.
Furthermore, the combustion pressure may be

‘measured in diesels for proper wave equation

modeling. Acceleration measurements taken on a
helmet in addition to standard pile top force and
velocity measurements vyield pile top cushion
stifness information.

The Pile Integrity Tester™ (P.1.T.) can be used to
evaluate damage to piles which may have occurred
during driving or casting. It should aiso be
mentioned that this so-called "Low Strain Method”
of integrity testing requires only the measurement
of acceleration at a pile top. The stress wave
producing impact is then generated by a small
hand-held hammer.

GRL Goble Rausche Liking ang Associates, Inc.



- wave considerations,

ANALYTICAL SOLUTIONS
RING CAPACITY
. Vave Equation

3RL has prepared a program, GRLWEAP™, which
wovides for a truly analytical solution, ie. it does
w0t require measurements and provides the user
vith a functional refationship between both bearing
:apacity and pile stress and the biow count. These
esults can be adjusted or calibrated if
neasurements of pile top gquantities are available.
1{owever, the real strength of the fraditional wave
:quation approach lies in a prediction of driving
yehavior and in the selection of an optimal driving
system. : '

~ case Method

Mhe Case Method is a closed form solution based
m a few simplifying assumptions such as ideal
lastic soil behavior and an ideally elastic and
miform pile. Given the measured pile top force
*t) and pile ifop velocity v(t), the total soil

esistance is

}= Y[R + Ft)] + Zv() - v} M

. ~here

EA/c is the pile impedance (EA/C)
timet+ 2L/c
pile length below gages

{E/p)*% is the speed of the stress wave
elastic modulus of the pile (p ¢®)
pile mass densityy,
pile cross sectional area

O MO s N

. The total resistance consists of a dynamic and a
. static component. Thus

R(t) = R{t) - Ry(t) ' (2)
"~ The static resistance component is, of course, the

Jesired pile bearing capacity,. The dynamic
somponent may be computed from a soil damping

.,  factor, J, and a pile toe velocity, v(f) which is

sonveniently calculated for the pile toe.
this approach
immediately to the dynamic resistance

Using
leads

Ra(®) = JF(t) + Zv(t) - R(O] (3)

and finally to the static resistance by means of
Equation 2. This solution is simple enough to be
evaluated "in real time", ie. between hammer
blows, using the PDA. However, the assumption
of a soil damping constant must be made and the
time, t, has to be selected. Often, t is selected
such that the maximum static resistance, RMX, is
caiculated. The damping constant, J, may not be
needed if the fime, t, is chosen such that the R (1)
term vanishes. One calls the resulting capacity
value RAZ2,

CAPWAP®

This method (Case Pile Wave Analysis Program)

-combines the wave equation pile and soil model

with the Case Method measurements. Thus, the
solution includes not only the tfotal and static
bearing capacity values but also the skin friction,
end bearing, damping factors and soil stiffness.
The method iteratively determines a number of
unknowns by signal matching. While it is
necessary to make hammer performance
assumptions for a GRLWEAP analysis, the
CAPWAP program works with the pile fop
measurements. Furthermore, while GRLWEAP
and Case Method require certain assumptions
regarding the soil behavior, CAPWAP caliculates
these soil parameters.

STRESSES

The wave equation and CAPWAP solutions include
stresses along the pile. For the PDA, field resulis
include the pile itop stress direclly from the
measurement and, for concentrated end bearing,
the stress at the pile toe from Equation 1.

For concrete piles the maximum tension stress is
also of great importance. I occurs at some point
below the pile top. The maximum tension stress
can be computed from the pile top measurements
by considering the magnitude of both upward and
downward traveling waves, W, and W,.

Wu = YF () - Zv()] (4)
Wy = YF() + Zv(t)] (5)

GRL Goble Rausche Liking and Associates, inc.



any one of these waves is negative, a tension
=ve exists. it must be checked whether the wave
ing in the opposite direction is sufficiently
.oressive to reduce the net tension to allowable

~ wels. The PDA also performs this calculation.

ILE INTEGRITY

- igh Strain Tests

tress waves in a pile are reflected wherever the
npedance (Z=EA/c) changes. The reflected
aves arrive at the pile top at a time which
epends on the location of the change. The
sfiected waves cause changes in both pile top
wce and velocity. The magnitude relative change
f the pile top variables allows to determine the
xtent of the cross sectional change. Thus, with §;
eing a relative integrity factor which is unity for no
npedance change and zero for the pile end, the
sillowing can be calculated by the PDA.

~ fith

Bi={(1-o)(1 + (6)

. = %-’(Wur - Wud)l (Wdi T Wur) (7)
.8

W, is the upward traveling wave at the onset of

the reflected wave. it

resistance.

is caused by

W, is the upwards traveling wave due to the
damage reflection.

W, is the maximur‘fn? downward fraveling wave
due to impact.

. .ow Strain Tests (P.L.T.)

"he pile top is struck with a held hand hammer and
ne resulling pile top wvelocity is measured,
lisplayed and interpreted for signs of wave
eflections. In general, a comparison of the
eflected acceleration leads to a relative measure
f extent of damage, again the location of the
yroblern is indicated by the arrival ime of the
eflection. An approximate pile profile can be
alculated from low  strain records using the

— 21 TWAP.

HAMMER PERFORMANCE

The PDA can very simply calculate the energy
transferred to the pile top.

£ = JFove o (s2)
The maximum of the E, curve is the most important
information for an overall evaiuation of the
performance of a driving system. This EMX or
ENTHRU value allows for a ciassification of the
hammer's performance, using:

e, = EMX/E, (8b)

where E, is the hammer's rated energy.

The Saximeter™ calculates the stroke from an
open end diese! using

h=(g/8) T2-h @©

where

earth gravitational acceleration,

time hetween two blows,

a stroke loss value due to gas compression
and time losses during impact (usually 0.3 ft
or 0.1 m).

g
T
hy

GRL Goble Rausche Liking and Associates, Ingc.



Pile Driving Analyzer System

N

2 Strain Transducers
2 Accelerometers

L]

PAK

——— e i ———

GCPC

DATA_STORAGE - OQUTPUT -

Hard Disk

External Floppy Disk
Printer

Plotier

D ANALYSIS
internat CAFWAP
Internal GRLWEAP

S

| DATA STORAGE — OUTPUT

Hard Disk
Floppy Disk
Printer
Piotter

L

—— T EE P S e e TR Mt P e

GCX
GCXS

A-4

D A SIS
Internal CAPWAP
Internal GRLWEAP

DATA STORAGE -~ QUTPUT

Internal Memeory
Tape Recorder
Internal Printer
Plotier

Oscilloscope

Modem to Computer
Memory te Computer

DATA_ANALYSIS

Modem to Computer
Memory to Computer
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APPENDIX B

Case Method Results .
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http:APPEND.IX

Yot

: BDH 98-1

6-5/8" 0D, Closed End
11.8 in"2

32.0 ft

Elum Dam
k/Ec"3
ft/s

Ks8I

T T TR AR ke AL e e M e e oy o R e M A e e e e R e TR R R R S AL e e e e T AR e R mm e S M A R M e mw s m EE S — v .

X Transferred Energy
Capacity - RSU
Capacity - RAU
Capacity - RMX

: Blows

Per Minute

Max Measured Force
Max Measured Velocity
Computed Toe Force

e e W S AR b b e e e e e T S T G R e e mm mm e mm A s em ke el ko e = e e TR M o = e v R A = W S e o = o

Total Capacity (J=0)
depth TY EMX
bl/ft fr kips-£ft
551 18.50 AV 1.4
551 19.30 AV 3.0
527 20.00 AV 2.6.
441 20,99 AV 2.8
280 22.00 AV 3.3
132 23.00 AV 3.8
234 24.00 AV 3.5
250 25.00 AV 3.6
246 26.00 AV 3.6
268 27.00 AV 3.5
368 28.00 AV 3.4
396 29.00 AV 3.3
269 30.00 AV 3.5
321 31.00 AV 3.2
282 32.00 AV 3.3
168 33.00 AV 4.0
Tl 34.00 AV 4.0
6 35.00 AV 3.8
12 36.00 AV 3.8
187 37.00 AV 3.8
214 38.00 AV 3.7
256 38.00 AV 3.6
198 41.00 AV 3.9
104 44 .00 AV 3.6
17% 45.00 AV 3.5
173 46.00 AV 3.4
289 47.00 AN% 3.3
. 280 48.00 AV 3.6
344 49.00 AV 4.1
498 50.00 AV 3.6
376 51.00 AV 3.7
292 52.50 AV 3.8
388 53.00 AV 4.0
160 55.00 AV 3.9
84 56.00 AV 4.0
125 57.00 AV 3.8
58 58.93 AV 4.0
65 60.00 AV 2.1
32 61.00 AV 3.1
40 63.00 AV 3.8
43 64.00 AV 3.9
144 65.00 AV 4.0
‘2 66.00 AV~ 3.9
1 67.00 AV 3.9
£8.00 AV 3.8

849

102
143
153
158

RMX
kips
165
218
204
212
209
218
2189
214
215
215
212
207
206
200
186
205
219
214
216
210
201
207
173
150
177
173
191
202
220
207
211
203
188
i85
179
158
115
107
108
i08
115
160
201
212
225

RTL BPM FMX VMX
kips bl/min kips ft/sec
170 84.7 137 5.9
250 91.2 228 11.4
238 92.3 215 10.9
245 892.2 224 11.3
250 94.6 240 12.1
249 95.4 249 12.7
253 93.4 243 12.4
250 92.7 246 12.6
244 92.3 243 12.5
240 92.4 238 12.3
250 92.0 229 11.8
234 82.3 225 11.5
227 92.3 234 12.2
216 92.1 222 11.5
214 93.3 227 11.7
234 24,7 254 12.1
244 - 94.0 250 12.8
236 $2.8 246 12.5
244 893.4 245 12.4
244 82.8 244 12.2
237 92.4 240 12.0
246 892.4 237 11.8
222 91.3 23% 12.5
230 92.4 237 12.2
240 92.5 234 12.0
2386 92.5 230 11.8
241 92.0 227 11.7
248 85.5 242 12.5
258 85.90 255 13.2
233 .93.0 228 11.9
239 93.3 236 12.0
237 93.4 238 12.1
237 87.0 246 12.6
241 9.1 247 12.86
242 85.8 251 12.6
238 "93.1 248 12.4
224 93.5 249 12.3
183 89.5 166 8.1
203 92.8 135 9.5
228 82.2 229 11.3
240 93.3 241 11.9
253 96.4 246 12.1
259 94.1 240 11.58
257 93.6 | 237 12.1
257 93.5 234 12.90

GRL Goble Rausche Liking and Agsociates, ing.



- le: BDH 98-1 Proj: Cle Elum Dam Pg2

Fo: 6-5/8" 0D, Closed End

i depth TY EMX RSU - RAU RMX RTL BPM FMX VMX CFB
bl/ft ft kips-ft kips kips kips kips bl/min kips ft/sec kips
983 6§9.00 AV 3.5 157 149 216 250 93.0 224 11.6 172
COMMENTS
BEGIN TESTING ON THIRD SECTICN, PENETRATION 18.5 FT.

STOP AT 2% FT, ADD 10 FT ROD, CONTINUE.
STOFP AT 39 FT, ADD 10 FT RQOD, CONTINUE.
STOP AND FUEL HAMMER.

STOP AT 49 FT, ADD 10 FT ROD, CONTINUE.

LAV N R e AV R T

78 STOP AT 59 FT, ADD 10 FT ROD, CONTINUE.
352 pull back
77 STCP, PULL OUT CASING AND THEN DRILIL WITH OPEN BIT&AIRLIFT.

IVE TIME SUMMARY (11-Nov-98 : BDH98-1.MDF) DRIVE WAIT
----------------------------------------------- minutes -——-
2 -> 5945, START 11:09:48 -»> 12:29:05 STOP, 79.28
‘ 22.73
5953 -» 7922, START 12:51:49 -> 13:24:26 STOP, 32.62
23.83
7926 -»> 10078, START 13:48:22 -> 14:11:21 STOP, 22.958
‘ - 21.57
10083 -» 13177, START 14:32:55 -> 15:07:59 STOP, 35.07
Total Elapsed time 238.18 minutes Total Time 169.35 minutes 68.23

2
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s

BSH 98-1
Cpen Bit
- 11.8 in"2

°2.0 ft

e e e e e A G MR AR T Gm am am w w Wm e mm mm A e A dE e b ek wm Am SR R AR A R oum A

max Transferred Energy
Capacity - RSU

Capacity - RAU
Capacity - RMX
Total Capacity

depth
1/ft ft
46 57.00
46 58.00
28 59.00
74 60.00
46 61.00
24 64.00
26 65.00
45 66.00
49 66.90
45 68.00
45 69.00
44 70.00
80 71.00
51 72.00
112 73.00
70 74.00
3 75.00
J 76.00
33 76.97
83 78.00
54 79.00
108 80.060
108 81.00
66 82.00
82 83.00
63 84.00
60 85.00
49 86.00
38 87.00
93 88.00
55 85.00
18 90.00
53 91.00
64 92.00
62 93.00
70 94.00
72 95.00
59 96.00
103 57.00
“OMMENTS

EGIN TESTING AT 57 FT.

AV
AV
AV
AV
AV
AV
aAv
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AV
AW
AV

AV

AV
AV
AV
AV
AV
AV
AV
AV
AV
AV

kips-£ft

O IR TV IR PO I PO U S 7Y I VU Y N S S 0 Y Nt Y St T T ST Y T P R 0 N Y SO P S S P R0 S 4 S S S N G WY S J Y
AU -JVORABHWWONNNDNAGABRNOR AU OWRJWERONWWOWD

115
102
110

99
124

Proj
SP:
WS:

STCP AT 67 FT, ADD 10 FT ROD, CONTINUE.
DATA MERGE: C:/PDAPLCT/B98-2.MDF

OPEN- BIT

: Cle Elum Dam
0.492 k/ft"3
16810 ft/s
30000 KSI

Blows Per Minute

Max Measured Force
Max Measured Velocity
Computed Toe Force

RTL BPM FMX VMX
kips bl/min kips ft/sec
112 85.8 115 6.0
178 1.1 193 10.8
180 91.4 199 11.1
153 92.9 163 8.9
178 92.0 202 11.2
183 891.9 211 11.8
178 82.2 193 10.9
171 92.4 181 i0.1
196 92.0 212 11.8
201 $0.9 205 i0.7
225 $1.8 232 1i2.1
222 91.8 227 11.8
223 92.2 2186 11.2
237 88.5 227 12.1
235 92.0 226 12.0
230 92.0 220 11.6
233 91.0 216 11.4
203 $2.5 183 9.6
199 92.4 182 9.5
251 91.5 227 11.8
258 52.4 232 12.2
260 82.1 234 12:3
248 892.0 222 1.7
246 92.0 221 il.6
244 90.7 220 11.86
241 92.0 218 i1.5%
227 92.6 204 10.7
185 83.9 165 8.4
237 82.2 219 11.5
241 91.4 214 11.3
246 91.¢9 216 11.4
239 91.% 210 11.0
221 82.0 191 10.1
228 91.7 199 10.6
233 91.7 205 11.90
230 891.7 189 10.8
212 81.7 194 10.5
194 82.0 182 9.9
206 91.7 181 10.6

GRL Goble Rausche Likins ancd Asscciates, Inc.



le: BSH 98-1 | Proj: Cle Elum Dam Pg2
fo: Open Bit
~ EOD $8, LP77
LP87, EOD 89
_ STOP AT 97 FT.

[VE TIME SUMMARY (12-Nov-98 : BSH98-1.MDF) DRIVE _ WAIT
e ittt minutes -

1064 -> 1705, START 14:09:14 -~> 14:17:02 STOP, 7.80
0.10

1707 -> 1773, START 14:17:08 -» 14:17:56 STOP, 0.80
23.77

1775 -» 2266, START 14:41:42 -» 1l4:47:34 STOP, 5.87
0.22

2268 -> 2422, START 14:47:47 -> 14:49:32 STOP, 1.75
Total Elapsed time 40.30 minutes Total Time 16.22 minutes 24.08

&
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: BDH $8-1B

6-5/8" OD
11.8 in"2
80.5 ft

Proj: CLE ELUM DAM
0.489 k/ft"3

SP:
WS:

16808 ft/s
28810 KSI

Pgl

e e o  im i A MR e b o R R SR AS A i AT T T R e e mm S T W R T M e mm T Y R T A e e M e TR W W e mm M ML ML R M M e ek e ae A e

Shaft Friction Total
Max Meas'd Displacement

JNDEFINED

: Energy Transfer Ratio
: Max Measured Force

- - e P R e ek e e e o e T R B e e e e B WS e e e e P e e e e M e e L e T W A e o o wm —

IR DLFEFOMODOJINIUVUIVWLWD E Q3

depth TYPE #Bls

bl/ft ft
14 8.00 AVG 1
14 9.00 AVG 11
7 10.00 AVG 7
7 11.00 AVG 7
6 12.00 AVG 6

10 13.00 AVG 10
24 14 .00 AVG 24
38 15.00 AVG 38
50 16.00 AVG 50
153 17.00 AVG 153
238 18.00 AVG 238
332 18.00 AVG 332
298 20.00 AVG 136
456 20.95 AVG 94
depth TYPE #Bls

bl/ft = ft
456 21.00 AVG 13
588 22.00 AVG 32
455 23.00 AVG 19
204 24 .00 AVG 10
254 25.00 &AVG 11

247 26.00 AVG 11
528 26.27 AVG 7
depth TYPE #Bls

bl/ft ft .

528 27.00 AVG 96
482 28.00 AVG 101
476 292.00 AVG 96
484  30.004 AVG 93
490 31.00 AVG 95
depth TYPE #Bls

bl/ft £t
355 31.32 AVG 6
depth TYPE #Bls

b1l/ft fr

355 32.00 AVG 50
430 33.00 AVG 86
276 34.00 AVG 56
257 35.00 AVG 52
263 36.00 AVG 54
353 37.00 AVG 74
330 38.00 Aave 66
317 39.00 AVG 64
302 40.00 AVG 20
227 41.00 AVG 10
308 42.00 AVG 13
206 43.00¢ AVG 9

50
100
211
17%
245
294
293
308
216
295
271
273
274
251

CsX

ksi

16.15
15.65%
17.08
17.46
17.45
19.82
18,21
RFV

338
368
346
356
367
CsX
ksi
20.44
csx
ksi

20.02

18.85
19.49
18.99
20.12
19.54
19.54
19.97
17.82
18.81
19.45
20.47

DMX :

BPM: Blows Per Minute

ETR

ETR

ETR

kips
13
28
44
42
64
129
i56
184
210
217
208
208
214
201
FMX
kips
121
185
202
206
206
234
228
FMX
kips
238
247
240
238
240
FMX
kips
241
FMX
kips
236
223
230
224
237
231
231
236
210
234
230
242

SFT
kips
38
38
52
77
B2
130
103
SFT
kips
80
70
75
77
92
SFT
kips
92
SFT
kips
94
84
79
71
70
85
99
99
83
99
105
108

COOO0OOOOO0OOOOO0
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o N Dtk

Proj: CLE ELUM DAM

B h e S e e A D e b e e e am ek b B8 AR ey e B LMD wm we e mh R MR R W M YR T M MM W R TR R MM e W S M e e e R e MR MR R R M M R R e e mm e e W oA e B e e m
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S
11
17
24
26
15
17
18
10
72
31
24
28
28
29
45
42
40
41

107
83
69
44
320
32
71

#Bls

227
98

: BDH S8-1B
6-5/8" OD
depth TYPE #Bls
1/t ft
221 44 .00 AVG
273 45,00 AVG
372 46.00 AVG
598 47.00 AVG
644 48.00 AVG
371 49.00 AVG
351 50.00 AVG
427 51.00 AVG
247 52.00 AVG
226 53.00 AVG
121 54 .00 AVG
101 55.00 AVG
91 56.00 AVGC
82 57.00 AVG
87 58.00 AVG
129 59.00 AVG
162 60.00 AVG
157 61.00 AVG
162, 62.00 AVG
513 63.00 AVG
1136 64 .00 AVG
1368 65.00 AVG
1523 66.00 AVG
1197 67.00 AVG
1280 68.00 AVG
1377 68.10 AVG
depth TYPE
bl/ft ft
1377 69.00 AVG
2792 £9.50 AVG
COMMENTS

START PDA MONITORING AT 8 FT 14-NOV-98.
STOP AT 1% K&, ADD 10 ¥T ROD.

STOP 11:20:85

26.5 FT: PULL OUT & INSPECT ROD, CONTINUE.
HAMMER RACKING
HAMMER RACKING

STOP AT 29 FT,

ADD ROD, DRIVE

LOCSE MAIN PDA CABLE NEAR 20 FT.
HAMMER RACKING
MISSED 35FT
STOP AT 39 FT, ADD 10 FT ROD.

DATA MERGE: RPY3852.MDF

STOP AT 4% FT, ADD ROD, DRIVE.

STOP AT 52 FT 14-NOV-98,

HAMMER RACKIMG
STOP AT 58 FT, ADD 10 FT ROD, DRIVE.

RESTART 15-NOV-98.

Jgc = 0.30
STOP AT 68 FT, ADD 10 FT ROD, DRIVE.
DATA MERGE: 9281B068F.Q00

TERMINATE BDH 58-1B AT 69.6 FT, 15-NOV-38.

GRL Goble Rausche Liking and Associates, Inc.

- CSX ETR FMX SFT DMX BPM
ksi % kips kips inch bl/min
20.46 47 242 113 0.34 96.2
20.09 46 237 107 0.34 55.9
19.07 45 225 . 94 0.35 94.8
18.33 42 216 86 0.34 94 .2
18.92 44 223 72 0.335 $3.3
18.18 45 226 71 0.36 94.1
17.62 40 208 6l 0.36 92.7
17.24 38 204 65 0.35 82.5
18.94 44 224 67 0.38 82.6
17.55 39 207 48 0.39 20.3
18.28 45 228 56 0.42 $2.3
18.32 45 228 68 0.41 81.5
18.39 44 229 71 0.32% 91.8
18.82 42 222 68 0.39 8l1.6
18.33 40 216 71 0.38 91.6
- 18.21 42 215 71 0.39 91.3
18.23 42 215 71 0.35 81.5
17.71 40 209 72 0.38 91.3
17.93 42 212 68 . 0.40 91.3
18.54 45 219 62 0.41 81.%
18.03 47 225 53 0.42 91.9
15.48 48 230, 46 0.43 22.0
18.80 46 223 44 0.42 81.8
18.65 46 220 42 0.42 82.1
19.32 49 228 47 0.43 92.3
17.17 39 203 35 0.39 82.9
CSX ETR FMX SFT EMX BPM
ksi % kips kips kips-ft bl/min
18.19 48 227 44 3.8 91.8
18.64 46 220 46 3.7 91.9



le: BDH 98-1B Proj: CLE ELUM DAM , Pg3
fo: 6-5/8" OD
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T TIME SUMMARY (15-Nowv-98 : S81B.MDF) DRIVE WAIT
------------------------------------------- minutes -————
1 -> 880, START 10:23:50 -» 10:33:58 8TOP, 10.13
_ 13.40
881 -> 3522, START 10:47:22 -»> 11:20:53 STOP, 33.52
‘ 138.28
3523 -»> 4868, START 13:39:10 -> 13:54:14 STOP, 15.07
. 12.07
4869 -> 5842, START 14:06:18 -> 14:16:57 STOP, 10.65
. . 24 .67
5935 -> 8423, START 14:41:37 -> 15:08:16 STCP, 26.65
9.23
"8424 -~-» 11945, START 15:17:30 -» 15:55:25 STOP, 37.892
20.97
" 11946 -> 12870, START 16:16:23 -» 16:27:29 STOP, 11.10
‘ $14.57
12871 ~>» 13678, START 7:42:04 -» 7:49:51 STOP, 7.78
‘ 26.70
13679 -» 15579, START 8:16:33 -» 8:37:20 8TOP, 20.78
1.35
15599 -~-» 21305, START 8:38:41 -> 9:41:36 STOP, 62.92 _
, 19.93
" 21306 -> 22933, START 10:01:32 -»> 10:39:28 STOP, 37.83
14 .15
© 22948 -> 24078, START 10:53:37 -» 11:06:33 STOP, 12.893
tal Elapsed time 1482.70 minutes Total Time 287.38 minutes 1195.32

GRL Goble Rausche Likins and Asscociates, Inc.



ile:
fo:

BDPH 98-2

6-5/8", CLCSED END
11.8 in~2

113.0 £t

ELUM DAM
k/ft"3
ft/s

KSI

Pgl

: Max Measured C-Stress

Energy Transfer Ratio

: Max Measured Force

Shaft Friction Total

: Max Transferred Energy

Per Minute

Total Capacity {(J=0)
Computed Toe Force

Max Meas'd Displacement

depth TY CsSX

bl/fc ft ksi
7 8.00 AV 1.61

7 9.00 AV 6.75

6 10.00 AV 7.21
10 11.00 AV 9.52
11 12.00 AV 9.44
10 13.00 AV 10.33
12 14.00 AV 11.05
14 15.00 AV 12.57
19 1l6.00 AV 15.33
27 17.00 AV 16.81
19 18.00 AV 14.84
13 15.00 AV 13.27
15 20.00 AV 7.75
12 21.00 AV 10.82
19 22.00 AV 14 .44
25 23.00 AV 15.54
17 24.00 AV 14.45
13 25.00 AV - 13.25
13 26.00 AV 12,07
10 27.00 AV 10.83
12 28.00 AV 12.07
9 28.00 AV 12.39
11 30.00 AV 8.18
13 31.00 AV 9.94
10 32.00 AV 11.38
10 33.00 AV 11.74
11 34.0m AV 13.25
27 35.00 AV 16.32
49 36.00 AV 19.02
62 37.00 AV 189.35
124 38.00 AV 19.9S
168 39.00 AV 20.05
232 40.00 AV 18.42
247 41.00 AV 195.59
436 42.00 AV 19.68
573 43.00 AV 19.88
714 44 .00 AV 19.42
485 45.00 AV 18.96
328 46.00 AV 19.09
302 47.00 AV 19.65
175 48.00 AV 18.82
160 48.98 AV 17.96
132 50.00 AV 16.28
86 51.00 AV 20.97
52.00 AV 20.5%

.80

BMX BPM RTL CFB
K-ft bl/min kips Kkips
0.6 0.0 15 16
2.5 83.4 33 37
2.6 82.1 35 39
2.7 95.5 &2 51
2.8 94.9 67 55
2.9 95.0 69 54
3.0 94 .7 75 60
3.2 93.9 92 71
3.4 92.8 125 99
3.7 92.4 140 113
3.5 93.2 1086 85
3.4 .. 94.2 85 68
1.8 55.5 37 42
3.2 85.6 68 59
3.3 91.1 121 102
3.6 92.0 135 117
3.8 92.7 108 92
3.7 93.4 92 78
3.6 94 .4 73 67
3.4 95.1 62 55
3.5 94.3 69 55
3.5 94.0 70 54
2.1 77.0 34 37
2.5 94.6 48 45
3.1 94 .4 53 47
3.3 84.7 52 48
3.5 83.8 77 55
3.5 82.1 144 117
3.9 93.2 182 152
3.8 93.5 187 150
3.9 °8.8 201 164
3.7 9%.6 214 175
3.2 94.1 210 ‘176
3.6 96.4 216 189
3.6 96 .7 258 217
3.7 99.7 281 239
3.7 97.6 276 235
3.8 88.9 261 220
3.8 87.6 242 206
3.9 98.3 248 209
3.6 93.5 220 - 175
3.2 92.2 200 158
2.9 g2.86 168 125
4.2 93.3 217 158
4.3 92.2 214 157

GRL Goble Rausche Liking and Associates, Inc.
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ile:
1fe:

CLE ELUM DAM
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BDH 98-2
6~5/8", CLOSED END
depth TY
bl/ft ft
91 53.00 AV
112 54.00 AV
117 55.00 AV
173 56.00 AV
227 57.00 AV
225 58.00 AV
187 59.00 AV
119 60.00 AV
21 61.00 AV
127 £2.00 AV
184 63.00 AV
114 64.00 AV
132 6€5.00 AV
158 66.00 AV
140 67.00 AV
101 68.00 AV
103 68.99 AV
g0 70.00 AV
92 71.00 AV
101 72.00 AV
88 73.00 AV
113 74.00 AV
138 75.00 AV
151 76.00 AV
100 77.00 AV
113 ° 78.00 AV
168 78.00 AV
322 8§0.00 AV
473 81.00 AV
522 8§2.00 AV
512 83.00 AV
766 84.00 AV
556 85.00 AV
380 86.00 AV
302 87.00aV
260 88.00 AV
211 89.00 AV
150 89.92 AV
158 91.00 AV
140 92.00 AV
230 93.00 AV
117 94.00 AV
144 95.00 AV
151 96.00 AV
164 97.00 AV
167 98.00 AV
179 95.00 AV
251 100.00 AV
366 101.00 AV
504 102.00 AV
480 103.00 AV
349 104.00 AV
236 105.00 AV

EMX BPM RTL CFB
K-ft bl/min kips kips
3.9 92.0 208 154
3.8 82.1 209 152
3.7 92.3 202 147
3.8 92.3 202 153
3.9 S52.6 209 161
3.8 92.4 208 161
3.9 92.8 219 161
3.5 $3.8 184 147
4.3 93.7 210 157
4.1 93.8 212 159
3.9 92.6 210 155
3.6 92.3 202 155
3.8 92.5 208 161
3.9 82.8 216 168
3.6 82.4 200 151
3.6 2.4 198 153
3.7 892.4 203 158
- 3.5 80.7 190 150
4.1 92.2 220 178
3.9 892.3 209 166
3.8 92.3 205 158
3.8 92.3 209 161
3.8 82.3 211 160
4.1 92.4 223 166
4.2 92.5 227 169
4.1 92.5 223 N:Y)
3.9 82.4 214 167
3.8 82.4 211 179
3.9 92.4 223 130
3.9 92.4 231 1982
3.8 92.5 223 186
3.7 93.1 218 187
4.0 92.6 229 193
3.9 92.6 226 186
3.6 92.7 219 174
3.6 92.7 218 169
3.3 92.8 208 160
3.4 80.7 201 140
3.7 82.5 213 143
3.8 '92.7 217 148
4.0 82.7 217 154
4.0 92.6 215 155
3.8 82.6 214 154
3.8 82.7 218 156
3.9 92.7 217 157
3.9 82.7 217 160
3.7 52.8 208 154
4.0 52.0 214 165
3.8 92.6 212 171
3.9 82.7 216 186
3.9 892.7 213 186
3.6 92.7 205 168
3.4 $2.9 157 151

GRL Geble Rausche Liking and Associates, Inc.
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WAIT

13.63

11.58

14.67

5.88

8.72

10.82

9.27

10.57

GRL Goble Rausche Liking and Associates, Inc.

le: BDH 98-2 Proj: CLE ELUM DAM
fo: 6-5/8", CLOSED END
T4 depth TY CsX ETR FMX SFT EMX BPM RTIL,
bl/ft ft ksi % kips kips K-ft bl/min kips
-« 21% 106.00 AV 17.25 43 204 58 3.5 82.8 202
11 380 107.00 AV 16.83 41 189 61 3.4 82.7 200
11 800 108.00 AV 16.65 42 197 62 3.5 92.8 205
361035 108.70 AV 16.66 44 197 63 3.6 92.8 206
! COMMENTS
STOP AT 19 FT, ADD RCD, DRIVE.
HAMMER NCT FIREING
STCP AT 1% FT, ADD ROD, DRIVE.
BLOWER ON NOW
STOP AT 39 FT, ADD ROD, DRIVE.
JC = 0.30
STOP AT 49 FT, ADD ROD, DRIVE.
MISSED FIRST 64 BLCWS, PDA CABLE NOT CONNECTED.
STOP AT 59 FT, ADD ROD, DRIVE.
DATA FROM 69 TO 72 FT BASED ON DATA REPLAY.
STOP AT 65 FT, ADD ROD, DRIVE.
, STOP AT 79 FT, ADD ROD, DRIVE.
‘39 ADJUST TEROTTLE
02 LATE ON 85
86 STOP AT 8% FT, ADD ROD, DRIVE.
09 STOP LOOSE CABLE CONNECTION.
26 STOP AT 9% FT, ADD RCD, DRIVE.
° STOP AT 108.7 FT 16-NCOV-98.
:L.VE TIME SUMMARY (16-Nov-98 :. 982 .MDF) DRIVE
-------------------------------------------- minutes
I 2 -> 150, START 8:14:38 -»> 8:16:13 STOP, 1.58 -
I 151 -~»> 293, START 8:29:51 ~» 8:32:54 STOP, 3.05
294 -»> 778, START 8:44:29 -> 8:49:30 STOP, 5.02
i 779 -> 443&%, START 39:04:1.0 -> 9:43:05 STCP, 38.92
! 4462 -> 5870, START 9:49%9:02 -> 10:09:53 STOP, 20.85
I 5871 -»> 7140, START 10:18:36 =-» 10:32:19 STOP, 13.72
I 7141 -> 8282, START 10:43:08 -> 10:56:06 STOP, 12.897
J 8283 -» 125886, START 11:05:22 -> 11:59:04 STOP, 53.70
I 12587 ~-»> 14226, START 12:09:38 -» 12:31:27 STOP, 21.82
J 14227 -> 18536, START 12:44:17 -»> 13:36:36 STOP, 52.32
Total Elapsed time 321.97 minutes Total Time 223.93 minutes
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Pile: BDH 98-2 Proj: CLE ELUM DAM Pgl
nfo: 6-~5/8", CLOSED END SP: 0.492 k/ft"3
R: 11.8 in"2 WS: 16810 ft/s
F-  152.0 ft EM: 30000 KSI
.: Max Measured (C-Stress BPM: Blows Per Minute
- TR: Energy Transfer Ratio RTL: Total Capacity (J=0)
MX: Max Measured Fcrce CFEB: Computed Toe Force
FT: Shaft Friction Total DMX: Max Meas'd Displacement
MX: Max Transferred Energy
L# depth TY C8X ETR FMX SFT EMX BPM RTL CFB DMX
nd bl/ft ft ksi % kips kips kips-£ft bl/min kips kips inch
& 295 122.00 AV 14.83 34 175 37 2.8 82.8 160 147 0.42
01 295 123.00 AV 17.66 47 208 39 3.5 91.4 182 iel 0.52
€4 363 124.00 AV 17.41 46 205 42 3.8 91.5 1381 159 0.50
22 258 125.00 AV 18.20 50 215 42 4.1 91.6 204 162 0.51
81 159 126.00 AV 17.36 46 205 45 3.8 91.9 . 195 150 0.49
0e 125 127.00 AV 17.39% 44 205 51 3.6 91.0 193 142 0.48
22 116 128.00 AV 18.53 51 219 48 4.2 91.8 203 156 0.52
11 189 129.00 AV 17.41 48 205 51 3.9 §2.0 194 142 0.51
12 201 1320.00 AV 18.77 49 233 49 4.0 91.1 232 183 0.54
52 240 131.00 AV 19.13 48 226 49 3.8 81.8 224 175 0.53
g6 254 132.00 AV 18.36 47 217 51 3.8 91.8 216 166 0.53
24 218 133.00 AV 18.18 45 215 48 3.7 91.8 218 169 g.52
18 85 134.00 AV 18.82 49 222 49 4.0 91.8 226 177 0.54
85 166 135.00 AV 18.72 47 221 43 3.8 92.0 221 178 0.56
£6 81 136.00 AV 18.76 45 221 25 3.7 9z2.0 - 218 173 G.53
53 87 137.00 AV 19.11 48 226 58 3.5 $2.0 227 169 0.52
57 138.00 AV 15.29 43 228 74 4.0 82.0 238 164 0.2
77 13%.00 AV 19.6¢ 50 232 87 4.1 $2.0 249 163 0.52
po 78 140.00 AV 17.80 46 211 90 3.8° 92.0 259 165 0.52
49 184 141.00 AV 18.06 47 213 167 3.8 91.9 290 183 0.53
581686 141.80 AV 17.65 46 208 122 3.8 91.9 299 178 0.53
L#¥ COMMENTS
. 6 BEGIN 17-NCV-98 AT 13:23 AFTER DRILLING WITH OPEN BIT TO 122 FT.
81 Stop to fuel hammer.
11 Stop at 12%,ft, add rod, drive.
87 Stop at 139 ft, add red, drive.
98 Terminate BDH 98-2 at 141.8 ft, 17-NOV-98 at 14:35.
RIVE TIME SUMMARY (17-Nov-98 : 982JAY.MDF) DRIVE WAIT
----------------------------------------------- minutes -———-
W\ 6 -> 1081, START 13:23:24 -» 13:35:09 STOP, 11.75 '
: 5.85
N 1091 -> 1511, START 13:41:00 -» 13:45:35 STOP, 4.58 '
: 8.15
N 1512 -» 2987, START 13:53:44 -> 14:09:54 STOP, 16.17
' 6.55
2988 ~> 4598, START 14:16:27 ~-» 14:33:5% 8TOP, 17.53
Total Elapsed time 70.58 minutes Total Time 50.03 minutes 20.55



Yile:

1fo: 6-5/8",
11.8 in"2

).
o

142.0 ft

BDH 98-3

CLOSED END

ELUM DAM
k/£L™3
ft/s

KSI

Max Measured C-Stress
Energy Transfer Ratio

Max Measured Force

Shaft

Friction Total

: Max Transferred Energy

Total
Comput

Per Minute
Capacity (J=0)
ed Toe Force

Max Meas'd Displacement

AR e e o A e o mm mm R W N Em G e W MR TR s A e M e e MM M T MR R T T W M M MR M W T M e e e e e e R mm M MR Em e e e e e e b AR Wk e e

bl/ft
90
90
119
172
303
273
234
261
199
207
169
142
138
156
160
152
201
140
125
108
76
65
79
105
130
143
148
155
221
125
122
140
183
320
348
450
270
255
354
266
174
217
209
125
140

. 0@y AV

00 AV

15,
17.
16.
17.
19.
19,
19.
19.
20.
20,
20,
20.
20.
20.
21.
20.
1s.
139.
19.
19.
18.
i7.
18,
19.
18.
i8.
i8.
i8.
19.
17.
18.
18,
18.
19.
18.
18.
18.
18.
19.
i9.
18.
19.
18.
18.
19.
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GRL Gobie Rausche Likins and Associates, Inc.

BPM RTL CFB
bl/min kips kips
92.3 138 135
91.8 161 142
93.3 154 140
94.3 177 157
106.0 228 194
97.4 221 186
95.2 216 184
95.6 231 180
97.3 225 181
97.4 227 180
95.3 215 180
92.9 201 162
92.7 186 173
92.9 128 182
89.6 208 188
54 .4 216 195
g2.9 210 187
92.5 184 163
92.4 181 i56
82.3 171 142
92.3 150 114
92.3 132 . 115
92.3 147 125
92.3 166 132
52.4 190 141
92.4 183 151
92.4 196 154
92.8 208 174
91.8 214 179
92.4 192 145
92.4 185 146
92.5 197 155
82.5 202 176
92.7 217 154
91.8 204 188
92.4 208 182
92.4 202 177
82.5 197 185
92.6 215 193
§2.7 .213 180
92.7 203 162
91.5 211 177
92.8 206 165
82.7 199 i44
92.0 204 147
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‘le: BDH 98-3

ifo: 6-5/8", CLOSED END
SL# depth TY Csx
i bl/ft ft ksi
. 174 61.00 AV 20.08
56 212 62.00 AV 19.12
131 378 63.00 AV 18.1¢
.87 266 64 .00 AV 15.8%
.85 188 £65.00 AV 20.69
86 201 66.00 AV 19.74
‘33 147 67.00 AV 159.24
41 208 68.00 AV 1%.33
01 260 69.00 AV 18.44
96 395 70.00 AV 19.58
28 332 71.00 AV 18.73
17 18¢ 72.00 AV 18.46
01 184 73.00 AV 17.80
22 221 74.00 AV 18.43
34‘212 75.00 AV 18.07
89 255 76.00 AV 17.95
48 359 77.00 AV 17.71
62 414 78.00 AV 19.44
08 246 79.00 AV 15.42
06 188° 80.00 AV 18.88
31 325 81.00 AV 17.53
80 348 82.00 AV 17.72
83 303 83.00 AV 18.¢g1
20 237 84 .00 AV 18.80
N5 185 85.00 AV 18.64
198 86.00 AV 15.07
183 87.00 AV 15.53
32 196 88.00 AV 19.49
17 165 89.00 AV 18.90
33 15¢ 90.00 AV 18.35
13 440 21.00 AV 17.14
58 425 92.00 AV 17.82
)i 233 93.00 AV 18.34
34 133 94 .00 AV 18.33
16 112 85.00 éﬁf 18.57
28 82 96.00 AV 19.36&
22 94 87.00 AV 18.30
14 112 98.00 AV 15.36
37 123 99.00 AV 19.30
37 280 100.00 AV 18.23
{7 540 101.00 AV 16.25
54 517 102.00 AV 16.34
)9 545 103.00 AV 16.94
1S 326 104 .00 AV 17.69
g 344 105.00 AV 17.65
36 187 106.00 AV 17.78
14 538 107.00 AV 17.78
)5 601 108.00 aVv 18.12
;84430 108.10 AV 17.18
S 1 122.00 AV  13.88
38 123.00 AV 17.44
47  124.00 AV 17.77
1 77 125.00 AV 18.47

CLE ELUM DAM Pg2

EMX BPM RTL CFB
K-ft bl/min kips kips

3.8 92.3 214 157
3.5 92.4 201 162
3.4 92.8 199 165
4.0 82.9 214 178
4.1 93.2 219 174
3.9 92.8 210 161
3.7 92.7 204 149
3.7 92.8 206 165
3.5 92.7 199 166
3.8 92.9 209 170
3.5 92.8 202 152
3.5 92.8 191 136
3.3 92.8 177 128
3.5 92.8 184 147
3.4 92.7 188 141
3.4 92.7 188 143
3.3 92.7 187 149
2.7 93.0 211 157
3.8 93.0 208 151
3.8 92.1 194 147
3.4 82.6 188 148
3.3. s$2.6 197 140
3.4 92.8 207 141
3.5 82.8 208 143
3.4 92.8 206 145
3.6 92.8 211 | 154
3.8 2.9 218 161
3.9 92.9 215 165
3.7 92.9 206 152
3.9 92.7 201 146
3.4 92.7 200 152
2.3 92.8 206 152
3.3 92.8 195 144
3.3 93.0 187 134
3.4 93.0 199 142
3.7 93.1 212 148
3.7 93.1 220 146
3.8 93.0 234 148
3.8 3.0 244 148
3.8 92.3 260 160
3.4 92.5 253 160
3.6 92.7 260 157
3.5 92.8 265 152
3.5 92.7 269 144
3.5 92.8 272 143
3.5 2.8 271 144
3.5 92.8 285 143
3.5 92.6 294 146
3.1 92.8 283 137
2.5 82.9 169 112
3.7 90.8 208 152
3.8 92.3 212 162
3.9 92.3 219 173

GRL Goble Rausche Liking and Associates, InC.
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CLE ELUM DAM

3.9 82.3 223 180
3.9 82.2 224 181
3.6 82.0 218 168
3.4 82.0 206 154
4.0 91.7 241 185
3.8 92.2 242 183
3.9 92.1 249 183
3.9 92.3 251 i8¢
4.0 82.3 265 192
4.1 82.3 278 197
4.0 92.3 284 201
3.9 92.3 284 203
4.0 $2.4 289 211
3.8 92.4 288 212

Begin PDA monitoring of BDH 98-3 at 16 ft, 08:51 18-NOV-98.

lsNeNeoNoRuNeRoNoNoloRoleNale

Drilled open bit to 122 ft, begin closed bit at 122 ft 14:37 19-NOV-98.

le: BDH 98-3
fo: 6-5/8", CLOSED END
T depth TY CcsX ETR FMX
bl/ft ft ksi % kips
.J 89 126.00 AV 18.76 48 221
‘06 106 127.00 AV 18.74 47 221
71 165 128.00 AV 17.%94 44 212
‘78 207 . 1292.00 AV 16.90 41 185
29 151 130.00 AV 18.51 48 218
53 224 131.00 AV 18.13 48 214
122 269 132.00 AV 17.80 48 210
136 114 133.00 AV 17.60 48 208
.64 128 13£.00 AV 17.83 49 210
;82 218 135.00 AV 18.07 5¢C 213
108 526 136.00 AV 17.58 48 207
389 791 137.00 AV 17.41 47 205
7041005 138.00 AV 17.71 42 208
1501182 138.80 AV "~ 18.05 47 213
.# COMMENTS
1
32 DATA MERGE: 98301%9.Q00
12 Berger
54 DATA MERGE: 983029.Q00
34 Berger
75 DATA MERGE: 983035.Q00
75 Berger
DATA MERGE: 98304%.Q00
Bergexr
30 DATA MERGE: 983059.000
30 Berger
201 DATA MERGE: 983069.Q00
201 Berxger
208 DATA MERGE: 983079.Q00
208 Berger
585 a4 connector loose
347 DATA MERGE: 983089.Q00
347 Berger o
257 DATA MERGE: $83099.Q00
257 Berger
848 Stop to work on hammer.
548 Stop at 108.1 £t 15:26 18-NOV-98.
548
278 DATA MERGE: 983129.Q00
278 Bexger
278 Stop at 129 ft, add rod, drive.
650

Terminate BDH 98-3 at 138.8 f£t, 15:42 19-NOV-98.

GRL Goble Rausche Liking and Associates, Inc.



ile: BDH 98-3 Proj: CLE ELUM DaM Pg4
1fo: 6-5/8", CLOSED END |

‘5 TIME SUMMARY (15-Nov-98 : 983.MDF) DRIVE WAIT

R e itk L S minutes -—--
i 1 -> 18, START 8:55:49 -> 8:59:53 STOP,  4.07
! 19 -» 382, START 9:05:27 -> 9:09:39 STOP,  4.20- >-%7
I 383 -»> 2464, START 9:30:19 -> 9:52:03 STOD, 21.73 20-¢7
I 2465 -> 3675, START 10:04:33 -> 10:17:58 STOP, 13.42 1250
{ 3676 -> 5362, START 10:26:33 -» 10:44:48 STOP, 18.25 °-58
¢ 5363 -» 8030, START 11:03:21 -» 11:32:14 STOP, 28.88 2858
I 8031 -> 10201, START 11:50:28 -> 12:13:54 STOP, 23.43 re-23
{ 10202 -> 13008, START 12:20:40 -> 12:50:57 STOP, 30.28 o7
¥ 13009 -> 15347, START 13:04:37 -» 13:31:11 STOP, 26.57 1367
7 15348 -» 17257, START 13:41:22 -»> 14:01:56 STOP, 20.57 Lo-18
I 17258 -> 19109, START 14:14:57 -» 14:34:57 STOP, 20.00 1202
{ 19126 -> 20848, START 14:49:00 -> 15:07:36 STOP, 18.60 140
0856 -> 21548, START 15:18:49 -» 15:26:17 STOP,  7.47 th-22
1390.93
{ 21549 -»> 22278, START 14:37:14 -»> 14:45:10 STOP,  7.93
§ 22279 -> 22323, START 14:52:19 -> 14:52:48 STOP,  0.48 7o
9 22327 -> 22335, START 14:52:52 -> 14:52:57 STOP,  0.08 ZZZ:
H

¥ 22338 -» 25716, START 14:54:31 =-> 15:31:10 STOP, 36.%65
TR ' 1.05
¥ 25728 -> 26650, START 15:32:13 -»> 15:42:12 STOP, 9.98

Total Elapsed time 1846.37 minutes Total Time 292.60 minutes 1553.77

GRL Goble Rausche Liking ard Associates, Inc
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APPENDIX C

Force and Velocity Measurements
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Cle Elum Dam BSH 98-1 60.0' to 65.0'
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DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP-GC Poorly Graded Gravel with Silty Clay and Sand
% Gravel: 58.3 Maximum Size: 2.5" Cu: 132.34

% Sand: 32.9 : Liquid Limit: 21.5 Cc: 0.63

% Fines: 8.8 Plastic Limit: 4.1
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1.1451 {(9-86)
Bureay of Reclamtioa

GRADATION ANALYSIS

Designation USBR 5325.
Designation USBR S330._

Deslgnation USBR $335-_
SAMPLE NO. < PROJECT
K;EA - B‘)H ?8 ‘-/ —= FEATUREC/& g/l.t " D G,
EXC. NO. - DEPTH >
l &0 JZ,., o5

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED BY

DATE % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN
CHECKED 87 DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN Z 3, 73
3 1-172m 378" NO.4 |
SIEVE SIZE (76 mm} | {37.5mm) | (19.0mm) | {956 mm} | {475 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER 2.0 3
WET MASS RETAINED
DRY MASS RETAINED L—4 751347z, ¢68l22,461
{DRY MASS PASSING 22181 1843 | e | 228,199,467 |Bwer Dk DJs
% OF TOTAL PASSING - /0D W5 (s | 530 4.7
. GRADATION OF SAND $1ZES e
Cyp— R TOTAL PASSING RO. 4 T 1
DRY MASS OF SPECIMEN 88 glmcmn - 5av o T ™ ‘ —- 0{{553("
p>-5- 1.0, PR DAY NASS 0F SFratiinft (3.2Yad)
_ £ L
SEVING THIE DATE
SIEVE MASS MASS ) % OF TOTAL| PARTICLE
NO. IRETAINED (g)] PASSING ()| U PASSING DIAMETER |, 1 REMARKS _; al
8 7.2 7S.5 g9 380 | 236mm | JV[iaNx SiT€ = &)
6 1L (40 &g 3.2 1.18 mm 58.3 % (xeavel
e
30 1.7 o> < Z23.3 600 zm 32-9% Sand
+ : x( .
50 1.4 79.7 ,,::6: 14.7 300 pm B8.8°% Foes
- o -
100 LY 218 | Gu | WO | isoum IGP -&C=?aorl% Geraded Grapel_wsidhy |
200 4~"f’ "1 e 8-6 75um St /,Z’ céq Q»J' Sand
PAN FESTED AND COMPUTED 6Y |DATE CHECKED BY BATE
TOTAL. L2 J/U:
HYDROMETER ANALYSIS
HYDROMETER NO. = DISPERSING AGENT,
_ &7 So,, W \LQ&ML}LD'Q\QL
RTARTING 1IME DATE AMOUNT .
[1-22-98 125 my
TEMP | HYD | HYD | CORRY{ % OF TOTAL PARTICLE
THHE 5c__| READ| CORR | READ| © PASSING DIAMETER REMARKS
: |
p -2
I min Zhg ’22§ 5:.‘) ,7 h”a 8'%’ 37 um
xm
4 min Zl.§ [q 5;5 135 SE l'g. 5 19 pm
- 0.
19 min 2[|€ ]S.g D-S /0 xl‘f S"D 9 rm
«O p AUXILIARY TESTS:
somn 1 2] ) 1251 2% 1 oF 3.9 5 pm USBR 5205-_ _
by USBR 5300._ _
1S min* I s 2pm
22 h 45 min* _ i lum
TESTED AND COMPUTED BY Ma DATE CRECKED BY DATE

*Not required for standard test,

GPO 833 - 659



7-1702 (11-85)
Bureau of Reclamation

SOIL CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD)

Designation USBA .

[SRMPLE NO. FEATURE PROJECT . —.
GO0-O fo £5-O B3t 98- Cle L
Air dried 0 Tested by _M— é&/&”&c‘?g Date S ~30-55
Oven dried B Computed by Z Date
Natural O Checked by Date
PLASTIC LIMIT LG LT
Triaf No. -1 2 1 2
Dish No. ‘/0 %
No. of blows {N)
Mass of dish + wet soil {g) ZOxf) FO. 1L
Mass of dish + dry soil (g} 19.09 __g(,.ﬁf
Mass of dish {g} / L.SZ ' 12 s
Mass of water {q) i 32 2 (S
Mass of dry soil (g} 1.5 -7 [¢:L oY
Moisture % 1.4 Wn= Z1.1
Average Plastic Limit Fn= 0.990
' Liquid Limit] - Z2].5
SHRINKAGE LIMIT =W, (_i) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wetsoil  {g) cae (N ) 0.120
3. Mass of dish + dry soil {a} 25
4. Mass of dish {a) LL = {Fpn)} (Wn}
§. Mass of water (2. 3) {a)
6. Mass of dry soil (W) (3 - 4) (g} N Fo
7. % Moisture {5/6 x 100) 20 0974
B. Vot. Shrinkage Dish (v} 21 0.979
9. Vol. Dry Soil {Vol 22 0.985
10. V-Vg=(8-9) 23 0.990
1. V-V 0 24 0.995 -
1 "_;2" 100 = (_16"‘ mo) 25 1.000
12. Shrinkage Limit (7 - 11) 26 1.005
. 13. Shrinkage Ratio {6/9) 27 1.009
28 1.014
Pl=LL.PL 29 1.018
PLASTICITY INDEX: 30 1.022
Pl = - =
Auxifiary tests: USBR5205- __ __
LIQUID LIMIT (LL) = Z LS USBR5300- ___ _
PLASTIC LIMIT (PL) = 1Y USBR 5350 __ __
PLASTICITY INDEX (P1) = 4 USBR 5360 __ __
SHRINKAGE LIMIT {SL} = USBR 5365~ __ ___
Remarks : :
CL-ML

GPO 849227
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Cle Elum Dam BSH 98-1 ' 65.0' to 70.0°
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DIAMETER OF PARTICLES IN MILLIMETERS

i
I
I
!
!
I
!
!
i
I
I

Unified Soil Classification: GP-GC Pocrly Graded Gravel with Siity Clay and Sand
% (Sravel: 65.9 Maximum Size: 2" Cu: 53.87

% Sand: 27.2 . Liquid Limit: 21.9 Cc 3.97

% Fines: 6.9 Plastic Limit: 4.7
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7.145] (9-86)
Bureau of Reclammation

GRADATION ANALYSIS

Designation USBR 5325._
Designation USBR $330-_

Designation USBR S335._
SAMPLE NO., BS H q 8- | PROJECT FEATURE Q. , €. 57!»*« . P Do |
AREA EXC. NG, DEPTH G52 Lo To2 . :

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE | % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF specmstz' ’ ?
3" 1-1/2° 3747 e 0.4
SIEVE SIZE (S mm) | 1275 mem) | (190 mm) | (9.8 mem) | 479 wemd PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER  =2-0 2
WET MASS RETAINED
DRY MASS RETAINED - | O 4- 024 8,75 "7 A2t
DRY MASS PASSING 22:,44 2185 /7.:? 2|2 .08 7,% Kwm DO Lo
17
% OF TOTAL PASSING ow | 9741 79.5 ' 55,8134,
- GRADATION OF SAND SIZES
. AL ING NO. 4 N T - -
DRY MASS OF SPECIMEN I';?r "":7 lFAcToﬂ- DAY T EreoiMER — “od ey .
TEoTA. / . TDAY 1orad oo 5o ahmEl (5 cvea)
i / i
S(EVIRG TIME DATE
SIEVE MASS MASS 1 % OF TOTAL] PARTICLE
KO. [RETAINED (g)] PASSING (s} ¥ | PASSING | DIAMETER REMARKS ~!
s | 4Z.STLS7.20 ) 82| S7G | 236w ]VF k_ Nide = & _
I -_ ! -
16 /S 3 1419 e | Z0 | 118 mm £ yove \ L 65,9
. vig® -
30 l/l 0 joa? E_&g /4':‘1 600 um %'l N :__1_ 27 21
X »
50 7.5 ZE,i_ °o‘§ 1 /.3 300um F e s - 7
100 5,2 | 78,2— 'Q’é 8.8 150 pm é? “&C -?oof\u Grmolug. rmn}. torpk
200 3,8 /4' 4— ki | 754m Sl/l'? aa?jgd Sau‘
PAN [TESTED 7 A‘N‘u_co"‘MPu' JTEDBY |DATE CHECKED BY DATE
TOTAL P

HYDROMETER ANALYSIS

EYDROHETER NO.

DISPERSING AGENT ¢ ’

Yirwaa “(MMW
TARTING TIME DATE AMOUNT
TEMP | HyD | HrD | CORRY % OF TOTAL | PARTICLE
TME °c__| READ] CORR | READ] 2 PASSING DIAMETER REMARKS
- : -9
! min ‘«:."I "7 L0 12,0 82 5.8 37 um
’ .4
4 min Z‘J {5 Q) 0.0 gE 4:8 19 um
.M Ul
19 min 2’.'{ 12 ] 4% 9,0 % 3.9 9 pum .
zO AUXILIARY TESTS:
60 min Z'f ] | S0 {0 PF 2.9 5 pum USBR 5205-_ _
Oy 4 USBR 5300._ _
h 15 min® u<. e 2 ftm
25 b 45 min® tpem _
TESTED AND COMPUTED BY .}'{; DATE CHECKED BY DATE

*Not required for standerd test,

GFO B33 -653



Barees of A hmetion SOIL CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD}

Designation USER

SAMPLE NO_ FEATURE [ RGIEST . —_—
cS.0 ~ 70,0 LSt TE =) O Je & livny
Airdried O Tested by _ sd {52 2Lt e Py Date _Jt._£4 " 75
Ovendried 5% Computed by , Date _
Natural O ' Checked by Date
PLASTIC LIMIT LIQUID LIMIT
Trial No. ) 1 2 1 2
Dish No. /7 : 7
No. of blows (N} : ] zg’
Mass of dish + wet soil (g} 2. £ & 7. € o
Massof dish + dry soit (g} 22.97 245>
Mass of dish (9 i 26 12, 7%
Mass of water {9} ‘ . 1.TE 2. r,g »
Mass of dry soil {9} HED t (277
Moisture % 17.2- Wp= F—L—i {9
Average Plastic Limit Fa=] [-oP0
' ‘ Liquid Limit] -~ Z2.£.9%
SHRINKAGE LIMIT O ewn ( N ) 0.120
1. Shrinkage Dish No. "\25
2. Mass of dish + wet soif {g) fo= (M) 0120
3. Mass of dish + dry soil {g) 25
4. Mass of dish (g} _ LL = {Fn) {Wn)
5. Mass of water (2 - 3} () ‘
6. Mass of dry soil {We!l (3-4) (g) N Fn
7. % Muisture (5/6 x 100) 20 0974
8. Vol. Shrinkage Dish {V) 21 0.979
9. Vol. Dry Soil {Vo} 22 0.985
10. V-Vo=(8-9} 23 0.990
"'-———-—-v':°xroo= -Iegxlﬂo) ;: ?ﬁ:
12. Shrinkage Limit {7 - 11} 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1.014
PI=LL-PL 20 ims
PLASTICITY INDEX: 30 1.022
Pl= . =
‘ |
i
' . Agxiliary tests: USBRS5205- __ _
LIQUID LIMIT (LL} = +7Z_ 249 USBR 5300 - __ __
PLASTIC LIMIT {PL} = A 28 USBR 5350 - ____
PLASTICITY INDEX {Pl) = st-77 USBRA 5360- __ __

SHRINKAGE LIMIT {SL) = USBRS365-___ _
‘ Remarks : :

C—~ Ml

GPO S40-227



{ { { { { { { [ { [ [ i
Cle Elum Dam - BSH 98-1 70.0' to 75.0
100 ‘:‘"ﬂ\‘:‘ | '1[— j— 4
- T A

90 o "# 1 -

70 -—
: \ :
% 60 k\ B

; i 1

& f _ i
- 80 = -
> \
I.LJJJ .\‘# P S,

40 -
x * S
W W

30 '\._ H

| e 1.
20 o . .
—m | |
10 H . S
i | |
0 L . -- .
75 38.1 19 95 475 236 118 086 0.3 0.15 0075 0,037 0.019 0.009 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GW-GM Well Graded Gravel with Silt and Sand
Maximum Size: 2.75"
Liquid Limit;
Plastic Limit:

% Gravel; 66.6
% Sand; 24.4
% Fines; 9.0

21.6
3.7

Cu: 190.38
Cc: 2.68



et

VA

. 25 b 45 min*
el STED AND COMPUTE

F

e

7-1451 (9.86) .
Buresu of Reclamsation GRADATION ANALYSIS Designation USBR 532§._ _
Designation USBR 5330._
L H‘ Designation USBR 5335._
SAMPLE NO. - PROJECT FEATURE /'t /
B)Hqg—-/ _ C/LG,EM.W\ Da"v\.
[AREA ) EXC. NO. DEPTH /7 0 %D 752 '
, GRADATION OF GRAVEL SIZES ‘
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO, 4 “WET MASS OF TOTAL SPECIMEN
CHECKED 8Y DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN, ) e -
3’ 1-172" 3/47 |- g NO.4 | -
i SIEVE SIZE (Emm) | (375 mm) | (19.0mm) | (9.5 mm} | t4.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER - [
WET MASS RETAINED —
DRY MASS RETAINED =i 3. 715,20i 3441 2.18 -
DRY MASS PASSING 2405 | 111.88 | j2.u8 | g2 |7, 04-|Wem D O
% OF TOTAL PASSING jeo B9 oZ-] 43,81 33.4
a GRADATION OF SAND SIZES e
% TOTA, NG NO, & [
DRY MASS OF SPECIMEN ~74. 7 gIFAcron S LTASSIRG = [OIY s - 0. cg!?'/ .
>S5 L0, - ; Hj_vrw":f' FEINLAZE (3.2VEO) .
£
$.EVING TIME : ,DATE
SIEVE MASS MASS ' % OF TOTAL] PARTICLE .
KO, [RETAINED (g)} PASSING (5) ¥ PASSING | DIAMETER | A/ REMARKS — 2/
8 i C8-1 | g | 304 | 236mm | VX 1Ze = =2 [-f ]
<=
16 1.4 SE8.(» "’;,ﬁ 26.2. 1.18 mm ARA % Gmwd
g
30 {1.7 4.9 §:(, 2l 600 it ?_ﬁ[o‘tl % Sar\_g.!_i
b,
o | 125 | 34 | Z5| _OH| soum | 20% Funes
o0 . 257 | Bl 1S | isopm |@W —GM = Will Goadd Graved 1t
e 53 .
200 ..’r(ﬂ 290{ & 3 Q’D 754um 6‘[4' a.l\& S&i\-&
PAN TESTED AND COMPUTED BY [DATE CHECKED BY DATE
lToTaL P I
HYDAOMETER ANALYSIS
YDROMETER NO, DISPERSING AGENT,- )
HYDRO 12 < oghine Merm vt kﬁh,ou.\«
(7 : DATE : - AMOURNT
TARTING TIME 8:5p R L mL
P YD oRR| & % OF TOTAL PARTICLE
TIME TENP 1 aban | &ore | READ e PASSING DIAMETER REMARKS
-4 .
£Q
I min ZO.< 'ZG_ £t§ Ifl.g 8‘:7» 8'7 37 pm
mlﬂ
amin | 2051 051 55115 | =& e 19 ptm
04
19 min 20{ 1’} 5;; ”!S X,E S.f 9 tm .
o) AUXILIARY TESTS:
60 mi { . 41 OF 4-?/ 5 USBR 5205.._
- Z 15 15919 by K2 USBR 5300._ _
. . o« .
h 15 min o 2yum
1Hm
DBY DATE CHECKED BY 4. DATE

*Not required for standard test.

CFO B33 - 653
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7-1702 (11-85)
Bureau of Reclamation

SOIL. CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD)

Designation USBR

SHRINKAGE LIMIT

SAMPLE NO. _ . T |FEATURE P - TPROIEET — ==
7{?-0 .- v/s-‘ -;._-:' ) f"w H (/g ’ / /JJ L) - / ﬁ; o
Air dried 0 Tested by J““ Z fé-'-S /) ’4‘(«:’?‘: % Date 2/ P
Oven dried & Computed by ' Date .
Naturat D Checked by Date
PLASTIC LIMIT LIQUID LiMIT
Trial No.~ 1 2 1 2
Dish No. g o
No. of blows (N} o
Mass of dish + wet soit (g} -y | 273
Mass of dish + dry soil (g} Z2{.67 25.00
Mass of dish (g) Ed- /E¥S
Mass of water {g} lse 2.™
Mass of dry soil {a) 8.9 12.5%
Moisture % 7.6 Wn= 2i.0o
Average Plastic Limit Fn= feo22
Liquid Limit]  2.{.%

N 0120
L=wWol==] "

1. Shrinkage Dish No.
2. Mass of dish + wet soil {g) Fr= (_bi_) 0.120
3. Mass of dish + dry soil {g} 25
4. Mass of dish {g} LL = (Fp) (Wy}
5. Mass of water {2 - 3) (a}
6. Mass of dry soil (Wg) (3 -4} (g} N . Fn
7. % Moisture (5/6 x 100) 20 0974
8. Vo, Shrinkage Dish (V} 2% 0.979
9. Vol, Dry Soil {Vg) 22 0.985
10. V.-Vg=(8-9) 23 0.990
- 24 0.995
"'——?vw:‘:,x 100= (Jaqx 100) v 25 1000
12. Shrinkage Limit (7 - 11) 26 1.005
13. Shrinkage Ratio (6/9) 27 1.008
o 28 1014
. Pi=LL-PL 29 .1.018
PLASTICITY INDEX: 30 1.022
' ' Pl = - =
Auxiliary tests: USBR5205- ___
LIQUID LIMIT (LL) = 2.8 USBR 5300 __ __
PLASTIC LIMIT (PL) = 1.8 USBR 5350 __
PLASTICITY INDEX {PI) = 37 USBR-5360- __ __
SHRINKAGE LIMIT {SL) = USBR 5365 __ ___
' Remarks :

P




Cle Eium Dam BSH 98-1 75.0' to 80.0"

100 g e
N, :
N\ ) 1 [

90 + — - —f—

80 | : \ : — —

e

60 — \ _.

50 . \\- - —dr
40 ' :

30 | \ |

PERCENT PASSING

20 + c _
i | -

S

y .

_— p—

— %ﬁb@ #’ ﬁ~?_.‘_

75 381 19 95 475 236 118 06 03 015 0075 0,037 0019 0009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

. Unified Soll Classification: GP-GM Poorly Graded Gravel with Silt and Sand

% Gravel: 73.5 Maximum Size: 2.5" Cu: 33.7 .
% Sand: 21.5 Liquid Limit: 21.0 Cc: 4.57

% Fines: -5.0 Plastic Limit: 28




7 MA
e,

TI451Ga6) . A
ureu o eciamgiton
GRADATION ANALYSIS Designation USBR gszs-
. gnation USBR $335-_
SAMPLE NO. RS ,_7 38— / PROJECT FEATURE C/ e E/u .D-’-‘ e
A ’ E TP
AREA y EXC. NO. DEPTH 75 z 74.5 GO
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY | DATE | -% MOISTURE CONTENT OF + NO. 4 'WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TGTAL ORY MASS OF SPECIMEN ,
3 112 374" 38" NG.4
SIEVE SIZE (76 mm) | (37.5 mm) | (19.0mm) | (95 mm) | (4.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER /
WET MASS RETAINED .
DRY MASS RETAINED 12 4715,53 é: 2l 4,65
DRY MASS PASSING 257 23,24 | 1790 | 45| (5,80 Bdwm  [ka - s
% OF TOTAL PASSING /ool o ’ﬁ (89 | 4ts | 2.5
: GRADATION OF SAND SIZES o, - :
Y MASS OF SPECIMEN - . R TOTAL PASSING NO. & _ AW
| OR E KLE L. g|FACTOR= it < C.30¢
{3i5e 18 ‘ T TNEV LG8 07 57 iThAth (B2 o) =
ST 1
SIEVING TIME DATE
SIEVE | MASS MASS I - [% OF TOTAL| PARTICLE
NO.” IRETAINED (g)| PASSING (5] PASSING | DIAMETER o REMARKS '/
= o 7
8 e 7o gy ZLD 2.36 mm Mo e <€ o L2
<z ~—
t6 187 | 5231 221 fZ | ciewm | 13.5 %% Gorape
. 3
30 15 w0 275 | 250 WS | cooum | ZLS % Sand
1 =<
s | {09 264 | 5| 82 | woun | S.o % Fues
o : -
-100 'é«l 0.3 §5 D 150 um 6’? ’G‘M -Pcnflw rew[.w‘ eraw, w'“
200 4.2 -1 w 5.0 7Sum .._);u— an& LQond
PAN LTESTED AND COMPUTED BY | DATE CHECKED BY DATE
TOTAL TA '
HYDROMETER ANALYS!S
" FAYDROMETER NQ. DISPERSING AGENT,
TARTING TIME BATE AMOUNT
) [ ! - Z? “?6 I Z s ml
TEMP | HYD | HYD | CORR| & % OF TOTAL PARTICLE
TIME °c__| rREap| corr | READ| 2 PASSING DIAMETER REMARKS
g:j . .
: pu -2
I min 2 ‘ Z, ltS 5,§ I”f 8,&" 5'0 37 pm
w .
smn 1 20 11B | 5528 z& 3.1 19 m
19 min ‘2. ' lg 5-§ ?ff xﬁ 2-7 9 um
— €O AUXILIARY TESTS:
60 min A (51 5% 715 gk Z.3 5 ym USBR §205-._ _
0% USBR 5300-_ _
h 15 min® E&a 2um
25 h 45 min* _ - tpm
TED AND COMPUTED DATE CHECKED 8Y SATE

e requited for standard test,

GPO 333 =559



7-1702 (11-85)
Bureau of Reclamation

SOl CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD} - Dess

e rrer——

tlon USBR . ——

1. Shrinkage Dish No.

2. Mass of dish + wet soil
3. Mass of dish + dry soil
4. Mass of dish

5. Mass of water (2- 3}

SHRINKAGE LIMIT

(a)}

(g}
{q)
(g}

SAMPLE NO. FEATUR PAOJEC
T75.0 Lo HO-o K-SI‘/ &~/ Cé é.—/cc“«
Air dried o Tested by __M oA U B initaalioeat | Date
Oven dried & Comptited by Date
Natural o Checked by Date
) PLASTIC LIMIT Liauip LiMiT
Trial No. -1 2 1 2
Dish No. o7 3L
No. of blows {N) 2
Mass of dish + wet soil {a) Zo.C77 728 2
Mass of dish + dry soit {g} 19. 24 25.52-
Mass of dish {g) /.28 (.06
Mass of water {a} L4 - o
Mass of dry soil + {g) 1.8 13, He
Moisture % 182 Wan={ 2ZI1.3
Average Plastic Limit ) Fan=| ©.98S
Liquid Limit AR

. N\ G.120
=W, [ =— d
LL =W, (25)

N1} 0120
CF s e—

LL = (Fp) (Whi

SHRINKAGE LIMIT {SL} =

Remarks -

6. Mass of dry soil (Wl {3 -4} (g) N Fn
7. % Moisture (5/6 x 100} 20 0.974
8. Vol. Shrinkage Dish (V} 21 0.879
9. Vot. Dry Soil (Vo 22 0.985
10. V-Vo=1(8-9) 23 0.990
- ' 24 0.995
"'~—-—-§Vw:°x 100 = (‘—:xwo) > 1000
12. Shrinkage Limit {7 - 11) 26 1.005
13. Shrinkage Ratio {6/9) 27 1.008
28 1014
- PI=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
P - =

Auxiliary tests: USBR 5205- ___ _

LIQUID LIMIT {LL} = 2i.o : USBR 5300 - __ __

PLASTIC LIMIT (PL) = 18-2 USBRS350- __ __

PLASTICITY INDEX {P1) = 2.8 USBR 5360- __ ___

USBR'S365-__ _




S G U S G G RN S SR S SR S SR

CleElumDam .. BSH®-T " 80.0'to85.0

100 T ‘ . —
90 \ - ' )
\ ' |
80 - L

o0 4 L\ 1 B
50 \\ : .
40 : : 2

30 A ot ——

PERCENT PASSING

] A *ﬁ'\_ r'.ﬁ:_'_

~

'

S

10 +

75 381 19 95 475 2368 1.18. 06 -o.a' 0_.',15 0.075 0.037 0.019 0.008 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP-GC Poorly Graded Gravel with Siity Clay and Sand
% Gravel.65.2 Maximum Size: 2.75" Cu: 328.65

% Sand: 24.5 Liquid Limit: =~ 23.3 Cc: 3.22

. % Fines; 10.3 Plastic Limit: 47




70

7-1451 (9-86)
Bureau of Reclamstion

GRADATION ANALYSIS

Designation USBR 5325-__
Designation USBR 5330._

Designstion USBR S335.___

¥

SAMPLE NO, PROJECT FEATURE
BSH ‘?F-—-/ C/e E/et e .Dc_..- "
AREA EXC. NO. DEPTH ) pm © 7;) g
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY | DATE | % MOISTURE CONTENT OF +NO, 4 "WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 23.3;
' 3 ETra 3747 3j8” NO. 4
SIEVE SIZE (75mm) | (375 mm) | (19.0mm) | (6.5 mm} | {4.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER . <D (o
WET MASS RETAINED :
DRY MASS RETAINED - ‘4‘,08 51224 24512,46
DRY MASS PASSING 2330 | 1923 L fdo! | £0.5¢ {810 Weom  Dks st
% OF TOTAL PASSING v | 82,5 | bod 45.3 | 348
. GRADATION OF SAND SIZES -/
- OTAL FASSING O 4 - .
DRY MASS OF SPECIMEN oz 4 gj;mmn - ZTOTA P E ﬁp L WTEX)
3510, P (DAY WAGS BF GF 20 hah @Even) -
. PRt .
SIEEVIRG TIME DATE
SIEVE | MASS MASS T |% OF TOTAL] PARTICLE ’
NO. IRETAINED (g)] PASSING (| 2 | PASSING | DIAMETER REMARKS =2/’
8 8¢ 736 ae 312 | 236mm |- /l/]r')f Sz = /9
2z
13 &S 05'3 &g’ 2. 1,18 mm és'z‘ /° éaw/
) g ;
30 94 5S4 é&' Z23.¢ | eooum 24,5 % Soud
5 147 42} X5l 187 200 fum /0.3 % Fiies
Sk
100 2.8 314 Gy | 13:3 | rsoum LGP —GC =Py Ceeoded C'trnwa,l wiih
200 1,4 243 ww® 03 75 im Y ‘ ‘-x! é\&.\lﬁ end Sand
PAN "TESTED AND COMPUTED BY |DATE CHECKED BY DATE.
TOTAL - & W
' HYDROMETER ANALYSIS
YOROMETER NO. ~ DISPERSING AGENT =
TARTING TIME DATE AMOUNT
Qof H-23-98 12s
D R X % OF TOTAL PARTICLE ‘
TIME TSP ) aEab | EhRr | ReAD 2 PASSING BIAMETER REMARKS
=
p 2
i min 20| 155 (115 vz 95 37 ym
xm
4 min 208 Z?{ 55 ’5 gé ‘ 7'(9 19 ym
Og
9min_ | 205| 19 ) 5.5 13.5] =& S.7 9 gm
€O AUXILIARY TESTS:
60 min 21 ](06 5.5 1 |- ok %6 S um USBR 5205-_ _
- i USBR 5300 —
1 15 min® E ® 2um
25 h 45 min® . ' 1tm
FTESTED AND COMPUTED BY DATE CHECKED BY DATE

* Not required for standard test,

GPO 833 -859




7-1762 (11-85)

Burcau of Reclamation SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) Designation USER .
SAMPLE NG —[FEATURE ‘ PEGIECT —
&0.0 4o BSS &S 5B/ Cle Ewe
Air dried ] Tested by _M és/a‘e‘ e Date /7~ FO-58
Ovendried O Computed by ' Date
Natural O Checked by Date
PLASTIC LIMIT Liauib LMIT
Trial No. .1 2 1 2
Bish No. 9/ 7 55
No. of blows {N) zZZ
Mass of dish + wet soil {g) o S $0.65
Mass of dish + dry soil (o} 19.03 Er
Mass of dish {9} [l 35 LLTR
Mass of water {o) Jet_ é AN
Mass of dry soil {g} "1.S 1S3
Moisture % [B- Wn=|  73.9
Average Plastic Limit Fp= O 88s
Liguid Limit
SHRINKAGE LIMIT - w,,.( N ) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wet soil {g} Fn= (‘!i) 0.120
3. Mass of dish + dry soil (g) 25
4. Mass of dish {g] LL = (Fp} (Wn}
5. Mass of water (2 - 3) (g)
6. Mass of dry soil (Wg) {3 - 4} (9) N Fn
7. % Moisture {5/6 x 100) 20 0.974
8. Vol. Shrrinkage Dish (V) 2t 0.979
9. Vol, Dry Soit (Vg) 22 0.985
10. V-Vo=1(8-9) _ 23 0.990
1. V-V 10 24 0.995
T Rk ('é"‘ "’“) 25 1.000
12. Shrinkage Limit {7 - 11} % 1.005
13. Shrinkage Ratio {6/9} 27 1.009
. ‘ 28 1.014
Pt=LL-PL 28 1.018
PLASTICITY INDEX: 30 1022
Pl = - =
Auxiliary tests: USBR 5205- __ ___
LIQUID LIMIT (LL} = 2%.3 USBR 5300- __ __
PLASTIC LIMIT (PL) = |83 USBRS350- __ __
PLASTICITY INDEX (P1) = q- USBR 5360 - __
SHRINKAGE LIMIT (SL} = USBR 5365~ __
Remarks:
CL-MAL

GPO s49-227



Cle Elum Dam BSH 95-1 | 85.0' to 90.0'

100 —_\ | _ ' ‘ T

80 \ ' =
N " T

80 R _ ' -

- A\ L

60 o

50 \.\ -
40 : |-

PERCENT PASSING

20 : =
: EX

~

.|

10 +-

75 381 1o 05 475 235 118 06 03 015 0075 0037 0019 0,000 0.00
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GW-GM Well Graded Gravel with Silt and Sand
% Gravel:67.8 Maximum Size; 3" Cu: 36.21
% Sand: 27.1 Liquid Limit: 2.7 Cc. 1.79
% Fines: 5.1 ' Plastic Limit; 3.7



7-1451 (9-46)
Bureau of Reclamation

GRADATION ANALYSIS

Designation USBR $325._ _
Designation USBR 5330 _
Designation USBR 5335._

AMPLE NO.

B

SH 9a- ]

PROJECT

FEATURE C//e EL&M _D&w\

EREA

EXC. NO.

DEPTH

552 Ao ?0..—

GRADATION OF GRAVEL SiZES

TESTED AND COMPUTED BY | DATE | % MOISTURE CONTENT OF + NO. 4 WET TASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -NO,4 TOTAL DRY MASS OF SPECIMEN 2539
3 172" /4" 37~ NO.4
SIEVE SIZE (75mm) | (37.5 mm) | (19.0mm) | (95 mm} | (4.75 mm) PAN
MASS OF CONTAINER AND : '
RETAINED MATERIAL
MASS OF CONTAINER X,{
WET MASS RETAINED
DRY MASS RETAINED S— | 20c15.87 14,083,421 _
DRY MASS PASSING 76289 2654 | 15.67 | 1.5% 12 ,I7 W”“‘ [lke g
il » L [ d 7
% OF TOTAL PASSING /08 R4E | Gl7 | 45 7 | 3z.2
, GRADATION OF SAND SIZES 5o o
DRY MASS OF SPECIMEN ; K TOTAL FASSING NO. 4 _ kel K il -
; 100 o glFACTOH DRY MASS QF SPECIMEN O 3 Z.z-b
P s 1.0, . IDSV IS AFerERAE. BE/ED)
i ;\({
1
SEVING TIME DATE
SIEVE| MASS | MASS L |% OF TOTAL| PARTICLE
NO. [RETAINED (g)} PASSING ()| - 2 PASSING | DIAMETER A/ REMARKS
g 24.6 NEYTA gg 2+7 2.36 mm _jf’fﬁkxa Sj2e = 3¢
i6 234 S51.8 f,,‘ﬁ 1.7 1.18 mm 67.8 Yo &W
. gy ' i
30 1 1.49 33.7 'é:(; jo-§. 600 tm 27.0] % Saud
L. ¢ > & N .
50 9;3 24,4 b 1.9 200 pm 5./ / WP@_
or
190 .?. f‘l. { Q% (a 2 150 um GW"&M WJ GMAEA Gm\!&l 4‘\
200 A 5.8 | w= 5. 75 pm il ‘L and Saed
PAN ESTED AND COMPUTED BY | BATE CHECKED BY DATE
TOTAL - MF
HYDROMETER ANALYS!S
EYDROME?ER NO. 36 ' DISPERSING AGENT
TARTING TIME DATE ' , AMOUNT
- ] 30 /2~ 1-T& mi.
TEMP HYD HYD CORR t % OF TOTAL PARTICLE
TIME °c | READ| CORR | READ| 2 PASSING DIAMETER REMARKS
@
=2
| min I7.81-451 13 | vz 42 37 gm
) : e
4min  |23/0 /5.0“‘4‘5 108 gE 2.4 19 g
§ uJd e
9min LRI0US O |-4% 8.5 x & 2.7 9 ym
O . AUXILIARY TESTS:
omn [23:011.0 |-4,57 5| OF 21 S um USBR 5205-_ _
by USBR 5300-_ _
4 15 min® é s 2um .
{ 25 h 45 min* Lgm
TESTED AND COMPUTED BY DATE CHECKED 87 DATE

*Not required for standard test. .

GPO 833 -659



7-1702 {11-85)
Bureau of Reclamation

SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)

Designation USER -

ISAMPLE NC.

FEATURE

FROJECT
Bs.o to 700 BsH 98- Cle Elem
Airdried O Tested by s Date I/ ~S0-58
Oven dried  [3, Computed by Date
Natural o Checked by Date
PLASTIC LIMIT LIQUID LIMIT
Trial No. -1 2 . 1 2
Dish No. 3 23
No. of blows {N)} e
Mass of dish + wet soil {g)  Z2LC 6 2274
Mass of dish + dry soil (g} 214S | 24.92
Mass of dish (g} (Z.76 12, (0
" Mass of water {a} .5 ¢ Z-82
Mass of dry soil () £2.237 | 1Z2.82
Moisture % (B2 Wn= 2Z.o
Average Plastic Limit Fn= 0.S8s
Liguid Limit 2177
SHRINKAGE LIMIT LL:W“(J}_) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wet soil (g} En= (ﬁ) 0.120
3. Mass of dish + dry soit tq) 25
4. Mass of dish {a} LL = {Fpn) (Wp}
5. Mass of water (2-3) (9}
6. Mass of dry soil (Wg) (3 -4) {9) N Fn
7. % Moisture (5/6 x 100) 20 0.974
8. Vol, Shrinkage Dish {V) 21 0.979
9. Vol. Dry Soil (Vo) 22 0.985
10. V-Vg=(8-9) 23 0.990
11. V-V 10 24 0.895
woo 100-= (“g" "’“) 25 1.000
12. Shrinkage Limit (7-11) 26 1.005
' 13. Shrinkage Ratio {6/9) 27 1.009
28 1.014
PI=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
Pl = - =
Auxiliary tests: USBR5205- __ ___
LIQUID LIMIT {LL) = 217 USBR5300- __ _ _
PLASTIC LIMIT {PL) = &0 . USBRS350-____
PLASTICITY {NDEX (P1) = 2.0 USBRS360- __ __
SHRINKAGE LIMIT {SL) = USBR 5365 - ___ ___
Remarks:
ML

GEO fac.23T
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Cle Eium Dam BSH 98-1 90.0' to 95.0°

100 -
T

90 \\ -
; _ :
80 : -1

AN
o \
o &
o - -
ol " |

PERCENT PASSING

20 : . g

10 ' L o=

) A T B
75 3841 tg 96 475 238 118 06 0.3 0.115 0.075 0.037 0.019 0.609 O.dU
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP-GC Poorly Graded Gravel with Silty Clay and Sand
% Gravel: 77.3 . Maximum Size: 2.75" : Cu: 79.48

% Sand: 16.7 Liquid Limit: 22.8 Cc: 8.9

% Fines: 6.0 Ptastic Limit: 5.3




b:

7-1451 (9-86)
Bureau of Reclaration

GRADATION ANALYSIS

Des;gnatlon USBR 5325-
Designation USBR 5330-_ j
Designation USBR 5335-__ -

»'

‘AMPLE NO. BSH 93 _ / ino,;Ecr FEATUET!F C/G—E/um-« _Da.m
ARER EXC.NO. DEPTH o &

l ) GRADATION OF GRAVEL SIZES ?0 — -;Lo ?5—_
TESTED AND COMPUTED BY _ |DATE | % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKEDEY DATE % MOIST URE CONTENT OF -NO.4 TOTAL DRY WASS OF SPECIMER, 4_ 34

SIEVE SIZE (75 mim) (3173%;:1 1 (190 rom) | (9.3 gum) ¢4§g.:m) PAN
MASS OF CONTAINER AND :
RETAINED MATERIAL

MASS OF CONTAINER 203

WET MASS RETAINED

DRY MASS RETAINED 5 S| 648466 | 2,52 N

DRY MASS PASSING 24341 19,8 12,70 ‘8.04_ 5,852 D« Os

% OF TOTAL PASSING /o0 | TR | S52.2433,0122.7 .

GRADATION OFSAND SIZES
DRY MASS OF SPECIMEN Ke 4 g‘mc-roa - mﬁ";ﬁ ";'O-E ‘;’ - - 2£2.57
{218 hO. ,?_ :nsw 1L 88 O gF IR (R.EVE0)
STEVING TIME ' DATE
1 PRE herhneo @l patttie | & | BAtmet| SONESER | __ REMARKS o
8 14 & 71.€ 20 | /8.9 2,36 mm ,"{4" adk Side = ,
6 /e | 527 E% 45,7 | _i8mm Gravel = 77.3
30 J &5 4_9_ i Eﬁ 12,9 600 2 Sewd = to.7
50 /5:7 ?H { :E 10,/ 200um EH‘*‘ - C—) '
100 ‘?, 5 29.0 gg '7;:@ 150 pm v - &ﬂ’?wrhémc[zef Gme w\-\'h
w | 6.0 [ 23,0 &=l £o 75 um Silty Clo.v azm[ Sand
PAN -'{ééreb AND COMPUTED BY |DATE CHECKED BY
TOTAL

HYDROMETER ANALYSIS

EYDROMETER NO. - ~z. DISPERSING AGENT ¢ “u "I e L‘ plw«k
TARTING TTME DATE '| -2 58 AMOUNT ' { N 126"
- : ml
TIME TEMP | HYD | HYD | cCORR| ¢ % OF TOTAL PARTICLE
°¢ READ| CORR ) READ| 2 - PASSING DIAMETER
&
. 271 5 20 52 '
[ min 11’ﬁ & 79 Py 35 5, & 37 um
- 3 J .z(ﬂ.
amn | 238 23] 507 184 gx| 4.7 19.m
- Ud
19 min 13:5 ]1‘5 S 2 !z'g x,“_: > 13 Sum
- 1 2o . AUXILIARY TESTS:
60 min L?;{ !"("g _) A r‘f_;s 'O_i-— 2 -5 5 um USBR 5205-_ _
- ’ 0% o USBR 5300-_ _
15 min* < s 2pum
.25 h 45 min* | tum
"TESTED AND COMPUTED BY )\F DATE CHECKED BY

*Not required for standard test,

GFQ 833 ~639



" 7.1702 (11-85)
Burcau of Redamation

SON. CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHODI

Oesignation USER

——— " ———

SAMFPLE NO.

FEATURE PROJECT
?0. o 7"0 95. 0 35/9( f’f—'/ _ C/.e_ é’/cekq
Air dried (m} Tested by _MZZ‘S/MW Date __/. /- —30-_1'&_
Oven dried & Computed by Date
. Natural 0 Checked by Date
PLASTIC LIMIT LIGUID LIMIT
Trial No, -1 2 1 2
Dish No. 78 et
No. of blows {N) 8
Mass of dish + wet soil (9) 22 .k 28.22
Mass of dish + dry soil {0) VAR & 25.25
Mass of dish {a) 12 ¥ /2.0
Mass of water {g) Je S &~ 2.5
Mass of dry soit (9) RB 129
Moisture % s Wp = 72.5
-Average Plastic Limit - Fp= l2 iAo
Liquid Limit 228
SHRINKAGE LIMIT LL:W“(_&) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wet soit (@) - ( N ) 0.120
3. Mass of dish + dry soil {a) 25
4. Mass of dish (g} LL = (Fpn} {(Wn)
5. Mass of water {2 - 3} {g) ] ’
6. Mass of dry soil (Wo} (3 - 4) {g) N Fn
7. % Moisture {5/6 x 100} 20 0.974
B. Vol. Shrinkage Dish (V) 21 0.979
9. Vol. Dry Seil (V) 22 0.985
10. V-Vo=(8-9) 23 * " 0.990
V-V 0 24 0.995
" vwo‘;’; 100= -(l?x 100) 25 1.000
12. Shrinkage Limit {7 - 11} 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1.014
Pl=LL-PL 29 1.018
" PLASTICITY INDEX: 30 1.022
Pl = - =
Auxiliary tests: USBR 5205- __ _
LIQUID LIMIT {LL) = 22.8 USBR5300- __ __
PLASTIC LIMIT (PL) = 7.5 USBR 5350 - __ __
PLASTICITY INDEX (PI}) = 5.3 USBR 5360 - ___ __
SHRINKAGE. LIMIT (SL) = USBR 5365 ___ __
Remarks:
CL-MmL

GPO 8A9-227
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Cle Elum Dam 'BSH 98-1 - 95.0' to 100.0"

100
T\

a0 |

\

80 » R

70 +— A

X

60

50

]

40

PERCENT PASSING

N

30

20

10

g =

75 381 - 19

95 475 238 118 08 0.3 015 0.075 0.037 0019 0.009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soll Classification: GW-GC Well Graded Gravel with Silty Clay and Sand
% Gravel: 52.6 Maximum Size: 2.75" Cu: 1028.562
% Sand: 31.8 Liquid Limit: 23.6 Cc 1.09

% Fines: 15.6 Plastic Limit: 7.0



Designation USBR $335-_
— <AMPLE NO — PROJECT FEATURE :
AER EXC. NO. BEPTH s 7 —S
| > 452 4o fo0>
— GRADATION OF GRAVEL SIZES )
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO_ 4 "WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -NO, 4 TOTAL DRY MASS OF SPECIMEN
z 1172 3/4" 3/8" NO.4
SIEVE SIZE 75 mm) | (37.5mmi | (19.0mm} | (95 mm) | (4.75 mm) PAN
MASS OF CONTAINER AND
- RETAINED MATERIAL
MASS OF CONTAINER ~ |
. IWET MASS RETAINED
™ JoRY MASS RETAINED & &3l 4,132 .99] 2.37 -
DRY MASS PASSING 291 123.28|12. 15| /16,16 /3_,_7? Bwm Ok s
= |% OF TOTAL PASSING /0T | 80,0 85,81 535 47
GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN _ RIOTAL FPASSING NO. & - P
8.5, % : ﬁiFACTOH DRY_MASS OF SPECIMEN a, < 7/
- 13- 0. — ..-,-""' IDRY WASS 7 SFECER (8.2VED) ’
i N
- SIEVING TIME DATE
— F SIEVE MASS MASS L |%OF TOTAL] PARTICLE -
NO. |RETAINED (g)} PASSING ()| ¢ PASSING | DIAMETER y / Remares 2/ ¥
8 éLé _:ZIQ,Z- gg '4\.?,6:’ 2.36 mm V(&x’ Si2€ < & /f’
- 6 SIO 701'2—— &g 3?-{ 1,18 mm Gyr&.\fe.f - 52._-,49
e ~ — —
L30 [ 2— | Low E;:, T3, 603 itm Sa«\,cl T o/
o X . _ »
! 50 /Z o 4‘(‘:‘1C“ n°:§ 2'631&“ 200 um L S /Slé' )
w | /2.6 | 354 | Bl 197 | isoum (W -GC= u/, [ Zvaded Geavel with
4 e
200 7 28 2O *l 5.6 75um .S//é‘r c[d-v anel S&}w(
Aot
PAN "TESTED AND COMPUTED BY |DATE CHECKED BY DATE
TOTAL &
b4 HYDROMETER ANALYSIS _
YOROMETER NO, DISPERSING AGENT N
E 2¢& Soium ufm‘ae_‘-@_pl:&-l(_
— BTARTING TIME DATE - 2158 AMOUNT ' f 2 <
- - ml.
TEMP | HYD | HYD | CORR| & % OF TOTAL PARTICLE
: TIME oc READ| CORR | READ| 2 PASSING DIAMETER REMARKS
- 3
[
K |
I min < ZC, 4. “f-g g% f3:7 37um
2 i ’
— 4 min Zlf 25 |45 705 =g // 4 19 ym
— ; O
omin | 24.4| 209 45 | 1l T x < 8.9 9 um
p zO AUXILIARY TESTS:
60 min ¢4 17| 54 2D OF é 5 pm USBR 5205._ _
15 min* = ° 2pm
) 25 h 45 min* ipm
— T‘E‘s"ifﬁ"_mo COMPUTED BY _ . | DATE CHECKED BY DATE

7-1451 (9-86)
Bureau of Reclamation

GRADATION ANALYSIS

Designation USBR $325-__
Designation USBR §330._

*Not required for standard test,

GFPO 853 ~¢6359



7-1702 (31-85)
Bureau of Reclamatiun

SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD} | sesionation usas .

B R

SAMPLE NO. FEATURE PROJECT
6}50 o Loo:o BsH 98-/ Cle Efeax
Air dried Tested by %é&@% Date /7 / 2s/ 78
Oven dried /{ Computed by - Date ’
Natural Checked by Date’
PLASTIC LIMIT LIQUID LIMIT
Trial No. 1 2 ) 1 2
Dish No. 7 25
No. of blows {N) _ 2a
Mass of dish + wet soil (g) Z2O.5% 7528
Mass of dish + dry soil (g} 19. 38_4 Z2-7¢6
Mass of dish (o) [2.35 [2.26.
Mass of water {g} i.17) Z.52
Mass of dry soil ta) .23 /0.5
Moisture % oS~ Wn=| & Zdo
Average Plastic Limit Fa=| 0-9&%
' Ligquid Limit]  Z2.3.(¢
SHRINKAGE LIMIT e wn(N) 0.120
1. Shrinkage Dish No. 25
" 2. Mass of dish + wet soil {g} = N)o.12o
3. Mass of dish + dry soil {q) 25
4, Mass of dish {a) LL = (Fn) (Wn}
5. Mass of water {2 - 3} g | -
6. Mass of dry soil (Wg) (3-4) {g) ' _ N ~ Fp
7. % Moisture (5/6 x 100} ' . 20 0974
8. Vol. Shrinkage Dish {V) 21 0.979
9. Vol. Dry Soil {Vo} 22 0.985,
10. V-V =1{8-9) ‘ . 23 0.990
1. V-V, 10 24 0.995
w°°£1oo= 6 100) ' 25 1.000
12. Shrinkage Limit {7 - 11) 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1014
Ll -PL 29 - 1.018
PLASTICITY INDEX: 30 1.022
Pl = - =
Auxiliary tests: USBR 5205 - e
LIQUID LIMIT {LL) = Z 3 ¥ USBR 5300- ___ ___
PLASTIC LIMIT (PL) = lo. & USBR S350 - __ __
PLASTICITY INDEX (P1} = 1‘ o USBR 5360- __ __
SHRINKAGE LIMIT (SL) = USBRS365-___
Remarks:
Co~ML_

GPO sa9-227



Cle Elum Dam 'BSH 98-1 | 100.0' to 105.0"

100 T —

T y g
80 \ L

70 \
" \ -
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40 : j : : L

PERCENT PASSING

30 -— ; Lk

20 5 -

10 H—— 'I‘ ‘a——

"

: | .
75 381 19 8.5 475 236 118 06 03 0.5 0.075 0.037 0019 0.009 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP Poorly Graded Gravel with Sand

% Gravel: 51.9 Maximum Size: 2.5"" Cu: 30.53
% Sand: 45.4 Liquid Limit: Ce: 0.55
% Fines: 2.7 . Plastic Limit:

[=.




-

7-1451 (986)
Buceau of Reclamation

GRADATION ANALYSIS

Designation USBR $325._
geeﬁgnntlon USBR 53230-_
Jesignation USH

SMPEERO: ISH 98— e reatoRe Cf O F Juen }a.m.
EREA TEXC. NO. DEPTH y L }o /0 <=

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED 8Y D/AfE 98 % MOISTURE CONTENT OF + NO. 4 'WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN —
N Rt ,4-?
- 3 172" 374 3/g" NG.4
SIEVE SIZE (75mm} | (37.5mm) | (19.0mm) | (95 mm) | {4.75 mm} PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER £l
WET MASS RETAINED
DRY MASS RETAINED = 4,@0 53714 ,4—4‘-—'- 4—; O3
DRY MASS PASSING 3549830 8912852421 ./10 [’7207 Kiwm DOxe O
% OF TOTAL PASSING /oo | 87.01 7.9 159 5T48.1
GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN - TR TOTAL PASSING NO.4 p
54—-7 0 3IFACT°R DAY MASS OF SPECIMEN LASKRO
‘.ZJEZ-. 1.G. P IDAY MAS3 OF 8FECILAEN (3.2VEa)
< f i
SIEVING TIME TOATE g
=21 9&
SIEVE |  MASS MASS 1 |% OF TOTAL| PARTICLE -
NO. JRETAINED (g)] PASSING (&) | £ PASSING | DIAMETER REMARKS al
8 /55 4.74 g9 31!l | 236 mm f// K, mt e e e 2
o <=
16 184 | 490 o 284 | 1.18mm Qr&v€ ( = 51.9
T v o
.36 /83 3”7 %_, I'7'.8 600 fem \_Ju-v\—(.l- - 4‘51
. . x & ‘ e ;
0w | /48 59 =5 < | 300um  Fihes
- O §
100 Sé 73 Q% 42— 150pm GP = Powr lgL éraz{ea/ §rzzw,/
200 2 Z 4(0 L 2,,7 75 Um Les ;/A &114(
PAN "FESTED AND COMPUTED BY | DATE "CHECKED BY DATE
L] ! ]
ATOTAL
HYDROMETER ANALYSIS
[FYOROMETER NO. DISPERSING AGENT
STARTING TIME DATE AMOUNT
ml.
TEMP | HYD | HYD | CORR| 1 % OF TOTAL PARTICLE
TiME °c_ | READ| CORR | READ| 2 PASSING DIAMETER REMARKS
uf
« O
==
{ min i 37 ym
xm
4 min % E 19 pm’
O
19 min x< 9 um
. xg AUXILIARY TESTS:
60 min o 5 e USBR 5205-_ _
DL USBR §300-_ _
h 15 min* & © 24m :
25 h 45 min® 1gm
FTESTED AND COMPUTED BY DATE CHECKED BY ; DATE

*Not required for standard test,

GPO 833 ~ 639



Cle Elum Dam BSH 98-1

105.0" to 110.0

100 ']T |
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PERCENT PASSING
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10

e

T

75 31 19 95 475 236 1148 086

0.3 €15 0075 0.037 0.019 0.008 0,005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP Poorly Graded Gravel with Sand

% Gravel: 62,3 Maximum Size: 2.5" Cu: 34.32
% Sand: 348 Liquid Limit: Cec: 0.81

% Fines: 2.9 . Pigstic Limit:

\




7-1451 (9-86)
Bureau of Reclamation

GRADATION ANALYSIS wzﬂ&ﬁm USBR S325._
signation USBR 5330-_
. : Designation USHR 5335 =
SAMPLE NO. = PROJECT FEATURE 7 .
| ESH9&~ | ; CleElurc Dam
AREA EXC. NO. DEFTH  p 5o / /)0 o
GRADATION OF GRAVEL SIZES !
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO, 4 ‘WET MASS OF TOTAL SPECIMEN )
| i
CHECKED BY ~ {DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN ‘
3005 |
3 31/2" 374" 3/g"” NO. 4
SIEVE SIZE (75 mm) | (375 mm) | (19.0mem} | (8.5 mm) | (4.75 mm) PAN j
MASS OF CONTAINER AND
RETAINED MATERIAL
Mass oF conTainea XX
WET MASS RETAINED
DRY MASS RETAINED € | 4,285 94| 424 4—24 1
M } 2 ) + T
DRY MASS PASSING 30.05125.771149.83 {/5.571]]. 33 /@f'm Ok . s
% OF TOTAL PASSING : /0D | 85860 54,8 RT7.7
. GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN . o % TOTAL PASSING NO, & - - y
oo E}FACTon DRY MASS OF SPECIMEN =2, . O8R4
ST, . ] DAY WASS OF 87 2Ciiheh (5 EVE0)
. IR
. i
SIEVING TIME DATE
SIEVE MASS MASS 1 .|{% oF TOTAL| PARTICLE Y
NO. RETAINED (g} PASSING (2)| ¥ PASSING | DIAMETER w _ REMARKS /4
; = g 7 R -
s | 2l 1§79 P 240 2.36_ mm / j._.,k_-_\ S T R g
- n ] -
i {(a\; (7[ /4. &% = ! 1.18 mm ér—av«". | - 2.3
. il wvn . - oy -
30 23! 25=2 5_&.: /3.5 | s00pm Sa.acd - S4.,&
= = x — -
50 \2-3 /150 g:?' . 7;0 200 um e s, 0= Z .9
100 53 77 | gg 4| isopm P2 ?oor\u,‘ (xnded Goeavel w"‘r“\
200 2.3 .5;4— b | 75 um S&(\A
PAN TESTED AND COMPUTED BY JDATE CHECKED 8Y DATE
TOTAL T ‘
HYDROMETER ANALYSIS
fHYDROMETER NO. DISPERSING AGENT,
STARTING TIME DATE ‘ ‘ AMOUNT
ml
TEMP | HYD | HYD | CORR| 1 % OF TOTAL PARTICLE -
TIME °C__| READ| CORR] READ| 2 PASSING DIAMETER REMARKS
w .
“o
i min 5;—:
m & 37 pm
[
4 min g& 19 4m
L )
19 min X< 9 pum
) «O AUXILIARY TESTS:
60 min or 5 g1m USBR 5205-_ _
by USBR 5300-_ _
! h 15 min® - e 23m )
25 h 45 min* | igm
FESTED AND COMPUTED BY DATE CHECKED BY DATE

*Not requived for standard test, GPO 853-659
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Cle Elum Dam. BSH 98-1 110.0' to 115.0
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75 384 19 95 475 236 148 06 03 015 0075 0.037 0019 0.000 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GP Poorly Graded Gravel with Sand

% Gravel.561.7
% Sand: 47.6
% Fines: 0.7

Maximum Size: 2.5" Cu. 22.04
Liquid Limit: Ce: 0.43
Plastic Limit;

I{




7.1481 (9-86)
Butesu of Reciamltlon

GRADATION ANALYSIS

Designation USBR $2325._
Deslgnation USBR S330._
Designation USBR §335._

]
VPLE NO. o PROJECT FEATURE / ] !
BSHa&- | Cle. /. )0—:\‘--
S HEA EXC. NO. DEPTH Py P
o L - HOE o y/SE
GRADATION OF GRAVEL SIZES
TESTED ANG COMPUTED BY n;\ E tag % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
» ' |CHEGCKEDBY DATE % MOISTURE CONTENT OF - NO. & TOTAL DRY MASS OF SPECIMEN
— ' 300
3 1-1/2° 3ja’ 3jg~ NO. 4
_ SIEVE SIZE (75mm} | 137.6 mm) | (19.0mm) | 195 mmi | (4.76 mm) PAN
.. [MASS OF CONTAINER AND
w | RETAINED MATERIAL
MASS OF CONTAINER /
) [WET MASS RETAINED .
DRY MASS RETAINED ~} 4 , 7113 .41 | <1024 3,80
{DRY MASS PASSING 308626,/51 22 A /8. 72 j_4. g2t fwom ke s
—|% OF TOTAL PASSING /oo 18471 TET o7 43:3
. GRADATION OF SAND s:zesa
DRY MASS OF SPECIMEN - eTOTAL PASSING NO. & - o
L e F9a ) _glracTon- =5 MASS OF SPECIMEN [ SPRN I
— s 5 L0, TDRY WASS O3 SEEMLSL (3. 5730}
I / ’,
- i
S,EVING TIME DATE -
- / / “ent = T8
oy SIEVE MASS MASS ' % OF TOTAL] PARTICLE
™1 “no. RETAINED (2)] PASSING () 9 PASSING | DIAMETER A /[ REMARKS o
q / , (‘, _‘.'_’-.?_'Z %g . 54 { 2.36 mm 7"_’ ! e € = s
- v P .
{47 38k ot 28,7 1.18 mm ur'a.w&-/ - 51.7
mn_ .
T 0 f7/f =" §_J 15 . 600 Jam »‘Wl- \___A_- ‘4;7; G
: A wx< .
50 { ’1[ “ 7 u:s 5:{ 2000m ,I.': Hnes
Ok >
100 4‘7 : 2 2 {(}% /, 150 p2m é? ?w(lsg Gradwl Q*ruue/
200 12— 1O A 750m with 5and
T PAN ' TESTED AND COMPUTED BY JDATE CHECKED 8Y DATE
roTAL ™
- HYDROMETER ANALYS!IS
THYDROMETER NO, DISPERSING AGENT
T_;TARTING TIME DATE AMOUNT
) ml.
i TemP | HYD | uro | corrl T % OF TOTAL PARTICLE )
THME 5C__ | READ| CORR | READ| 2 PASSING DIAMETER REMARKS
. w
™ o
2
I min ga 7 §m
o .
<
4 min gu_ 19 pm
U
19 min )(ﬁ Sum
ro AUXILIARY TESTS:
60 min R 5 um USBR 5205-__ __
e oL USBR 5300 _
n min = . 2 ftm
S h 45 min®* 1pem
.._Esreo AND COMPUTED BY DATE CHECKED BY DATE

1ot requived for standard test.

.

GPO 853 - 8359




{ t | O { . { i U { O t

Cle Elum Dam BSH v3-1 115.0' to 120.0'
100 T | =
% | =
90 - i =
— g - -
80 i v ' ~——~
” \ 1
') ! | |
= * } ? 1
D 60 . ; ;
2 - \‘. _ : _1
o \ '
50 N\ i T
40 : : -+
i l N i
a - ' !
30 | L ~! Tt I
— o T |
47 | ] —~
17 | T i
10 : — o+
I S
, | T m_p |

75 281 19 05 475 236 118 08 03 Ci5 0075 0037 0010 0,008 0005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: GW Well Graded Gravel with Sand

% Gravel. 68.0 Maximum Size: 2.5" Cu: 25.62
% Sand: 30.8 Liquid Limit: : Cc: 1.48
% Fines: 1.2 : Plastic Limit:



7.1451 (9-86)
Bureau of Reclamation

GRADATION ANALYSIS

Designation USBR 5325..
Deslgnation USBR $330-_

Designation USBR 5335-.,..
ra
«:PLE NO. RS H 98- { PROJECT _ FEATURE&/ c E Ry _Z’o-rm.,
~AEA EXC. NO. o H o
L N EPT! i}j‘& % /w_f_

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED BY ﬁ&'re 98 % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN
CHECKED 8Y DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 3 3 P 5
. ']
3" 2 3/4" R NO. 4
SIEVE SIZE (76 mm} | (375 mm) | (19.0mm} | (85 mm) | (4,75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER = 0.3
WET MASS RETAINED
DRY MASS RETAINED S .7l 72516,6 ‘1[ 4-,24 -
DRY MASS PASSING 23¢elzpezl 216711503 10,771 Bem D O
% OF TOTAL PASSING (60 | 859 éﬁ’-,:ﬁ' 44 & 37,
; GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN . R TGTAL PASSING RO.X | e
TE0,0 E'FACTOR DRY MASS OF SPECIMEN Dend s 7
S ) . ~ID3V IWASS CF SF 0 Ach (3.EVED)
I " L
§.EVING TIME DATE -
. I - 23 -8
SIEVE MASS MASS 1 % OF TOTAL] PARTICLE : v
WO. [RETAINED (g)] PASSING (2)| ¥ PASSING | DIAMETER A REMARKS 1/
e | /74 | S7e | By 2-4 L | adeem | AN S = 2T/ _
1 <= ' . - f
6 /95 STH " ol 1.18 mm (‘yyave ) o8 .,0
vig . < .
19 157 271 < ’f. 7' 600 4m Sl - 53»-,8
<
-_— — » -
G
w | S A4 be | 7.9 isopm (W = M” &rmﬁwf érave/
r I <
200 [ / 27 ww /. L 75 im le> 11&}1 Sand
PAN TESTED AND COMPUTED BY |DATE CHECKED BY DATE
TOTAL B
HYDROMETER ANALYSIS
HYDROMETER NO. DISPERSING AGENT
STARTING TIME DATE AMOUNT
mi.
TEMP | HYD | HrD | CORR{ ¢ % OF TOTAL PARTICLE REM
TiME 5% | nkaD| corr | READ{ Q PASSING DIAMETER EMARKS
' w
[
e
I min gg 37 pm
. 4
4 min g ll(. 13 um
0.
19 min xf_‘_ 9 pm
0 AUXILIARY TESTS:
60 min or 5um USER 5205-_.
DL USBR 5300-_.
3 §5 min® E s 2ym
5 b 45 min® . 1 igm
TESTED AND COMPUTED BY OATE CHECKED 8Y DATE

*Not requirbd for standard test,

GPO 833 -850



L S { L. 1 SR § { I | t 1 .

Cle Elum Dam - BSH v8-1 120.0' to 125.0'

100 s i : — -
-l | } ' ;
.\ 1 | +
90 A _ oA
AN |
]
80 < ‘ e
70 -
% N\ | |
Z N |
@ 80 ! .\\ l —!
a . ™ i _!_
5 i A 0 |
Lt : \ ' :
w : A— |
uJ v ) _l . : .
% 0 ' i '
\ L |
20 ' \ i
: i | | . \ i
- T \
10 : m
‘ N
. -

75 381 19 95 476 236 118 06 03 C15 0075 0037 0019 0000 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SP Poorly Graded Sand with Gravel

% Gravel: 40.8 Maximum Size: 2.25" Cu: 17.50
% Sand: 58.5 Liquid Limit; Cc: 0.21
% Fines: 0.7 Plastic Limit



-

7.1451 (9-86)

Bureau of Reciamation

GRADATION ANALYSIS

Designation USBR $325-_ _
Designation USBR 5230
Designstion USBR $335._ _

WPLE NO. ES # 28 - PROJECT FEAWREC/ el j}d--,-..
[AREA EXC. NO. DEPTH J205 H | DCE

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF-NC. 4 TOTAL DRY MASS OF SPECH MEN
— & '7
3 1172 3747 e NO. 4
SIEVE SIZE (75 mmj | (37.5 mm) | 119.0mm) | (9.5 mm) | (4.76 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER 22—
WET MASS RETAINED
DRY MASS RETAINED B | 30|07 £.03| 34|
DRY MASS PASSING 31671 S0, 37126.20 22,17 /8,7 Kwom [k Do
% OF TOTAL PASSING /900 | 28,9 182.7] 70.015%. 2-
. GRADATION OF SAND SIZES »
DRY MASS OF SPECIMEN - OTAL PASSING NO. & © - Ty -
N é/‘] ----- ‘JFAC"’" DAY MASS OF SPECIMEN c O
is- 1.0, P “Toa (l\ OF SFECIAEN (3.2VED]
- t e
§,EVING FTE DATE
SIEVE MASS MASS 1 |% OF TOTAL| PARTICLE
NO. RETAINED (5)} PASSING (9] @ PASSING | DIAMETER ’ REMARKS e
= i T F
8 54 My I R 2,36 mm /{’/ ce X Tt A |
A rm— r— < “ -y
r - 1
16 534 2 4-7.¢ 1,18 mm Crztve / -~ , &
g Pau ——r
o | )62 | 372 | £, 23.2-| eooum J__ v D8,
- x - - .
50 83 Ilq ms /(J,é 00 pm f R
, — oF
100 95 | 24 bel 2.1 isoum _ |#5F = ‘Poor-lq G‘cro.o[ui So.vd’
<
200 /(o 8 v |l 0, 7 75 m to P Goravel
PAN TESTED AND COMPUTED BY |DATE CAECKED BY DATE
TOTAL L)
HYDROMETER ANALYSIS
[HYDROMETER NO. DISPERSING AGENT
STARTING TIME DATE AMOUNT
mb
TEMP | HYD | HYD | CORR]| & % OF TOTAL PARTICLE REMARKS
TiHE Sc__| READ| CORR | READ| Q@ PASSING DIAMETER EMAR
w
“ o
l— .
. z
1 min wa 37 ym
u:lﬂ
. <
4 min g o 19um
O
19 min b4 ,‘S Fum
- 0 AUXILIARY TESTS:
60 min o Sum USBR 5206._ _
by USBR 5300 _
15 min® E ® 2 pm
25 h 45 min* fpm
TESTED AND COMPUTED BY DATE CHECKED BY DATE

* Not required for standard test,

GFO AT -89




I [ [ { O | IO O | | ¢ T A

Cle Elum Dam | BSH u48-1 ‘ 125.0' to 130.0'
100 -—T— ; —. : | :
90 \‘\A\ . —l' ;
m I z -
| \ ?
; \ |
l T
70 ' i
0 ‘ | 1
Z |
a. o ; 5 5 '
j— 50 ~ I E - T
l.% - : \'\ | ! * . [
© 40 ' !l ! T . '
& . ! ““‘ N ' T '
30 ' H\_ —1 ‘,” : 1
. EE——
: + | - 7] -
10 | ‘]ﬂ H

75 384 19 95 475 236 118 06 03 Ci5 0075 0.037 0.019 0,008 000t
DIAMETER OF PARTICLES iN MILLIMETERS

Unified Soil Classification; GP Poorly Graded Gravel with Sand

% Gravel: 58.8 Maximum Size: 2.5" Cu: 21.08
% Sand: 40.4 Liquid Limit: Cec: 0.55
% Fines: 0.8 Plastic Limit:



7.1451 (9.86)

|

Buretu of Reclamation

GRADATION ANALYSIS

Designation USBR $325._ _
Designation USBR 5330.__
Designation USBR $2335

MPLE NO. PROJECT FEATURE ~° - e
RS/ 98- Cle Fluw oo
AREA EXC. NO. DEPTH - =g
I L A AT
GRADATION OF GRAVEL SIZES ‘
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKED BY BATE % MOISTURE CONTENT OF -NO.4 TOTAL DAY MASS OF spt—:cme:\-rs,o
3 1-1/2° 378" 3 NG.2 V.
SIEVE SIZE 75mm) | (37.5mm) | (18.0mm) | 195 mm} | 14.76 mm} PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER <O 2—
WET MASS RETAINED
DRY MASS RETAINED o | 4,38 5,824 4‘. 30| =2 70
AJ . ¥ i e T
DRY MASS PASSING 30,941 26.56|20. 71 16,44 U2 T4 Kiwn ke - L[l
% OF TOTAL PASSING. 100 | 8581 7 ol 53,1 1412

GRADATION OF SAND SIZES

DRY MASS OF SPECIMEN

ﬁ;’o.

rACTOR -

R TOTAL PASEING NO. ¥

D EL]
|

DRY MASS 0OF SPECIMEN
y=- S 10 R e ey
- i —
§.EVING TIHME DATE
SIEVE MASS MASS 2 % OF TOTAL] PARTICLE
KO, RETAINED (g)f PASSING ()| 2 PASSING | DIAMETER ¥ //j REMARKS —_ c{/ ot
8 178 | 572 | gl 314 | 23mm i R A ~
<Z - == -
N ) 387 w2 | /9.0 1.18 mm Srave | D88
/ , 7 25_ s f 4 . _1
i9 ! C? . A1 XE;' ‘7: ! 600 ttm ook ws b =L e I
* - ‘ )
50 ,)3 (;7 ___ 8:,6. ...‘jf7 200 um -'nc i) - D,
100 4.0 27 0y /.S | tsopm Cr? ?o::-r'\q Gcma(ea\ Gm\;e.l
¢ <
200 13 1 4- e | 5.8 75um with Sand
]
PAN TESTED AND COMPUTEDBY | DATE CHECKED BY DATE
TOTAL {®
' HYDROMETER ANALYSIS
EYDROHETER NO. DISPERSING AGENT
TARTING TIME DATE AFIOUNT - ’
ml.
TEMP § Hyp | HrD | corr| @ % OF TOTAL PARTICLE REMARKS
TiME °c__| rEAD| coRrR | READ| 2 " PASSING DIAMETER EMA
@
-2
! min k}ﬁ 37 pm
o
4 min gé 19 pm
04
19 min ><"‘_(_ Fum .
- 2O AUXILIARY TESTS:
60 min o S pm USBR 5205-_ _
- ol USBR 5300._
{S min* Ea& 2um :
1 25 h 45 min® - lpm
TESTED AND COMPUTED B8Y DATE CHRECKED BY DATE

*Not requited for standard test.

GPO 852 -689



Unified Soil Ctassification: GP Poorly Graded Gravel with Sand
. % Gravel. 57.2 Maximum Size: 2.25"

% Sand: 41.6

% Fines: 1.2

PERCENT PASSING

100 -

BSH vg-1

130.0' to 135.0'

90

80

70

80

50

40

30

20

10

|

75 381 19

Liquid Limit:
Plastic Limit;

05 475 298 118 06
DIAMETER OF PARTICLES IN MILLIMETERS

Cu: 19.50
Ce: 0.41

0.3 0.5 0075 0.037 0.019 0.009 0.005



7-1451 (945) '
Bureau of Reclamation

GRADATION ANALYSIS

Dezignation USB R $32s5._
Designation USBR $330. :
Deslgnation USBR 5335

AMPLEND, PROJECT FEATURE CJ /
A . EXC. NO. DEPTH /30 i ILT) / :;5 /
: GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY oﬂ'e 8 % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -ND. 4 TOTAL DRY MASS OF SPECIMEN 30 3 —
3 1-1/2" a8 s~ NO. 4 e
SIEVE SIZE (78 e} | (375 mmd | 119.0.mm) | 195 mm) | (475 mm} PAN
MASS OF CONTAINER AND :
RETAINED MATERIAL
MASS OF CONTAINER _Zu0). 3
WET MAS5 RETAINED
DRY MASS RETAINED - 12,5917 | 4.7¢} 324
DRY MASS PASSING 3037V 2T 18121.61 116,851/ 341 J % N & ™ P
% OF TOTAL PASSING / 00 20,51 7/ 24 55, 51428
- - GRADATION OF SAND SIZES
NG, & .
DRY MASS OF SPECIMEN pap: A J“m“" = T - - - g
I TORY MASS OF SPECIMEN (SIEVED}
SIEVING TIME OATE
e . [ -—23—~98
SIEVE MASS MASS [ % OF TOTAL] PARTICLE 77
NO. RETAINE m' PASSING (p) | 2 PASSING _§ DIAMETER 44 REMARKS o L /
s 2] 532 | ge| 353 | asemm My, oize = &~ /4
16 10, 2—| 270 wa L 2451 118 mm Gwmvel = S7.2
. Via
w | 217 | 155 &1 sey s00m Sand. 4-_1 /
.. X -
50 . l08 ig g'a 3:0 300 zem rllué -
o ‘
100 =0 25 b% /;7 $50 pm &:E ?Oo(lbi é’rw &"QV‘C'
o«
200 7 /18 bl /¢ S 751m Lo t‘lc\f\ éa.r\&
PAN ARD CO DEY [OATE CHECKED BY DATE
ral
HVYDROMETER ANALYSIS
YOROMETER NO. DISPERSING AGENT
TARTING TIME DATE AMOUNT
mlL
MP vyo | HYD | CORrR| O % OF TOTAL PARTICLE
THE TENP | A0 | £Oar | ReRB ) PASSING DIAMETER REMARKS
g .
-2
 min &"a 37 pm
[. 4
4 min g§ 19 zm
Od
19 min x< Ium
€0 AUXILIARY TESTS:
<0 min "2" S pum USBR 5205-_ _
ok USBR 5300
« 15 min®. u<..! 2pm
- 25 h 45 min* 1p2m -
0 AND FUTED BY DATE CKED BY DATE

*stot required for standard test,

GFO 853 -e3%




PERCENT PASSING

70

Cle Elum Dam

BSH 98-1 135.0' to 140.0'

100 .

a0

80

60

50

40

Jﬂ/ ‘

30

- d _...._.i,...._|......._ L

—

20

10 +

N
.,
N

I S

[ .

75

| -
1

381 19 95 475 236 118 06 03 015 0075 0037 0019 0.009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS -

Unified Soil Classification;: GP Poorly Graded Gravel with Sand

% Gravel: 53.1
% Sand: 46.2
% Finas: 0.7

Maximum Size: 2"
Liquid Limit:
Plastic Limit:

Cu: 15.93
Cc 0.72



71481 (946)
Bureay of Reclamation

GRADATION ANALYSIS Désignation USBR $325._
Deﬂ;ntlon USBR $330._
Designation USBR saas -
SAMPLE RO. PROJECT ) FEATURE
e BSHGE — | CleEln J'&-wx..
A EXC. NO. DEPTH 7 7
/35 " S s4o
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY (‘.}A}'E a8 X MOISTURE CONTENT OF + NO. 4 WET MASS OF YOTAL SPECIMEN
— CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN 37
— { KN
R 112" 3R 38 NO. 4
SIEVE SIZE (78 mm) | (375 mmi | (190 mm) { (95 mm) | 14.75 mm) FAN
— MASS OF CONTAINER AND

RETAINED MATERIAL

MASS OF CONTAINER_ VAR LSS 8)
—  |wer mass peTAINED

i §
DRY MASS RETAINED | £,5T3,9b] 5./2-|4-,44- _
__ [DRY MASS PASSING 28.37} 2¢,82122 8¢ Z.74 1.3, 30 Hme Ok Os :
% OF TOTAL PASSING , 10 | LS| So, & &,Zu.( “fe. 7
: GRADATION OF SAND SIZES
o F SPE - RIOTALFARSING RO, X . —
— DRY MASS OF SPECIMEN N 4 Ly € lTI‘-'A.CTOH QRY MASS OF SPERVAEL S e .
Gi5H 170, ¢ Ao g DRY MASS OF SPECIMEN (SIEVED} i
540 N _.
FEVING TIME DATE - i —
i . /=23 TS
SIEVE | MASS MASS u % OF TOTAL| PARTICLE '
NO. IRETAINEOD (g)l PASSING ( O | PASSING | DIAMETER REMARKS -
8 WA -7 1 gg 344 | 236mm [_x . DIZE. = -
- i i \
16 157 314 wa <32,0 1.18 mm Crayel = S3,1
- X - w o . - s
30 JACYS /DS §_<, 103 600 jim So.nd ¢ 4—‘:""""'
i , g ¥ .
-1 | OO 4.4 el =6 300 I ines
or
w | 3| (8 | Gyl 43 o |G D= Turky . Grad é'zaw/
. Lo j G - 0,'7 758m led I?L/) 777 .SQM
PAN *anmv BATE CHECKED BY BATE
- foTAL
T
HYDROMETER ANALYSIS
YOROMETER NO. ‘ln‘ ISPERSING AGENT
~ ETARTING TIME DATE AMOONT
. mbL
MP | HYD | HYD | CORR| ¥ % OF TOTAL PARTICLE
. e 2 | abAp CORR | READ| 2 PASSING DIAMETER REMARKS
— u .
9
t min ﬁﬁ 37 pm
=1 4mn gs 19m
O
19 min X< 9 jim
‘ xO AUXILIARY TESTS:
— 60 min i 5 pm USBR 5206._ _
0 uo. USBR 5300-__
A 1S min®. E* 2pm .
«— § 25h 45 min® § ' 1um
TESTED AND COMPUTED BY DATE CHECKED 8Y DATE

. “Hot requirsd for standard tesy CPO 833 -esy



A SR SR SN (NN N U SN G SR SR CRR SR

Cle Elum Dam  BSH Yo-1 / 140.0' to 145.0"

100 g - \$

90 . : “ Y -
.4 m

80

\
70 ' \ '
E | | xY__

60 ; :

50

40 + i

PERCENT PASSING
BEan

F R
30 | |

i
+ , N |

j 1x‘Lﬂhl~%\u\
10 +— _ : - — -
i i -
|

75 2841 19 95 475 238 118 06 03 015 0075 0.037 0019 0.009 0.008
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SM Siity Sand .

% Gravel: 0.0 Maximum Size: No. 4 Cu:
% Sand: 86.3 Liquid Limit: Ce:
% Fines: 13.7 Plastic Limit:



7-1451 (9-86) -
Burcau of Reclamation

GRADATION ANALYSIS

Designation USBR 5325-_ _
Designation USBR 5330._ _

Designation USBR 5335 _

MPLE NO.

PROJECT

FEATURE d e E}um Da —

EA
Lt‘(

FSH98- )

EXC. NO.

DEPTH /403‘7&0/_?{'(_9_

GRADATION OF GRAVEL SIZES

TESTED AND COMPUTED BY ] D, TEq 8 % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN
__ {CRECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN
3-' 1-1,2n 3’ e 3’8” NO. 4 -
SIEVE SIZE (75mm) | {37.5 mm} | (19.0mm} | (9.5 mm} | {4.75 mm) PAN
MASS OF CONTAINER AND
— | RETAINED MATERIAL
MASS OF CONTAINER -D"4
H
__ JWET MASS RETAINED
DRY MASS RETAINED o ' -
DRY MASS PASSING Ciom Ok o
~ |% OF TOTAL PASSING JS60
] GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN - K TOTAL PASSING NO. & - -
8 7 ? ZIFACTOH DRY MASS OF SPECIMEN__ ——cam
— SETTE . [DAY NABS OF §- S0 ACh (3. 2vEn)
// '_} |
SEVING TIME DATE
w [TSIEVE MASS MASS 1 % OF TOTAL] PARTICLE
KO. [RETAINED (g)l PASSING ()| @ | PASSING | DIAMETER REMARKS
8 /’() 86-?__ gg ?3'9 2.36 mm ] Mﬂ.}g 6{&3 = Ah. &
L . 2‘? : 8’{‘2— :,% ?5-8 {.18 mm '9-6/0 &WJ
a
30 7.5 | M | 3, BSo | cooun | 86D % Sand
_ s ZL7 1 430 ] %5 48.9 oopm | 15T Y% Fines .
o .
o | 293 | /87 | Gx| 263 | oum [SM = Silly Sand
200 (p T/ /2-0 ww ’3-7 75H4m
(=1 .
PAN J TESTED AND COMPUTED BY DATE CHECKED 8Y DATE
TOTAL & .
— HYDROMETER ANALYSIS
[(YOROMETER RO 3 év DISPERSING AGENT
. BTARTING TIME / 34 BATE 12 Z-qa AMOUNT
. <. T - 4 mL
TEMP | HYD | nvD | corr| % OF TOTAL PARTICLE
TiME °C_ | READ| CORR | READ| @ " PASSING DIAMETER REMARKS :
w _ )
— xu 0!?’-;- 6:-..c.,‘ ml';_rh'(d
v - = -
Y { min /4—,0 -4- < ?.5 8% 10-8 37 pm / 07(-
T xm ¥
- 4 min 2-310 }2_,0 ”4‘,5- 715- GO:E 8'5 19 ym
: ) 04
M 19 min 2,3,0 //,O ....4-.SP érg x;(_ 74 Ium
‘ " ) AUXILIARY TESTS:
_ 4 6omin 23,0} &, 51457 4.0 Ok 46 5 pm USBR 5205-_ _
- _ Dy USER 5300
15 min® | é . 2 ptm
{40 b 45 min® L 1 _ 1gm
— {77SYEC AND COMPUTED BY DATE THECRED B8Y DATE

*Not required for standard test

GPCQ 133 - 6359



Cle Elum Dam- BSH 98-1 145.0' to 150.0'

100 ¥ Bl ool S o
4 . i

90 : - i -

80 e s

70 ! \

R
60 — : \ L

50 : , ' \

|

40 3 —— —= 0

PERCENT PASSING

L1

30

.//
t
!

20 : IL-

10 : + ) 1
I '\_
— -—---.I
75 381 19 95 475 236 118 06 03 015 0.675 0.037 0.019 0.009 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SP Poorly Graded Sand

% Gravei: 8.0 ) Maximum Size: 1.25" Cu: 3.18
% Sand: 87.6 Liquid Limit: Cc: 0.89
% Fines: 4.4 Plastic Limit:



.

2.1451 (936)
Bureay of Reclamation GRADATION ANALYSIS Designation USBR 5325 _
Dtd:nallon USBR $330._ ——
| Designation USBR $33§.—
AMPLE NO. PROJECT FEATURE
- B3 98 —/ Cle Elum
EXC. NO. * T
C. N DEFPTH / 4’5—/ fp /50
GHADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY onre 18 % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN n
CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF specmeuq g0
e — I
3" 117z Tl 378~ NO.4
SIEVE SIZE (75 mm) | 1375 mm) | 1180 mm) | @5 mm) | 14.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER 3 &
WET MASS RETAINED
DRY MASS RETAINED £ WITAY 0:7-40 0,37
Jory Mass PASSING 4,80 |4.6319,3917,02- o O s
% OF TOTAL PASSING _ yIL2 ?b. 51 25,8 92,0
B GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN 4EZ O flFAcTOR = > °-‘:' - Rk X
JDISH NO, RS AP T IDRY MASS OF SPECIMEN {SIEVED)
TIEVING THME DATE J-o5-7A
SIEVE]  MAsS HASS % |% OF TOTAL|] PARTICLE Y
NO. RETAINED (p)l PASSING (1) PASSING | DIAMETER | REMARKS 1/
8 21 ] 4= 22 8./ | awm | fifn Si2ze = [T
B { — ——t L +
16 22 | 428 z'ﬁ 1,7 1.18 mm Crave. | S, 0
N ' .
30 3L 1397 | 35 758 ) eoum NI / «
50 1177 220 b | Ao 300 pim J- e o 4. o
v = S
o | 163 2 7 Q%‘s /0.9 isopm_ ST = ?oor\w Qfﬂo‘-ﬂj\ Smr\ci
200 24 23 wae é,éﬁ 751um
PAN AND EGBY JOATE | CHECKED 8 DATE
TOTAL &
HVDROMETER ANALYS!S
YOROMETER NO. DISPERSING AGENT
"BTARTING TIME DATE AMOUNT
. mb
TemMP | Hyo | Hyo | corri 1 % OF TOTAL PARTICLE
TIME &% | abab| dORRr | READ o PASSING | DIAMETER REMARKS
-3
o2
t min ‘ﬁ’lﬁ 37 pm
- 4
4 min g§ 19 pen
(s 2]
19 min x < 9 pm
0 AUXILIARY TESTS:
60 min ok S um USBR 5206-_
) uo. USBR 5300._ _
+ 15 min®, 'f_* Aum
25 h 45 min® Lum
TESTED AND COMPUTED BY GATE CKED BY ATE

* Mot reguirsd for standard test.
-—

GFPD 233 - g8y



PERCENT PASSING

100 -

Cle Elum Dam

B oL o

150.0' to 155.0°

90

80

70

60

50

40

.
)

30

20

[ RSP A

10

i
|
|
i
|

|

75

38.1

19

95 475 238 1.18

0.8

0.3

C15 0075 0.037 0019 0.008 0.0

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soit Classification: SM Silty Sand
Maximum Size: 3/8"

% Gravel: 0.0

% Sand. 78.4
% Fines: 21.6

Liquid Limit;
Plastic Limit:

Cu:
Cc:

05



[—

I

1.3451 (946) .
Bureau of Reclamstion GRADATION ANALYSIS Desination U8R s325.
Designation USBR $330.
- | Peaignation USBR $33$.—
"AMPLE NO, PROJECT FEATURE
o BSH —98- ] _ C/&E’le ])a.m_,
EA EXC. NO. DEPTH
[ S — I /S0 ;/o /55’
GRADATION GF GRAVEL SIZES o
TESTED AND COMPUTED BY DATE X MOISTURE CONTENT OF + NO. 4 WET WASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF ~ND. 4 TOTAL DRY MASS OF SPECIMEN
| _ _ ss 5.7
I -y 3a o NO._4
SIEVE SIZE (75 mm) | (37.5mm} | 118.8 emm) | 95 mem) | {4.76 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL _
1
MASS OF CONTAINER [ Z
WET_MASS RETAINED
—> -
DRY MASS RETAINED TITRAGE |
—]
DRY MASS PASSING 5’,'4,_7 _;@!bm De [Jo
% OF TOTAL PASSING | AL,
K GRADATION OF SAND SIZES .
DRY MASS OF SPECIMEN /0 & 0O € FACTOR = N (-'::-ETJ - -
DISH KO, ¢ DAY MASS OF SPECIMEN (SIEVED] - -
ile
ISIEVING TIME DATE
SIEVE]  MASS 1IASS 1 |% OF TOTAL] PARTICLE
NO. JRETAINED (s} PASSING ()] 2 PASSING | DIAMETER REMARKS
8 0 94 gg 99.4 2.36 mm Max. Srze = 3p*
6 2 78 3 oy 98.3 iewm | € %o Geaved
30 Z-b G4.7 ;5_._(. 947 sooum | 76 - f % Sand
- » ?
50 23.2- 74 S 5?-’ L5 300 prm 21.6% FIM
wo | 2t | 37 | Bu| 344 | wow [SM = Silly Sand
200 l..u..) YA~ it . 2180 75m
PAN [TESTED AND COMPUTED BY |DATE CHECKED BY DATE
TOTAL i M
' HYDROMETER ANALYSIS
YOROMETER NO. 7& DISPERSING AGENT
TARTING TIME DATE AMOUNTY
g 59 [ 2-2-98 mt
TEMP vyD | Hyo | corr) * % OF TOTAL PARTICLE
TIME 8" | abab] cban | ReAB 2 PASSING DIAMETER REMARKS
2
=2 :
t min Z3ol-5.0} 18 vz | (8 37 pm
zm
0 :
19 min 2310 13'5 «-—5;0 8'5 Xﬁ 8'5- 921“
: - 20 AUXILIARY TESTS:
60 min 23,0 } ,‘5—‘_—5‘0 6-5 El"‘ g?"{ 5 pm USBR §206._ _
= 0% USBR 5300 _
15 min®, 'f* 2
25 h 45 min* Lg2m
T AND EG BY DATE CHECKED BY DATE

—r

*Not paguirsd for atandard test.

SFO 033 -89



- PERCENT PASSING

Unified Soil Classification: SP Poorly Graded Sand with Gravel

% Gravel: 44,7
% Sand: 53.5
% Fines: 1.8

[ { [ { [ [ [ [ [ |
Cle Elum Dam " BSH 98-1 155' to 165"
100 —pr——mm— , .
. ? .
90 —f—— + ‘ :
\ ¢ 1, | 1 l
\\ ] I :
80 ;
\ :
70 L\ -+
\ i
. A ;
*
50 -
1
40 ~ -
N s
;| T
30 — —
| L
20 ; —+
B "’\ .
10 : "\, i'
N -*‘-.
0 | | % : Ji‘ \r :
06 03 015 0075 0.037 0.019 0.009 0.005

75

; ]
/1 19 95 475 236 1.18

DIAMETER OF PARTICLES IN MILLIMETERS

Maximum Size: 1"
Liquid Limit:
Plastic Limit;

Cu: 25.31
Ce: 0.70



—

7-1451 (946)
Bureau of Reclamation

GRADATION ANALYSIS

Designation USER $32s.
Designation USBR $339.

gaton USBR $335.-
SAMPLE ND, PROJECT FEATURE _
BsHI8~/ Cle EJum. Dam.
' EA EXC. NO. DEPTH ) 7
S | /S5 Jo 165
: GRADATION OF GRAVEL SIZES :
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO. 4 "WET MASS OF YOTAL SPECIMEN
= CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 55> o 7
F 1.1/ 3y 38~ NO. 4 :
SIEVE SIZE (78 mm) | (375 mm) | 1195 mm) | 195 mm) | 14.75 mm) PAN
_ [WASS OF CONTAINER AND
RETAINED MATERIAL
mass or conramen S C -
—  |WET MASS RETAINED
DRY MASS RETAINED -3 /1:2215,31 | 3,36 i
DRY MASS PASSING 2z2,07120.87T115.5¢ /12,20 Bim Oks [Jo
% OF TOTAL PASSING Jov | 94,6 '70.5— SES
3 GRADATION OF SAND SIZES
ING NO, & A
_ [pRVMASs OF sPeCTMEN FA 4,7 |racron~ LY Nz,
OISH MO, z_\ / s DAY MASS OF SPECIMEN [SIEVED)
IEVING TIME DATE
= YsEve MASS ‘ MASS 2 % OF TOTAL] PARTIGLE
NO. RETAINED PASSING ()} @ PASSING | DIAMETER —,;./ REMARKS kd
2 /1 E | 593 ge Gy | 2.36 men Lo, seze =
- e | /S5 | 458 | 28327 | iiem Grave. 447
- vig: .. : - -
30 /.3 I So 7 §“’ =z ,? 600 um b&m.d" - 5\31-..5—-
X e ;
— 50 }.30 /77 g'(s /3. - 300 ptm }'on-t;.s - /46
14
wo | /{7 ) &0 Oy | 4.S7 1 sopm |SP= Poorly Gended Sand
R 36 Z4 v /.8 758m with Grvel
PAN FYESTED AND COMPUYED BY nATé CHECKED BY DATE
YOTAL &
- HYDROMETER ANALYSIS
EYDROMETER NO. DISPERSING AGENT
— BTARTING TIME. DATE AMOUNT
mb
TEMP YD } HYD | CORR ] % OF TOTAL PARTICLE
TiHE 82" | atan] coaR | ReaD e PASSING DIAMETER REMARKS
t min hZ 37
g ] g
b 4 min gg 9pum
02
19 min xf_ 9 pm
) AUXILIARY TESTS:
— 60 min -g'— 5 pm USBR 5205-_ _
Dy USBR 5300-_ _
.15 min®. e 2pm
] 251 45 min* - iz ——
NG EBBY DATE CHECKED BY DATE

. "ot required for standard test,

. ool
CPO 23383y
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! { { I S R T (0L

Cle Elum Dam BSH ..-1 165.0' to 170.0°

100 TR T

O
e

80 —

L.
- -i-——f--'—@—-—l—l

o
!
o

70 \

60 : v

40 - IR

30 ; h ’ 1

PERCENT PASSING
|

20 ; - = =

i N

! AN 7 i
! ! ! - '?‘ —
75 38.1 18 g5 475 238 118 06 03 015 0075 0037 0.019 0.009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

10

Unified Soil Classification: GW Well Graded Gravel with Sand

% Gravel: 68.9 Maximum Size: 2" Cu: 33.01
% Sand: 30.0 Liquid Limit: Ce: 2.23
% Fines: 1.1 : Plastic Limit:



7-1451 (9.86)
Buresu of Retlamation

GRADATION ANALYSIS

Designetion USBR 5325-_
Designation USBR 5330._ _
Designatjon USBR 5328._

AMPLE RO.

PsH 98-

PROJECT

FEATUREC@ Eva‘l Da m.

IAREA

EXC. NO.

DEPTH /éS_Q 7ZD /702

GRADATION OF GRAVEL S1ZES

TESTED AND COMPUTED BY DI?TE 96 % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DAY MASS OF specmer:z 7.6 |
3:- 1_',2!! 3{40. . 3’8” NO. 4 )
SIEVE SIZE (75 mm} | (37.5mm} | (19.0mm) | {95 mm) | 14.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
mass oF contamer 2.0 {
WET MASS RETAINED
: -
DRY MASS RETAINED ) 0,824 8. 86 5.?4— 3.4_[ L
DRY MASS PASSING Z7.64426,79 117921 11.99 1 5,88 Kiom  DOee. o
% OF TOTAL PASSING 1~ 197.0 | &4, 914341311
. GRADATION OFSAND SIZES
DRY MASS OF SPECIMEN ol - - - R TOTAL PASSING KO, & - o e P
& /£ ?_f_) EIFAC?OH DRY MASS DOF SPECIMEN (.9 o
>S5 1O, — 10&Y WASS OF SFECIAEL {3.8VES)
V (‘ N - l .
S{EVIRG THIE DATE -
- //—z4 —9&
SIEVE MASS MASS ) % OF TOTAL] PARTICLE REMARKS
KO. IRETAINED (g)| PASSING (2)| 2 PASSING DIAMETER N ot
: = g - 7 T
s | /22 | 484 | gl 4. ] 236m AT Y A -
/ <Z 3 - .
I8 [ 24- 1 360 el 783 .18 mm Gerovel = ¢29
- - LN JexS -. .
30 (26 | 221 o a1 603 m TS R R SR
" < .
i » ._,'-— x ] - . -
50 /4-::7 [0 xla 545 300 pm ., } MEAL A s /. {
» o
100 A = O 2,0 150 pim éW* (/[{ é“ru{a’ @-mw/
Tw th Sand
200 ! 7 2 Z— = i 7Sum Lt 5
PAN TESTED AND COMPUTED BY |BATE CHECKED BY DATE
TOTAL &
HYDROMETER ANALYSIS
‘:YDROMETER NO. DISPERSING AGENT
TARTING TIME BATE AMOUNT
mbL
TEMP | HYD | HrD | corr| 1 % OF TOTAL PARTICLE REMARKS
TiMe °C__| READ| CORR | READ| 2 PASSING DIAMETER
s
;4
g
1 min 8§ 37 um
o
. <
-
4 min o% 19 pm
0d
{9 min K;E Ium
€0 - AUXILIARY TESTS:
60 min e 5um USBR 5205-_ _
Oy USBH 5300_ _
h 15 min® :x(.;-! 2 pm
25 h 45 min* i tpm
TESTED AND COMPUTED BY DATE CHECKED BY DATE

*Not required for standard test,

GPO 853 -85%
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Cle Elum Dam BSH v8-1 ; 170.0' to 175.0'

100 —mm —ar - - i - Cem
| )

90

80 JF 5 ]

70 m__ i

60

1

50 : I - v : ._:_..

40

PERCENT PASSING

30

.P’,EFI- ‘
|

20 ! \ T 7
T V ‘-\ - ..
10 N
: -
0 ‘ : ‘ I = ‘
75 381 19 95 475 236 118 038 03 015 0075 0.037. 2019 0.008 0.005
- DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SW Well Graded Sand with' Gravel

% Gravei: 19.3 Maximum Size: 1" Cu: 6.99
% Sand: 77.5 Liquid Limit: Ce: 1,13
% Fines: 3.2 Plastic Limit:



7-1451 (93¢)
Bureay of kedzmﬂon

GRADATION ANALYSIS Designation USBR $2325.

. . Designation USBR $3230._
Jon gnation USBR $335.

SAMPLE NO, -g 5 H q £ .. l PROJECT . FEATURE CJGE /U N .l) A oo

(AREA EXC. NO. " DEPTH 7

- _ /70" f= 175
GRADATION OF GRAVEL SIZES i

TESTED AND COMPUTED BY mri ’ i g MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN

- CHECKEDBY DATE X MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN y ? 23
- a—— [
¥ [(BlZE 314" 3~ NO.&
SIEVE SIZE {(I65mm)} | (375 mm) ] {138mm) | (95mm) | (4.76 mm) PAN

. MASS OF CONTAINER AND

RETAINED MATERIAL
MASS OF CONTAINER 2.0 |
we  |WET MASS RETAINED

. |ory Mass RETANED - (0| /.20 2,45 |
_ DRY MASS PASSING ' 19.631/9431/8.2.9/5.84 1 Kivn  [xs  [Jo
o . & -
% OF TOTAL PASSING /ot 1 92,3173.2) 8=,
: - GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN - R ICTAL PASSING NO. 2 - G
= ASS O 731 (? s ]FAC’!‘OR Sav T Of SPECTMEL — Ve
GisH Hi0. i ¥ [BAY MASS OF SPECTMEN (SIEVED}
ISIEVING TIME ToOATE .
. . .
SIEVE MASS MASS T % OF TOTAL| PARTICLE
NO. L'!ET'Amgl (o) PASSING (g}} ¥ PASSING | DIAMEYER . ] REMARKS
- = e o e - 77
8 g p R 9 A 2.36 mm xS /
T = . ] Y ]
et .6 ’70 (}'} :,5 :’2,7 1.18 mm é";"t&vf / : / 71 3
" Vg .. . N -
) 30 224 PR §_<, L3,5 €00 um ‘,\ a vl ’7'7, .<"'
~ 50 I4—I 12.4- 5'6 -.3':'[- 300 gtm [ines
: [= ] o
13
200 2| 20 we | 2,2 758m Le> /#l Geravel
— - ~
PAN ARND DB DATE CHECKED BY DATE
HOTAL &
~ HYDROMETER ANALYSIS
[FYOROMETER NO. ‘ms‘ PERSING AGENT
o IETARTING TIME DATE AMOUNT
: mil
. TEMP ] HYD | HYD | corr] - % OF TOTAL PARTICLE
L THE E'% | aban] cbar | REAS, Q PASSING CIAMETER REMARKS
- -4 '
=2
- t min h"-m- 37pm
; 4]
=}  amn 3 19 e
O
19 min X;(_ 9m
‘ =0 AUXILIARY TESTS:
w} 60 min RF 5 pm USBR 5205 _
B Oy USBR E300-_ _
t5 min®. < 2
' min war pm
e 25 h 45 min® % tpm
D AND COMPUVED BY DATE CHECKED BY DATE

"* Mot required for standard test. _ . GPO ¥Ss.ga8




T 4 1 S S SR [IURRNY SR SRR SR DR

~"  Cle Elum Dam BSH 98-1 175.0' to 180.0'

100 T
~

90 = ;
il :

80 \ L
70 \ -

L -
80 " 3 - —

50 : . i

40 : 1

PERCENT PASSING
o

30 | o

20 : I

10 : - — m

!
I \\ .

, i & g
= -+

75 384 19 95 475 236 118 08 03 015 0075 0037 0019 0.009 0005

DIAMETER OF PARTICLES IN MILLIMETERS '

Unified Soil Classification: SW Well Graded Sand with Gravel

% Gravetl: 38.2 Maximum Size: 2" Cu: 15.28
% Sand: 60.8 Liquid Limit: Ce: 1.32
% Fines: 1.0 , Plastic Limit:




o

T7-1451 {(946)
Buresu of Reclamstion

|

GRADATION ANALYSIS

Designation USBR $328._

: Desigastion USB .
ot Designation ussg 2332.:;
AMPLE NO, . PROJECT FEATURE
BA EXC. NO EPTH 7
. - = ¢
- [ i |75 J» 180
) GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY o;wf 78 % MOISTURE CONTENT OF +NO_ 4 WET MASS OF TOTAL SPECIMEN
w  JCHECKEDBY DATE X MOISTURE CONTENT OF -NO, 4 TOTAL DRY MASS OF SPECIMER
iz 78~ — £f-.00
id] - L] *e No. ‘
SIEVE SIZE (78 men) | (375 mm) | (190 mm) | 05 men) | 14.75 mm) PAN
\w |MASS OF CONTAINER AND
RETAINED MATERIAL . .
i
. [massorcontamer 27 (4,22
‘s JWET MASS RETAINEOD ,
DRY MASS RETAINED -& c.2\1.4112.4b] 7051
o IoRy mass passinG z4- 08l 23,87 22.32] /9, 924/4-8 bm (g [Jo-
X OF TOTAL_PASSING /o 199 {92.9182.716/,3
3 GRADATION OF SAND SIZES
: DRY MASS OF SPECIMEN - NehO. & - . e
— Z172.0 ] FACTOR = Y MAGE OF SPECUAEL: TR AN
GI5H 1O. . DRY WASS OF SPECIMEN (SIEVED)
) E R
o éiEVING TIME DATE /] - 21— 99
— )
SIEVE | MASS MASS ' |% OF TOTAL] PARTICLE
NO. RETAINED ()] PASSING (g} | ¥ PASSING _| DIAMETER A REMARKS Ny
8 272 | 5749 g2 { 14 2.36 mm WVay, S1z¢ = 2
. - ' j ’ Y ~ , -
~ e /&0 369 ﬁg 2749 1.18 mm Grevel = 38,2
. g - f .
30 S? 3,0 §_| ‘4'50+ GOO_E_m b-’l.o“c‘ - 6018
- . ¥ «C i - - .
- 50 / 7\4 1%7 s§ /0.3 300 fzm . l et - I &
e | /05 32 | b 24 | isoum 1OSW:= WM Geaded Sond
° 1Y
. 200 {9 13 el /.0 75 pm 78] A-\\ ézm.ue
"
PAN TESTED AND COMPUTEDOBY [DATE THECKED BY BATE
TOTAL &
- HYDROMETER ANALYSIS
. JAYDROMETER NO. EI_SPERSWE‘KEFI"
‘o ISTARTING TIME DATE AMOUNT
mL
TEMP | HYD | HYD | CoRr]| % OF TOTAL PARTICLE
TME &¥ | dbin| dbar | RERB ) PASSING DIAMETER REMARKS
v uw
g =
L2
| min §ﬁ 37 pm
OJ
19 min x< 9pm
®0 AUXILIARY TESTS:
ot 60 min g+ S um USBR 5206-_
! De USBR 5300._
IS min®. u'(_ " 2um
il 25h A5 min® - i peen —
O AND COMPUTED BY DATE CHECKED &Y DATE

. * Mot required for standard test,

GPD 433 -859



PERCENT PASSING

Unified Soil Classification: SP Poorly Graded Sand with Gravel

% Gravel: 31.7
% Sand: 66.0
% Fines: 2.3

Q0

80

70

60

50

40

30

20

10

Cle Elum Dam

100 ‘r“—-ﬂ:\‘

BSH v4-1

180.0' to 185.0'

U IS %

4-

~,

\\

|

\q

75

Maximum Size: 1.75"
Liquid Limit:
Plastic Limit:

Cu; 9.25
Cc: 0.50

361 19 95 475 236 118 08 03 045 0075 0037 0019 0008 0.005
DIAMETER OF PARTICLES IN MILLIMETERS



7.1451 {986) .
B 1
ureau of Reclamation GRADATION ANALYSIS Detignation USBR $323._
Deuna!lm USBR $330._
Designation USBR 5335._
SAMPLE NO. — PAOJECT FEATURE
B398 _ CleEfian Do,
JRREA :
EXC. NO. DEPTH /30 LY 1857
' GRADA TION OF GHAVEL SIZES _ . -—
TESTED AND COMPUTED BY WE 9 & % MOISTURE CONTENT OF + NO_4 "WET MASS OF TOTAL SPECIMEN —
— CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMETL /7-
3 -4 kT aje NO. 4 'c e
SIEVE SIZE 1786 mm) | 13725 mm} | 119.0 mm) | (9.5 mm) | (4.75 mm) PAt
MASS OF CONTAINER AND T
bl RETAINED MATERIAL
MASS OF CONTAINER 2.0 A
o [|WET MASS RETAINED -
DRY MASS RETAINED =i 2,211 Z2.071Z2.681 5, 47 E .
: DRY MASS PASSING 6. N2 70124, 531 21,851/ 8,38|83em [Oxa [l
- -
% OF TOTAL PASSING o0 | 92,219 ,2-) B, z216E.3
- GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN A - - RIGTAL PARING NO. X _ " -
- 74' R, g)FACTOR " nEv \E SEEGIMED N AR
OISH 110, P BAY MASS OF SPECI MEN (SIEVED}
. wd e
‘ %uTsvms TIME ’DATE
—
SIEVE MASS MASS ] % OF TOTAL, PARTICLE )
NO. ‘RETAINED (g PASSING (o) | £ PASSING | DIAME —_ ? REMARKS 2 30
Vo g oY gg GO, L 2.16 mm (Vienl, Syve- = -/
- 13 | 559 | %8| 543 | vi0mm Cvn ool 3/;7
J Yo .' ' - -
wls | Z32 ] /33 xb i /Z.2 | 300um Eines = =.2
O .
100 86 -1 7 ':_(“,uo- £,3 £50 pm 6? ?00(\\4 ém)&; Sd.MP
200 22 =5 wae 2.3 75pm L th (zrave!
i :
PAN ANG CO OBV JDATE CHECKED BY DATE
TOTAL & ‘
e HYDROMETER ANALYSIS
."-}wuaoneren NO. DISPERSING AGENT
.Fnavmc TiME DATE AMOUNT
mb
TEMP | HYD )} HYD | corrl ¢ % OF TOTAL PARTICLE
TME G2’ | abah| torn | REAB e PASSING DIAME TER REMARKS
o 1 1 & ;
w «
! .,
* tm v
. min ua ITpm
ul :
_ <
e 4 min 5 o 19pm
l O
19 min x < 9 i
: 0 AUXILIARY TESTS:
. 60 min g 5 pm USBR 5206-_
oy USBR 5300-_
) min®* E* 2
'S h 45 min® Ipem
TESTED AVD COMPUTED BY DATE CHECKED BY DATE
L,

lat requirsd for standard et

ey




IR SR SR { 'SR G | U G O 1

Cle Elum Dam BSH v8-1 : 185.0' to 190.0"
100 *r—T—*T—'—-"‘-—r-:.—\ T — -
% . S !
- — < T —
80 — _ ——\w— -+
70 ]
© | \
Z T \
) 80 ; -+
175] . \
5 : i ‘ T !
e 50 : - -
= ) I
S e | ;
x 4 = ] ,
TR : . -
% ' ' i i NN
H l “-_Y\
20 : E | — 1NN
: ! ! 4 i :
{ ~ |
10 ’ + .\T
0 i . i
75 381 19 95 475 236 118 06 03 015 0075 0.037 0019 0009 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SM Siity Sand

% Gravel: 3.5 Maximum Size: 0.75" Cu:
% Sand: 79.9 _ Liquid Limit: Ce:
% Fines: 16.8 Plastic Limit:



71451 (336)
B R
uress of Reclamstion GRADATION ANALYSIS Designation USBR $315.
Designation USBR $330.-
Deslgnation USBR 5335.7 7
SAMPLEND, _ PROJECT FEATURE -
BsH 948 ~/ Cle Elup. Dam
AREA - EXC. RO, BEPTH ‘ 7 7
_ JBS 'L /90
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY DAYE % MOISTURE CONTENT OF + NO. 4 WET MASS OF YOTA L SPECIMEN
CHECKEDBY DATE X MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN 338
3’ 1z " 378~ NO. 4 |
SIEVE SIZE {75 mm) | (3725 mm) | {190mm) | (9.5 mm) | 14.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER <5 /5
WET HMASS RETAINED
DRY MASS RETAINED S | ). 0210. /0
DRY MASS PASSING 3381330 1%, 2L ETW DOxe [ Jo _
% OF TOTAL PASSING lso | 494 | 96.S ;
: GRADATION OF SAND SIZES QI{T —
DAY MASS OF SPECIMEN = " NGRS yi vz - ‘
:/(’ﬂ . :IFACTOR ORY MASE OIF SPECIMEL] A . 0' 958‘5
Bi5H 170, »y DRY MASS OF SPECIMEN (SIEVED) :
-
ISIEVING TIME DATE
SIEVE MASS MASS t % OF TOTAL| PARTICLE
NO. Lsnmso () PASSING ()| @ .|~ PASSING | DIAMETER | REMARKS
o -— -
8 <~ 4 Ge. > 3 GZ.3 2.36 mm Max Size > 34"
16 Z.f ?442 :g %'3 1.18 mm 3.5 Yo G:mu.el
wva ) ]
0t 2.8 g | 35| 81l | eoun [799 % Sand
b4 .
1o | 420 | 4O | Gu| 367 | isopm EM = S Ly Sand
200 AN /7.3 o [6.bp 758m ! |
PAN "TESTED AND COMPUTED BY |DATE CHECKED BY DATE
© froTaL & WP
HYDROMETER ANALYSIS
YOROMETER NO. 7 Z_ DISPERSING AGENT
KTARTING TIME DATE y AMCUNT
L 54 12-2~-9& L
TEMP [ HYD | HyD | comrr| ¢ % OF TOTAL PARTICLE
TIME &' | AEAn| coar | ReAD 2 PASSING DIAMETER REMARKS
-4 .
t min )'7!5 — 50 2.5 gﬁ 2.0 37 ym
1] ‘m
amn_123.0114.2]-50] 9 | 2&£| 8b 19pm |
OJ
{9 min ZB.O II,O - 5,0 Q x"s 507 9 um
z0 AUXILIARY TESTS:
somin |23.0[10,0}- 5,0} & Pk 4-8 Sum USBR 5206-_ _
= by USBR 5300-_ __
+ 15 min®. éﬂ 2pum
25 h 45 min® ] ' em
RO COMPUTED BY OATE CHECKED BY DATE

-7 TNotrequired for standard tast,
"

GPD t53 .85



PERCENT PASSING

{ { { I 1 { D { L {
3
Cie Elum Dam BSH 98-1 180.0' to 195.0"
100 T —e—— _— 3
; T J[ . ! i }
a0 . —& ‘ - l
| i N
1 ) ‘ﬁ — i
P17 ] TICT |
! . _ [ . i
' 4 : i i . ,
70 -+ ' e i
! ‘. ,
60 - ; : - ;
50 - L — : ~\
] 1 i '. \\‘ .
40. } : —:' \.\\l
| :  —8-
30 ! L N
; : L3
2 T m
10 > i\f
5 | i | _
75 381 19 05 475 236 148 06 03 (15 0.075 0037 0018 0009 0.005

. DIAMETER OF PARTICLES IN MILLIMETERS

Unifie& Soil Classification: SM Siity Sand

% Gravel: 0.0
% Sand: 64.8
% Fines: 35.2

Maximum Size: No. 4
Liquid Limit:
Plastic Limit;

Cu:
Cc



1-1451 (9.86) ; -
[Bureau of Reclamstion GRADATION ANALYSIS : B:::sn:go: ngg gggs-,___
Lo ] -
- Deslg:atlon USBR s:ag-: -
\MPLE NOD, PROJECT FEATURE -
BSNAE-) ~ [ e Efam. Do
AREA _ EXC. NO. . DEPTH < O]
- [ : 3 B . _/‘?O" _/‘b ] 9=
) GRADATION OF GRAVEL SIZES - - ?
TESTED AND COMPUTED BY nﬂg_q A % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
+. |CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL DRY MASS OF SPECIMEN ]
£ 1.4/27 3ja 38" NO.s |
SIEVE SIZE (75mm) | (37.5mmi | (19.0mmt | (@S mmi | (4.75 mm) PAN
MASS OF CONTAINER AND
w | RETAINED MATERIAL
_ |mass OF conNTAINER &C
'« |WET MASS RETAINED
DRY MASS RETAINED -
" lory MAsSS PASSING : ' ' Hem Ok O
~ |% OF TOTAL PASSING - ' | (o0
" L GRADATION OF SAND SIZES
“, DRY MASS OF SPECIMEN ( 7w g(FAc-ron _ Wnnv Mi'r'#mrﬁp ,,G 'fz;s: - -
w 3510, L] TREVIE LTS 07 8, 20ials 15 EWE0)
- i
SEVHLG TIME DATE
»LSIEVE] . MASS MASS t % OF TOTAL| PARTICLE
AEMARKS
hO. [RETAINED (g)] PASSING (2)] 2 PASSING | OIAMETER . .,
« | - F G 1.4 gg | 993 2.36 mm My OSege = Ab.-F
e 02 | 672 ] 58] 990 | rem |6 % Gavd
g
39 1.3 59 | £51 @i soopm |68 % Sand
%< ? . ‘ .
50 £ 573 =5 84 | scopm  |35.2% TFiner
G . .
100 1! 38.2 ’g% 56.3 tsopm  |SHM = SJ £y San;l
1 200 /4% I 239 U 35:.2- 75um ‘
|PAN TESTED AND COMPUTED BY |DATE CHECKED BY DATE
TOTAL &
he HYDROMETER ANALYSIS '
. HYDROMETER NO, , & ,Z ]ﬁspeasms AGENT - 1
v NG TIM - ATE - AMOUNT
.Tsmar E L4 DAT /l 2 -98 mL
3 TEMP | HYD | HrD | CORR] % OF TOTAL PARTICLE ‘
TIME °c__| rRean| CorRRr | READ| @ PASSING DIAMETER REMARKS ‘
o w
‘v-r u:o Oﬂﬂ. éd% maf’L“’ 4!
. - N
()! ! min 23,0"’.5‘0 ,@ 8% ZG'S 37 um L D'F'k 3
2 4min  |Z3,0018,0|-5,0] 1D g§ 4.7 192m
OdJ
él em |230l13.57-50| 85 x X 25 9um
P 2O AUXILIARY TESTS:
7. éomin 23,0}/ 4.0 {~-S,0 2 gr 8.8 . Spm USBR 5205-_ __
by USBR 5300-_ _
l . min® E et 2pm
. 25 h 45 min® ' Litm —
Tm AND COMPUTED BY DATE CHECKED BY DATE

Not required for standard tast, - ' GPO 8%3 =659

S



Cle Elum Dam - BSH 98-1 195.0' to 200.0°
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90 = i T—— I
: z
\

80

I

A |

|

60 '

T : %
50 , : ' : » - |

40 | i ;

30 . L —

PERCENT PASSING
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75 381 19 95 475 238 118 08 03 cis oars 0.037 0.019 0.009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SM Silty Sand

% Gravel; 0.0 Maximum Size: No. 4 Cu:
% Sand: 74.9 - Liquid Limit: Cc
% Fines: 25.1 Plastic Limit:




{

o
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7-1451 {98¢)
Bureay of Reclamstion

GRADATION ANALYSIS

Designation USHR 5325.
Desigaation USBR §33p._ "
Desipnetion USBR 5335.7 7

lﬁEA

FEATURE CjﬁE/Llwv-, :]:>" wo

SAMPLE HO, 55 I’ qu _ / PROJECT

EXC. NO.

DEPTH _/ q5/ 7‘0 Zon 7

GRADATION OF GRAVEL S1ZES

TESTED AND COMPUTED BY DATE

%X MOISTURE CONTENT OF + NO_ 4

WET MASS OF TOTAL SPECIMEN

CHECKED BY . DATE | % MOISTUAE CONTENT OF -ND. 4 TOTAL ORY MASS OF SPECINEN
¥ 172 ET /e~ NO.4 )
SIEVE SIZE (7S mml | 1375 mm) | (190mmi | (95 mm} | 14.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL

MASS OF CONTAINER __ J 3.2

WET MASS RETAINED

ORY MASS RETAINED

-

ORY MASS PASSING

3297 |@= D= O

[% OF TOTAL PASSING /D
: GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN - - 1> NO. 4 -
i f’o{- 5 :}FACTOR DAY MAES (IF SPECGIMEL
DISH 10, - / DRY MASS OF SPECIMEN ([SIEVED}
-
IEVING TIME DATE
SIE MASS ] MAsS | 1 ]% OF TOTAL] PARTICLE
NO. Lemmeo (g} PASSHG ()] @ PASSING | DIAMETER _ REMARKS
e “Traes /0l 8 gg 70 2.36 mm Moy Size = AS. ¥
16 | TTimxk col-8 | 4 0 tigem | B~ P Gravel
. g
30 O /ol | 2% 928 | coopm | T4k % Saud
< J
so X4 92.( | Xk P05 | o0pm | 28 Y% Fnes .
O ;
100 12 50.% U% &0 150 pem 6M = St\“i{r Sdn-fl :
L (
200 5 “f 258 wa® 25./ 752m
PAN FTESTED AND COMPUTED BV |OATE CHECKED BY DATE
TOTAL & e
HYDROMETER ANALYSIS
YDOROMETER NO. 3 (0 DISPERSING AGENT
TARTING TIHE 4"7 BATE - m AMOUNT
6’ . /2 Z 7 ,9 mL
TEMP | HYD | AYo | CORR ] % OF TOTAL PARTICLE
THE ° | READ] CORR| READ) 2 PASSING DIAMETER REMARKS
1 ¥
2
t min 2‘2__20 —4'5 l’]tg Ba 1742' 37“!“
zm
smin  |Z23.0])7,0|-4 .51 12§ 5{ 2.3 19 um
z OdJ
19 min Z«‘;‘O f3:0 .-4,5 B.Y x*‘f 8"7(' % um
r ” z0 - ‘ AUXILIARY TESTS:
samin  123.01/0.51-45 & o 514 Spm USBR 5205-_ _
' Dw USBR 5300 _
a 1S min*. E* um
25 h 45 min® |t
D AND COMPUTED BY DATE. CHECKED BY —& DATE

* Mot required for standard test,

CPO 353 - ane -




PERCENT PASSING
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100 "r—-r——T——""ll - ﬁ'___u__.T,‘m&h - :‘_ i
' | \ I;- | |
| P AN B
| ! N i
L 1
| — I |
\ |
' Vo
' G
: —gi.\
X
hY
-——— -
.
| I i
75 38.1 18 95 475 236 1.18 08 0.3 015 0075 0.037 0.019 0.609 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: SM Silty Sand
Maximum Size: 3/8"

% Gravel: 0.6

% Sand: 79.1
% Fines: 20.3

Liquid Limit:
Plastic Limit:

Cu
Ce:



73451 (348) :
Bureau of Red&mnﬁon GRADATION ANALYSIS Dedgnation USBR $325._
Desiguation USBR 3330.
- Designation USBR $33¢.
SAMPLE NO. PROJECT FEATURE
rex B5 98~ / Ci/ E fve. D
. EXC. NO. BEPTH Y
o _ Fo Z06
GRADATION OF GRAVELSIZES
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMER
~ CHECKEDBY DATE % MOISTURE CONTENT OF -NO, 4 TOTAL DRY MASS OF SPECIMER 255
g -z 3 = No.4 | :
SIEVE SIZE {75 wem) § 137.5 mmb | (190 mmd | (95 mwn) | 14,75 mm) PAN
— MASS OF CONTAINER AND
RETAINED MATERIAL
) TMASS OF CONTAINER _b fz :
o [WET MASS RETAINED .
DRY MASS RETAINED il Ko :
e
ORY MASS PASSING 3.8513.83 [ ™ 3o
- Lk A} 99
% OF TOTAL PASSING A .
: GRADATION OF SAND SIZES Yy,
DRY MA ¥+ SPE - - - Nix NO, 4 - riini - y
- RY MASS OF SPECIMEN e T gfFacTOR~ o0 MAFS NE FPECIMER 09927
HSH 1:0), (() lf DAY MASS OF SPECIMEN (SIEVED}
~ BEVAINGTIME DATE
. B
SIEVE | MASS MASS ¥ |% OF TOTAL| PARTICLE
. RETAINED (g) PASSING (g} ¥ PASSING | DIAMETER REMARKS
| 8 Teoes leo.2 Tg’g ?79‘ 2.36 mm /MG-Y S/z.e = 3/ B
, = S
= 6 | Troe (002 | -3 Gy Ligmm | 0:6 % (Gayel
Wig
30 /,U Q9.2 E_'_(, 98.4f 600 um 791 % Sand
— L 70.2. 74.0 ;.25 784 wopm 1202 % Fites
0o | 70.( 389 | Bu| 3BC | isoue | SM> Sy Sand
Eae Zo
.‘ 200 (8.4 20,5 : -3 750m
M . .
PAN [ TESTED AND COMPUTED BY JDATE CHECKED BY DATE
OTAL & I
~ HYDROMETER ANALYSIS
[YOROMETER WO. ' 87 DISPERSING AGENT
. BTARTING TIME 7 DATE > AFMOUNT
g /1 2-2-78 L
TemP | nyo | nvo | corr] @ % OF TOTAL PARTICLE
__THE &V 1 atan] ¢ban | SeAD 2 PASSING DIAMETER REMARKS
- ' w
-
. v
: -
'} tmin Zl2)-50) I | uZ 15.9 37 m
Z 3
o amn  |Z3,0})7,0l-5.0 12 gé ”‘7 19um
O
1y _omn 23011300501 B | xx| 1T 9um
0O AUXILIARY TESTs:
wl somn |Z3.0))p,0}-5.0] oF | 5.0 Spm USBA 5206-_
' Dy USBR 5300._
15 min®. E W 2ym
] 251 45 min* 1 pm
O AND EOBY DATE CHECKED BY DATE

, " Not required for standard test,
A

GFO £33 - g0


http:requlr.ct

DIAMETER OF PARTICLES IN MILLIMETERS

( 1 ¢ ¢ ¥ ¢t ¥ o 1 o+ o U L
Cle Elum Dam BSH v8-1 208.6" to 210.0"
100 ~um W o -r'—'—-r- o -
. !
3 ~ !'
" P! i
. T
o .
< s r g
7] ' :
7 80 : i iL
& 50 ]" N
o ¥ :
z | i "
C 40 | i \
[0l l i : !
t : T~ =
a. 1 i
30 ! : e
!
] - =
20 f — - L.
5 | -
10 |
rf i
0 i ' 1.
75 381 19 95 475 238 118 08 03 015 0075 0.037 0019 0.009 0.005

Unified Soi! Classification: ML Silt with Sand

% Gravel: 0.0 Maximum Size: No. 4 Cu:
% Sand. 26.9 Liquid Limit; 211 Cc
% Fines: 73.1 Plastic Limit: Nonplastic



7.1451 (9.86) ' '
B fR

uresu of Reclamstion GRADATION ANALYSIS Designation USBR 5325._
— . Deslgnation USBR S330._
_ Designstion USBR $335-_

SAMPLE NO. PROJECT FEATURE
jSH 98 "_'/ ] C/eg/;r‘ :D(r,‘--...
, AREA EXC. NO. i °
- € | S 203 & [, 2102
GRADATION OF GRAVEL SIZ2ES .
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO. 4 "WET MASS OF TOTAL SPECIMEN
— CHECKED B8Y DATE % MOISTURE CONTENT OF - ND. & TOTAL DRY MASS OF SPECIMEN
3 Tl Y 378~ No.4 | .
SIEVE SIZE “{75mm} | {37.6mm) | (19.0mm) | (95 mm) | {4.726 mm) PAN

o MASS OF CONTAINER AND
~ RETAINED MATERIAL

MASS OF CONTAINER | — 2—]

- WET MASS RETAINED

DRY MASS RETAINED . £~ -
 {ORY MASS PASSING ' ) ‘ ' Owa Oks  Oo
™ |5 oF ToTAL PASSING /0
. [oAv r;qus OF SPE.C'IMEN P liig:::’fh%%:’sﬁie RO. %4 ' -
l”_.: ,L:'é'.- 1.0. -, I{I;RVI\’.L)!?S ns g;g E D (g.:?fg\:)’fﬂﬂﬁs'mcme”
SIEVIRG TIME = ‘ - BATE .
T heriio f ealE ] § | BRI BARESES RerARKs
s__[TTenet Gso gg {00 3.36 rm Moy Sixe = ,u,.qé i
- 16 1 ek 5o &2 Lo0 .18 mm B % Grfa-vbf
: 30 ¢! G49 33 979 600 12m 2469 % Saeel
e 50_ /.0 6329 ﬁg 98. 3 swopm | T30 % Fries
100 .7 _ Sy %g P53 150 pm ﬂ[_f— 5;7% tac?ll{ Sdn.cj
- 200 1.7 41.8 e 73 75um '
PAN TESTED AND COMPUTED BY |DATE ° CHECKED BY BDATE
o hotau] & E M
— ‘ -

HYDROMETER ANALYSIS

~ [AYDROMETER NO. 72 DISPERSING AGENT e
s  BTARTING TIME - DATE AMOUNT

/ =2 [ Z-2-49¢& mL
TEMP | HYD | HYD | corr] # - | % OF TOTAL PARTICLE
TIME SC_ | READ| CORR | READ| © " PASSING DIAMETER REMARKS
>y
o Z, Cne_hag wmach. d
g - =
P20 b min 2.0l —5.0| £8-0 85, 585 37 sm S
- - 4
= amin  123,0135.0|-5,0{ 30 g§ do. ! 19 um
v
!<5 19 min 2.310 Z,5,0-'5',O ZO X'S 30 B 9 pum
A . - xO AUXILIARY TESTS:
il _s0min 1220071/ 9.81-5.0 sl o 22.3 5pm USBR 5205-_ _
oy USBR 5300
‘ | h 15 min* E&! 2pm
. j25h4smin | . Litm
— [TESTED AND COMPUTED BY BATE CHECKED BY DATE

*Not required for standard test, GFO e53-e%¢9



7-1702 (11-85)
Bureau of Reclamation

TE——
SAMPLE NO,

SOIL CONSISTENCY TEST {ONE-POINT LIQUID LiMIT METHOD}

Qesignation USBR

FEATURE PROJECT
Z08.6 4o 2(0.0 BsH g7-/ Cle Elem
Air dried g Tested by M 7é5f;ﬂ¢ﬂd'h-{ Date _/Z2-Z—~F8
Oven dried &I Computed by Date
Natwrat a Checked by Date
PLASTIC LIMIT LIQUID LIMIT
Trial No. 1 - 2 1 2
Dish No. 25
No. of blows {N) zZsS
Mass of dish + wet soit (g} S DR
Mass of dish + dry soil {a} 21.
Mass of dish {g} A fg ’
Mass of water {of 299
Mass of dry soit (9) ( 8.88
Moisturs % ;2 P J Wp = AN
Average Plastic Limit d @ z@ﬁa Fa={ fer?
Liguid Limit PAN
SHRINKAGE LIMIT LL =W, _f_’l_ 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wetsoil  {g}’ o ( N ) 0.120
3. Mass of dish + dry soil {g) 25
4. Mass of dish (g} LL = (Fn) {Whn)
5. Mass of water (2 - 3) (9)
6. Mass of dry soil (Wg) (3 - 4) {0} N Fn
7. % Moisture (5/6 x 100} 20 0974
8. Vol. Shrinkage Dish {V) 21 0.979
8. Vol. Dry Sail (Vg 22 0.985
10. V-Vo=1(8-9} 23 0.990
11.v-V, 10 24 0995
_woo e (?" “’0) 25 1.000
12. Shrinkage Limit {7 -11) 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1.014
PI=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
Pt = - =
. Auxifiary tests: USBR 5205- ___ ___
LIQUID LIMIT (LL) = 4 " ‘ USBRS300-___ ___
?LASTIC LIMIT (PL) = USBR5350- ___ __
PLASTICITY INDEX (P} = : USBR 5360- . ___
SHRINKAGE LIMIT {SL) = USBR 5365 - ___ _
Remarks :
2 AL

ERP0O 849-227


http:Redamafit.on
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PERCENT PASSING
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DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: ML Silt with Sand

% Gravel: 0.0 Maximum Size: No. 8 ‘ Cu:
% Sand: 18.7 Liquid Limit: 21.2 Cc:
% Fines: 81.3

Plastic Limit: 1.4



7-1451 (9.86) '
Burety of Reclamation GRADATION ANALYSIS Designation USBR $328.
. Designation USBR 5330._
— Designatipn USBR 5335.__
APLE NO. . PROJECT FEATURE
BsH &~ Cle Elva Tian
[AREA ; EXC. NO. DEPTH I3 o
——t’ ) Z O 7tn 2 I S —
GRADATION OF GRAVEL SIZES :
TESTED AND COMPUTED BY Ws 48 % MOISTURE CONTENT OF + NG, 4 "WET MASS OF TOTAL SPECIMEN
. [crEckensv DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN
" 1172 374~ 378" No.4 }
SIEVE SIZE (7Smm} | {(372.5mm} | {18.0mm} | {95 mm) | {4.75 mm) PAN
‘ MASS OF CONTAINER AND
~< I RETAINED MATERIAL
- |mass oF container 5 C.
" |WET MASS RETAINED
DRY MASS RETAINED — ‘ -
- |DRY 1MASS PASSING Owm [k o
‘"
% OF TOTAL PASSING - : [{e]®
T GRADATION OF SAND SIZES
y DRY MASS OF SPECIMEN - - BVOTAL PASSING KO 4 -
‘:--t . (v 3‘ 0 g FACTOR DRY MASS OF SPECIMEN
S Lo . TD3V LSS 05 SRECHLIL (R.FVE)
. __ ' 1 __
$IEVIRG THAE DATE
= { SIEVE MASS MASS 1 % OF TOTAL] PARTICLE REMARKS
NO. IRETAINED (g}l PASSING (5}] Y PASSING DIAMETER . N
" o (5.0 gg {2 2,36 mm Moy Size Al>.8 _ -
— ., {T]epes 3.0 -8 (o= Lismm | £ % Gravel
30 | Tiace @.O §.‘£ loQ 600 ptm /8-]13 6‘3"“4__
. *® ' .
‘— 50 M Yy 5:‘5 945 wopm | B3 Y Fiies
100 3.2 549 'g% q4.4 isopm VML 2 S /7 @zfg &J
hd 0
20 h.o Slz2. | ww B3 7S um ‘ : ,
1 Pan TESTED AND COMPUTEDBY | DATE CHECKED 8Y DATE
roTaL &
= HYDROMETER ANALYSIS
HYDROMETER NO. ,7 é DISPERSING AGENT
B TARTING TIME DATE I AMOUNT
/ 44 )T -2-9F L
TEMP | HYD | HrD | CORR} ¥ % OF TOTAL PARTICLE
TIME °c_ | READ| CORR| READ| 2 PASSING DIAMETER REMARKS
w k]
— 2 < Cne. _baqg wmarkcd
. + N
1 1 min 470(-50]|42 | L= .7 37 pum 2o 3
° mtﬂ n
o] 1an |230[375|-5.01325| £ [ 516 t9m
- UJd
r 9 min 23,0 | 280|501 23 %< 3(0.5 9 pum )
0 AUXILIARY TESTS:
4.4 eomn |23 0[2/0|=5,0| & | °F 254 5 gtm USBR 5205-_ _
= ‘ by USBR 5300-_ _
15 min® < 2
waR pm
25 h 45 min* pm
TESTED AND COMPUTED BY DATE CHECKED BY DATE

*Hot requlred for standard test,

[

GFO 853 -853



7-1702 {11.85)
Bureav of Reclamation

SOil. CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)

Designation USBR

. |SAMPLE NO. FEATURE FROJECT —
210.0 4o ZiS.0 8SH 98~/ Cle €/t
Ailr dried () Tested by Date
Oven dried 8. Comptrted by Date
Natural g Checked by Date
PLASTIC LIMIT LIQuID LIMIT
Trial No. 1 . 2 t 2
Pish No. <L 33
No. of blows {N) 2l
Mass of dish + wet soil {g) 22.55 Z@E
Mass of dish + dry soil (g} uZO.SE B35S 8
Mass of dish {g} /2. ‘/’T =3
Mass of water {9) AN 2.9
Mass of dry soil (9} 842 ). 16
Moisture % /9.6 Wn= 2.4
Average Plastic Limit Fa=] /-00%5
‘ Liquid Limit g By
SHRINKAGE LIMIT - _f_Q_ 0.120
1. Shrinkage Dish No. HL=Wa (25)
2. Mass of dish + wet soif  {a} - (ﬁ ) 0.120
3. Mass of dish + dry soil (o) 25
4. Mass of dish {a) LL = (Fp) (Wal
5. Mass of water {2 - 3) (o}
6. Mass of dry soil (Wo} (3 -4) {g) N Fn
7. % Moisture {5/6 x 100} 20 0.974
8. Vol. Shrinkage Dish (V) 21 0.979
9. Vol. Dry Soil (V) 22 0.98%
10. V-Vg={8-9} 23 0.990
. -——-—V‘;r:" x 100 = (l:- x wo) :; ?:2;3
12. Shrinka?; Limit {7 - 11) 25 1.005
13. Shrinkage Ratio (6/9} 27 1.008
28 1.014
Pi=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
PI= =
X " Auxiliary tests: USBR5205- __ _
LIQUID LIMIT (LU = 2.z USBR 6300 __ __
PLASTIC LIMIT (PL} = 9.8 USBR 5350 __ __
PLASTICITY INDEX {Pl} = 1 “{ USBR 5360- ___
SHRINKAGE LIMIT {SL} = USBRS5365- ___ ___
. Remarks:
ML

GFO 849-227




Unified Soil Classification: ML Silt

% Gravel: 0.0

% Sand: 10.8
% Fines: 89.2

PERCENT PASSING

[ { I { ( { I { | | [
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.l , \ ! : 3 |
i | ) = =
S ’ R e
e
70 1 5 i ‘\_\
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31 19 95 475 236 118 08 0.3 015 0075 0.037 0019 0.009 0.005

75

DIAMETER OF PARTICLES IN MILLIMETERS

Maximum Size: No. 4
Liguid Limit:
Plastic Limit:

23.6
3.6

Cu:
Cc:



71481 (338) .
Buress of Reclamation GRADATION ANALYSIS Deslgnation USBR $325.__
- PERE: Vet il
) on S- .
SAMPLE NO. PROJECT - FEATURE =
RER BSH 98 | _ C,/@ l:/t-bn\ Da-»m_
R EXC. NO. DEPTH /s 7 7
h GRADA TION OF GRAVEL SIZES ,
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF +NO, 4 WET MASS OF TOTAL SPECIMEN
_ CHECKED BY DATE X MOISTUARE CONTENT OF -NO, 4 TOTAL DRY MASS OF SPECIMEN
T -1z g 378~ NO.& )
SIEVE SIZE (75 mm) | (375mm) ] (190 mm) | 195 mm) | (475mm) | PAN
L MASS OF CONTAINER AND i
g RETAINED MATERIAL
MASS OF CONTAINER &’
w—  JWET MASS RETAINED
DRY MASS RETAINED : 2"
. . SRR e o PR
. |oRy tAss passiNG 4:‘.? -2 JBE"“ Ok [Oe
. —
% OF TOTAL PASSING ST
: GRADATION OF SAND SIZES
- |DRY WASS OF SPECIMEN G100 :lmma - igg,’::::, - -
— e DAY MARENF SPEC :
lPISH nO, . '( di DAY MASS OF SPECIMEN (SIEVED}) |
SIEVING TIFE DATE
~ USIEVE| 14ASS HASS X % OF TOTALl PARTICLE
NO. RETAINED (g} PASSING (] PASSING | DIAMETER | f R? it
8 O £ 0.8 gg 99.7 2.36 mm Max Size Akbo.of
- o] ol | @07 8| 995 | iiawm | € % Guvel
. vig
30 YA Lo.b s 2 993 soopm | OB Y Sand .
— [_so .. | (po-4 gé G%0 wopm | B2 % Eutex
100 L3 Sgoi {(}% 76-G 150 pam ML > Sf/?"
e | 4y ]S4k | e ] BLZ | sspm
PAN TESTED AND COMPUTEG BY |DATE CWECKED BY - DATE
: &
“hoTaL '
— , HYDROMETER ANALYSIS
JAYOROMETER NO. e DISPEASING AGENT
. [
ETARTING TIME DATE - AMOUNT
PTARTINGT ] 35 12 ]-.98 L
YD vo | co ' % OF TOTAL PARTICLE
e | TEOP | EAD| char | REAB] 2 PASSING DIAMETER REMARKS
. - -
2 ! min S20|-5.51455 vz T4 W pym
<
34 amn 22.0|47.01~5.5{ 530S 52 59,8 19um
i ; Od
’4 Wein (22,0 32.0 ~55 2s Xﬁ 43'4 Ypum
- ) ) AUXILIARY TESTS:
~ 60 min =40 3= £y Sl OF 303 Spm USBA 5206._ _
1‘—1_‘ %QD 4}_ ’ {8 E% B USBR 5300 —
i5 min®, &.E 2pm
. 25 h 45 min* | ) pm
I‘Te?.‘l!"o ANC GOMPUTED BY DATE CHECKED BY DATE

" NOt requirsd for standsrd test Py iy



70702 (21

Burean of Reclsmation

-85)

SO CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)

Designation USER

SHRINKAGE LIMIT

LL=W|1(

_____) 0.120

t. Shrinkage Dish No.
2. Mass of dish + wet soil {g) o= N 0.120
3. Mass of dish + dry soil (g) 25
4. Mass of dish (g} LL = (Fp} (Wp)
5. Mass of water (2- 3} {9)
6. Mass of dry soil (Wo) (3 - 4) (g) N Fn
7. % Moisture {5/6 x 100) 20 0.974
8. Vol, Shrinkage Dish {V) 21 0.979
9. Vol. Dry Soil (Vo} 22 0.985
10. V-Vo=18-9) ;3 g.:g:
LV 0 I
" VWZO x 100 = ('%"‘ wo) 25 1.000
12. Shrinkage Limit {7 - 11} ' 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1014
Pi=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
Pt = - =
' Auxiiary tests: USBR 5205 - __ _ _
LIQUID LIMIT (LU = 23.¢ USBR 5300 __ __
PLASTIC LIMIT (PL} = Z0.0 USBR S350 -
PLASTICITY INDEX (P} = 24 USBR 5360 - ___ ___
SHRINKAGE LIMIT (SL) = USBRS365- __ .
Remarks:
M-

fsamriE No. FEATURE PROJECT —
|_ZI(50 o 2200 BsH 98-/ Cle Elecom
Airdried O Tested by _sMZ Fspmpimes Date . L&~/ - 58
Oven dried ‘B" Computed by ' : Date
Naturai ] Checked by Date
PLASTIC LIMIT Lo Lt
Trial No. 1 2 1 ‘ 2
Dish No. [ =7
No. of blows (N) / AN
Mass of dish + wet toil (g /? 2D.ow 30.35
Mass of dish + dry soil {g) - /Z o 2Le (B
Mass of dish {ag) - T A {heder
Mass of water {9) .59 == 32,
Mass of dry soil (g} -1 9¢ -+ 525 1S.22_
Moisture % . 20.0 Wn=| 242 3, =
Average Plastic Limit Fp= i?jo
Liguid Limit Fi o

GO 0a9-227
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75 381 19

95 475 238 118 086
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: ML Sit

% Gravel: 0.0
% Sand: 2.2

% Fines: 97.8

Maximum Size: No. 16 Cu:

Liquid Limit:
Plastic Limit:

25.5
3.9

Cc:

03 0.5 0.075 0,037 0.019 0.009 0.005

|



7-1451 (936} )
B r
ueest of Rectamation GRADATION ANALYSIS Dedignation USBR $325.__
. » , Desigaation USBR $330.
e Deslgnation USBR $335.. "
AMPLEND, . PROJECT FEATURE '
BsHas-1___ T A Cle B Do
[AREA EXC. NO. DEPTH P &
- 2202 S, z2sE
GRADATION OF GRAVEL SIZES —
TESTED AND COMPUTED BY OATE % MOISTURE CONTENT OF +NO. 4 WET MASS OF TOTAL SPECIMEN
— CHECKEDBY DATE % MOISTURE GONTENT OF - NO, 4 YOTAL DRY MASS OF SPECIMEN
7 1172 v 3/8" NO.&4 |
SIEVE SIZE 8 men)_| (375 mm) | 1190 mm) | 195 memd | 14,725 men) PAN
. [»Ass OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER ’7
—  |WEY MASS RETAINED —
DRY MASS RETAINED =1 ' :
DRY MASS PASSING R,80|Ewe Dk s
po—
% OF YOTAL PASSING Jo
- GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN r—c = - ) -
— A N fACTOR DAY MAST GF SPECIMEL
0i{SH HO. . BRY MASS OF SPECIMEN {SIEVED}
— e
- [SIEVING TIME _|OATE
i = -
SIEVE MASS MASS P % OF TOTAL] PARTICLE
NO. JRETAINED g;;l PASSING ()] @ | PASSING | DIAMETER R REMARKS
° ol 543 1 8¢ (X 2.36 mm Moy Size = Ao. /6
~ s (el = (oD 118 & Y, Gaved
vig
0 ]! oLy <4.3 éi:’ e 600 gm Z-2% Sand
b 4
£00 :’)’ f =82 g% ‘f‘ig 150 um [ » .S—//*
200 J 2 580 | “*| 978 752m
PAN Tﬁgﬂm BDATE — [CHECKEGBY DATE
[ TOTAL .__3}”
~ HYDROMETER ARALYSIS
HYDROMETER NO. -7 a DISPERSING AGENT
STARTING TIME DATE - AFMOUNT
"ﬁ /] 4_0 1< -/~ 78 _ mb
TEMP [ HYD { HyD | comrr} ¢ % OF TOTAL PARTICLE
TiME & | AEAD| cORR | READ 2 PASSING DIAMETER REMARKS
1 -
o 1 | k3
i t min 56.0 ~5.5] Sb'g B;, 85.2 37 pm
. c?
4"]" amin 122,047, 0} =551 41.S g& § 70.0 19 um
- O
1 l 19 min 22.:0135,0 5,51 2445 K'E 4?-8 9 um
: « AUXILIARY TESTS:
o) camin 220 12¢,0|—5.5] 2058 22 34 5 um USBR 5206._ _
U% USBR §300-.. _
- 3 min*. é e 2 pm
25 h 45 min* 1zm .
' TET 0 AND COMPUTED BY DATE CHECKED BY DATE
!
. Not required for standard test




7-1702 (11-8%)
Buresy of Reclamation

SOIL CONSISTENCY TEST {ONE-POINT LIGUID LIMIT METHOD)

Oetignation USER

SAMPLE NO

2200 o 225.°

- FEATURE

B H

GE-7

PROJECT

Cle £

Alr dried o ‘ Yested by b5 i%&mmc Date __ /1~ 3055
Oven dried &Y Computed by : Date __
Natural 0 ' Checked by Date
PLASTIC LIMIT LIQUID LIMIT
Trial No. . | 2 1 2
Dish No. 23 7/
No. of blows {N) | 29
Mass of dish + wet soil {(g) /9 5t CG. <G
Mass of dish + dry soil (g) /8. 16 2382
Mass of dish {g) /.8 /Ze 7S
Mass of water o) Lo 2.77
Mass of dry soil {q) il .07
Moisture % . 2t Wp= 25 .2
Average Plastic Limit Fn= { 33
Liquid Limit 75.<
SHRINKAGE LIMIT LL = Wq (—'5'_) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wet soil (e) = N)o.120
3. Mass of dish + dry soil (g} 25
4. Mass of dish {gi LL = (Fn) Wy}
5. Mass of water (2 - 3) {9}
6. Mass of dry soil (Wy) (3 -4} {g) N Fn
7. % Moisture (5/6 x 100) 20 0.974
8. Vol. Shrinkage Dish {V) 21 0.879
9. Vo!. Bry Soil (Vo) 22 0.985
10. V-Vg=(8 -9} 23 0.930
1. V-V 10 24 0.995
woo ::"0 = (‘é’ x “’0) 25 1.000
12. Shrinkage Limit {7 - 11}’ 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1014
PI=LL-PL 29 1.018
PLASTICITY INDEX: 30 1022
Pi = - =
Auxiliary tests: USBR 5205- ___ ___
LIQUID LIMIT (LL} = 255 USBR5300- _ __
PLASTIC LIMIT {PL} = AL USBR 5350 - __ ___
PLASTICITY INDEX (Pl} = 29 USBR 5360 __ __
SHRINKAGE LIMIT (SL} = USBRS365- __ ___
Remarks; '
ML

GPO aLo-227



PERCENT PASSING
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75 28.1 19 05 475 238 1.18 06 0.3 015 0.075 0.037 0.019 0.009 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: ML Silt
Maximum Size: No. 30

% Grave!. 0.0
% Sand: 1.7

% Fines: $8.3

Liquid Limit:
Plastic Limit:

23.8
2.8

Cu:
Cc



; 145} (9'_ g‘ﬁ) . . -
uresu of Reclamsation GRADATION ANALYSIS gnst g§§ gggg
. Dulcnltioxl USBR £335._
MPLE NO. ' PROJECT ‘ FEATURE
BsH 98- | C’/E’.ﬁ'wm 34
- _
ARE EXC. NO. DEPTH 22 Sd-- i 2_5 oL
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED 8Y | DATE % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPEGIVEN
CHECKED BY DATE % MOISTURE CONTENT OF - NG, 4 TOTAL DRY MASS OF SPECIMEN
3 '-1’2u 3! " )3[ +e NO. 4 i
SIEVE SIZE (75mm) | (37.6 mm} | {18.0mm} | 19.5mm} | 14.75 mm) PaN
MASS OF CONTAINER AND A
RETAINED MATERIAL
MASS OF CONTAINER ’7
[MASS OF —
WET MASS RETAINED
DRY MASS RETAINED = .
DRY MASS PASSING : : ‘ 4,5% COwm  DOxs - [Js
% OF TOTAL PASSING. ‘ /0D
K GRADATION OF SAND SIZES
ORY MASS OF SPECIMEN - L PASSING NO. & - -
et ot et 70 8 3'FACT°R DRY MASS OF SPECIMEN L 4 S,
‘: 9 ' 0. v T103Y ILASS 0 8520 ASh (5. 2V E0)
N e g
SEVING TIME DATE
SIEVE MASS " MASS T |%OF TOTAL] PARTICLE :
NO. IRETAINED (g)] PASSING (| ¢ PASSING | DIAMETER REMARKS
8 22 2.36 mm May Siee > A2 20
5 e 1.18 mm Grave|[ = €
~ g’ e - ey - ~7
39 & T, S5 Je 600 ptm wmﬂf_ N I
- X I e s - 9
50 £ / 701 7_ gg 9941 _ 300um ffare o - \SJ«...
100 o, ! 7. gg 9.7 tsopm | ML= 5/'/‘%‘
200 ]+ O Gl | "] 9E,3 75 pten
PAN TESTED AND COMPUTED BY | DATE CHECKED BY DATE
. [TOTAL 1 ™
' HYDROMETER ANALYSIS
YDROMETER NO. DISPERSING AGENT
’ 72— l\at\ﬂ u(tﬁll\:;l}d‘k ‘liﬂi(
STARTING TIME . DATE } AMOUNT T
12:5¢f CH2i-98 | o
TEMP | HYD | HYD | CORR| ¢ % OF TOTAL | . PARTICLE REMARK
TiME Sc__| READ| cORR | READ| 2 PASSING DIAMETER EMARKS
W
"u Sa }\\.DLP_ 'IZC"D A:q 5
1 min 155 ? 00— 8% e 37 pum Cﬁw’c{ nU‘f' Qdu
. e\ A
.
4 min Z?,ﬂ 5@ -%.0 53:9 HO:E 7‘4-,Ci 19 pum l MIY\ . rea 1hqg
2 i g 3D V2 —
* A 19 min 2"") 3-} -2 Q Xg 4‘5! 2" Ium
‘ . - ’ =0 . AUXILIARY TESTS:
omo 12%5] 241-59| 240 oF 33,9 5 gm USBR 5205-_ _
D USBR 5300._
1 15 min® <> 2 pm
e
25 h 45 min* o 1gem
FTESTED AND COMPUTED BY )F DATE CHECKED BY DATE

*HNot required for standard test, CPC B%3 - 655



7-1702 (11.85)
Bureay of Reclamation

SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHODI

Dezignatlon USBR

SAMPLE NO. FEATURE PROJECT
225.0 - 230.0 BSH <98~} e Elerm Dam
Airdried O Tested by M {ZSW Date l/-z23-5%&
Ovendried &Y Computed by Date :
Natural O Checked by Date
PLASTIC LIMIT LiQuIib Lt
Trial No, 1. 2 1 2
Dish No. 25 z8
No. of blows (N) Zf
Mass of dish + wet soil (g} DS
Mass of dish + dry soil {g} /8B.37 21!
Mass of dish (a} -/ l2.40
Mass of water {9} /e 28 CrLse
Mast of dry soil {g) .t {.eS
Moisture. % 2 l.0 Wy = 2%.%
Average Plastic Limit Fn= 0.9%%
. Liquid Limit
SHRINKAGE LIMIT LL-W.,(—N—) 0.120
1. Shrinkage Digh No. 25
2. Mass of dish +wetsoil  (g) Foe (ﬁ_ ) 0.120
3. Mass of dish + dry soil g 25
4. Mass of dish (g} LL = {Fp} {Wn)
5. Mass of water {(2-3) {g)
6. Mass of dry soit (Wo} (3 -4) (g) N Fn
7. % Moisture (5/6 x 100) 20 0874
8. Vol. Shrinkage Dish {V} 21 0.979
9. Vol. Dry Soil (Vg} 22 0.985
10. V-Vg=i{8-9} 23 0.980
1. V-V 10 24 0.995
'To‘?’ ;a"m = (? x "’O) 25 1.000
12. Shrinkage Limit (7 - 11) 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
28 1014
-Pi=LL-PL 29 1.018
PLASTICITY INDEX: 30 . 1.022
PI= - =
Auxiliary tests: USBR 5205 - ___ ___
LIQUID LIMIT {LL) = 23.8 USBR 5300 __ __
PLASTIC LIMIT {PL) = 2(:0 USBRS3S0-___
PLASTICITY INDEX {Pl) = Z.8 USBR 5360 - _. __
SHRINKAGE LIMIT {SL} = USBRG365- . __.
' Remarks:
ML

GFO 049-227




Cle Elum Dam . BSH 98-1 | 230.0' to 235.0"
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75 381 19 95 475 238 118 08 03 015 0075 0037 0019 0.009 0.005
DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soil Classification: ML Siit _

% Gravel. 0.0 Maximum Size: No. 8 Cu
% Sand: 0.5 Liquid Limit: 25.8 Ce:
% Fines: 99.5 Plastic Limit: 2.8



7.1451 (9.86)

Bureru of Reclamation

GRADATION ANALYSIS

Designation USBR 5$325._
Designation USBR $330-_
Designation USBR S335._

WAPLE NO.

SsH 98—/

PRAOIECT

FEATURE C'E-E/u.\.. .Do-,a\-

AREA

EXC. NO.

DEPTH 2_30_57_ 74) 23\&(‘

GRADATION OF GRAVEL SIZES

A

TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO. 4 'WET MASS OF YOTAL SPEGIMEN
CHECKED BY DATE % MOISTURE CONTENT OF -NO.4 TOTAL DRY MASS OF SPECIMEN ]
3 112" 34" 38" NO.4 |
SIEVE SIZE (75mm} | {372.5mm} | (18.0mm} | (95 mm) | {4.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
MASS OF CONTAINER 55
WET MASS RETAINED
DRY MASS RETAINED ©- . : i
DRY MASS PASSING 4 4qo|0wn ha s
% OF TOTAL PASSING . LAY
K GRADATION OF SAND SIZES
DRY MASS OF SPECIMEN = _ R TOTALPASSING RO. & _ -
e e /: " g|FACTOR - SV MASS OF SPECIMEN
TE1.0. i TOIFIAS3 OF 5r 20 Eh (B 2ved)
_ : .
S{EVING TIME DATE
SIEVE MASS MASS 1 (% OF TOTAL| PARTICLE A
KO, [RETAINED (g)] PASSING (13} PASSING | DIAMETER f RE':'. RKS
— . M . .
8 Z (S-1 Y oD 2.36 mm . Ay Dete A B
s | Tines S-t | 3 {eo 118 mm & 9, Grave
— v} g. -
30 lroec (0_5 -{ %_. 100 600 1m HS aé, Sani
2 :
- x .
50 Troey GS.! =5 joD wopm | F4S Y% Fiues
o :
100 0.l (:S-0 'G‘é,— 24.9 150 um /ML = 5//7'(
( O
200 0.2 L4.8 o q4.5 75 ttm
PAN TESTED AND COMPUTED BY ] DATE CHECKED BY DATE
T
TOTAL
HYDROMETER ANALYSIS .
HYDROMETER NO. DISPERSING AGENT -
1 7z - Sedium Ll{mm L Q\lﬂ‘;;;)\\nl
K TARTING TIME DATE AMOUNT
: [1-2398 125 m
] TemP { uvo | Hyp | corrl & % OF TOTAL PARTICLE REMARK
TiME Sc__| ReAD| cORR | READ| 2 PASSING ° | DIAMETER EMARKS
g:JQ
[
I min 708 (D"F $.S 1983 vz 89.9 37 ym
‘ o
4 min 045169 | 9% 43'5 gé 74.5 19 um
~ P uUd.
19 min 2t 139 551355 x < 51.5 Fum
- 20 AUXILIARY TESTS;
60 min VAl %0 | 9 Z’ﬁg O 3¢ S pm USBR 5205-_ __
0% USBR 5300-_ __
h 15- min* u‘_g-‘: 2 ptm
| 25 h 45 min- tpm
TESTED AND COMPUTED BY DATE CHEGKED BY DATE

* Not required for standard test,

GPO 833 -~ 859


http:s:-.:Ci~l.SI

By Y 035) ation SOIL CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD} | 5oiunation Usen
SAMPLE NO. FEATURE T TPRGIECT . r—
EId = T, 27 H ! e &l
Air dried a Tested by il ] 2ol d g sy Date
Ovendried W Computed by Date
Natural G ' Checked by Date
PLASTIC LIMIT : LIQUID EIMIT
Trial No. | 2 1 2
Dish No. -7 4
No. of blows {N) z 7
Mass of dish + wet soit {g) LT pudy el
Mass of dish + dry soil {g) [4.56 Z5.84
Mass of dish {a} P s’ e
Mass of water (a} 1 . 3__ e
Mass of dry soil fa) 2.24 1378
Moisture % 2%.0 _ Wn= 7253
Average Plastic Limit : Fp= .ot8
' Liquid Limit 2S.8

SHRINKAGE LIMIT =W, (__ly_) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wetsoll (g | . Fon (yﬁ ) 0.120
3. Mass of dish + dry soil {9 25
4. Mass of dish (3] LL = (Fp) (W)
5. Mass of water {2 . 3) {a)
6. Mass of dry soil (W) {3-4) {0) N Fn
7. % Moisture (5/6 x 100) 20 0.974
8. Vol. Shrinkage Dish {V} 21 0.979
9. Vol. Dry Soil {Vg) 22 0.985
10. V-Vo=1(8-8} 23 0.990
e s (24 ) i
12. Shrinkage Limit (7 - 11} 26 1.005
13. Shrinkage Ratio {6/9) 27 1.009
28 1.0t4
Pl=LL-PL 29 1.018
PLASTICITY INDEX: 30 1.022
Pi= - = __
Auxiliary tests: USBR 5205 ___
LIQUID LIMIT (LL) = 25.¢ USBR 5300 - __ __
PLASTIC LIMIT (PL} = t%.0 USBR 5350 - __ __
PLASTICITY INDEX (P} = 2.8 _ USBR 5360 __ __
SHRINKAGE LIMIT (SL} = : USBR 5365 - __ __
: : . Remarks:
ML

CP O 843-227



PERCENT PASSING
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0.3

0.15 0.076 0.037 0.019 0.008 0.005

DIAMETER OF PARTICLES IN MILLIMETERS

Unified Soit Classification: CL-ML Silty Clay
Maximum Size: No. 50

% Gravel: 0.0
% Sand: 1.8
% Fines: 98.2

Liquid Limit:
Plastic Limit: -

25.8
4.4

Cu:
Cc



Bureau of Reclamation

r.usl (986)

GRADATION ANALYSIS

Designation USBR $325.
Designation USBR 53130
Designation USBR §335-_

MPLE NO. : PROJECT FEATURE
AT F\SH Qg—/ C/e E/u I ' e
AREA EXC. NO. DEPTH - ;
l o S5 74_, 2_4-0 -
GRADATION OF GRAVEL SIZES
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF + NO. 4 WET MASS OF TOTAL SPECIMEN
CHECKEDBY DATE % MOISTURE CONTENT OF -NO.4 TOTAL DRY MASS OF SPECIMEN — 9¢-
. — Dl
3 1-1/2" 3147 a8 NO. 4
SIEVE SIZE (76 mm) | (37.5 o} | (19.0mm) | (9.5 mm) | 14.75 mm) PAN
MASS OF CONTAINER AND
RETAINED MATERIAL
Imass oF conTamer D
WE T MASS RETAINED
DRY MASS RETAINED 2 — ]
DRY MASS PASSING 3,95 E m  [Jxa  [Je
% OF TOTAL PASSING . O
. GHADATION OF SAND SIZES
ORY MASS OF SPECIMEN = - FTOTALPASSING RO. 3 - z
—— e 4 q'\ S]FACTOR DRY MASS OF SPECIMEN /' 4""71 /
- 50 L0 e o1 TDAY WASE CF S ECivhah (3.2VED)
1
- z Fi 1
SEVIRG TIME BATE
SIEVE MASS MASS T |% OF TOTAL] PARTICLE
NO. [RETAINED (g)) PASSING (53| ¥ | PASSING | DIAMETER REMARKS
" 5o 236 mm | Ak Sree > 5‘0
b ~ .
s &? 1,18 mm C:‘?YO € b .fj—
W . ,
10 _ §é 603 j2m S o [
» . . e - .
50 & - B3| 5] /e v 300 2 Fines S 9R, 2.
o
100 2,3 5. QO Q% P9l | soum |CL-ML = S//v((‘, C{g,q
200 0.9 7.0 | 98,2 751m
PAN I'TESTED AND COMPUTED BY |DATE CHECKED BY DATE
TOTAL e '
HYDROMETER ANALYS!S
Y DROMETER NO. = DISPERSING AGENT - . )
) 79‘ “obivne Heysa.ne ‘nr.;\f .-"A: ‘.LL
TARTING TIME DATE . AMOUNT 1 _—
1P -4 -6 129 me
TEMP | HYD | HrD | corRrR| @ % OF TOTAL PARTICLE REMARKS
TIME o | READ| CORR | READ| 2 PASSING DIAMETER EMAR
w
T
'-. -
tmin | o4 JES | H0 ] 00821 K78 37
et L
; € .
amn | 141568 S0} 5l 25 | 75,4 19 m
N SV Od !
19 min Ll{' LIO S‘J 3563 x*'_(_ S/ 2. 9 um
O AUXILIARY TESTS:
60 min 241 30| S0|25.® oF 366 5 gtm USBR 5205._ _
- oL tJSBR 5300-_ _
15 min* <9 2 pm
wat
25 b 45 min" - ipm
TESVED AND COMPUTE DATE CHECKED BY DATE

D BY )F

*Not required for standard test,

GFO B8 -s59



7-1702 (11-85)
Buresu of Reclamation

SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD!

Detignation USER

[SAMPLE NO,
Z235.0 —~ zZ40.0

FEATURE

BsH 98-/

FROJECT

Cle Elum Dan

Airdried O Testedby _ 7 FZSimmens pare _//~Z23 -5
Oven dried KT Computed by , Date
Natwral - 0O Checked by Date
PLASTIC LIMIT LIQUD LIMIT
Trial No. - I | 2 [ 2
Dish No. 25 38
No. of blows {N) Z
Mass of dish + wet soil (g} e S0 29, -}39
Mass of dish + dry soit (g) [Bas 2 .08
Mags of dish {9 2. /0 173
Mass of water {a) /. v i 3.7/
Mass of dry soit (a) &8s 14.3%
Moisture % 2.7 Wn= 25.9
" Average Plastic Limit Fn=] .%%e¢
Liquid Limit 254~
SHRINKAGE LIMIT - w,,'(i) 0.120
1. Shrinkage Dish No. 25
2. Mass of dish + wet soil (a) p = (_!:l_) 0.120
3. Mass of dish + dry soil {g} 25
4. Mass of dish (g} LiL = {Fp) {Wn)
5. Mass of water (2 - 3} {g}
6. Mass of dry soit (W) (3 - 4} {g N Fn
7. % Moisture {5/6 x 100} 20 0974
8. Vol. Shrinkage Dish (V) 21 0.979
9. Vol. Dry Soil {Vy} 22 0.985
10. V-Vo={(8-9} 23 0.990
"‘——-—-—v':°x1oo= (%’-xWO) ;; ?:3:;
12. Shrinkage Limit {7 - 11} 26 1.005
13. Shrinkage Ratio {6/9} 27 1.009 -
: 28 . 1.014
Pt=tLL-PL 29 1.018
PLASTICITY INDEX: 30 .1.022
Pl = - =
Auxiliary tests: USBR 5205 - __ ___
LIQUID LIMIT (LL) = 5. USBR 5300 - __ __
PLASTIC LIMIT (PL} = Z{-2 USBR 5350 - __ ___
PLASTICITY INDEX (Pt} = 9.4 USBR 5360 - __ __
SHRINKAGE LIMIT {SL} = USBRS365- _
Remarks :
' CL-ML-

SO0 %4z
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71451 (946)
B of
ureau of Rechmation GRADATION ANALYSIS Dedgnation USBR $325._
goation USBR 5330.°
- Deslgnation USBR $33s.-
SAMPLE NO, : PROJECT FEATURE -
: EXC. NO. DEPTH © F
~ - ZAO= . 24
GRADATION OF GRAVEL SIZES i — y
TESTED AND COMPUTED BY | DATE % MOISTURE CONTENT OF +NOC. 4 ‘WET MASS OF TOTAL SPECIMEN
~ CHECKED BY DATE % MOISTURE CONTENT OF -NO. 4 TOTAL ORY MASS OF SPECIMER
3 -1 3R 38~ NO. 4
SIEVE SIZE 75 mm} | 137.5 mm} { (190 mm) | (35 men) | (4.75 mm) PAN
. MASS OF CONTAINER AND :
= RETAINED MATERIAL
[MASS OF CONTAINER 6 C--
—  ["ET MASS RETAINED
DRY MASS RETAINED ‘ -5_4 '
DRY MASS PASSING S AT Bem ke s
% OF TOTAL PASSING Lo :
- ‘ GRADATION OF SAND SIZES
./ | DRY MASS OF SPECIMEN - NG, X -
- : o ;Fucroa GIMEL
DISH 0. £ DRY WASS OF SFECIMEN (51EVED}
%nevmc TiME DATE
- N .
SIEVE | MASS  MASS 1 % OF TOTAL] PARTICLE
o e ThiSEn ol PASRS v PASSING | DIAMETER REMARKS
8 O . L (oD-8 gg oo 2.36 mm 7&0& Size Mot
- 16 -©=— (o©-8 wa |60 1.18 mm O % Ceavel
- S0 O.- (pO.j 'gg 79.8 300 um Q0.2 % Fiss
100 O o-b gg 99,7 isopm | ML = Sil#
200 Z./ 5B.5 | uw 96-2 758m
PAN ‘;F?Wm BY JOATE CHECKED BY DATE
TOTAL W
- HYDROMETER ANALYSIS
EYDROHETER NO. = DISPERSING AGENT
— ETARTING TIME . JOATE - AMOUNT
1 45— 12 ~/-78 L
TEMP | HYD | HYD | CORR| ¢ % OF TOTAL PARTICLE
! TIME 5" | AEan| dban | REAB 3 PASSING DIAME TER REMARKS
—_ 1 ¢ ‘
- '_g
F( t min 53, O ""5:5' lf—" { &,‘ﬁ 78' ( 37 pm
. e2
el amn |220W00l-55]345| & 56.7 19 um
U
>4} wmn |22,0131.0}-551255] & 4.9 S um
e 20 AUXILIARY TESTS:
41 eomn 1P2.0124,01-5.5] 18.S| oF 30.¢f 5 prm USBR 5206
1 USBR §300-_ _
A 15 min®. :E‘B 2um
25 h 45 min® '
— ‘pm e
TESTED AND COMPUTED BY OATE CHECKED BY DATE

T " Mot requirsd for standard test,

CPD as3 -exe



7-1702 (11-85)
Bureau of Reclamation

SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)

Oesignation USBR

SAMPLE NO.
Z29Y0.0 1, 24S5-.0

FEATURE

"BSH $8-/

PROJECY

C/e 'é’Aﬂﬁ

Air dried c

Tested by __;MM__ Date _ L 2-t — 25

PLASTICITY INDEX (P} =

3.1

SHRINKAGE LIMIT (SL) =

Remarks:

Oven dried (3 Computed by Date
Natural 0 Checked by Date
PLASTIC LIMIT LIQUID LIMIT
Triat No. 3 2 1 2
Dish No. S p=d
No. of blows (N} Z8
Mass of dish + wet soit {9)  ZO.98 30744
Mass of dish + dry soit (g} 1 14.54 277.2%
Mass of dish {9) ’2.948 12.3¢
Mass of water (0} qu 35
Mass of dry soil . o) 1.0 I qﬁ_z
Moisture % 20.ub Wq= 235
Average Plastic Limit Fn= lioeo
Liquid Limit 239
SHRINKAGE LIMIT u_=wn(-5'-) 0.120
1. Shrinkage Dish No. “'\25
2. Mass of dish + wet soit (9) Fo= N)o.2o
3. Mass of dish + dry soil {a} 25
4. Mass of dish {g} LL = (Fpn) (Wp)
5. Mass of water (2 - 3} {a)
6. Mass of dry soil (Wga) {3 -4) (g) N Fn
7. % Moisture {5/6 x 100} 20 0.974
8. Vol, Shrinkage Dish {V) 21 0979
9. Vol. Dry Soil {Vg) 22 0.985
0. V-Vg=1(8-9) 23 0.990
- 24 0.995
1"-Y-Y2xtou= (-'gxloo 25 3000
12. Shrinkage Limit {7 - 11) 26 1.005
13. Shrinkage Ratio (6/9) 27 1.009
b 1.014
Pl=LL-PL 29 1.018 -
PLASTICITY INDEX: 30 1.022
Pl = - =
]
R
Auxiliary tests: USBR 5205 - ___ _ .
LIQUID LIMIT (LL) = 235 USBR 5300 __ __
PLASTIC LIMIT (PL) = Zosy USBR 6350 - __ __

USBRB360- __
USBRE365- __ _

A

CPO pav=22"
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7-31451 (936)
Buresu of Reclamation GRADATION ANALYSIS Deslgnation USBR $325._
Desigaation USBR $330.
ot Designation USBR s33s.
SAMPLE NO, PROJECT FEATURE
BSH G5~/ Cleldin T
S AREA EXC. NO. DEPTH 7 ———
- Z4s " F 25
- GRADATION OF GRAVEL SIZES . .
. TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF + NO, 4 "WET MASS OF TOTAL SPECIMEN
" CHECKEOBY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN
| 5 KT 3ie~ No.4 |
) SIEVE SIZE {75m) | (325 mml | 1190 mm} | 135 mm). | (4.75 mm} PAN
. MASS OF CONTAINER AND
RETAINED MATERIAL
mass of conTaner [/ 2o
[ {WET MASS RETAINED
DRY MASS RETAINED P s
‘ BRY MASS PASSING 4;: 70 |Hem e O
L N -
% OF TOTAL PASSING AN
: GRADATION OF SAND SI2ES
: Y MASS OF SPECIMEN - - NO.S -
e oRY A ] inc' O DAY MASE OF SPEGIMEL — . ..
DISH 1O, . DR MASS OF SPECIMEN (SIEVED}
U
o SIEVING TIME DATE
‘L-' . .
SIEVE|] MASS |  MASS v % OF TOTAL| PARTICLE
NO. Ls'rmmsn ()} PASSING (2)} ¥ PASSING | DIAMETER REMARKS
8 = St/ | gl (oo 2.36 mm Moy Scze =Ae- &
. L
o,
- 16 | T et Sk-/ :;3 {oo 1.18 mm £ /o Grmw.(
vy
_ A Trac, S56./ - {00 600 pam 3.6 b $Sand
. < -
(=3 .
wo | O &G6.o | Be| 448 sopm | ML= SHE
«
BT (S V1 SEL | =] ey 75pm_
PAN AND S:;Fv DATE CHECKED BY DATE
’ TOTAL
"" HYDROMETER ANALYSIS
- YORGHMETER NO. e DISFERSING AGENT
- ET"‘A‘R‘T‘M GTIME ~ BATE AMOUNT
/S0 |2-1-9¢ mL
TEMP YD | HYD | CORR| ¢ % OF TOTAL PARTICLE
TIME 2P| sl dhan | RERE o PASSING DIAMETER REMARKS
i~ u _
o
- }- ’
5} t min 480l-50] 43 t vz 767 37 um
j=tl amin |Z2.0]400 =50 35 g bZ.Y 19 e
) UJ
s _omn |220|29,5E-5.0] 29S| xE 437 Iym
_ €0 AUXILIARY TESTS:
: DL £ USER 5300-_ _
7 5 {5 min*. ER 2um
we | 25 h 45 min® e S
"AND COMPUTED BY DATE CHECKED BY DATE

Mot required for standard test,

CPO asy .ann
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7-1702 (11-85)
Bureau of Reclamation

. SOIL CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHOD)

Dazignation USBRA

SHRINKAGE LIMIT

[SAMPLE NO. FEATURE - PROJECT
CHE.0 o 250.0 | | BSA 587 Cle ELem
" Alrdried o Tested by WS/MM S pare /(=55
Oven dried /& Computed by Date :
Natura! O Checked by Date
PLASTIC LIMIT LiQuib LimT

Trial No. 1 2 1 2

Dish No. y72) &

No. of blows (N) ' LE

Mass of dish + wet soil {g) 2166 >l.4z.

Mass of dish + dry soil (g} 19.99 271

Mass of dish {9) .85 /¢.80

Mass of water (o) 1.7 3.5¢

Mass of dry soil (a) K14 1s.4

Moisture % 255 Wn= 2%5.2-

Average Plastic Limit Fn=| 0.985

. Liquid Limit 2259

N\ 0.120
va(2)

1. Shrinkage Dish No.
2. Mass of dish + wet soi! {a) e (N ) 0.120
3. Mass of dish + dry soil (g} 25
4. Mass of dish {a) LL = (Fpl {Wn)
5. Mass of water (2 - 3) (9
6. Mass of dry soil (Wg) (3 - 4] {g) N Fn
7. % Moisture {5/6 x 100) 20 0.974
8. Vol. Shrinkage Dish (V} 21 0.979
9. Vol. Ory Sail (Vo) 22 0.985
10. V-Vo=1{8-9) 23 0.93:
4 0.9
11. V-Vo 100 = (‘1‘3" 100) ;s =
12. Shrinkage Limit {7 - 11} 25 1.005
13. Shrinkage Ratio (6/9) 27 1.008
28 1014
Pl=tL-PL 29 1.018
PLASTICITY INDEX: 30 1022
P} = . =
Auxiliary tests: USBRS5205- __ _
LIQUID LIMIT {LL) = 229 USBR5300- __ _ _
PLASTIC LIMIT {PL) = 205 USBR B350 . __ __
PLASTICITY INDEX {Pl} = 2.4 USBR 5360 - __ __
SHRINKAGE LIMIT {SL) = USBR 5365- . __
Remarks -
(AL

GPD 840-20
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APPENDIX C

Standard Penetration Test Results

The following is a description of our evaluation of the standard penetration tests that were
conducted in Hole Numbers DH-92-2 and DH-92-5. This evaluation is based on review of
information provided in the following documents: :

+ Final Draft copies of the Geologic Log of Drill Hole Nos. DH-92-2 and DH-92-5.

e Standard Penetration Test - Field Data Sheets for Drill Hole Nos. DH-92-2 and DH-
92-5.

Plots of the cumulative penetration versus cumulative blows are provided on the attached figures
for Drill Holes Nos. DH-92-2 and DH-92-5. The following is a summary of the information
provided in the logs and data sheets for each SPT, including comments relating to the cumulative
penetration versus cumulative blows information shown in the attached plots.

HOLE NO. DH-92-2

SPT penetration depth interval: 129.5 - 130.2 ft.
cleanout depth: 129.0 ft.
seating depth interval: 129.0 - 129.5 ft.
recovery: No recovery - sample limited to single gravel particle 35 mm in diameter
lodged in shoe of sampler: cleanout run through interval returned fine to coarse, angular
to rounded sand with fine gravel, heavy color of return water suggests greater than 15%
of fines present; maximum size returned, 15 mm.
comments: Reportedly tapped rods ahead 0.1 ft through slough prior to test. Plot of
cumulative penetration versus cumulative blows shows gradual flattening of the slope
with no marked break in the slope.
shear wave velocity: 1306 fps

SPT penetration depth interval: 134.3-134.8 fi.
cleanout depth: 133.9 ft. ,
seating depth interval: 133.8 - 134.3 ft.
recovery: No recovery.
comments: Reported 0.1 ft of slough in hole at start of test. Plot of cumulative
penetration versus cumulative blows shows an irregular s-shaped curvature. This
irregular slope may be a result of pushing gravels away from the tip of the sampler during
penetration.
shear wave velocity: 1279 fps

SPT penetration depth intervai: 139.2-139.8 ft.
cleanout depth: 138.7 ft.
seating depth interval: 138.7 - 139.2 ft. .
recovery: No recovery. Noted heavy gray color indicating migration of grout from DH-
92-1, first-noted at approximately 129 ft. Cleanout run through test interval returned

GSEODITISTONTM-1. DOC 0201/00(3:40 PMYURSGWCES C-1



APPENDIX C

Standard Penetration Test Results

predominantly medium to coarse sand with some fine gravel and minor fine sand;
maximum size returned 15 mm, dark gray in color. Noted change in water color from
gray (grout) to reddish tan/reddish brown at 142 ft. No fines detected except for
suspended particles in return.

comments: Plot of cumulative penetration versus cumulative blows shows gradual
flattening of the slope with no marked break in the slope.

shear wave velocity: 1200 fps

SPT penetration depth interval: 144.7-145.2 ft.

cleanout depth: 144.4 ft.

seating depth interval: 144.2 - 144.7 ft. _

recovery: No recovery. Cleanout run through interval returned broadly graded, fine to
coarse sand with predommantly fine gravel; dark gray; maximum size returned 20 mm.
Noted prominent iron staining on many individual particles. -
comments: About 0.2 ft slough in hole at start of test, string fell 0.4 ft on first blow;
remarked rods. Plot of cumulative penetration versus cumulative blows shows gradual
flattening of the slope with no marked break in the slope.
shear wave velocity: 1413 fps

HOLE NO. DH-92-5

SPT penetration depth interval: 38.1 - 38.4 ft.
cleanout depth: TUBEX to 36.8, CS at 36.2 ft.
seating depth interval: 37.6 - 38.1 ft.
recovery: 100 percent recovery. POORLY GRADED GRAVEL WITH SILT AND
SAND (GP-GM)s. Re-tripped w/ maxibarrel for additional sample. About 60% fine to
coarse, hard, subangular to rounded gravel: about 30% fine to coarse, hard angular to
rounded sand; about 10% nonplastic fines with rapid dilatancy; maximum size 80 mm;
moist; dark gray; heterogeneous; no reaction with HCL. LAB TEST DATA: 64% gravel,
31% sand, 5% fines; Cu = 48.0, Cc = 1.29; laboratory classification of sample is WELL-
GRADED GRAVEL WITH SILT AND SAND (GW-GM)s.
comments: Sampler 0.8 ft deeper than bottom of TUBEX at start of test. Plot of
cumulative penetration versus cumulative blows shows easy penetration for first
approximately 0.3 ft with a relatively constant slope for further penetration.
shear wave velocity: 1372 fps

SPT penetration depth interval: 55.9 - 56.3 ft.
cleanout depth: TUBEX to 55.6, CS at 55.0 ft.
seating depth interval: 55.4 - 55.9 fi.
recovery: No recovery. Re-tripped w/ maxibarre] from 55.2 to 56.0 ft. with 38%
recovery. POORLY GRADED GRAVEL WITH SAND (GP)s. About 75% fine to
coarse hard, angular to subrounded gravel; about 20% fine to coarse, hard, angular to

68FOD9728700/TM-1.DOC 02/01/00(8:40 PMYUJRSGWCFS C"2



APPENDIX C

Standard Penetration Test Results

rounded sand; about 5% nonpiastic fines with rapid dilatancy; maximum size 40 mm;
wet, dark gray; heterogeneous; no reaction with HC1. LAB TEST DATA: 80% gravel,
18% sand, 2% fines; Cu=40.5, Cc = 7.45.

comments: First 0.2 feet of seating depth interval likely through slough in bottom of
ODEX casing. Plot of cumulative penetration versus cumulative blows shows easy
penetration for first approximately 0.3 ft with a relatively constant slope for further
penetration.

shear wave velocity: 705 fps

SPT penetration depth interval: 76.4 - 76.8 ft.
cleanout depth: TUBEX to 76.2, CS at 75.6 ft.
seating depth interval: 75.9 - 76 .4 ft.
recovery: 56 percent recovery. POORLY GRADED GRAVEL WITH SAND (GP)s.
About 55% fine to coarse, hard, angular to subrounded gravel; about 40% fine to coarse,
hard, angular to rounded sand; about 5% nonplastic fines with rapid dilatancy; maximum
size 50 mm,; wet, dark gray; heterogeneous; no reaction with HCL.
comments: First 0.3 feet of seating depth interval likely through slough in bottom of
ODEX casing. Plot of cumulative penetration versus cumulative blows shows gradual
flattening of the slope with no marked break.
shear wave velocity: 964 fps

SPT penetration depth interval: 97.2 - 97.7 ft.
cleanout depth: TUBEX to 96.8, CS at 96.2 ft.
seating depth interval: 96.7 - 97.2 ft.
recovery: 20 percent recovery limited to 3 coarse gravels 20 to 35 mm in diameter.
Tripped back in with maxibarrel from 96.3 to 98.3 ft and got 35% recovery. POORLY
GRADED GRAVEL WITH SAND (GP). About 60% fine to coarse, hard, anguiar to
subrounded gravel; about 35% fine to coarse, hard, angular to rounded sand; about 5%
nonplastic fines with rapid dilatancy; maximum size 55 mm; wet, dark gray;
heterogeneous; no reaction with HCl. LAB TEST DATA: 72% gravel, 26% sand, 2%
fines; Cu= 30.3, Cc = 1.98; laboratory classification of sample is WELL-GRADED
GRAVEL WITH SAND (GW).
comments: First 0.1 feet of seating depth interval likely through slough in bottom of
ODEX casing. Plot of cumulative penetration versus cumulative blows shows easy
penetration for first approximately 0.5 ft with a relatively constant slope for further
penetration.
shear wave velocity: 1957 to 1688 fps

SPT penetration depth interval: 115.8 - 116.3 (116.8) ft.
cleanout depth: TUBEX to 115.6, CS at 115.0 ft.
seating depth interval: 115.3 - 115.8 ft.

G68FODST728700/TM-1.DOC 02/01/00(8:40 PMYURSGWCFS C"3
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Standard Penetration Test Results

recovery: No recovery. Overdrove SPT additional 0.5 ft to improve sample recovery,
sample recovery limited to 0.5 ft of slough. Trip back in with maxibarrel from 115.2 to
117.2 ft with 65 % recovery. Bottom 0.8 ft of sample is gap-graded and completely
lacking in fine sand. POORLY GRADED GRAVEL WITH SILT AND SAND (GP-
GM). About 55% fine to coarse, hard, subangular to rounded gravel; about 35% fine to
coarse, hard, angular to rounded sand; about 10% nonplastic fines with rapid dilatancy;

- maximum size 55 mm; wet, blue gray; heterogeneous, no reaction with HCl. LAB TEST

DATA: 64% gravel, 34% sand, 2% fines; Cu = 20.9, Cc = 1.40; laboratory classification
of sample is WELL-GRADED GRAVEL WITH SAND (GW).

comments: First 0.3 feet of seating depth interval likely through slough in bottom of
ODEX casing. Plot of cumulative penetration versus cumulative blows shows easy
penetration for first approximately 0.6 ft with a relatively constant slope for further
penetration.

shear wave velocity: 1166 fps

68FODS728700/TM-1 DOC 02/01/00(3:40 PMYURSGWCES C4
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APPENDIX D
GEOLOGIC DESCRIPTIONS

Five main geologic units have been identified in the foundaticn of Cle Elum Dam as a
result of field investigation work dating back as early as 1905. Locations of Cle
Elum Dam‘s investigations are shown on Figure 4 of Appendix "D", geologic plan map
{drawing 33-100-2400)}. In approximate order from voungest tec oldest (shallowest to
deepest), these geologic units are:

. Ice-contact Lakebed Sediments (Qgi)
. Glaciel Till (Qgt) |

. Coarse-grained Glacial Outwash (Qgo,)
. Fine-grained Glacial Outwash (Qgo,)

. Glaciolacustrine Sediments (Qgl)

The general characteristics of these five geologic units are discussed in the
following paragraphs.

Ice-contact Lakebed Sediments (Qgi)

The natural Lake Cle Elum was formed by damming of the Cle Elum River with a
terminal moraine deposited by a Pleistocene alpine glacier. Cle Elum Dam was
constructed across the natural ocutlet of the lake which had bkeen eroded through
the moraine by the Cle Elum River following the retreat of the glacial ice. The
moraine is composed chiefly of glacial till (Qgt), but likely includes layvers,
lenses, and stringers of outwash (both Qgo, and Qgo,), especially near the
downstream contact with the outwash plain, as discussed below. The upstream
section of the terminal moraine is composed of the intensely deformed laver of
ice-contact lakebed sediments (Qgi). The upstream, lakeside portion of the
terminal moraine consists of a prominent, but poorly exposed layer of deformed
lakebed sediments which were gouged from the bottom of Lake Cle Elum and
plastered up against the morainal till by the alpine glacier. These ice-contact
lakebed sediments (Qgi) are probably derived, at least in part, f£rom the older
glaciclacustrine sediments (Qgl) that are present deep in the foundation;
however, they have significantly different engineering properties due to
overconsolidation of the Qgi by the glacial ice. These ice-contact lakebed
sediments form an integral part of the dam’s foundaticn by acting as a natural
barrier to seepage migrating from the reservoir into the terminal moraine
foundation. The importance of this natural semi-impervious blanket was
recognized early in the investigations (Bryan, 1927; Ransome, 1930) and the
location of the dam was sited to take advantage of this feature. & concerted
effort was made during construction of the dam to prevent damage or penetration
of the Qgi layer. Windows in the natural blanket were identified during
construction and corrected with placement of impervious material to maintain
tightness ¢of the reservoir (USBR, undated). The ice~contact lakebed sediments
(Qgi) are poorly described in preconstruction logs at the dam site, but
references to thicknesses ranging from 25 to 45 feet appear in several of the
older reports (Bryan, 1927; Ranscme, 1930; USER, undated).

Recent investigations have been concentrated on the dam crest and downstream
areas and have not encountered the Qgi materials. Field mapping in 1992 and
1995 revealed that much of the area upstream of the dam is now covered by a
veneer of loose sediment derived from wave erosion of the glacial till, and
outcrops of the Qgi were only noted on the extreme right shoreline over 1000
feet right of the spillway. A field sample collected from a representative
outcrop of the Qgi was submitted for laboratory testing in 1995 and was found to
have the following composition: 66 percent low plasticity fines and 34 percent
sand. Drop stones consisting of coarse gravel and cobbles are present in the
material, but comprise less than 5 percent by volume of the unit. These ice-
contact sediments are laminated to stratified and have been intensely deformed
with highly contorted and truncated bedding planes common in the unit. The Qgi
unit is overconsolidated due to its placement by glacial ice.



Glacial Till {(Qgt)

The glacial till (Qgt) forms the foundation of both dam abutments, but it has
been ercded ocut of the maximum section, as shown on geologic section C-C’, see
Figure 6A& of Appendix "D". It also underlies the main dike and three small
saddle dikes located éast of the dam. The thickness of the till is highly
variable at the dam site, due in part to its use as the primary source of
impervious embankment material.  Large boxrrow pits were located on the moraine
crest on both abutments of the dam. The maximum thickness of the till noted in
preconstruction explorations was about 150 feet.

The till has not been intercepted in any of the recent explorations and our
present knowledge of the matexial is based on exposures of the moraine along the
abutments of the dam. The till (Qgt) consists chiefly of gravel, cobbles, and
boulders floating in a matrix of silty sand. Representative outcrops of the
till are typically composed of about 40 pexrcent predominantly fine to medium
sand, about 35 percent nonplastic fines with rapid dilatancy, about 25 percent
fine to coarse gravel, and about 5 to 30 percent by volume of oversi:ze,
including up to about 5 percent boulders. A representative field sample of the
minus 3-inch fraction was submitted for laboratory testing in 1295 and was found
to have the following composition: 73 percent sand, 14 percent gravel, and 13
percent fines. fThe higher fines content observed in this material is a
diagnostic feature of the till, in that it can be readily used to distinguish .
this material from adjacent outwash deposits (ng1 and Qgo,}. Boulders,
including large glacial erratics, are common in the till and can reach very
large sizes due to direct transport by the alpine glacier. One erratic observed
in the old borrow area right of the spillway was measured at 8 feet by 6 feet by
3 ft in size. The till is generally chaotic and heterogeneous in character,
showing no indications of stratification or bedding. The till is variably ‘
compact, ranging from dense (excavates with a moderate to heavy blow with a rock
hammer), to locse {readily excavates with a light hammer blow). The till is
susceptible to wave-induced erosion; shoreline ercsion is currently a problem at
private tracts of land on the east side of the reserveoir.

The glacial till (Qgt) was the primary borrow source for the impervious section
of the dam embankment. Most of this material was borrowed from the moraine
crest right of the spiliway. Up to 60 vertical feet of material were removed
from this area. Supplemental borrow pits were excavated left of the main dike
in later stages of construction, as available material on the right abutment had
been exhausted. The right abutment borrow area was believed to have been
excavated to the crest elevation of the dam, approximately elevation 2250.
However, field surveys conducted in 1998 verified the existence of a low area on
the right abutment, where the topographic surface drops to elevation 2247, along
an access trail used hy local recreationists.

Coarse-grained Glacial cutwash (Qgo,)

Most of Cle Elum Dam is founded on laterally extensive deposits of coarse-
grained glacial outwash {(Qgo,}. These deposits underliie the maximum section of
the dam, extend laterally beneath both abutments, and continue as extensive
terraces for several miles downstream of the dam. The coarse-grained cutwash is
composed chiefly of fluvial sediments deposited by glacial meltwater adjacent to
and downstream of the till that comprises the terminal moraine. As indicated by
drill holes located on and adjacent to the crest of the dam, the complex
stratigraphy of this coarse-grained outwash unit likely interfingers and
intertwines with the till materials along the contact. The thickness of the
ng unit is wvariabie at the site, and it has not exceeded 130 feet in any of
the explorations completed to date which have fully penetrated it.

The coarse-grained outwash (Qgo,) is composed primarily of gravel and cobbles
with boulders and a finer-grained matrix of fine to coarse sand. The coarse-
grained outwash unit is distinguished from its underlyzng fine-grained outwash
{Qgo,) on the basis of its high concentrations of oversize material (i.e.,
cobbles and boulders) which are not present in significant volume in the Qgo,
unit. Exposures of the coarse-grained outwash downstream from the dam reveal a
composition of about 60 to 80 percent fine to coarse gravel, 15 to 35 percent
fine to coarse sand, a trace to about 5 percent fines and about 5 to 25 percent
oversize (by volume). The maximum particle dimension observed in the outcrops
of cutwash was 2.5 feet. Representative laboratory testing of the minus 3-inch
portion of field samples collected showed gradations ranging from 41 to 85
percent gravel, 14 to 58 percent sand, and 1 to 15 percent fines. Laboratory
classifications of the field samples included Poorly Graded Gravel with Sand
(GP)s, Pocrly Graded Gravel with Silt and Sand (GP-GM)s, Poorly Graded Gravel
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with Clay and Sand (GP-GC)s, Well-graded Gravel with Sand (GW)s, Well-graded
Gravel with Silt and Sand (GW-GM)s, Clayey Gravel with Sand (GC)s, and Poorly
Graded Sand with Grawvel (SP)g. Oversize material was present in most of the
sample intervals, but could not be sampled due to barrel diameter limitations;
the maximum size reported from the samples was 65 mm. The Qgo, unit varies from
heterogenecus to crudely stratified. It includes discontinuous layeérs,
stringers, and lenses of both open-work gravel with no matrix and predominantly
finer-grained beds of fine sand and/or silt. O©Of particular interest is a layer
of stiff “"blue c¢lay", reported in the construction history of Cle Elum Dam as
the foundation of the cutcff trench. Construction photographs do give some
credence to this notation in the construction history by an indication of a
change in material type near the base of the cutoff trench and by what appears
to be a large pond of standing water which obscures the floor of the excavation.
Review of preconstruction test pit and drill hole logs located upstream of the
dam crest (see cross section B-B’ on drawing 33-100-2402, Figure 6 of Appendix
"D") suggest lateral continuity of this "blue clay" layer, at least upstream and
adjacent to the cutocff trench.

Fine-grained Glacial OQutwash (Qgo,)

The fine-grained outwash (Qgo,) is defined entirely on the basis of subsurface
explorations. It is not exposed at the ground surface in the vicinity of the
dam. The Qgo, outwash unit consists of fluvial deposits of primarily sand and
gravel which were laid down by glacial meltwater downstream from the active ice
margin of the alpine glacier. This unit is distinguished from the overlying
coarse-grained cutwash unit (Qgo,) by a general lack of oversize material (i.e.,
cobbles and boulders), which would suggest deposition at some distance from the
terminal front of the ice sheet. The unit was intercepted in preconstruction
test pits 25, 26, and 53, in the 1978 pump well (CE-S5), the 1981 exploration for
the downstream powerplant site (DH-81-2), the four cross-hole shear wave borings
completed in the 1892 dam safety investigation (DH-92-1, -2, -4, and -5}, and in
four Becker Hammer test holes drilled in 1998 (BDH98-2, -3, -4 and BSHS8-1).
From the above menticned explorations, which have penetrated through the entire
unit, it has been determined that the thickness of the Qgo, varies from 40 to 45
feet.

Because of the varying drilling and sampling techniques used, downhole artesian
pressures, and heaving sand conditions; our knowledge of the Qgo, physical
properties is limited to 5 drive samples which were obtained from DH-92-2 and
from 8 grab samples collected from BSH98-~1. These samples showed that the fine-
grained outwash is composed chiefly of gravel and sand, with typically trace
concentrations of fines and little or no oversize material. Gradation tests run
on field samples consisted of 0 to 69 percent gravel, 30 to 38 percent sand and
1 to 22 percent fines. These materials were classified as Poorly Graded Gravel
with Sand (GP)s, Well-graded Gravel with Sand (GW)s, Poorly Graded Sand with
Gravel (SP)g, Poorly Graded Sand with Silt and Gravel (SP-SM)g, Poorly Graded
Sand (SP), Well-graded Sand with Gravel (SW}g, and Silty Sand (SM). The maszximum
particle size recovered in the samples was 50 mm. The fine-~grained outwash is
crudely stratified with irregular layers. lenses, and stringers of fine sand and
silt. These layers include areas of fine-grained material which have exhibited
heaving or flowing conditions under little or no reservoir head. In
preconstruction explorations at the site, these materials were identified as a
"quick sand*. :

Glaciolacustrine Sediments (Qgl)

The glaciolacustrine sediments (Qgl) consist predominantly of fine-grained
materials which were deposited within an ancestral glacial lake. The Qgl was
formed as a result of the Cle Elum River being dammed at the Bullfrog terminal
moraine, about 4 miles downstream from the present location of Cle Elum Dam
(Porter, 1976). This ancestral lake was subseguently infilled with sediment
from a later glacial advance (Ronald advance} and has been recognized only from
subsurface drilling data. Drilling at Cle Elum Dam has never penetrated through
the glaciolacustrine sediments into the underlying materials and its thickness
at the dam site has not been determined. Test drilling at the proposed
MountainStar reseort area downstream of the dam has shown the Qgl deposit to be
about 135 feet thick (AESI, 1999). The glaciolacustrine sediments at that site
are underlain by a complexly interbedded and peorly understood seguence of
alluvium, glacial outwash and lacustrine sediments. Radiocarbon dating of a
large wood fragment recovered from near the top of the glaciolacustrine
sediments in Becker teést hole BDH98-3 has estimated the age of this unit to be
40,600 years (plus or nminus 1800 years). This radiocarbon date indicates that
infilling of the ancestral lake had been campleted prior to the last glacial

D-3



advance (Domerie advance) which blocked the Cle Elum River and formed the
natural Lake Cle Elum. The date also correlates well with the date of a wood
fragment previously recovered from the glaciolacustrine sediments downstream at
the MountainStar site.

The glaciclacustrine sediments (Qgl) are described on the basis of two drive
samples obtained from the bottom of DH-92-2 and froi 13 grab samples collected
from Becker hole BSH98-1. The glaciolacustrine sediments are composed primarily
of silty and clayvey fines with high concentrations of predominantly fine sand in
the upper approximate 20 feet of the unit. Gradation tests of field samples
varied from 17 to 99 percent nonplastic to low plasticity silty and clayey
fines, 1 t¢ 80 percent fine to medium sand, and 0 to 3 percent gravel. The
samples were classified as Silt (ML), Silt with Sand (ML)s, Silty Clay (CL-ML),
Sandy Silty Clay s{CL-ML) and Silty Sand (SM). The sand, which is concentrated
in the upper 20 feet of the unit., likely represents a transition £rom the
lacustrine conditions in the ancestral lake to deltaic deposition in shallower
water as infilling of the lake neared completion. The glacioclacustrine
sediments are black to dark gray in color, and are stratified in horizontal
layers and laminations ranging from 1 to 75 mm thick. Organic debris, including
large wood fragments, is common in this material. The glaciclacustrine
sediments are relatively compact, likely due to the thick sequence of glacial
outwash overlying the unit.
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Table E-1
SUMMARY OF RANGE IN PIEZOMETER/WELL AND RESERVOIR ELEVATIONS (1980 TO PRESENT)
Change in Range of Piezometer and : '
Reservoir Observation Vell Readings (ft)
Year (feet) SP-77-2 SP-77-3 SP-78-4 SP-78-5 SP-81-2UP SP-81-21.0 PT-92-3 PT-92-6
1980 37 4.1 3.9 3.8
1981 124.6 5.0 3.7
1982 67.7 52 5.5
1983 60.6 1.2 0.2
1984 74.4 37 36
1985 105.1 43 43
1986 107.0
1987 109.0 3.3 34
1988 832 8.7 93
1989 45.5 4.1 4.4
1990 73.9 4.2 4.5
1991 43.0
1992 117.0 4.0 44
1993 104.0 5.1 4.2
1994 87.0 4.1 39 3.7 36 37 3.7 38
1995 88.0 16.9 6.1 5.8 4.8 4.8 49 5.9
1996 85.0 6.4 7.2 6.2 4.8 5.2 3.6 6.9
1997 50.0 53 5.3 48 4.2 4.5 44 5.1
1998 83.0 3.8 3.9 3.5 36 35 3.5 37
68F0R9728700/TM-1.DOC 02/01/00(8:40 PMYURSGWCFS E' 1
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HEADINGa====z=s== =
*st#+ CLE ELUM DAM - Cle Elum, Washington

WC Project No. D97287
File: CE-1.IN By: KAF Pate: 1/19/99%

PROFILE LINES=x===

Maximum Section

1 1 Impervicus upstream blanket

100 11e
1690 130
560 150

2 2 Compacted impervious fill
400 110
560 150
669 175
747.5 200
897.5 250
917.3 250

3 3 compacted pexvious £ill
917.5 250
932.5 250
1124.5 186

4 4 Uncompacted pervious berm
1124.5 186
1813.8 125

5 3 Compacted perviocus £ill
1124.5 186
1352.% 110

6 2 Compacted impervious fill
917.5 250
1121.5 130
1161.5 130
1170 125

7 5 Foundation {[coarse}
1] 1140
400 114
220 114
722.1 197.9%

8 & Foundation (fine)
1} 107.9
440 107.9
722.% 107.9
733.r  96.9

9 5 Foundation {coarxse)
0 96.%
400 96.9
733.1 96.9
743 085
765 085
776.9 96.9

10 6 Foundation (fine}
776.9 96.9
787.% 167.%

11 5 Foundation (coarse)
787.9 107.%
790 110
1000 130
1170 125
1352.5 110
1650 110

1813.8 125
2000 125

12 & Foundation (fine)
187.%  107.%
1200 107.9
2009 107.9

13 5 rFoundation {coarse)

776.9 96.9
1200 96.9
2000 96.9
14 7 Poundation {fine}
1] 060
900 050
2000 J60
15 8 Foundation
1] 19
1000 10
2000 10

MATERIAL===r==z=z=zz=z= = ===
1 Impervious upstream blanket
115
Conventicnal Shear
0 30
Piezometric Line
1
2 Compacted impervious fill
137

Conventional Shear
0 30
pPiezometric Line

3 compacted pervious f£ill
120

Conventional Shear
o 33

Piezometric Line

4 Uncompacted pervious berm
115

Conventional Shear

0 39

Piezometricd Line

5 Foundaticn (coarse)
115
Conventional Shear
0 31
Piezometric Line
1

6 Foundation (fine)
110

Conventional Shear
0 30

Piezometric Line

7 Foundation (fine)

110

conventional Shear
0 30

Piezometri¢ Line

1

8 Foundation




110

Conventional Shear
0 30

Piezometric Line

1

SURFACE PRESSURES
9

110 8112 a
100 110 8112 0
100 110 8112 [
180 130 6864 o
160 130 6864 i
560 150 5616 Q
560 150 5616 0
747.5 200 2498 0
747.5 200 2496 0
867.5 240 o 0
PIEZOMETRIC LINE DATA====ss=======
1 62.4
0 240
500 240
867.8 240
916 230
968.5 220
1121.5 130
1147 115
1500 115
1550 115
1813.8 115
2000 115
AMALYSISz==szrocccocasass=ssasss==
CIRCULAR SEARCH
1400 400 10 10
TANGENT
10
SEISMIC COEFFICIENT
‘0,26
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Gradation requirements for protective filters are given in Table 7.4
The first ratio, R;s, ensures that the small particles of the material ¢, be
protected are prevented from passing through the pores of the filter; (he
second ratio, Rs,, ensures that seepage forces within the filter are reasop,.
bly small. If the criteria in this table cannot be met by one layer of fije,
material, then a zoned or multilayered filter can be designed and specified,
Some additional practical requirements for the design of filters are
also shown in Table 7-4.

TABLE 7-4 Gradation Requiremenmlfor Fliter Materials*

Fiiter Material Characterisitics . Ry Ry

Uniform grain size filters, C, = 3 to 4 —_ 5to 10
Graded filters, subroundei particles 12 10 40 121058
Graded filters, angular particles 6to I8 91030

D of filter material
Ris= Dy of material to be protected
Rem Dy of filter material
30" Dgy of material to be protected

Notes: Maximum size of the filter material should be less than 76 mm (3 in.).
Use the minus No. 4 fraction of the base material for setting filter limits
when the gravel content (plus No. 4) is more than 10%, and the fines (minus
No. 200) are more than 10%. Filters must not have more than 5% minus No.
200 particles to prevent cxcessive movement of fines in the filler and into
drainage pipes. The grain size distribution curves of the filter and the base
material should approximately parallel in the range of finer sizes.

*After US.B.R. (1974).
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Pesign the filter limits within the maximum and minimum
values determined in steps E, F, and G. Standard gradations
may be used if desired. Plot the limit values and connect
all the minimum and maximum points with straight lines. To
minimize segregation and related effects, filters should have
relatively uniform grain-size distribution curves, without
“gap grading" - sharp breaks in curvature indicating absence
of certain particle sizes. This may require setting limits
that reduce the broadness of filters within the maximum and
minimum values determined. Sand filters with DgoF less than
about 20 miliimeters generally do not need limitations on
filter broadness to prevent segregation. For coarser filters
and gravel zones that serve both as fiiters and drains, the
ratio DggF/DigF should decrease rapidly with increasing Djgf
size. The limits in table 3 are suggested for preventing
segregation during construction of these coarser filters.

Table 3. - DygF and DggF limits for preventing segregation

Maximum DggF

Minimum DjqF
(mm)

(mm)
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field conditions when determining field permeability in
the laboratory.

19.4 FILTER REQUIREMENTS

There are certain situations in earth structures that
require filters. First, water cannot be permitted to exit
on the slope of a dam, as was discussed in Chapter 18.
Second, the movement of particles from one soil to
another or from a soil into a drainage structure by
flowing water cannot be permitted. If this were per-
mitted, the resulting soil erosion could cause serious
stability difficulties with the earth structure. Sojl
erosion is prevented by soil layers, called filters.

he desi roper filter consists of choosing the
dimensions of the filter and of choosing a material for
the filter such that: ‘

1. Sufficient head is lost in flow through the filters.
2. No significant invasion of soil is permitted into the
-filter,

The selection of a filter to meet the first requirer
depends on both the type of soil and the ﬂomj patter
the earth structure under consideration. Figure 1
presents a useful plot for the design of a ﬁlte_r.fcn:
out of a slope. For a given slope and permeability ir
structure, Fig. 19.13 enables one to select 'combmat
of filter thickness and permeability. This figure
developed from flow nets, as illustrated by the two
shown. ) .

The requirements of a filter to keep soil partlc!es 1
invading the filter significantly are based on particle
These requirements were developed from tests
Terzaghi which were later extended_ by the Cor}:l
Engineers at Vicksburg. The resultlflg filter speci
tions relate the grading of the protective filter to th:
the soil being protected by the following:

D1s Filter LR CA (1".
Dy Soil

D, Filter

7 i . . 4 < < 20 (1

o e 8 ST TS

; ;

- DsoFiIt-ef < 25 (1
F e ~# Dy Soil

-

where D;s; ’5;0, and D, are the particle sizes frc
particle size distribution plot at 15, 50, and ¢

For this flow-net:

Fiter For “,:}s_""w
T "/ 4 T- =

H_
F=10

S IAN

7 AN AN A AN AN
3:1 discharge face

Fig. 19.13  Filte
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The selection of a filter to meet the first requirement
depends on both the type of soil and the flow pattern in

the earth structure under consideration. Figure 19.13 8-04l-
presents a useful plot for the design of a filter for flow Frar
out of a slope. For a given slope and permeability in the Unic
structure, Fig. 19.13 enables one to select combinations 79— Fort
of filter thickness and permeability. This figure was Otta
developed from flow nets, as illustrated by the two nets 60
)
The requirements of a filter to keep soil particles from E
invading the filter significantly are based on particle size. £ 50
These requirements were developed from tests by &
Terzaghi which were later extended by the Corps of =
Engineers at Vicksburg. The resulting filter specifica- 240
tions relate the grading of the protective filter to that of g F
the soil being protected by the following: : e 50
. fLp rac i -
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;7 DIS SOII
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204 PART IV SOIL WITH WATER—NO FLOW QR STEADY FLOW

respectively, finer by weight. The expressions not only
Iimit particle movement from the soil into the filter to a
small zone at the interface between the soil and filter but
also ensure that the permeability of the filter is consider-
ably greater than that of the soil. A better method of
selecting filter permeability is to use the pattern of flow
for the actual problem at hand, such as Fig. 19.13 for a
slope.

195 SUMMARY OF MAIN POINTS

1. Permeability is the soil property that indicates the
relative ease with which a fluid will flow through
the soil.

2. The range of permeability is extremely large, going
from 1 cm/sec for gravel to below 10~% cm/sec for
clay.

3. Permeability depends on the characteristics of both
the permeant and the soil. Viscosity, unit weight,
and polarity are the major permeant characteristics.
Particle size, void ratio, composition, fabric,
and degree of saturation are the major soil
characteristics.

4. Filters are essential features of most water retenti
structures of soil. They serve to give the desir
flow pattern and to prevent internal erosion.

PROBLEMS

19.1 Derive Eq. 19.1.

19.2 Estimate the permeability for the soil whose partic
size distribution curve is given in Fig. 3.3.

19.3 Estimate the “percent passing a 200 sieve” for eac
soil 4 and soil B in Example 18.5.

194 On the basis of the permeability data given for 1l
zones in the dam in Problem 18,7, identify the type of soil :
each zone.

19.5 Water is to flow from the soil whose particle siz
distribution is given in Fig. 3.3 into a gravel drain. The graw
consists of uniform particles 2 in. in diameter. On a plot ¢
“Percent Finer” versus “Particle Diameter (mm)"” plot th
curve in Fig. 3.3 and that for a filter material meeting th
requirements stated by Eqs. 19.10, 19.11, and 19.12,

19.6 A soil (k = 1071 cmy/sec) is to be used as a filter for :
soil (k =35 x 10~3cm/sec) which exists in an embankmen
with a discharge face of 1 vertical to 2 horizontal. The flov
breaks out of the embankment at a height of 25 ft. Select the
thickness for the filter on the basis of Fig."19,13,
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Filter Testing for Dams - No Erosion and
Continuing Erosion Boundaries

M. Foster
B.E., Grad |.E.Aust,
Research Engineer, Schoo! of Civil and Environmental Engineering
University of New South Wales
R. Fell
B.E., M.Eng.Sc, FIE Aust. CPEng.
Professor, School of Civil and Environmental Engineering
University of New South Wales

Summary The results of a statistical analysis of laboratory filter tests from the literature, including those
by Sherard and Dunnigan (1989), and the results of laboratory tests carried out at the University of New South
Wales are used to determine criteria for the boundaries of filter test behaviour. These boundaries are compared
to the characteristics of dams that have experienced good and poor filter perfonnance to allow the practical

application of the criteria to the safety assessment of other dams.

1. INTRODUCTION

One of the primary functions of the filter
downstream of the core is to prevent the
development of piping through the dam in the event
of a concentrated leak through the core. The good
performance of dams with filters designed in
accordance with modemn design criteria have proven
that these filters are capable of reliably sealing
concentrated leaks (Sherard and Dunnigan, 1989,
Peck 1990). However, many existing dams have
filters that do not satisfy these criteria, being too
coarse by design or having segregated during
construction, In the review of the safety of these
structures, it is necessary to evaluate the likelihood
of damages to the dam in the event of piping
developing in the core of the dam, potentially
leading to failure (breaching) of the dam. The main
issues of concern in these circumstances are:

(i} If a concentrated leak forms through the core of
the dam, will the filter prevent continuing
erosion of the core material (i.e. will the leak be
eventually sealed by the filter)?

(ii)How much erosion of the core material is
required for the filter to seal the leak and can this
be tolerated?

Since the 1920s there have been numerous
experimental and theoretical studies into the
development of filter criteria for the design of dams.
Despite this, there is little guidance in the literature
on the assessment of filters of existing dams,
particularly for the situation where filters do not
meet current criteria.

Modern design criteria are based on laboratory tests
that simulate a crack in the core of a dam exiting
into the downstream filter. One of the most widely

used criteria are those recommended by Sherard and
Dunnigan (1989). This criteria is based on the
results of the No Erosion Filter (NEF) test which
allows no visible erosion of a lmm diameter hole
through the base specimen,

2. FILTER TEST BOUNDARIES

The success/fail criteria of filter test behaviour is

usually represented as some measure of erosion loss

of the base material. Terms developed to categorise
filter test behaviour are as follows:

(i)Y No erosion: - filter seals with practically no
erosion of the base material.

(i) Some erosion: - filter seals after “some” erosion
of the base material.

(iii) Continuing erosion: - the filter is too coarse to
allow the eroded base materials to seai the filter
allowing unrestricted erosion of the base soil.

The boundaries of the filter test behaviour categories

are the no erosion and continuing erosion

boundaries as shown in Figure 1.

A CONTINUING Continuing Erosion
EROSION Boundary
DF15 et :
.-<"" soME

EROSION i

_________ No Erosion

e Boundary
NO EROSION
>
Other factor

Figure 1. Erosion boundaries of filter test
behaviour.

Foster, M. and Fell, R. (1999) Filter testing for dams — no erosion and continuing erosion boundaries.
Proceedings 8h dustralia New Zealand Conference on Geomechanics, Vitharana and Colman (eds.), Hobart,

Vol. 2, pp. 503-511.
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Table 1. Summary results of statistical analysis of the no erosion boundary of filter tests.

Design Criteria of Sherard

Proposed Criteria for No Erosion

Base Soil Fines Range of DF15 for No
Group content and Dunnigan (1989) Erosion Boundary Boundary
e

1 z 85% DF15<9DB85 6.4 -13.5 DB85 DF15 <9 DB35
2 35-85% DF15 £ 0.7mm 0.7+ 1.7mm DF15 £ 0.7mm
3 <15% DF15 £ 4 DB85 6.8 - 10 DB8S DF15 <7 DB85
4 15-35% DF15 < (40-pp%75pm) X 1.6 -2.5 DF15 of DF15 < 1.6 DF15d,

(4DB35-0.7)/25 + 0.7 Sherard and Dunnigan where DF13d =

design criteria (35-pp%75um)(4DB85-0.7)/20+0.7

Notes: (1) The subdivision for soil group 2 and 4 was modified from 40% passing 75um, as recommended by Sherard and
Dunnigan (1989), to 35% based on the analysis of the filter test data.

3. STATISTICAL ANALYSIS OF FILTER
TESTS

The purpose of the statistical analysis was to

determine criteria for the no erosion and continuing

erosion boundaries of filter test behaviour.

Experimental data used in the statistical analysis of

filter tests was collected from the following sources;

(i) U.S. Soil Conservation Service (USSCS),
reported in Sherard, Dunnigan and Talbot
(1984a, 1984b), Sherard and Dunnigan (1989)
and unpublished reports by Sherard (1985).

(i) US Bureau of Reclamation (USBR) tests,
reported in Karpoff (1955) and USBR (1960).

(iif) US Corp of Engineers (1953)

(iv) Kenney et al (1985)

(v) Wyangala and Copeton Dam filter tests,
Water Conservation and Irrigation Commission
(1964, 1969).

(vi) Khor and Woo (1989) - No Erosion Filter
tests,

Only the summary results of the statistical analysis
are discussed in this paper, however details of the
methodology and results of the analysis are given in
Foster and Fell (1998).

3,1 No Erosion Boundary

The analysis of the no erosion boundary was
performed on the four soil groups of base soils
defined by Sherard and Dunnigan (1989). The
experimental range and the proposed criteria are
summarised in Table 1 together with the design
criteria of Sherard and Punnigan.

The statistical analysis of the filter test data
generally confirmed the interpretation of the NEF
tests by Sherard and Dunnigan (1989). For soil
group 1 base soils, the proposed criteria for the no
erosion boundary corresponds to a probability of
erosion of 0.5. The erosion losses suffered in the
NEF tests with DF15 slightly coarser than the no
erosion boundary were only minor before the filters
sealed. '

The proposed criteria of the no erosion boundaries
for soil group 2 base soils corresponds to the lower
boundary of the NEF tests of DF15=0.7mm. The
lower cutoff for this soil group was changed from
40% fines content (passing 75um), as suggested by
Sherard and Dunnigan, to 35% to allow for the
resuits of some NEF tests on base soils with fines
content in the range 35-40% with no erosion
boundaries as low as DF15=0.7mm.

The proposed criteria of the no erosion boundaries
for soil group 3 and 4 base soils are coarser than the
corresponding Sherard and Dunnigan design criteria
because the design criteria have factors of safety
included. The filter tests with filters only slightly
coarser than the no erosion boundary suffered
considerable erosion, and therefore, the proposed
boundaries correspond to the lower bound of the
experimental data.

3.2. Continning Erosion Boundary

The slot and shury tests carried out by the USSCS
(Sherard, et al 1984b) used success/fail criteria
which conveniently corresponds to the definition of
the continuing erosion boundary. In successful slot
and slurry tests, the filter sealed after some erosion
of the preformed slot or slurry material. In
unsuccessful tests, virtuaily all of the slurry was
washed through the filter and the filter was never
sealed (i.e. continuing erosion of the base material).

The soils tested in the slot and slurry tests were
generally clays, silts and sandy clays and classified
as soil groups ! and 2. As reported in Sherard et al
(1984b), the experimental data for these tests
showed a poor relationship of DF15 vs DB85, with
DF15/DB85 in the range 9-57. Following the
publication of the 1984 ASCE paper, Sherard found
the slot and slurry tests defined a continuing erosion
boundary given by DF15/9 = DB98 to DB100 for
soils with DB85<0.1mm (Sherard, 1985). DF15/9
approximates the effective opening size of
uniformly graded filters (Sherard et al 1984a). This
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implies the filter only needs to be capable of
stopping the very coarsest particles of base material
for self-filtering to occur for fine grained soils.

The analysis of the filter test data of soil group 1
base soils found DF15/DB95 gives a better fit to the
experimental data than DF15/DB85 and that
DF15/9=DB95 of the experimental data corresponds
to the lower limit of the continuing erosion
boundary. For tests with DF15/DB95 < 9, ail of the
filter tests were eventually sealed.

For base soils with DB85>0.lmm, there was
insufficient data to determine criteria for the
continuing erosicn boundary. The majority of the
NEF tests were aimed at defining the no erosion
boundary and the coarsest filters used were
generally only slightly coarser than the no erosion
boundary. Also it was often difficult to judge from
the descriptions if the filter was eventually sealed for
the tests that were judged by the investigators as
failures.

4.  CONTINUING EROSION FILTER TESTS

Additional filter tests were carried out using a

modified version of the NEF test, called Continuing

Erosion Filter (CEF) tests, to determine the

continuing erosion boundary for soils with

DB85>0.imm. The test procedures of the CEF tests

were essentially the same as those of the NEF test,

as described by Sherard and Dunnigan (1989) but
with the following modifications to the procedure:

* water passing through the filter during the tests
was collected and the eroded materials dried and
weighed to determine the loss of base soil
required to seal the filter;

» progressively coarser filters were used until the
filter was not sealed;

s thicker base specimens were used to allow for
greater erosion losses.

Details of the CEF test setup are shown in Figure 2,

The tests were carried out for such a time until it
was evident the filter was sealed or it was judged
that the filter was not going to seal no matter how
much erosion of the base soil occurred. The filters
were judged to have sealed when all of the following
conditions were reached:

(a) fuil mains pressure was maintained in the space
above the base specimen as measured on the
pressure gauge, '

(b) water passing through the filter was clear, and

(c) the flow rate of water passing through the filter
had decreased substantially from the initial flow
and was relatively constant.

% Passing (by weight)}
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From mains
water supply Pressure gauge
. . by N
$ 19mm inlet pipe Alr vent
! I ] _Fop gravel layer
| I ]
Preformed hole in base specimen
125m 9 "
2y]i"der:r°, (’ (1.0 10 2.0mm ¢ for NEF tests and
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Figure 2: Continuing erosion filter test apparatus.
4,1 Results of CEF Tests

Eight base soils were tested using the no erosion and
continuing erosion test procedures. The soils were
obtained by project sponsors from natural deposits
or from the embankment materials of existing dams
in Australia and New Zealand. The characteristics
of the base soils are presented in Table 2 and the
gradation curves are shown in Figure 3.

g Bl 2| 8] g = 3t 8 2 2| g o
100 ‘
Dom'-ccm_;\;)/;( =
go | Famodio | P AT ]
Furre Dam ; ; ; s :
L Jindabyne Dam :
B0 T A R e
F & “— Matzhina Dam
40 5 - Cooma Aluvial p
T N pakakiDam L
D1 N Glenmare Pack -
. ¢ .
20 L :
[ o 3
¢ i - i +
901 ot i 1o 100

Particle Size (mm)

Figure 3. Gradations of base soils.

The differences between the Pinhole Dispersion
classification and the Emerson class for soils 4 and 5
in Table 2 are due to the relatively high sand content
which make these soils highly erodible in the
Pinhole Dispersion test.

Table 3 presents a summary of the results of the
NEF and CEF tests. The no erosion boundary
obtained from the NEF tests and the coarsest filter
sealed in the CEF tests are shown for each of the
base soils tested.
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Table 2. Characteristics of the base soils tested.

Index Gradation Dispersivity
Properties

Soil Name Geological Origin LL PI % fines DBS85 Pinhole Emerson
No. <75um {mm) Dispersion Class

} Fattorini Creek Colluvial 42 19 76 0.8 D1 1

2 Doleritic clay Residual (dolerite) 62 22 70 0.2 NDI 5

3 Hume Dam Tertiary alluvial 33 15 63 04 D1 1

4 Pukaki Dam Glacial till NP NP 36 6.8 D1 5

5 Jindabyne Dam | Residual (granite) 38 11 34 1.5 D1 5

6 Matahina Dam Residual (greywacke) 26 8 33 4.1 D1-D2 2

7 Cooma Alluvial | Alluvial 31 10 33 0.7 PD1 2

8 Glenmore Park Residual (shale) 42 21 44 3.7 PD1-PD2 2

Table 3: Summary of No Erosion and Continuing
Erosion Filter tests

Soil Name No Coarsest Filter Not ‘
Erosion Filter Sealed in
Boundary | Sealed in CEF Tests
DF15 CEF Tests DF15
{mm) | DF15 (mm) {mm)
Fattorini Creek 0.2-0.3 1.0 2.0
Doleritic clay 0.5-0.7 3.35 4.75
Hume Dam 0.3-0.5 9.5 12.7
Pukaki Dam 2.0-3.35 38 -
Jindabyne Dam | 4.75_¢6.7 25 -
Matahina Dam 1.0-2.0 9.5 12.7
Cooma Alluvial | g7.95 12.7 19
Glenmore Park 0.7-1.0 12.7 19

The results show that coarse filters with DFI15
several times larger than the DF15 for no erosion
were capable of being sealed in the CEF tests.
Generally, the DF15 of the coarsest filter that was
sealed was in the range of 4 to 17 times the DF15
obtained for the no erosion boundary (except for
Cooma Alluvial which was only 1.6 times higher),

The no erosion boundaries obtained for the two
dispersive base soils, Fattorini and Hume Dam, are
lower than the Sherard and Dunnigan design criteria
for soil group 2 soils (DF15<0.7mm). Sherard and
Dunnigan claimed the no erosion boundary is
independent on the dispersivity of the soil (Sherard
1985; Sherard and Dunnigan 1989). However, in
the USSCS study, only 2 of the 28 group 1 soils and
none of the group 2 soils were dispersive and the
results of the NEF tests on the two dispersive soils in
this study show the nco erosion boundary can be
lower than the design criteria. Whilst the NEF tests
on the Fatterini Dam and Hume Dam soils with
DF15=0.7mm failed to meet the criteria of the NEF
test, the initial concentrated leaks were successfully
sealed without significant erosion (hole enlarged to
2-4mm diameter).

4.2 Factors influencing erosion losses to seal
concentrated leaks

The results of the CEF tests were subdivided into
two groups based on the cbserved behaviour - soils
with DB95 > 2mm and soils with DBS5 < 2mm.
For base soils with DB95 < 2mm, the filter was
sealed for tests with filters corresponding to filter
opening sizes (DF15/9) equal up to about DB9S5.
For tests with DF15/9 > DB95 the filter was not
sealed and large erosion losses occurred. This is the
same as the criteria for group 1 soils, and it is
concluded that the continuing erosion boundary for
all base soils with DB95 < 2mm is given by
DF15/DB95 <9.

For base soils with DB95 > 2mm, relatively large
erosion losses were measured for filters with DF15/9,
much less than DB95. It was not possible to define
a continuing erosion boundary for these soils due to
difficulties in the interpretation imposed by the
limited flow capacity of the test apparatus and due to
the restriction of the maximum sized DF15 of the
filter (38mm) that could be tested in the test
cylinder.

The erosion losses measured in the CEF tests are
related to the proportion of fine to medium sand
sizes in the base soils. Figure 4 shows the erosion
losses plotted against the DF15 of the filter and the
percentage of base particles with sizes in the range
75pum - 1.18mm (after the grading of the soil is
regraded to a maximum particle size of 4.75mm) for
the base soils with DB95 > 2mm. The erosion
losses are expressed as the mass of loss per area of
filter face sealed.

It can be seen from Figure 4 that for a constant
DF15 size, the erosion losses tend to be lower for
base soils with higher proportions of fine to medium
sand sizes. Contours of equal erosion loss,
determined by interpolation between the data points,
are shown plotted on Figure 4. The contours cover
the range of DF13 of about 2 to 13mm which
correspond to filter opening sizes (given by DF15/9)
in the range of 0.2 to 1.4mm, i.e. about the same as
fine to medium sand sizes.




UNICHV Report — Assessing Embankment Dam Filters which do not satisfy Design Criteria Page D5

4 DF15=38mm
30 & (4.72)
Filter Tests:
25 4 x Fanorini Creek o (4.11) (4.30}m

o Glenmore Patk

i Mathina Da ;

20 4 Mamiha am o (»0.22) o (189) (4.03) Erosion
» PukakiDam _ Loss

w Jndabyne Dam 1.0g/em?

LI R B S 2 B Bt B B B G N B N S G e

Filter DFI5 (mm)
&

>1.77)" 1.02 K 2
(1.0} Measured erosion loss [g/cmzl + (147} ¢ Yo o (.57 0 Sglcm
10 L (=107 Indicates leak did not seat «(138) (141, O.ZSglcmz
I 129, 0. 1g/em?
F * .
3 4 +{113)
L (=0.75)" . 2 ) (<001 No Erosion Boundary
L 5 rei) FU.OT) for So@ Group 2
o e or o T IS L TS TTTRTa
0 nlll;jlloltm:}Lll]{]!ll:jlll:I:lll!‘l |||=||||§I111J

o

5 10 15 20 25
Base soil % fine - mediu

Figure 4;: Erosion losses of base

Therefore base soils with a low proportion of fine to
medium sand sizes would be expected to require
larger erosion losses to yield the same quantity of
particle sizes necessary for self-filtering of the base
soil to occur for this range of filter sizes.

5.  FILTER PERFORMANCE OF DAMS

There are numerous cases of incidents described in
the literature involving piping of core materials into
downstream filters in central core earth and rockfill
dams (Ripley 1984). While these incidents have
resulted in damages to the dam in the form of
sinkholes and large leakages, none have actually
resulted in failure (i.e. breaching) of the dam
(Foster, Fell and Spannagle, 1998).

Figure 5 presents the gradations of the filters of
some of the dams with poor filter performance. The
case histories generally involved piping of core
materials into coarse or segregated downstream
filters in zoned earthfill or central core earth and
rockfiil dams. The dams were generally constructed
in the 1960’s to 1970°s which coincides to a period
when there was a trend away from the use of
uniformly-graded muitiple filters and towards the
use of a single filter of substantial width and broad
gradation (Response by Ripley in ICOLD, 1994).
The filter gradings shown in Figure 5 have wide
gradings and low proportions of sand sizes which
would tend to make them susceptible to segregation
during construction and also potentially make them
internaily unstable.

There are also several reported cases of concentrated
leaks that have developed through the cores of dams
but which have evidently sealed due to the
downstream filter as evidenced by observations of
near hydrostatic piezometer levels in the
downstream section of the core and ‘wet seams’ in
the core (Sherard 1985). Peck (1990) also describes

% Passing (by weight)

30 35 40 45 50 55
m sand (75, m - 1.18mm)

soil measured in the CEF tests.
several examples from the literature of dams which

have shown evidence of some form of filtering
action has taken place at the core-filter interface.

100
....... Fine limit K
- — ~Average grading ’
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Typicalrange
60 4 °f§'_1°,l.lmf1.;:'.—,:_:_ . -
Songa Dam

40 [coarsest grading . i
! Typical range of
— coarsest lirat of

20 gradings
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Particle Size (mm)

Figure 5. Gradings of filters which have
experienced poor filter performance.

Only two dams, Rowallan Dam and Whitemans
Dam, were found in the literature which have
experienced poor filter performance involving
piping of fine grained core materials with DB95 <
2Zmm. In both cases, the finest core material and
coarsest filter combination fall into the continuing
erosion category as defined by the laboratory tests,
i.e., DF15/9 > DB95. At Rowallan Dam, the filter
with the coarsest grading has a filter opening size
(DF15/9) of 11/9 = 1.2mm and this is larger than the
DB95 of the finest grading of contact clay soil of
0.9mm. At Whitemans Dam, core materials were
eroded into the downstream gravel zone and the
filter opening size of this coarsest gravel zone
material=1.0/9= 0,11mm and the DB95 of the finest
core grading is 0.075mm.
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Figure 6: Comparison of erosion losses measured in filter tests to dams with poor and good filter performance.

The other dams with poor fiiter performance
generally have broadly graded core materials which
fall into soil group 2 and 4 type soils (fines content
15-85%) and have DB95>2mm which places them
in the soil types where a continuing erosion
boundary could not be identified by the CEF tests.
Figure 6 shows the range of DF15 of the filter
plotted against the average percentage of fine-
medium sand sizes (%75um - 1.18mm) of the core
material for the dams which have had poor and good
filter performance. The contours of equal erosion
losses from the CEF tests and the no erosion
boundary for soil group 2 seils (DF15=0.7mm) are
shown on the plot. The % fine-medium sand has
been takear off the grading curves of the core
materials cfter adjustment to a maximum particie
size of 4.75mm.

Dams with good filter performance generally have
filters with an average DF15 < 0,5mm which is finer
than the Sherard and Dunnigan design criteria for
soil group 2 base soils (DF15 < 0.7mm). The
coarse 't gradings are only slightly coarser than this
{DF15up to 1.5mm).

Dams with poor filter performance have filters with
an average DF15 > 1.0mm and generally with DF15
greater than or equal to about the 0.25g/cm* contour
of erosion loss. Where a range of filter gradations is
given, the coarsest grading is significantly coarser
than the design criteria. Balderhead Dam has the
finest coarse limit grading of the filter (DF15 =
7mm) and this is 10 times coarser than the
recommended design criteria,. The DFI15 for the
coarsest gradings is typically greater than or equal to
about the 1.0g/cm? contour.

. One notable exception is Songa Dam which has a
range of DF1§ of 04-1.5mm and this is
considerably lower than the other dams with poor
filter performance. However the gradings of the

filter for Songa Dam have a wide grading and low
proportion of sand sizes which, as discussed further

on, would have made the filters particularly

susceptible to segregation during placement.
Therefore it is likely that the actual gradings of the
filter in this dam are probably locally much coarser
than that shown.

6. PROPOSED CONTINUING EROSION
BOUNDARY FOR SOILS WITH
DB95>2mm

The continuing erosion boundary proposed for soils
with DB95 > 2mm defines the filter DF15 that has
the potential to result in increases in leakages and in
the formation of sinkholes and tunnels through the
core in the event of a concentrated leak developing
through the core. The criteria are based on the
comparison of the CEF test results to the
characteristics of the dams with good and poor filter
performance, as shown in Figure 6. The proposed
criteria are as follows:

(i) average DF15 greater than the DF135 which
yields an erosion loss of 0.25g/cm? in the CEF
test, as represented by the 0.25g/cm® contour
line in Figure 6, and/or

(if}) an upper limit DF15 greater than the DF13

which yields an erosion loss of 1.0g/cm? in the

CEF ftest, as represented by the 1.0g/cm?

contour line.
The continuing erosion boundary for soils with
DB95 > 2mm is based on CEF tests on base soils
with fines content greater than about 30%. As
shown by the no erosion boundaries for soil groups
3 and 4, the self-filtering capabilities of soils with
fines content less than 30% are more likely to be
influenced by grain sizes coarser than fine to
medium sand sizes and so the contours of erosion
losses shown in Figure 6 are probably not applicable
to these soils. In the absence of any other basis on
which to develop criteria, the proposed criteria for
the continuing erosion boundary are based on
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excessive erosion in the laboratory tests. For soil
group 3 soils, <15% fines content, significant
erosion losses (defined as > 100g base material loss)
occurred for DF15/DB85 > 9. For soil group 4 soils,
with fines content of 135-35%, the descriptions of the
unsuccessful NEF tests suggest the erosion losses
are significant for filters with DF15 slightly coarser

than the no erosion boundary. Therefore, the

proposed criteria is based on the upper limit of the

no erosion boundary given by:
DF15 > 2.5DF15design,
where DF15design is given by:
DF15design = (35-pp%75um){(4DB85-0.7)/20+0.7

7. CONCLUSIONS - APPLICATION OF
FILTER TEST EROSION BOUNDARIES

7.1 Design of Filters for New Dams

Whilst it has been demonstrated that filters coarser
than the filters recommended by the Sherard and
Dunnigan (1989) criteria are capable of sealing
concentrated leaks, the authors do not advocate the
relaxation of the filter criteria for the design of
critical filters for new dams. Dams with filters
designed and constructed in accordance with these
criteria have proven in practice that they are capable
of reliably sealing concentrated leaks. The criteria
have become widely accepted in practice and they
are not considered to be unduly conservative.
However some additional issues, raised by the
findings of this study, which should be considered
when designing filters in accordance with the
criteria recommended by Sherard and Dunnigan
(1989). These are described in the following points.
(1) Design of filters for dispersive soils

Sherard and Dunnigan recommended the same
DF15 irrespective of the dispersivity of the core
material, however it appears this was based on only
a limited number tests on dispersive soils. The NEF
tests carried out on two dispersive soils in this study
required filters finer than that recommended by the
design criteria. Therefore, for the design of critical
filters for dispersive core materials, it is

Puage D7

recommended that NEF tests be carried out to
confirm the DF 15 for no erosion.

(i} Soil Groups 2 and 4 subdivision

It is recommended that the subdivision of soil
groups 2 and 4 should be changed to a fines content
of 35% instead of 40% as defined by Sherard and
Dunnigan (1989). Some NEF tests on scils with 35-
40% fines content indicated the no erosion boundary
to be as low as DF15 = 0.7mm which is the design
criteria for soil group 2.

7.2 Assessment of Filters of Existing Dams

An assessment of filters of existing dams should

consider how the filter may perform in the event of a

concentrated leak developing through the core.

Filter performance is classified into three categories

as described in the following points.

(i) Seal with no erosion - rapid sealing of the
concentrated leak with no potential for damage
and no or only minor increases in leakage.

(il Seal with some erosion - sealing of the
concentrated leak but with the potential for
some damage and minor to moderate increases
in leakage.

(iii) Partial or no seal with large erosion - slow
sealing or no sealing of the concentrated leak
with the potential for large erosion losses and
large increases in seepage, potential for the
development of sinkholes on the crest and

~ erosion tunnels through the core.

Table 4 shows the likely filter performance based on
the filter characteristics relative to the filter test
erosion boundaries.  The assignment of the
qualitative likelihood terms shown are based on the
comparisons of the case histories with good and
poor filter performance to the filter test erosion
boundaries on the assumption that the filter
materials are not susceptible to segregation or
internal instability. [If poor construction practices
were used and/or if the filter gradings have
characteristics that are susceptible to segregation or
internal instability, then the likelihood terms should
be adjusted towards poor filter performance being
more likely.

Table 4. Likelihood of the filter performance in the event of a concentrated leak.

Comparison of DF15 in the dam to the Likelihood of filter performance in the event of a concentrated leak
filter test erosion boundaries
Average DF15in | Coarsest DF15 in the Seals with No Seals with Some Partial or No Seal
the dam dam Ervosion Erosion with Large Erosion
<NE <NE Highly Likely Untikely Highly Unlikely
<NE >NE and < CE Equally Likely Unlikely
>NE <CE Unlikely Equally Likely
>NEand <CE >CE Unlikely Unlikely Likely
>CE >CE " Highly Unlikely Unlikely Highly Likely
Notes: NE =No Erosion Boundary, CE = Continuing l-frosion Boundary )
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Characteristics of sand-gravel fiiters that would tend

to make them susceptible to segregation are:

(i) broad grading, with maximum particle sizes >
75mm,

(i) a low percentage of sand sizes (<40% finer
than 4.75mm), and

(iiiy poor construction practices, e.g. end dumping
from trucks, high lift heights and poor control
of stockpile and handling operations.

Even though a particular dam may have filters
which are coarser than the continuing erosion
boundary, this does not necessarily infer the dam
will fail in the event of a concentrated leak. An
assessment of the likelihood of a piping event
leading to failure of the dam needs to take into
consideration the likelihood of the progression of
piping leading to some breaching mechanism such
as toe unravelling or crest settlement leading to
overtopping. In an event tree approach, this is
considered by the branches leading on from the
assessment of filter performance. An overview of
the factors affecting the progression of piping are
given in Fell and Foster {1999).
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WC Project No. D97287 Maximum Section
File: CE-RD1.IN By: KAF Date: 2/19/99

PROFILE LINES e EE L] =Ha= ===a=
1 1 Impervieus upstream blanket
100 119
160 130
560 150
2 2 compacted impervious £ill
400 110
560 150
660 175
747.5 200
897.5 250
917.5 250
3 3 Compacted pervious f£ill
917.5 250
932.5 250
1124.5 186
4 4 Untompacted pervious bexm
1124.5 186
1813.8 125
5 3 Compacted pervious £ill
1124.5 186
1352.5 110
6 2 Compacted impervious f£ill
817.5 250
1122.5 130
1161.5 130
1170 125
7 % Foundation {coarse)
0 110
400 110
720 110
745 085
765 085
790 110
1000 130
1178 125
1352.5 110
1650 110
1813.8 125
2000 125

& 6 Foundation {fine)
4]

060
%00 050
2000 080
9 7 Foundation
o} 10
1000 10
2000 10

1 Impervicus upstream blanket
115

Conventional Shear

0 3¢

Pigzometxic Line

1

2 Compacted impervious f£ill
137

Conventional Shear '

2040 0

Piezometric Line

1

3 Compacted pervious £ill
12¢

Conventional Shear

0 33

Fiezometxic Line

1

4 Uncompacted pervious berm
115

Conventional Shear
0 30

Piezometric Line

1

S5 Foundation (coarse)
115
Conventional Shear
0 31
Pigzemetyic Line
2

6 Foundation (fine)
110

Conventional Shear
0 30

Piezometric Line

1

7 Foundation Scils
110
Conventional Shear
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Q0 30
riezometric Line
1

1 62.4

0 110

100 11e

160 130

560 150

660 175

747.5 200

867.5 240

910 230

$58.5 220

1i22.5 130

1147 115

1500 115

1650 115

1813.8 115

2000 1is
ANALYSIS========= =
CIRCULAR search

750 250 [+]
TANGENT

100
PLOT== =
COMPUTE=== ==
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Correlated Ng, Values from Becker Blowcounts
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Subject; Corrected Bloweounts M Project No.: 68-FOD97287
By: KAF Checked By: File: NéQ-correlation.med
Date: 2/2/00 Date: 2/ 2400 Sheet: 10of 2

Problem: Correct Becker closed-bit penetration data from the 1998 Cle Elum Dam field
investigation to the Standard Penetration Test {SPT) Ngg-vaiues.

Given: Raw Becker blowcounts and bounce chamber pressures; Pile Drive
Analyzer (PDA) data from GRL; AP-1000 drill rig with ICE 180 diesel pile
hammer, 6.6" O.D. casing.

Assumptions: (1) As stated.

Solutipn:

(1) HARDER & SEED (1986) METHOD

1. Elevation Correction for Becker Blowcounts

o Correct bounce chamber pressures for elevation to sea level
- at an slevation of 6000 fi, the adjustment would be 3.7 at a bounce chamber pressure
(BCP) of 6 psi; for 2 BCP of 20 psi, the correction would be 6.2

Let ,=GT7EL)  gan 1) g=(62EL) (on 2
6000 6000
where EL is elevation in feet.
Then, BCP -6
- uncorrected
BCP g) corrected™ " (B=A)+ A+ BCP yneorrected (Eqn. 3)

o Correct Becker blowcounts using the corrected BCP and Figure I-1.
li. Blowcount Correction for Rig Type
» Correct to AP-1000 rig values, if using B-180 drill rig:

N beaP1000™1-5N beB180 (Eqn. 4)
« Correct Becker blowcounts for rig type by multiplying by rig factor. Because an
AP-1000 rig was used, the factor is 1.
Hl. Correlate Corrected Becker Blowcount to SPT Ng,

« Use correlation curve, Figure 1-2. Please note Sharuhe corelabion cueue tnctudes dadm
Na we o 100 Blowe. Thiy curve hag heen 2x Hapelated Jo corretate b"-"l'oné il

. . . fanie,
¢ Approximate correlation curve is as follows: )

0.1362+ (1.0621:N ) - (0.0065867 N ,.7) + (0000030243 N J=Ngy  (Eqn. 5)

(obtained from Becker calculation spreadsheet used by Reclamation)

I-1 URS Greiner Woodward Clyde



Subject: Corrected Blowcounts Project No.: 68-FOD97287
By: KAF Checked By: ()WF File: N60-correlation.med
Date: 2/2/00 Date:  @2/p2/p2 Sheet: 20f2

(2) SY (1997) METHOD
I. Correct Becker Blowcounts for Energy

» Correct to 30% of the manufacturet’s rated energy using the measured ENTHRU (from
pile drive analyzer, PDA, data).

« ENTHRU = measured maximum transferred energy as % of the rated energy of 11.0 kJ.

ENTHRU

Nipan=Ni,.- {Egn. 6)
b30™ be 30

¢ Measured ENTHRU obtained from PDA tests. For depths where PDA data were not
recorded, a constant ENTHRU value of 40% was used.,

/I. Shaft Resistance Correction

+ The shaft resistance correction, Ry, is typically obtained from Case Pile Wave Analysis
Program (CAPWAP) data.

« Inthe absence of CAPWAP data, the following generic cotrelation for gravel sites can be
used:

R ((gravel sites)=Y + 25-Y°* (in kN) (Eqn. 7)
where Y = depth (in meters)
. Correlate Corrected Blowcounts to SPT Ny,
e Use Nygpand Ry values with Sy (1997) correlation to determine SPT Ngg from

Figure I-3. Please wote “at Hhe Correlatior. cuvves welude ?,;w-iv.c

up ‘o N% =loo blews. Thﬁ'i Cupves have Leen wrdvanplided O
Colffelade 56\.%9'\-3 “Harg vande. !

-2 URS Greiner Woodward Clyde
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68F0D97287) CLE ELUM, WASHINGTON

URS Greiner Woodward Clyde

3 BLOW COUNT CORRECTION CURVES
: " FOR REDUCED COMBUSTION
- e EFFICIENCIES
g -
: A
Qg 100 —
3 :
a ]
.
= ~
:) - T
o oy
O by ~
5
5 10 = d
g : CONSTANT COMBUSTION CONDITION
o : CALIBRATION CURVE, A-A
. 0 O MEASURED DATA
® m CORRECTED DATA
1 1 L 1 [ | l § | | ] ] [ L § 1 | ] I ¥ I 1] 1 l ¥ 1} H |
0 50 100 150 200 250
BOUNCE CHAMBER PRESSURE (kPa)
Project No. CLE ELUM DAM

Constant Combustion Correction Curve
(Harder & Seed, 1986)

Figure




100

CLE ELUM, WASHINGTON

URS Greiner Woodward Clyde

Corrected Becker & SPT Blowcounts

(Harder & Seed, 1986)

| HARDER & SEED (1986)

o A  SALINAS SITE

i R THERMALITO SITE

: ®  SANDIEGO SITE
80

- L

A ®
€ ] /
3
-.Cé 60 o
5_’ A /

pay J

= 40 Z-
a7 /.
o i .

] . J:/'

|
20 -t A
] an
0 ¥ ] | | [ 1 1 4 ] | § 4 T £ 1
0 20 40 60 80 100 120
BPT Ny, (blows/0.3 m)
Project No. CLE ELUM DAM Correlation Between Fi
66F0DO7287 igure

-2
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Lat b bt iet i

80 Rs=0kN 4/5 a0 136 180 225 | :
S‘é %3 { 4 270
° 2 / / /
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£ ' / |
— 40 i /
2 / A }
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/

20

S
N
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0 20 40 60 80 100
BPT N30 (blows/0.3m)
Project No. CLE ELUM DAM Correlation Between Figure
68F0D97287| CLE ELUM, WASHINGTON Corrected Becker & SPT Blowcounts 3
URS Greiner Woodward Clyde (Sy, 1997)
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Name of Dam: Cle Elum Dam, WA Drilled by: Layne Christensen
Hole Designation: BDH98-1 Drill Rlg: AP1000 drill rig equipped with {CE 180 hammer
ft 8 A

1| 2183.84 13 7] 1.34676] 2.25674 14.80 8 1 8 8 40 9 14 10
2f 2182.94 13 7] 1.34615} 2.2557 14.80 8 1 8 8 40 9 20 10
3 218194 13 8] 1.34553| 2.25467 14.80 B 1 8 8 40 11 25 12
4] 2180.94 13 6] 1.34491| 2.25364 14.80 7 1 7 7 40 8 29 8
5| 2179.94 14 10{ 1.3443| 2.2526 15.86 9 1 9 ] 40 13 32 22
6] 2178.94 15 15| 1.34368| 2.25157 16.93 12 1 12 12 40 20 36 36
7| 2177.94 15 16/ 1.34306| 2.25054 16.93 13 1 13 13§ 40 21 39 38
8| 2176.94 15 13| 1.34245} 2.2495 16.93 11 1 11 11 40 17 41 30
9l 217594 16 191 1.34183! 2.24847 17.89 15 1 15 15 40 25 44 46
10] 2174.94 17 371 1.34121| 2.24744 19.05 27| 1 27 25 40 4S8 47 94
11] 2173.94 18 55| 1.3406] 2.2464 2012 43 i 43 36 40 73 49 142
12| 2172.94 17 80| 1.33098] 2.24537¢ 19.054 58 1 52y 42 40, 107 514 208
13] 2171.84 17 89| 1.33936] 2.24434 19.05 55 1 55 44 40 119 54 232
14] 2170.94 17 97] 1.33875¢ 2.2433 19.05 57 1 57 45 40 129 56 254
151 2169.94|Readings not recorded for this depth

16| 2168.94 16 210§ 1.33751| 2.24124 17.98 60 1 60 47 40 280 60 556
17| 2167.94 18 415] 1.3369| 2.2402 2011 169 1 169 137 40 553 62 1102
18] 2166.94 18 4001 1.33628 2.23%17 20.11 169 1 169 137 40 533 64 1062
19] 2165.94 19 497] 1.33566| 2.23814 2117 189 1 189 170 30 497 66 990
20| 2164.94 18 . 572| 1.33505| 2.2371 20.11 169 1 169 137 26 496 68 986
21| 2163.94 18 410] 1.33443| 2.23607| 20.11 169 1 169 137 28 383 70 700
22| 2162.84 18 300] 1.33381} 2.23504 20.11 134 1 134 97 33 330 71 603
23] 2161.94 18 182] 1.3332) 2.234 20.11 93 1 93 66 36 218 73 392
24| 2160.94 19 235| 1.33258| 2.23297 21.17 123 1 123 87 35 274 75 497
25| 2159.94 19 237] 1.33186] 2.23194 21,17 124 i 124 88 36 284 77 516
26; 2158.94 19 260] 1.33135] 2.2309 21.17 133 1 133 96 36 312 78 569
271 2157.94 15, 282] 1.33073] 2.22987 16.41 71 1 71 53 35 329 80 601
28| 2156.94 15 361 1.33011] 2.22884 16.91 83 1 83 60 34 409 82 751
29| 2155.94 17 404 1.3285| 2.2278 19.04 147 1 147 110 33 444 83 817
30] 2154.94 15 280| 1.32888] 2.22677 16.91 71 1 71 53 35 327 85 595
31 2153.94 14| 333] 1.32826] 2.22674 15.84 55 1 55 43 32 355 86 650
32§ 2152.94 15 27111.32765] 2.2247 16.90 70 1 70 52 33 298 88 542
33| 2151.94 18 182] 1.32703] 2.22367 20.10 93 1 93 66 40 243 89 437
34] 2150.94 16 245| 1.32641| 2.22264 17.97 67 1 67 51 40 327 N 595
35! 2149.94 14 251] 1.3258| 2.2216 15.84 51 1 51 4 38 318 92 578
36] 2148.94 14 256| 1.32518} 2,22057 15.84 51 1 51 41 38 324 94 501
37] 2147.94 14 227] 1.32456| 2.21954 15.84 49 1 49 40 38 288 95 522
38| 2146.94 15 206] 1.32395| 2.2185 16.90 60 1 60 47 37 254 97 460
39] 2145.94 15 2611 1.32333| 2.21747, 16.90 68 1 &8 51 39 339 98 620
40| 2144.94 18 238] 1.32271] 2.21644 20.09 112 1 112 79 36 286 99 518
411 2143.94 18 44| 1.3221] 2.2154 20.09 79 1 79 58 35 168 i1 298

By: KAF Checked by: e
N60-981x Date: 2/3/00

Date: z[a[”

1of2
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2142.94 107 1
2141.94 108 1
2140.84 117 1
2139.94 177 1
2138.94 166 1
2137.94 290 1 73 312 109 582
2136.94 260 1 120 312 110 569
2135.94 360 1 136 492 112 807
2134.94 473 1 189 5684 113 1048| -
2133.94 400 1 179 493 114 859
2132.94 338 1 167 428 118 742
2131.94 223 1 117 297 117 507
2130.84 165 1 99 215 118 357
2129.94 155 1 93 207 119 343
2128.94 160 1 98 203 120 336
2127.94 134 1 a0 179 122 202
2126.94 72 1 58 96 123 145
2125.94 42 1 37 42 124 48
2124.94 61 1 22 . 61 125 82
2123.94 30 1 19] 317 128 281
2122.94 38 1 32 48 128 58
2121.94 45 1 43 57 129 75
2120.94 63 1 56 82 130 118
2119.94/ 128 1 88 171 131 278
2118.94 320 1 146 416 132 721
2117.94 500 1 170 650 133 1142
2116.94 960 1 170 1216 135 1500
2115.94] 960! 1 170 1120 136 15G0
2114.94 116 1 85 174 137 285
2113.94 150 1 95 225 138 377
2112.94 93 1 75 140 139 222

N60-981x
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Name of Dam: Cle Elum Dam, WA Drilled by: Layne Christensen
Hole Deslgnation: BDH98-1B Driil Rig: AP1000 drill rig equipped with ICE 180 hammer
1] 2182.16] 10.63 13 |1.34567| 2.2549 12.28 8 1 8 8 40 17 14 30
2] 2181.16; 11.69 7 1.34505| 2.26387 13.40 7 1 7 7 40 9 20 10
3} 2180.18| 11.69 8 1.34443} 2.25283 13.40 7 1 7 7 40 11 25 12
4 2179.16] 10.96 8 1.34382] 2.2518 12.63 ) 1 6 6 40 11 29 12
5} 2178.16] 12.12 11 1.3432{ 2.25077 13.86 8 1 8 8 40 15 32 24
6l 2177.16| 12.58 10 1.34258| 2.24973 14.35 ) 1 .9 9 40 13 36 22
7] 2176.16] 11.37 10 1.34197| 2.2487 13.06 8 1 8 8 40 13 39 22
8| 2175.16] 11.24 8 1.34135| 2.24767 12.89 6 1 8 6 40 11 41 12
9l 2174.16] 9.3 15 11.34073| 2,24663 10.85 7 1 7 7 40 20 44 36
10] 2173.16] 8.74 6 1.34012] 2.2456 11.32 5 1 5 5 26 5 47 5
11| 2172.16] 9.24 7 1.3395} 2.24457 10.79 5 1 5 5 22 5 49 5
12) 2171.46] 9.53 6 1.33888) 2.24353 11.10 5 1 5 5 30 6 51 6
13} 2170.16] 12.9 9 1.33827] 2.2425 14.68 8 1 8 8 36 11 54 12
14| 2169.16] 16.77 26 11.33765}-2.24147} 18.80 20y 1} 204 19} 36 31 56| 581
15| 2168.16] 20.02 37 1.33703| 2.24043 22.26 35 1 35 31 37 46 58 86
16| 2167.16|  22.85 57 11.33642| 2.2394 25.27 57 1 57 45 39 74 60 144
17| 2166.16] 23.66 155 1.3358| 2.23837 26.13 112 1 112 79 36 186 62 368
18] 2165.16] 22.69 246 |1.33518) 2.23733 25.10 134 1 134 97 33 271 64 536
19 2164.16| 22.73 324 |1.33457] 2.2363 25.14 157 1 157 122 33 356 66 708
20} 2163.16] 20.43 304 | 1.33395| 2.23527 22.69 145 1 145 108 33 334 68 664
21| 2162.16] 19 462 | 1.33333| 2.23423 21.17 189 1 189 170 30 462 70 851
22| 2161.16] 16.92 673 |1.33272| 2.2332 18.96 103 1 103 73 27 606 71 1120
23| 2160.16] 17.58 522 1.3321| 2.23217 19.66 147 i 147 110 32 557 73 1028
24] 2159.161 19.41 364 |1.33148| 2.23113 21.60 175 1 175 146 33 400 75 734
25| 2158.16] 18.09% 299 |1.33087{ 2.2301 20.20 134 i 134 97, 32 319 77 580
26| 2157.16] 21.85 294 | 1.33025| 2.22807 24.20 141 1 141 104 40 392 78 719
271 2156.16] 22.89 594 [1.32963! 2.22803 25.30 180 1 180 154 41 812 80 1500
28 2155.16] 24.19 516 |1.32802| 2.227 26.69 185 1 185 163 45 774 82 1437
29| 2154.16] 23.75 494 1.3284| 2.22597 26.22 185 1 185 163 42 692 83 1281
30| 2153.16] 23.54 499 |1.32778| 2.22493 25.99 180 1 180 154 43 715 85 1326
31| 2152.16] 23.67 497 [1.32717| 2.2239 26.13 185 1 185 163| - 45 746 86 1383
32| 2151.16{ 23.35 433 [ 1.32655| 2.22287} 25.79 180 1 180 154 43 621 88 1148
33| 2150.16] 21.98 447 11.32593] 2.22183 24.33 173 1 173 143 39 581 89 1075
34| 2149.16] 23.32 290 | 1.32532| 22208 25.75 147 1 147 110 41 386 91 727
35] 2148.16] 22.46 277 1.3247] 2.21977| 24.84 136 1 136 99 40 369 92 676
36} 2147.16] 23.92 262 |1.32408] 2.21873 26.39 144 1 144 106 46 402 94 736
37) 2146.16] 24.18 346 |1.32347) 2.2177 26.64 169 1 169 137 45 519 95 958
381 2145.16| 24.84 331 | 1.32285] 2.21667 27.37 192 1 192 176 44 485 97 894
39; 2144.16| 2465 306 | 1.32223] 2.21563 27.16 182 1 182 158 45 459 98 845
401 2143.16] 24.08 307 |1.32162] 2.2146 26.55 157 1 157 122 38 389 99 712
41f 2142.18| 24.51 220 1.321] 2.21357| 27.01 148 1 148 111 45 330 101 603
By: KAF Checked by: Y¥eR
NE0-981bx Date: 2/3/00

Date:gja/ap
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2141.16 10_|1.32038 221253 ) 1
43| 2140.16 1.31977] 2.2115 26.94 126 1
44] 2139.16 1.31915} 2.21047 57.36 144 i
45| 2138.16 1.31853] 2.20943 27.18 169 1
46| 2137.16 1.31792] 2.2084 27.45 207 1
47| 2136.16 1.3173( 2.20737 26.55 185 1
48| 2135.16 1.31668| 2.20633 27.05 220 1
49| 2134.16 1.31607| 2.2053 27.43 190 1
50] 2133.16 1.31545| 2.20427 24.85 160 1
51] 2132.16 1.31483| 2.20323 23.89 170 1
52] 2131.16 1.31422] 2.2022 26.34 138 1
53| 2130.16 1.3136} 2.20117| 23.98 119 1
54| 2129.16 1.31298f 2.20013 25.28 96 1
55 2128.16 1.31237] 2.1991 26.38 95 1
56| 2127.16 1.31175] 2.19807 23.26 75 1
=} 57| 2126.16 1.31113[2.19708] 24.28] 7 1
58] 2125.16 131052 2.196 22.55 64 i
59] 2124.16 1.3099] 2.19457 26.17 108 1
60[ 2123.16 1.30028] 2.19393 27.59 125 1
61| 2122.16 1.30867] 2.1929 27.29 124 1
62| 2121.16 1.30805| 2.19187 2748 124 1
63| 2120.16 1.30743] 2.19083 28.63 255 1
64{ 2119.16 1.30682{ 2.1898 28.83 255 1
65] 2118.16 1.3062] 2.18877 28.57 255 1
66| 2117.16 1.30558] 2.18773 27.08 220 1
67| 2116.16 1.30497] 2.1867 26.97 185 1
68| 2115.16 1.30435| 2.18567 26.79 185 1
69| 2114.16 1.30373[ 2.18463 27.37 220 i
By: KAF Checked by: ¥&@
NB0-981bx Date: 2/3/00 Date: 2/ 8fso

20f2



[ { [ { [ { { [ [ { ( {
Name of Dam: Cle Elum Dam, WA Driiled by: Layne Christensen
Hole Deslgnation: BDHg98-2 Driii Rig: AP1000 drill rig equipped with ICE 180 hammer

SasZnrsHarder& Seod (1986 ;.fétlfd‘c'! SY1987) Methodin s
fid E 2 Swded B2 St RS et it At bdwtiich EOA ?zscér Sitsied A L .gﬁ&.,'" ]
11 2152.72] 10.46 14 1.32751| 2.22448 12.07 1 8 8 40 19 14 32
2F 2151.72] 12.28 1Al 1.326891 2.22344 14.01 1 9 9 40 15 20 24
3} 2150.72| 11.98 6 1.32628] 2.22241 13.69 1 6 6 40 8 25 8
41 2149.72| 12.54 8 1.32566] 2.22138 14.28 1 8 8 40 11 29 12
5f 2148.72| 12.75 4 1.32504 2.22034 14.51 1 6 6 40 5 32 5
6f 2147.72| 12.37 8 1.32443[ 2.2193 14.10 1 8 8 40 11 36 12
7] 214672 15.38 20 11.32381)2.21828 17.30 1 16 16 40 27 39 48
8} 2145.72| 12.08 12 {1.32319; 2.21724 13.79 1 8 8 30 12 141 20
91 214472 8.5 17 1.32258| 2.21621 9.98 1 7 7 32 18 44 32

— 10 2143.72 11.11 6 1.32196 2.21518L 12,76} - 1 6L 6l- 321 6 4_7’_“1/
11| 2142.72] 12.69 10 1,32134{ 2.21414 14.44 9 1 9 9 34 1 49 18
12{ 2141.72| 12.58 11 1.32073] 2.21311 14.33 9 1 9 9 34 12 51 20
13 2140.72| 128 11 1.32011 2.21208 14.55 9 1 9 g 36 13 54 22
14] 2139.72| 13.23 11 1.31949| 2.21104 15.01 10 i 10 10 36 13 56 22
15| 213872 14.36 14 ]1.31888) 2.21001 16.21 12 1 12 12 3g 18 58 32
16| 2137.72| 17.28 18 ]1.31826] 2.20888 19.32 17 1 17 16 42 25 60 46
17| 2136.72| 18.66 30 [1.31764] 2.20794 20.78 26 1 26 24 45 45 62 86
18] 213572 15.7¢ 18 |1.31703] 2.20691 17.73 14 1 14 14 43 26 64 46
19| 213472 14.33 11 1.31641| 2.20588 16.18 10 1 10 10 42 15 66 26
20| 2133.72| 10.48 18 1.31579] 2.20484 12.08 9 1 9 9 21 13 68 20
211 2132.72] 1278 10 1.31518] 2.20381 14.53 9 1 9 9 39 13 70 12
221 2131.72| 184 18 1.31456| 2.20278 20.18 19 1 19 18 4 25 71 27
231 2130.72] 18.92 26 1.31394} 2.20174 21.05 25 1 25 23 43 37 73 52
24| 2129.72 17.11 17 1 1.31333] 2.20071 19.13 17 1 17 16 46 26 75 31
25] 2128.72{ 15.89 13 $.31271] 2.19968 17.83 i2 1 12 12 45 20 77 18
26] 2127.72| 1443 11 1.31209; 2.19864 16.28 10 1 10 10 44 16 78 14
27] 2126.72| 13.63 9 +.31148] 2.19761 15.42 g 1 9 9 41 12 80 11
28] 2125.72] 14.58 11 1.31086] 2.19658 16.43 10 1 10 10 43 16 82 13
291 212472 15 9 1.31024] 2.19554 16.88 10 1 10 10 43 134 83 11
30] 2123.72] 13.05 12 11.309631 2,.19451 14.81 9 1 9 9 26 10 85 9
31| 2122721 13 11 1.30801] 2.19348 14.75 9 1 9 9 31 11 86 10
32| 2121721 13.7 11 1.30839] 2.19244 15.49 10 1 10 10 38 14 88 12
33| 2120.72] 13.66 10 1.30778| 2.19141 15.45 9 1 9 9 40 13 89 12
34| 2119.72] 15.18 11 1.30716] 2.19038 17.07 12 1 12 12 43 16 N 13
35| 2118.72] 18.31 27 1.30654]| 2.18934 21.46 26 1 26 24 42 38 92 52
36| 2117.72] 25.05 52 1.30593| 2.18831 27.56 57 1 57 45 48 83 94 138
37| 2116.72| 26.26 61 1.30531| 2.18728 28.84 68 i 68 51 47 96 95 161
38| 2115.72] 25.68 118 | 1.30469| 2.18624 28.22 114 1 114 80 47 185 97 328
39| 2114.72{ 25.3% 172 |1.30408| 2.18521 27.91 129 1 129 92 45 258 98 467
40| 2113.72] 22.95 232 |1.30346| 2.18418 25.32 130 1 130 93 39 302 99 548
41| 2112.72] 25.42 246 | 1.30284| 2.18314 27.94 158 1 158 123 44 361 101 659
By: KAF Checked by: ¥
N60-982x Date: 2/3/00 Date: 2/8 /o0
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42] 2111.72]  25.99] 440 |1.30223] 2.18211 28.55 255 1] 2955] 344 44 645 102 1195
23] 2110.72]  25.50] 595 [1.30161]2.18108 28.12 255 1| 255|344 46 912 104] 1500
44| 2109.72] _ 26.16] 724 | 1.30009] 2.18004 28.73 255 i 285 344 35 1086 105 1500
45| 2108.72] 26.37 | 483 |1.30038] 2.17901 28.95 255 1] 255! 344 46 741 106 1373
46| _2107.72] 26.65 | 347 | 1.29976 2.17798 20.25 229 11 209] 260 46 532 108 982
47] 2106.72] 26.6 | 303 [1.20914 2.17694 29.19 207 12071 205 48 485 109 892
48] 2105.72] 26.52 | 187 | 1.29853| 2.17591 29.10 149 1148|112 24 274 110 497
49| 2104.72] 2524 | 158 |1.29791] 2.17488 27.74 123 i 123 88 39 205 112 368
50| 2103.72] 2174 | 127 |1.20729] 2.17384 24.02 o1 1 91 65 35 148 113 260
51| 2102.72] 2666 | 91 | 1.29668] 2.17281 29.25 96 1 96 68 52 158 114 255
52 2101.72] 26.43 | 91 | 1.29606] 2.17178 29.00 96 1 96 68 50 152 115 344
53] 210072] 2541 | 90 [1.20544| 2.17074 27.92 92 1 92 66 47 141 117 226
54| 2009.72] 2597 | 109 _|1.29483] 2.16971 28.51 110 1110 77 46 167 118 273
55] 2098.72] 2531 | 119 |1.09421] 2.16868 27.81 108 1 108 76 45 179 119 292
56| 2097.72| 2591 | 173 _|1.29359] 2.16764 28.45 142 1| 142|104 26 265 120 449
57]_2096.72] 26.85 | 231 | 1.29298] 2.16661 29.44 7 171|140 28 370 122 536
58{ 209572 26.55 225 1.28236] 2.16558 29.12 168 1 168 135 47 353 123 606
59] 2094.72] 26.9 | 188 |1.29174] 2.16454 29.49 149 1 ___148] 112 48 301 124 512
50| 2093.72] 22.04 | 119 |1.29113] 2.16351 52.33 89 1 89 B4 43 171 125 278
51| 2002.72] 269 | 92 | 1.29051] 5.16248 59.49 97 1 97 69 53 163] 126 264
62| 2091.72] 27.18 | 136 | 1.28989] 2.16144 29.79 118 118 83 50 210 128 350
63] 200072] 26.84 | 184 | 1.28928 2.16041 29.43 147 1147110 48 294 129 501
84| 2089.72] 2552 | 116_|1.28866] 2.15938 28.02 113 113 80 44 170 130 278
65| 2088.72] 26,16 | 133 _|1.28804) 2.15834 28.70 122 1 122 86 46 204 131 337
66]_2087.72] 26.65 | 159 _|1.28743] 2.15731 29.22 135 1 135 97 47 249 132 420
67| 2086.72| 24.64 | 140 | 1.28681] 2.15628 27.08 116 1 118 82 23 201 133 332
68| 2085.72] 24.97 | 108 | 1.28619] 2.15524 2743 101 1101 72 24 151 135 244
9] 2084.73] 25.22 | 102_|1.28558] 2.15421 27.70 101 101 71 45 153 136 247
70]_2083.72) 2443 | 83 |1.28496] 2.15318 26.86 85 1 85 61 43 126 137 199
71] 2082.72] 2544 | 93 |1.28434] 215214 27.93 94 1 94 67 51 158 138 256
72| 2081.72] 24.56 103 | 1.28373} 2.15111 26.99 96 1 a6 68 47 161 139 262
73| 2080.72] _ 24.63] 89 | 1.2831142.15008 27.07] 91l i 9if 65/ 46 136L 140 217)
74| 2079.72] _ 25.01] 114 | 1.28248] 2.14904 57.47 106 1106 74 a7 179 141 292
75| 2078.72] 25.24 146 1.28188| 2.14801 27.71 118 1 118 84 46 224 142 373
76| 2077.72]| 26.04 | 147 | 1.28126] 2.14698 28,56 129 129 92 50 245 143 413
771 2076.72{ 26.28 114 1.28064| 2.14594 28.81 112 9 112 79 51 194 145 319
78] 2075.72] 25.95 | 153 | 1.28003] 2.14491 28.46 17 1 117 82 50 205 146 341
79| 2074.72] 25.44 | 186 | 1.27941] 2.14388 27.92 134 ED 97 48 298 147 507
80| 2073.72| 25.48 356 1.27879] 2.14284 27.96 202 1 202 196 46 546 148 953
B1| 2072.73] 26.01 | 536 |1.27818] 2.14181 26.63 255 1| 255] 344 48 858 149 1500
82| 2071.72] _ 26 600 | 1.27756] 2.14078 28.51 255 1] 255] 344 48 960 150 1500
83| _2070.72] 25.01 | 591 | 1.27694] 2.13974 27.46 220 [__2e0] 237 26 906 151 1500
84] 206972 24.18 | 900_|1.27633) 2.13871 26.58 185 1] 185|163 45] 1350 152 1500
85| 2068.72] 26.8 | 608 |1.27571| 2.13768 29.36 255 | 255 844 48 973 153 1500
86| 2067.72] 26.25 | 489 | 1.27509] 2.13664 28.77 255 1| 255 344 47 766 154 1351
87| 2066.72] 25.23 | 553 |1.27448) 2.13561 27.69 201 1] 01| 194 44 518 155 903
88] 2065.72] 25.05 | 802 | 1.27386] 2.13458 27.50 181 1181 156 23 433 156 750
89] 2064.72] 24.27 | 255 |1.27324] 2,13354 26.67 142 | 143|104 40 340 157 584
90| 2063.72] 24.7 | 216 |1.27263) 2.13251 27.12 146 i 146|108 42 302 158 421
91| 2062.72] 24.66 | 185 |1.27201] 2.13148 27.08 134 1 184 o7 45 278 159 383
By: KAF Checked by: K@
NG0-g82x Date: 2/3/00 Date:z{glpp
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2061.72] _25. 2.13044 1

93| 2060.72| 25.82 | 194 |1.27078|2.12941 1

94| 2059.72] 256 | 191 |1.27016|2.12838 1

95| 2058.72| 2528 | 160 |1.26954) 2.12734 1

96| 2057.72| 25.16 | 162 |1.26893] 2.12631 1

97| 2056.72| 25.11 | 178 |1.2681| 2.12528 1

98] 2055.72| 24.84 | 184 |1.06769| 2.12424 1

99| 205472 24.67 | 196 |1.26708| 2.12321 i

100[_2053.72] 2545 | 273 |1.26646| 2.12218 1

101] 205272 2554 | 414 |1.26584| 2.12114 220 1

102| 2051.72| 2592 | 673 |7.26529] 2.12011 255 1

103] 2050.72| 2657 | 644 |1.26461]2.11908 255 1

104 2049.72] 24.36 | 397 |1.26909] 2.11804 184 i

105|_2048.72] 23.27 | 260 |1.26338[ 211701 138 1

06| 2047.72| 23.79 | 244 |1.26276} 2.11598 138 1

107| 2046.72| 23.34 | 420 |1.26214| 211494 180 1

108] 204572[ 23.9 | 905 |1.06153| 211391 185 1 1267 176] 1500

OPEN BIT DRILLING CONDUCTED FROM 108 TO 122 FEET.
123]_2080.72] 227 301]1.25228] 2.00841 24.96 143 [ 1as] 106 34 341 191 479
124] 202072 22.74 362[1.25166( 2.09738 25.00 169 1 169 137 47 567 191 818
125|_2028.72| 23.42 262 1.25104] 2.00634 25.72 159 1183 101 46 402 192 569
126| 2027.72| 22.23 160[ 1.25043] 2.09531 24.46 101 i 1ot 71 50 267 193 367
127| 2026.72| 20.84 125]1.24981] 2.09428 23.09 87 i 87| 63 46 192 194 254
128] 2025.72| 23.24 116] 1.24919] 2.09324 2553 95 1 95 67 44 170 195 223
129] 2024.72] 23.48 18] 1.24858] 2.09221 25.78 117 1117 82 51 321 196 449
130 2023.72| 23.64 213} 1.24796] 2.09118 25.95 124 1 124 88 48 3 197 478
131] 2022.72] 23.38 239} 1.24734| 2.09014 25.67 132 1 132 95 49 390 198 553
132] 2021.72 22.82 255| 1.24673| 2.08911 25.08 137 1 137 99 48 408 199 580
133]_2020.72] 22.55 217|1.24611] 2.08808 24.79 118 1 18] 84 47 340 200 476
134| 201972 22.94 173] 1.24549] 2.08704 25.20 112 w7 79 45 260 201 356
135 2018.72| 22.11 86| 1.24488| 2.08601 24.32 76 1 76| 56 43 140 202 178
136 2017.72 21.71 87| 1.24426| 2.08498 23.90 71 1 71 53 47 136 202 172
137 2016.72] 22.95 87| 1.24364| 2,08394 24.47 76 1 76| 66 45 131 203 126
138 2015.72] 22.93 60] 1.24303].2.0829 25.19 60l 1 60, 47| 48 9 204 83},
139] 2014.72[ 23.17 79| 1.24241{ 2.08188 25.44 74 1 74| 55 49 129 205 125
140 2013.72] 2272 95[1.24179| 2.08084 24.96 80 1 80| 58 50 158 208 162
141] 2012.72] 23 186[ 1.24118] 2.07981 25.26 116 1| 118 82 46 285 207 324
142] 2011.72] 2282 | 1363| 1.24056] 2.07878 25.07 180 1| 180 154 47 2135 208] 1500
By: KAF Checked by: M

N60-982x Date: 2/3/00 /oo

Date: 2/3
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Name of Dam: Cle Elum Dam, WA Drilted by: Layne Christensen
Hole Designation: BDH98-3 Drill Rig: AP1Q00 drill rig equipped with ICE 180 hammer

‘ : : - ired: | -
’Q\%@%ﬂ SEERAPNY D ~,.\ EERLE iﬁ mg;é’%j% : B ik BT FE R “ 74 B n,‘v‘

1 128.531 6.209 25 1.31259| 2,19948 7.63 6 1 6 6 40 33 14 62

2] 2127531 7.01 11 1.31188| 2.19845 8.39 6 i 3] 6 40 15 20 24

3] 2126.53] 9.71 7 1.31136| 2.19741 11.26 6 1 B 6 40 9 25 10

4 2125.53] 12.01 10 1.31074| 2.19638 13.70 8 1 8 8 40 13 29 22

5] 2124.53{ 12.71 11 1.31013| 2.19535 14.44 9 1 9 9 40 15 32 24

6 2123.53| 11.89 " 1.30051} 2,19431 13.57 8 1 8 8 40 15 36 24

7] 2122.53| 12.85 12 1.30889] 2.19328 14.59 g 1 ) 9 40 16 39 28

8| 2121.53] 13.2 11 1.30828| 2.19225 14.96 g 1 9 9 40 15 41 24

9] 212053 12.17 12 1.30766| 2.19121 13.87 8 1 8 8 40 16 44 28
10| 2119.53] 17.38 3 1.30704] 2.19018 19.40 24 1 24 22 40 41 47 78
1] 2118.53| 17.79 26 11.30643] 2.18915 19.84 23 1 23 21 40 35 49 64
12] 2117.53] 18.8 35 {1.30581] 2.18811 20.91 29 1 29 26 40 47 51 a8
13] 2116.53] 16.75 29 |} 1.30519] 2.18708 18.73 22 1 22 21 40 39 54, 72
14} 2115.53] 14.31 17 | 1.30458] 2.18605 16.14 13 1 13 13 40 23 56/ 40
16 2114.53| 16.92 25 1.303961 2,18501 18.91 20 1 20 19 40 33 58 62
16] 2113.63| 20.68 55 1.303341 2.18398 22.91 48 1 48 39 39 72 60 138
17] 211253| 19.81 85 1.30273| 2.18295 21.98 63 1 63 48 35 99 62 194
18] 2111.53] 20.86 111 1.30211] 2.18191 23.10 83 1 83 80 31 115 64 224

L — 9] 2110.53| 21.12 14 1.30149} 2.18088) 23.37, 201 1) 20 19} 32]- 15, 661 241
20| 2109.53] 23.16 308 §1.30088| 2.17985 25.54 162 1 152 116 39 400 68 796
21| 2108.53] 24.69 272 1.30026| 2.17881 27.16 169 1 169 137, 41 372 70 680
22| 2107.53f 25.16 232 11.29964| 217778 27.66 153 1 153 117 41 317 71 578
23] 2106.53] 25.04 265 | 1.29903| 217675, 27.53 166 1 166 133 41 362 73 863
24] 2105.53| 24.95 198 | 1.29841} 2.17571 £27.44 140 1 140 102 44 292 75 529
25| 2104.53] 24.68 207 | 1.297794 2.17468 27.15 143 1 143 106 45 311 77 565
26] 2103.83] 25.01 167 | 1.29718) 2.17365 27.50 127 1 127 91 45 251 78 452
27| 2102.53] 25.03 144 | 1.29656( 2,17261 27.52 118 1 118 83 45 216/ 80 388
28| 2101.53] 25.01 137 | 1.29594] 2.17158 27.49 115 1 115 81 45 208 82 368
29| 2100.53] 25.01 157 {1.29533| 2.17055 27.49 123 1 123 87 45 236 83 424
30| 2099.53] 24.78 168 1|1.29471] 2.16951 27.25 127 1 127 91 47 263 85 477
31] 2098.53} 26.23 196  ]1.29409] 2.16848 28.79 153 1 153 117 47 307 86 559
32] 2097.53] 25.8 202 1,29348| 2.16745 28.33 156 1 156 120 46 310 88 563
33] 2096.53] 25.04 140 [ 1.29286| 2.16641 27.52 116 1 116 82 44 205 89 368
34| 2095.53| 24.73 125 {1.29224] 2.16538 27.19 110 1 119 78 44 183 o1 326
35] 2094.53| 2447 109 {1.20163] 2.16435 26,91 93 1 98 69 45 164 92 289
36] 2093.53] 23.13 73 1.29101| 2.16331 25.49 69 1 69 52 43 105 94 178
371 2092.53] 22.25 67 1.29039] 2.16228 24.55 62 1 62 48 43 96 a5 163
38f 2091.53] 22.86 78 1.28978| 2.16125 25.20 73 i 73 54 43 112 97 1
39] 2090.53| 23.72 106 | 1.28916) 2.16021 26,11 a7 1 97 69 43 152 98 266
40| 2089.53| 24.59 137 | 1.28854] 2.15318 27.03 115 1 115 81 47 216 99 385
41| 2088.53| 25.69 144 | 1.28793} 2.158156 28.20 127 1 127 H 49 235 101 424
By: KAF Checked by:
NB60-983x Date: 2/3/00 Date:%ov
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43| 208653  26.14|  159| 1.28669] 2.15608 135 S 97 51 270 104
44| 208553 26.12| _ 221]1.28608| 2.15505 166 1] ___166] 133 52 383 105
45| 2084.53 24| 123} 1.28546] 2.15401 102 1 102 72 50 205 106
46| 2083653 2401  126}1.28484] 2.15208 103 1 103 73 50 210 108
47| 208263  24.8]  140[1.28423] 2.15195 116 116 82 50 233 109
48] 2081.53| 25.28 183| 1.28361] 2.15091 133 1 133 96 49 299 110
49] 2080.53] 26.03 319/ 1.28299] 2.14988 215 1| 215] 223 51 542 112
501 2079.53] 24.38 361] 1.28238] 2.14885 173 1173 144 52 626 113
51| 2078.53] 24.53 446[1.28176| 2.14781 185 i|___18s| 163 52 773 114
52| 2077.53| 24.86 271] 1.28114| 2.14678 168 i e8| 137 50 452 115
53| 2076.53] 24.95 256| 1.28053] 2.14575 162 1| te2| 128 49 418 117
54| _2075.63| 25.49 354[1.27991| 2.14471 202 1 202 194 52 614 118
55| 2074.53] 25.37 267 1.27929] 2.14368 167 1167|134 53 472 119
56| 2073.53] 24.52 174|1.27868| 2.14265 117 117 83 53 307 120
57| 2072.53] 25.51 218 1.27806] 2.14161 147 1 1471 110 55 400 22
58| _2071.53] 26.11 202| 1.27744] 2.14058 156 1 156] 120 57 384 123
59| 207053} 24.67 133 1.27683| 2.13956 113 1 113 80 55 244 124
60| 2069.53] 23.72 146] 1,27621] 2.13851 109 1} 109 77 57 277 125
61} 2068.53] 24.11 176] 1.27659] 2.13748 118 1 118 83 46 270 126
62| 206753 22.98 |  212]1.27498] 2.13645 124 1 124 88 43 304 128
63| 2066.53) 22.84 375| 1.27436] 2.13541 173 [ 173 143 42 525 129
64| _2066.53] 26.42 269| 1.27374] 2.13438 190 i dg0[ 171 48 430 130
65| 2064.53] 26.78 188[1.27313] 293335 149 i 139 112 50 313 131
66| 2063.53] 25.93 201|1.27251| 2.13231 156 i _1s6] 120 47 315 132
67|_2062.53] 25.37 45| 1.27189]2.13128] 118} 1L 118 83} 45] 2igl 1830
68| 2061.53] 25.88 208| 1.27128| 2.13025 159 1 159] 124 45 312 135
69| 2060.53] 24.75 260] 1.27066] 2.12921 164 i 1ea] 331 43 373 136
70| 2059.53] 25.26 403[1.27004] 2.12818 220 1| _220] 237 47 631 137
71| 2058.53] 24.59 332[1.26943[ 2.12715 165 1 1e5] 131 42 465 138
72| 2057.53] 23.65 190]1.26881] 2.12611 117 117 83 42 266 139
73| 2056.53] 22.67 184]1.26819| 2.12508 108 i 108 76 40 245 140
74| 2055.53] 23.33 221|1.26758| 2.12405 126 1126 90 42 309 141
75| 2054.53] 23.38 212| 1.26696| 2.12301 24 i 124 88 4 290 142
76| 205353 23.27|  254|1.06634] 2.12198 136 i 136 99 41 347 143
77| 2052.53] 23.02]  360[1.26573] 2.12095 168 1 1e8] 136 40 480 145
78| 2051.63] 25.36 414]1.26511] 2.11991 220 1 220 237 46 635 146
79| 2050.53] 25.17 246| 1.26449] 2.11888 158 1 158 123 47 385 147
80| 204953 24.66 207]1.26388] 2.11785 143 t[ 143 106 47 324 148
81| _204853] 23.07 324]1.26326] 2.11681 157 1 157] 122 4 443 149
82| 2047.53] 22.89 350| 1.26264] 2.11578 165 1] 165] 132 40 467 150
83| 2046.53| 23.65 301] 1.26203] 2.11475 150 1__150] 114 42 421 151
84] 2045.53] 23.87 238| 1.26141 2.11371 136 1| 136 99 42 333 152
85| 2044.53] 23.75 188| 1.26079] 2.11268 121 i 121 86 4 257 153
86| 204353| 242 215|1.26018] 2.11165 130 130 93 43 308 154
87| 2042.53] 24.96 184] 1.25056] 2.11061 134 il 134 97 46 282 155
88] 2041.53] 25.12 196} 1.25894] 2.10958 138 1|13 101 47 307 156
89 2040.53| 24.34 165| 1.25833] 2.10855 i15 1 118 g1 5 248 157
90| 2039.53] 24.51 165] 1.26771] 2.10753 115 115 81 47 259 158
91| 2038.53] 23.06 442[1.25709] 2.10648 180 i 180]___154 41 604 159
By: KAF Checked by: ¢
N60-983x Date: 2/3/00 Date: 5/»
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92| 2037.53| 2258 428[ 1.25648] 2.10545 25.08 180 1 180{ 154 571 160 823
93] 2036.53] 25.72 220 1.25586] 2.10441 24.99 122 i 122 86 305 161 425
94] 2035.53] 22.66 133[1.25524] 2.10338 24.92 93 1 93 66 177 162 233
95 2034.53| 23.15 113]1.25463| 2.10235 25.44 94 1 9 67 158 163 205
96| 2083.53| 24.17 81] 1.25401] 2.10131 26.52 79 1 79 58 122 164 149
97| _2032.53| 24 93] 1.25339] 2.10028 26.34 89 1 89 64 140 166 176
98| 2031.53| 24.47 113 1.25278| 2.099825 26.84 99 1 99 70 173 167 227
09| 2030.58] 24.67 124[1.25216] 2.09821 27.05 110 i 110 77 190 168 253
100| 202953 24.8 255| 1.25164] 2.09718 27.19 162 i 162] 128 349 169 490
101]_2028.53] 23.87 539]1.25093] 2.09615 26,20 185 1 185] 163 773 169 1126
102| 2027.63] 24.17 517] 1.25031} 2.09511 26.52 185 1 185 163 724 170 1052
103] 2026.53] 23.33 546} 1.24969] 2.09408 2562 180 1 180, __ 154 783 171 1141
104| 202563 24.14 326/ 1.24908] 2.09305 26.48 163 1 163 129 456 172 652
105] 2024.53] 23.92 346] 1.24846 2.09201 26.25 169 1 169] 137 496 173 710
106] 2023.53] 24.08 188| 1.24784] 2.09008] 26.42 121 i 121 86 263 174 362
107] 202253 24.24 539| 1.24723] 2.08995 26.59 185 1 185] 163 755 175 1099
108] 2021.63] 24.32 600 1.24661] 2.08891 26.67 185 1 85| 163 760 176 1108
OPEN BIT DRILLING CONDUCTED FROM 108 TO 122 FEET.
123]_2006.53] 20.71 37]1.23736}. 2.07341} 2283 35] 1L agl 31 4 5] 191 50L
124] 2005.53] _21.8 51] 1.23674] 2.07238 23.98 48 1 48 39 46 78 191 85
125] 2004.53] 22.39 78] 1.23613] 2.07135 24.60 70 1 70 53 48 125 192 154
126] 2003.53] 23.11 89] 1.23551] 2.07031 25.37 8 1 81 59 48 142 193 181
127|_2002.53] 23.28 108]{1.23489| 2.06928 2554 92 1 92 66 47 169 194 221
128] 2001.53] 23.04 166] 1.23428| 2.06825 25.39 110 1 110 77 24 243 195 332
129] 2000.53] 23.04 206] 1.233661 2.06721 25.29 122 1 122 86 41 282 196 389
130] 1999.53] 23.08 160] 1.23304f 2.08618 25.33 108 1 08 76 48 256 197 352
131] 1998.53] 23.81 224] 1.23243] 2.06515 26.10 132 1 132 95 48 358 198 505
132] 1997.53] 23.48 2671 1.23181} 2.06411 25.75 140 i 140103 48 427 199 608
133] 1996.53] 22.97 115} 1.23119] 2.06308 26.21 95 1 95 67 48 184 200 244
134] 199553] 2353 127{ 1.23058] 2.06205 25.80 o8 1 98 69 49 207 201 278
135| 1994.53] 23.99 219]1.22996] 2.06101 26.29 131 1 131 94 50 365 202 515
136] 199353] 235 527] 1.22034] 2.05998 25.77 180 i 180 154 48 843 202 1500
137] 1992.53( 234 791} 1.20873 2.05895 25.66 180 1 180] 154 47 1239 203 1500
138] 1991.53] 2355 1017} 1.22811] 2.05791 25.82 180 1 180] 154 49 1661 204 1500
139] 1990.53| 23.66 924} 1.22749| 2.05688 25.93 180 1 180 154 47 1448 205 1500
By: KAF Checked by: W
N60-983x Date: 2/3/00 Date: 3/3/po
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APPENDIX B

Becker Drilling Program Results

Figure B-1
BECKER SAMPLE HOLE BEING DRILLED AT CLE ELUM DAM
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LEGEND

COBBLES, BOULDERS

EMBANKMENT AND/OR DOWNSTREAM BERM - FILL

GLACIAL OUTWASH (COARSE-GRAINED) - SANDY GRAVELS,

‘ l GLACIAL OUTWASH (FINE-GRAINED) - SAND

} LAKEBED SEDIMENTS - CLAY

NOTES

1. GRAPHIC LOGS ARE BASED ON SAMPLING, DRILLING RESISTANCE, AND

KNOWLEDGE OF DAM CONSTRUCTION.

— CLOSED-BIT DRILLED INTERVAL

----- OPEN-BIT DRILLED INTERVAL

& PRACTICAL RIG REFUSAL
| LOWER SHEAR WAVE VELOCITY LAYER

AREA WHERE LOWER OPEN-BIT
BLOW COUNTS WERE RECORDED

2. BECKER PENETRATION AND SAMPLE TESTS WERE DRILLED IN NOVEMBER
OF 1958 BY LAYNE CHRISTENSEN OF TACOMA, WASHINGTON.

3. PRACTICAL RIG REFUSAL WAS DEFINED BY 400 BLOWS FOR 3 INCHES OR

LESS PENETRATION.

4. LOWER SHEAR WAVE VELOCITY LAYERS WERE IDENTIFIED DURING THE
1992-93 CROSSHOLE SHEAR WAVE TESTS.

5. APPROXIMATE LOCATIONS OF BECKER TEST HOLES ARE SHOWN ON FIGURE B-2.
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