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

] are addressed. 

The past performance and current condition of Cle Elum Darn 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 darn 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 Darn is located on the Cle Elum River, approximately 8 miles 
northwest of Cle Elum, Washington. Figure 1 shows the general location of Cle Elum Darn. 
Cle Elum Reservoir is authorized to provide irrigation water supplies and is also operated to 
provide flood storage and recreational benefits. 

Cle Elum Darn consists of a main darn 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 darn. The main darn and main dike are zoned, compacted earthfill structures. 
Figure 3 shows the maximum-height section and a profile along the crest of the main darn. 
The main darn has a structural height of 165 feet and hydraulic height of 124 feet. The crest 
of the main darn 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 spillway 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
diarneter 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 

1 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 20 I 0 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. 

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

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

4. 	 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. 

5. 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. 

6. 	 Preliminary dynamic analysis of the dam embankment using earthquake ground 
motions as given in the report titled "Probabilistic Seismic Hazard Analysis Cle 
Eltim 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 

I. Regional Geology 

Cle Elum Dam and Reservoir are located on the eastern flank of the northern 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 Elum. 

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. Explorations 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, !981, 1992-92, 
and 1998, as discussed below. Figure 5 shows the locations of exploration borings, test 
pits, and Becker penetration tests. Table I 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 


Hole 
No. 

N/E 
Coords. 

Surface 
Elev. 
(feet) Station 

Dam 
Axis 

Offset 

Hole 
Depth 
(feet) Purpose• 

BDH98-1 N 270.39 1 

E 270.79 1 
2184.94 NIA 3 dis 72 BDH 

BDH98-IB N 261.01 I 
E 292.241 

2183.16 NIA 3 dis 69 BDH 

BSH98-1 N 265.16 1 

E 283.53 1 
2184.14 NIA 3 dis 250 Sample hole 

BDH98-2 N !54.801 

E 584.19 1 
2153.72 NIA 3 dis 142 BDH 

BDH98-3 N 226.05 1 

E 148.79 1 
2129.53 NIA 3 dis 139 BDH 

BDH98-4 N 857.22 1 

E 942.33 1 
2177.97 NIA 3 dis 207 BDH 

DH-92-1 N 4394.82 

E 5451.42 
2178.8 8+43.0 613.9' dis 161 CHSW 

DH-92-2 N 4387.62 

E 5458.42 
2178.3 8+48.6 622.5' dis 181.9 CHSWISPT 

DH-92-3 N 4416.82 

E 5426.22 
2180.1 8+28.6 583.7' dis 90 Piezometer 

DH-92-4 N 4677.82 

E 5508.42 
2154.7 5+55.1 593.2' dis 155.6 CHSW 

DH-92-5 N 4668.02 

E 5505.32 
2155.9 5+65.3 592.9' dis 156.6 CHSWISPT 

DH-92-6 N 4795.1 2 

E 5186.72 
2185.7 5+28.1 251.5' dis 100 Piezometer 

AP-81-1 N 42702 

E 5883 2 

2129.7 8+48 1063' dis 5 Hand auger 

DH-81-2 N 4253 2 

E 5890' 
2129.8 8+57 1073' dis 110 Piezometers 

CE-1 N 4483' 
E 4859' 

2251 9+16 19' dis 77 Abandoned 

CE-2 N 4527' 
E 48752 

2250.6 8+69.2 23.5' dis 160 Piezometer 

CE-3 N 4492' 
E 4823 2 

2250.6 9+17.4 18.0' dis 160 Piezometer 
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Hole 
No. 

N/E 
Coords. 

Surface 
Elev. 
(feet) Station 

Dam 
Axis 

Offset 

Hole 
Depth 
(feet) Purpose4 

CE-4 N 4473 2 

E 49492 

2227.9 9+04.4 109.3' dis !50 Piezometer 

CE-5 N 4567 2 

E48532 
2251.2 8+04.0 12.1' dis 255 Pump Well 

' -

NOTES: 	 1 Nature ofcoordinate system unknown. 

2 State plane coordinates. 
3 Unknown infonnation. 
4 BDH- Becker drill hole; CHSW-cross hole shear wave; SPT-standard penetration test. 
5 NIA - 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 lb. 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. 

68FOD9728700fTM·I.OOC 0210 1/00(8:40 PMYURSGWCFS 6 



-


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]: 

I. 	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 (I) 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-l. 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 surmnarized in Table 2. 

-
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Table 2 

RESULTS OF LABORATORY TESTS FOR BECKER 


SAMPLE HOLE BSH98-1 


Depth 
(feet) 

uses Gravel 
(%) 

Sand 
(%) 

Fines 
(%) 

Liquid 
Limit 
(w,%) 

Plastic 
Limit 
(w,%) 

60-65 GP-GC 58.3 32.9 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 45.4 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 I 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 2.1.6 N/A N/A 
155-165 SP 44.7 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 3.2 N/A N/A 
175-180 sw 38.2 60.8 1.0 N/A N/A 
180-185 SP 31.7 66.0 2.3 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 2.2 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 22.9 2.4 

NOTES: !. 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 lake bed 
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 field 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 lake bed. 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 7 A, 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 to assess 
seasonal fluctuations, seepage rates, and observed trends. 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-81-210). 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. Table 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 I to 17 feet and was typically about 5 feet. The minimum 
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Table3 


PIEZOMETER AND OBSERVATION WELL DETAILS 

Piezometer/ 
Observation 

Well 
Depth 

(ft) Type 
Screened 
Interval Backfill/Interval 

SP-77-2 160ft. Observation well: 
11 

/ 2-in. PVC pipe 
(I) Medium fine sand' 

Cuttings' 
SP-77-3 160 ft. Observation well: 

11 
/ 2-in. PVC pipe 

(I) Medium fine sand' 
Cuttings' 

SP-78-4 150ft. Observation well: 
11 

/ 2-in. PVC pipe 
145-150 ft. Pea Gravell- I 50 ft. 

Cement 0-1 ft. 
SP-78-5 230ft. Pump well: 14-in. 

casing 
175- 205ft. 
220- 230ft. 

3 
/ 4-in. Min. Gravel 
230-255 ft. 

SP-81-2 110ft. Dual-piezometer: 
11 

/ 4-in. PVC 
LO: 75-110 ft. 
UP: 15-65 ft. 

(I) 

PT-92-3 89ft. (I) 80-89 ft. Silica sand 80-90.4 ft. 
Bentonite seal 74.5-80 ft. 
Random sand/grave120.3-74.5 ft. 
Cement bentonite 0-20.3 ft. 

PT-92-6 96ft. (I) 90-96 ft. Silica sand 90-100 ft. 
Bentonite seal 87-90 ft. 
Random sand/gravel68-87 ft. 
Bentonite seal 62-68 ft. 
Random sand/gravel 20-62 ft. 
Cement bentonite 0-20 ft. 

NOTES: 	 1 Limited information. 
2 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 tunnel (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 
ofthe dam embankment or the upstream foundation [I OJ. 

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 11t 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 


Source MCE' 

Epicentral 
Distance 

(km) 

Focal 
Depth 
(km) 

Peak Ground 
Motion 

(g) 
Cascadia Subduction 

intraslab 
interface 

7 '12(Mw) 
8 1 

/ 4 (Mw) 
115 
135 

40 to 70 
NIA 

0.3-0.4 
0.25-0.5 

Mount Rainier Zone 6'/2(M5) 65 N/A 0.3-0.4 
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Source MCE1 

6 11, (ML) 
7 'I, (Ms) 

Epicentral 
Distance 

(km) 

Focal 
Depth 
(km) 

Peak Ground 
Motion 

(g) 

19 
65 

5 to 10 
40 to 60 

0.3-0.4 
N/A 

Northern Cascades Zone 
shallow 
deeper 

Middle Cascades 6 'f. to 6 114 (Mw) NIA N/A 0.3-0.4 
Puget Lowlands 7 to 7 1 

/ 2 (Mw) 55 N/A 0.3-0.4 
Columbia Plateau 6 3 

/ 4 to 7 1 
/ 4 (Mw) N/A N/A 0.3-0.4 

Goat Rocks Zone 5 3/ 4 to 6 114 (Mw) N/A N/A 0.3-0.4 
Williamette Trough 6 3 

/ 4 to 7 114 (Mw) NIA N/A 0.3-0.4 
St. Helens Zone 61 

/ 2 to 7 (Mw) N/A N/A 0.3-0.4 
Subduction Zone Intraplate 7 to 71

/ 2 (Mw) N/A N/A 0.3-0.4 

0.3-0.4 
South Whidbey Island Fault 

7 to 71
/ 2 (Mw) 55 N/A 

Seattle Fault 7 to 71 
/ 2 (Mw) 76 N/A 0.3-0.4 

Ahtanum Ridge Fault 61 
/ 2 to 7 (Mw) 85 N/A 0.3-0.4 

Toppenish Ridge Fault 7 to 71 
/ 2 (Mw) I I I N/A 0.3-0.4 

Doty Fault 63 
/ 4 to 71 

/ 4 (Mw) 125 N/A 0.3-0.4 
Olympia Fault 7 to 71 

/ 2 (Mw) Ill N/A 0.3-0.4 

-

-


-

NOTES: 	 1 M -5 surface wave magnitude; Mw - moment magnitude; ML - shallow focus local magnitude. 

2 N/A - not available. 

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

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

• 	 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. 

• 	 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 I 0 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 I 0,000-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 

I. 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 I, 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 of20:1 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 I 0 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 ofriprap 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 1 0+00 to 51+00) was performed by a 
Monighan walking dragline with a 70-foot boom and 3 1 

/ 2 yd3 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 yd3 

, which was to be wasted, and 272,000 
yd3 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 construction 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 
piezometer 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 [1]. 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" [II). 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) 
Dsss = 1.1 mm 
DISB = o.or 7 mm 

Impervious fill - minimum 
gradation - corrected 

% fines= 48% (Category 2) 
D858 =0.6 mm 
D15s = 0.009 mm 

Pervious fill - average gradation DISF-1.1 mm 
Maximum size = 6 inches 

Pervious fill - coarsest gradation DISF=4mm 
Maximum size = 8 inches 

The filter criteria comparisons are summarized in Table 5. 

TableS 

FILTER COMPATIBILITY EVALUATION- BASED ON RECLAMATION'S 


DESIGN STANDARDS NO. 13, CHAPTER 5 (16] 


Case 

Design Standards No.13 
Actual 

DISF 
(mm) 

Maximum 
DISF 

(mm) 

Meet 
Criteria? 

Average Impervious/ 
Average Pervious 

1.1 1.6 Yes 

Average Impervious/ 
Coarsest Pervious 

4.0 1.6 No 

Finest Impervious/ Average 
Pervious 

1.1 0.7 No 

Finest Impervious/ Coarsest 
Pervious 

4.0 0.7 No 
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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 15F)m"' of 0.7 mm for this case is based on test results that indicated 
(DISF)m"' varying from 0.7 to 1.7 mm. The actual D F 15 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 darns. 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 Darn 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. 

Table6 

FILTER COMPATIBILITY EVALUATION- BASED ON 


FOSTER AND FELL [18) 


Case Actual 
DlSF 

(mm) 

No Erosion 
(DlSF)NE 
(mm) 

Continuous 
Erosion 
(Dtsr)cE 

mm 

Conclusion 

Average 
Impervious/ 
Average 
Pervious 

1.1 1.42 6 to 9.5 Dtsr<(Dtsr)NE<(Dtsr)cE 

Average 
Impervious/ 
Coarsest 
Pervious 

4.0 1.42 6 to 9.5 (DISF)NE<Dtsr<(Dtsr)CE 
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Case Actual 
DISF 

(mm) 

No Erosion 
(DisF)NE 
(mm) 

Continuous 
Erosion 
(DisF)cE 

mm 

Conclusion 

Finest 
Impervious/ 
Average 
Pervious 

1.1 0.7 6 to 8 (DisF)NE<DisF<(DisF)cE 

Finest 
Impervious/ 
Coarsest 
Pervious 

4.0 0.7 6 to 8 (D15F)NE<DI5F<(Dl5Fh 

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 D15F'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 Elurn 
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 Elurn 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 e'!idence 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 Turu~.el 

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: 

I. 	 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 I 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: 

I. 	 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 

I. Method ofAnalysis 

A static stability analysis was performed to evaluate the steady state seepage and rapid 
drawdown stability of the darn (upstream and downstream) in the SEED analysis report 
using ST ABL2. 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[!]. 
The soil property values actually were derived from the original Construction Report for 
Cle Elum Darn. Previous analyses assumed the presence of liquefiable layers in the darn 
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 darn to 
perform the static and dynamic stability analyses, along with typical ranges of the 
parameters taken from Hoek and Bray, 1981 [13]. 

Table7 
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 
impervious fill (U/S) 

105­
130 

137 30-32 30 1500­
3000 

0 2000 

Compacted pervious 
fill (D/S) 

109­
130 

120 32-40 33 0 0 0 

Uncompacted DIS 
pervious berm 

90-118 115 28-34 30 0 0 0 
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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: 

I. 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 nsing 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 


Case 
Considered 

Computed 
Minimum Factor 

of Safety 
Required Factor 

of Safety 
Downstream slope, steady seepage 2.0 1.5 
Upstream slope, steady seepage 2.1 1.5 
Upstream slope, rapid drawdown !.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 of2095 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-l, BDH98-1B, BDH98-2 and BDH98-3. The Becker blow counts 
converted to equivalent SPT N60 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 N60 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: 

• 	 The dam must be a well-built dam (densely 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 0.35g 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 0.2g. 

• 	 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. 

• 	 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. 

• 	 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 0.28g during the 1 0,000-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 ofCle 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 continuing 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 tunnel 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 

68FOD97287001TM-I.DOC 02'02/00(1 :28 PM)IURSGWCFS 27 



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 reservoir 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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------ -------

FEATURE Cle Elum Dam PROJECT Yakima STATE Washington 


Hole 
 Collar Depth ofLocation Coordinates Date Depth of Water Remarks 
Elevation HoleNumber Completed Date Measured

East. NorthStation Offset 

161.0'8+43.0 613.9' d/s 4394.8 5451.4 2178.8 09-22-92 72.3'; 9-22-92 CHSWDH-92-1 

8+48.6 622.5' d/s 4387.6 5458.4 2178.3 181. 9' 10-26-92DH-92-2 71.3'; 9-30-92 CHSW/SPT 

8+28.6 583.7' d/s 4416.8 5426.2 2180.1 90.0'I DH-92-3 11-02-92 72.5'; 11-2-92 Piezometer 

155.6'5+55.1 593.2' d/s 4677.8 5508.4 2154.7 11-18-92 50.4'; 11-5-92 CHSWDH-92-4 
156;6'I DH-92-5 4668.0 5505.3 2155.95+65.3 592.9' d/S 12-19-92 49.3'; 12-9-92 CHSW/SPT 

5+28.1 251.5' d/S 4795.1 5186.7 2185.7 100.0'' DH-92-6 12-18-92 79.0'; 12-18-92 Piezometer 

44839+16 19' djs 4859 2251 77' 06-22-77 AbandonedCE-1 
"160' 

I 

8+69.2 23.5' d/s 4527 4875 2250.6 08-18-77 PiezometerCE-2 

160'9+17 .4 18.0' U/S 4492 4823 2250.6 08-18-77 . Piezometer CE-3 

4473 4949 2227.9 150'9+04.4 109.3' d/s 08-23-78 PiezometerCE-4 
255'4567 4853 2251.28+04.0 12.1' U/S 09-08-78 Pump WellCE-5 

8+48 1063' d/s 4270 5883 2129.7 5.0' 03-27-81AP-81-1 
' 110.0'8+57 1073' d/s 4253 5890 2129.8 04-08-81 PiezometersDH-81-2 - ··­ -- -·-­ --- --·­ -- ·- - ­

[ [ [ [ r [ [ ( ( r [ [ 

SUMMARY OF TEST ORILLING 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-1 SHEET 1 OF 4

FEATURE: CLE ELUH DAM PRO~ECT: YAKIMA STAT~ WASHINGTON 
LOCATION: STA. 8+43.0. 613.9' 0/S COORDINATES: N 4394.8 E 5451.4 GROUND ELEVATION: 2178.8 
BEGUN: 08-24-92 FINISHED: 09-22-92 TOTAL DEPTH: 161.0 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: A. LOCKHART & R. LINK0"Et~•t"li.IHXtE0~~~~1!~o, 12. s , 21os. s8J••J11-ilH-8~0"0c"' REVIEWED BY: 

;:;; z ~ w -w w:1: > >w 0... ~ ~ ~ w ~ Q. CLASSIFICATION ANDNOTES ;:: i!' u dUJ PHYSICAL CONDITIONc w w - ""' ~ It 15 ~ !< ~ ld E 
?i 1;: ~ !!l 19 ~ 
~ .. ~ > ~ Vi~ .."' ~ 

w 
w 

All deptns are measured tn Fill 0.0-2.0': FILL.teet from ground surface 
and are the saiiK! as those 0 GRAVEL AND COBBLES. Includes SODS sandt- ­used by tne driller. and Silt. Description based on d~illing 

conditions and cuttings return. 
122 

PURPOSE OF HOLE s; INTERPRETIVE NOTE: Contact w1tnt- ­To deter~ine the founoat1on is fro~ as-Duilt cross134lstratigraphy and section on d~awing 32~D-3B4: unaQle toengineering properties of 0 distinguish fill from foundation ont- ­tne toundatton materials basis of drilling conditions or cuttingspresent at Cle Elum Dam: to 124 return due to si~ilaritY of -aterials.provide instrumentation for ~~ I ­cross-hole seismic testing. 2.0-16i.O': QUATERNARY GLACIAL OUTWASH
117! (Qgo) .·

DRILL EQUIPMENT 
Gus Peen Bret/22R truck­ ~ r ­ 2.0-12.5': GRAVEL AND COBBLES.mounted drill with Tig~e 123 Includes some sand and silt.
Tie~ra Bedge~-top~drive air Description based on drillingtS: r- ­halllller, Ingersoll Rana 750 conditions and cuttings return.cfll/250 .lSi air co111pressor, 1361
end Been 75-QPIII mud pump. 12.5-52.0': SAND ANO GRAVEL. Includes 

~ r- occasional lerge cobbles. Oesc~iptionDRILLER 137< based on drilling conditions andBen HOrton cuttings return.20.: r- ­DRILL SETUP 52.0-57.4': COBBLES AND GRAVEL.139•Set up on d/s fill blanket Description based on drilling;about 6i0' d/s of center r- ­ conditions and cuttings return.line Ste . 8+-43. 
13S 

57.4-60.0': BOULDER. Description basedDRILLING METHODS 2s; on action of drill, d~illingI ­0.0-7.5'; Drill and drive conditions, and cuttings return.Ogos146, 

roller R8 ana a• cs using 

with 7·7/e• tricone 

; I ­ 60.0-81.0': COBBLES WITH SAND ANDclear water as drilling GRAVEL. Driller reported trace offluid; Cs snoe split on 1S4 SiltY Clay returned as balls inboulder or cobble at cuttings from 60.0-70.0'. oescrtption30.: r ­7 .o '; pulled 8" Cs and based on d~illing conditions andreplaced shoe. 118! cuttings return.7.5-12.5': Drill and 
drive. as described for r- ­ 62-66': wash Sample. consi9teo ofo.o-7.5', above. cs shoe 123 " greater than 95~ engular cuttingscaved in lit 12.5'. with less than 5S subangula~ to3S: r ­12.5-<42.0': Drilled open subrounded particles: .atority ofhole with 7-7/e• RB using 127! cuttings ranged in size fro• fine tobentonite eud as drilling 

coa~se sand with about 5S finefluid. Installed 6" Cs ; r- ­ gravel: IIIDXiiiiUIII Size returned, 5111111;to 32.0' and cleaned hole 134! cuttings are hard, -astly dark rockto .o12.·o· with 5-7/e· RB. types composed Chiefly of basalt,advancing Cs behind 40.: t- ­ schist, sandstone, and otnerdrilling. unidentified types with lllinor clear89,42.0-57.4': Drill and and white quartz and tan to reoorive with 5-7/8" RB and volcllnics and sandstone; generallY6" Cs using bentonite 111ud ' I-
dark green to dark gray. No fines11S'as drilling fluid. RB observed in sample.lost roller cone at 4s; t- ­57.-4': retrieved roller 

76~81': wash Sample. Consisted of1031with magnet aounted on Nw greater than 95X angular cuttingsMobilok rods. cs stopped ; t-- E with less than SX subangular toon boulder at 56.6' and subrounded particles: 111a1ority ofwas bent out of round: RB 108E 

unable to pass shoe: 

changed to 5~3/4• RB. 
 COMMENTS: 

57 .-4-81.0': Drilled open 
hole with 5-3/4" RB using 1. Center colu~ descriptors are defined in the Reclamation 
bentonite mud as drilling Engineering Geology Field Manual, distributed by letter 
fluid. Pulled 6" Cs and Oecelllber 7. i988. 
installed 6" TUBEX system 

using air as drilling 
 R8 .. Rock Bit ws .. wash Sample 
fluid: reamed hole to 

81.0'. 
 sz • Size of Casing

81.0-161.0': Drilled with 
TUBEX ii5 (6") system and I.O. • Inside Diameter 0.0 ... Outside Diameter 
COP-4 downnole drill witn 

button bit using 
 NR • Not Repa~tea by Driller 
compressed eir as 

drilling fluid. 


_I SHEET 1 OF • IDRILL HOLE OH-92-1 
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 GEOLOGIC LOG OF OR ILL Hi II E N!' IIH-92-1 SHEET 2 OF 4 



FEATURE: CLE ELUM DAM PRO~ECT: YAKIMA 	 STATE: "ASHINGTON 
LOCATION: STA. 8+43.0, 613.9' 0/S COORDINATES: N 4394.8 E 545:1.A 	 GROUND ELEVATION: 2178.8 
BEGUN: 08-24-92 FINISHED: 09-22-92 TOTAL DEPTH: 161.0 	 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
OEL~~.t~NI)LSXtE0~~~1;~~o, 72. > .•e,••J/i_jg_g!CoROCK' HOLE LOGGED BY: A. LOCKHART & R. LINK< 2100 REVIEWED BY: 


 NOTES CLASSIFICATION AND
PHYSICAL CONDITION

cuttings ranged in size from M~dium
SAMPLE INTERVALS to coarse sand N1th trace of f1ne 

Interv~l Type gravel: S8ftPle 1s noticeably finer
62.0-66.0' ws grained than that collected from 62­



76.0-Bi.O' WS 66', described above; maxiaum size 
85.0-86.0' IllS 

ws returned, 51111'1; cuttings are nard
135.0-140.0' with rock types similar to those
140.0-145.0' ws described for ws 62~66'. except noted 
145.0-150.0' some granitic and gneissic fragments
155.0-161.0' ws medium to dark gray in color;

generallY dark green to dark gray.
DRILLING CONDITIONS No fines observed in sa~ple.

0.0-7.5': Very rough and 
slow. a· Cs snoe SPlit 81.0-101.0': COBBLES AND GRAVEL WITH 
on coDDles or boulaer at BOULDERS. DescriPtion based on action
7.5'. of drill. drilling conditions and 

7.5-12.5 ': Slow, hard, and cuttings return. 
rougn. e· Cs shoe caved 
1n at 12.5'. 85-86': wasn Sample. Consisted of 

12.5-42.0': Fairly slow greater tnan B5X angular cuttings
and rough; hole caving at with less than 15X subangular to 
<42.0'. subrounded particles: Majority of 

<12.0-52.0': Fair-ly slow, cuttings ranged in size fro~
rough in spots. predominantly medium to coarse sand

52.0-57.4': Fairly slow with about !OX predominantly fine
and rough. Lost roller gravel; saftPle is noticeably coarser
cone off RB at 57 .4': grained than either of the two 
retrieved cone with previous aa~les described above:
magnet ~ounted on Nw nximum size returned. 20111111;
Mobilok rods. 6" Cs cuttings are hard, mostly dark rock 
stopped on aoulder at types coaposed chiefly of basalt,
56.6', Cs shoe Dent out schist, sandstone, granite, gneiss,
of round so that 5-7/8" and other unidentified types with 
AB could not pass through minor clear and White Quartz and tan
shoe: replaced R9 with 5­ to red volcanics and sandstone which
3/4" RB. are prominently iron stained;

57.4-60 .o•: Slow and generally green to dark gray. No
smooth. drilling through fines observed in sa-ole. 
boulder. 

60.0-81.0': Slow and 10i.O-U2.0': COBBLES. Includes
rough: hOle caving at occasional boulders. Description
81.0'. based on action of drill, drilling

81.0-101.0': Slow, rough conditions and cuttings return.
in SPOtS. 

101.0-112.0': Slow. TUBEX 112.0-130.0': COBBLES AND GRAVEL.
plugged off and stuck in Includes occasional boulders from 
hole: pulled string and 1i9.0-130.0', as indicated by action 
rea~ed hole with 5-1/2" of drill. Description based on
RB using bentonite twa: drilling conditions and cuttings
blew hole with air to return. 
flush cuttings, hole 
.eking water in excess of 130.0-140.0': SANOY GRAVEL. Includes 
60 gpB. Inserted TUBEX occasional cobbles fro• 131.0-140.0'. 
string and continued Description based on drilling
hole. conditions and cuttings return. 

112.0-119.0'~ Fairly slow 
and rough. 135-140': wash Sample. Consisted of

119.0-131.0': Fair"ly fast. less than 25X angular cuttings with 
but rough, TUBEX bit greater than 75X subangular to 
plugged off at 131.0': rounded particles: about 751 
pulled string and cleaned 
out bit. 

131.0-140.0': Fairly fast 
and fairly rough. 

140.0-147.3': Fast and 
rough; very loose 
material. driller noted 
hole was making a lot of 
water. TUBEX bit plugged 
off at 147 .3'; pulleCI
string and cleaned out 
bit. 

1A7.3-16i.O': Fairly slow. 

TUBEX bit plugged off at 

i56.0'; pulled string and 

cleaned out bit. 


I SHEET 2 OF 4 I DRILL H01E DH-92-1 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-1 SHEET 3 OF 4 

FEATURE: CLE ELUH DAM PROJECT: YAKIMA STATE: WASHINGTON 

LOCATION: STA. 8+43.0, 613.9' 0/S COORDINATES: N 4394,8 E 545L.4 GROUND ELEVATION: 2178.8 

BEGUN: 06-24-92 FINISHED: 09-22-92 TOTAL DEPTH: 161.0 ANGLE FROM HORIZONTAL.: 90 AZIMUTH: 
oeEl~et"l!.f!Lf!Xte0ke~~~~~o' 

-
021os. s~EPJ~-lB-H~ "072.3 ( °K' 
 HOLE LOGGED BY: A. LOCKHART & A. LINK 

REVIEWED BY: 

> 
~ z ~ 

X w w

NOTES 
> !\! 

1­ w 0 
Q. ~

w ~ ii! ~ !\!
<

CLASSIFICATION AND 
c t; zw w 

~ 
~ !5 < 

~ 
PHYSICAL CONDITION 

"' 
u 

c: 
~ -~ ~ M M ~ 

'!! 
~ 

CASING RECORD cuttings ranging in size from fine 1992 cs Deptn Depth 133 
to coarse sand with about 251 ftne nate Sz Hole Cs 

a· ~ 08-25 7.5 
 7.5 I- ­ to coarse gravel: -a)ortty of 
particles 08-26 a· 12.s 
 161 cuttings are strea•-worn 12.s 

a· 42.0 
 10s; s· 42.o 
 s2.o I- ­
with much rounding of corners and 08-27 12.s 
faces: MX1111Um sue returned, 25fttln: 

s· cuttings OB-28' 57.4 
 ss.s are nard. MOStly dark rock 223 
08-31 s· et.o 
 ss.s types composed chiefly of basalt, 

schist, sandstone. granite, gneiss, 09-01 6" 74,0 
 74.0 
s· and other unidentified types with 09-o2 101.0 
 101.0 

-
161 

09-03 6" 112.0 
 U.2.0 minor clear and White quartz and tan 
110. f- ­ to reo volcanics and sandstone; 09-04 6" 113.0 
 113.0 generally dark gray No 09-08 s· to black. 114.3 
 114.0 132 fines observed in sample. 09-09 6" 119.0 
 119.0 

09-17 s· 147.3 
 147.0 f ­ 140.0-147.3': SAND AND GRAVEL. Very09-18 6" 161.0 
 160.0 193 loose material: hole aade a lot of 
FLUID liS. f- ­ l" water. Descrtotion based on drillingRETURN Qgo1 conditions ana cuttings return. Interval % Return 223 0.0-7.5' 30 

I- ­ 140-145': Nash Semple. Very Similar 7.5-12.5' NR to previous wash sa~le from 135­12.5-.42.0' 90 204 1.40'. but with 111ore coarse gravel 42.0-61.0' 95 ana also fine sana; aa1ority of 81.0-161.0' Air 120. I- ­ cuttings are stream-worn particles 

-
167 with much rounding of corners end FLUID COLOR 
 faces: .axi.um size returned, 30.m. Interval Color 
 No fines Observed in sample. 0.0-7.5' Brown 


7.5-12.5' NR 
 104 
1.47.3-156.0': SAND WITH GRAVEL. Loose 12.5-81.0' Grey 12S. material; hole continuing to 81.0-161.0' Air ~ ~ake 

water. Description based on drilling 121 conditions end cuttings return. FLUID LEVEL DURING 
ORIU.ING f- ­

147-150': Wash Sample. Consisted of 1992 Depth oeptn Depth 1301 less then 25% angular cuttings with O.te Hole Cs Fluid 130. greater than 75X suDangular to 08-26 7.5 7.5 Dry f- ­
rounded particles: about 95% 08-27 12.5 12.5 Dry 155 cuttings ranging in size fro111 OB-28 42.0 32.0 2.3 predolllinantl) fine to aediuM sand OB-31 57.4 56.6 2.5 t ­ with only about sx predoainontly 09-01 81.0 56.6 13.3 127 fine gravel; sample is significantly 09-02 81.0 74.0 Dry finer grained then either of the two 09-03 101.0 101.0 Dry 13S. t- I-­ previous wash 09-04 sa~ples collected from 112.0 112.0 109.0 123 135-140' and from 140-145'; -aximum 09-0B 113.0. 113.0 53.6 


09-09 114.3 114.0 . 67.5 
 ws - size returned. 20cun.: generally dark 
gray to black. No fines Observed in 09-10 119.0 119.0 68.3 
 120 sample. Sample includes some 09-1.4 119.0 119.0 72.3 


09-15 119.0 119.0 71.5 
 140. Ggo2 t' cuttings from 145-147', 

09-16 119.0 119.0 71.5 

t ­ f ­

09-17 129 150-155': wash Consisted of 119.0 119.0 72.3 
 se~ple. 
20% angular cuttings with 09-18 ws less than 147.3 147.0 71.5 f- ­ greater than BOX subangu lar to 

141 rounded particles; about 85% of FLUID LEVEL AFTER 
 ranging in SiZe from fine ORIU.ING 
 coarse sand with about 15% fine 1992 Deeth DePth Deotn 
 f ­
cuttings 

!4S. t- to 
to coarse gravel: snows Date HOle Cs Fluid 
 136 sa~le 
increase in gravel coarse 09-21 161.0 160.0 74.3 
 ws 

and sand 
t ­ fractions from those seen in 09-22 161.0 160.0 72.3 
 previous sample f~om 145-150'; 156

OR!Ll.ING TIME 
Drilling: 112 hou~s COMMENTS: 
Moving/Setup: 15 hours 
Down: 53 nours 
Travel: 20 nou~s 

HOLE COMPLETION 
Installed 4" I.O. PVC pipe 
to 159.0' end pulled a· C'l; 
grouted hole through one­
way valve at bottom of 
String while pulling 6" Cs 
1n 10 • tncrelftE!nts; placed 
1575 gallons Of grout mixed 
in batcnes of 5 bags 
ce.ent, 1.5 bags bentonite. 
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GEOLOGIC LOG OF DRILL HOLE NO.. OH-92-1 SHEET 4 OF 4 

FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE:' WASHINGTON 
LOCATION: STA. B+A3.0, 61:3.9' 0/S COORDINATES: N .4394.8 E 5451,4 GROUND ELEVATION: 2178.8 
BEGUN: OB-2.11-92 FINISHED: 09-22-92 TOTAL DEPTH: 161.0 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

DEE~~d"'I•SLSXte0~~MI1~o, c s8J••J~-l9-9H0"00"' HOLE LOGGED BY: A, LOCKHART & R. LINK
72.3 2100. REVIEWED BY: 

NOTES 
 1/­

CLASSIFICATION AND 
PHYSICAL CONDITION 

uxi•ura size returned, 2S111111; 
generally dark gray to black. No 
fines observed in sample. 

156.0-161.0': SAND AND GRAVEL. Hole 
continuing to Make ~ater. DescriPtion 
based on drilling conditions and 
cuttings return. 

156-160': wash Sample. very simile~ 
to p~ev1ous S&NPle f~o• 150-155', 
based on. field logging of sample: 
-axi•um size ~etu~ned, 30mm. No 
fines obse~ved in sample. Includes 
so11e eutungs from 155-156'. 

161.0': Bottom of hole. Hole 
te~Minated at p~edete~mined de~th. 

GEOLOGIC INTERPAETATI~ 

0.0-2.0': FILL. 
2.0-S.61.0': QUATERNARY GLACIAL OUTWASH 

(Qgol. 
2.0-130.0': coa~se Outwash (Qgotl. 
130.0-161.0': Fine OUtwash {Qgo2l. 

COMMENTS: 

I SHEET 4 OF 4 J DRILL HO~E OH-92-1 
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GEOLOGIC LOG OF DRILL HOLE NO. 
FEATURE: CLE ELUM DAM PAO~ECT: YAKIMA 
LOCATIO~ STA. 8+48,6, 622.5' 0/S COORDINATES: N 4387.6 E 5458 . .4 
BEGUN: 09-2:3-92 FINISHED: 10-26-92 TOTAL DEPTH: 181.9 

DEE~Ue~"2.1HXte0i<e~~~~~o' 71.3 1 2101 .oME"Jit-l8-HJ0" 0c" 

-
NOTES 

All depths ere measured 1n 
feet from ground surface 
and are the same as tnose 
used by the driller. 

PURPOSE OF HOLE 
To aeter1111ne the 
Stratigraphy and 
engineering properties of 
tne foundation $8tertals 
present at Cle Elum 0a111: to 
Provide instrumentation for 
cross-hole seis~ic testing. 

DRILL EQUIPMENT 
Gus Pech B~et/22R t~uck­
mounted d~ill with Tig~e 
Tie~~a Badge~ toP-d~ive ai~ 
neue~. Inge~aoll Rana 750 
Cfm/250 psi ei~ comp~esso~. 
and Bean 75-gplll IIIUif PUIIIP. 

DRILLER 
O.O-i65.9': Ben HO~ton 
i65.9-iBi.9': Chuck 

Whisnant 

DRILL SETUP 
Set up on d/S fill blanket 
about 620' d/s of cente~ 
11ne Sta. 9+49. ­

DRILLING METHODS 
0.0-26.3': Drilled with 

TUBEX i65 (a•) system and 
COP 62 downhole drill 
with button bit using
compressed air as 
drilling fluid. Took OS 
on approx. 20' inte~vals 
using 3.75~ 1.0. heavy­
walled, spilt-tube ba~rel 
111ounted on API rods and 
advanced with 350-lbm 
slide hammer and catneao 
with rope. 

26.3-129.0': Drilled with 
TUBEX 115 15•1 system and 
COP 42 aownnole arill 
with button bit using
CODPressed air as 
drilling fluid: used 
ai~/foam slurry below 
44.0'. Took OS on 
approx. 20' intervals to 
129', as described above. 

129.0-i48.6': DrUled with 
TUBEX i15 (6•) system, as 
described above. Took 
SPT's on approx. s· 
intervals using USSR­
design i-3/B" constant 
I.O. split-tube barrel 
mounted on Nw Mobilok 
rods with 1~0-lb~ safety
h&lllfller. 30• drop and 
catnead with rope, 

i4B.6-iSi.9': 	 Drilled with 
TUBEX 115 {6") system, as 
described above. Took OS 
on approx. 10' intervals 
to 1Bi.9', as desc~ibed 
fo~ 0.0-26.3' above. 

SAMPLE INTERVALS 

Inte~val Type


26.3-27.0' OS 


v, CLASSIFICATION AND
PHYSICAL CONDITION

~.0-2.0'' FILL. 

1. 	 Center colu.n desc~iptors are defined in the Reclamation 
Engineering Geology Field Manual. distributed by lette~ 
Oece•ber 7, 19BB. 

RB • Rock Bit OS • Drive Sample 

SPr •·Standard Penetration Resistance Test 

Cs • Casing Sz • Size of Casing 

I.O. • Inside Oi.a~ter 0.0. • OUtside Diameter 

OH-92-2 SHEET 1 OF 5 

STATE: WASHINGTON 
GROUND ELEVATION: 2178.3 
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
HOLE LOGGED BY: R. LINK 
REVIEWED BY: 

GRAVEL AND COBBLES. InCludes occasional 
boulde~s. Description baseo on d~illing 
conditions and cuttings retu~n. 

.. 	 INTERPRETIVE NOTE: Contact ~o~1.tl\ 
foundation is fro~ as-built cross 
section on drawing 32-D-384: unable to 
distinguish fill from foundation on 
basis of d~illing conditions or cuttings 
return due to S1111l&~1tY of •ateriols. 

.0-191.9': QUATERNARY GLACIAL OUTWASH 
lOgo}. 

2.0-26.3': COBBLES AND GRAVEL. 
Includes occasional boulde~s noted 
from 2.0-19.0', but particula~ly at 
7'. 10', .and 13': includes generally 
rounded send pa~ticles. Description
based on action of drill. d~illing 
conditions and cuttings return. 

26.3-27.0': SILTY GRAVEL (GH). About
b 	 75,; predoMinantly fine, ha~d, 

subanQula~ to rounded g~avel: about 
15X nonplastic fines With rapid 
dilatancy, no dry strength: about 101 
fine to coarse, na~d. subangula~ to 
rounded sand; maximuM size, 25 am; 
moist, brown: homogeneous: no reaction 
With HCl. 
LAB TEST DATA: 95" g~avel, i41 sand, 
1X fines: Cu • 5.930, Cc • i0.931; SPG 
• 2.73; insufficient sa~le •ass to 
perfo~m consistency tests: laboratory 
claSSification of sample iS POORLY 
GRADED GRAVEL IGP} . 

27.0-38.6': COBBLES ANO GRAVEL. 

Description based on d~illing 


conditions and cuttings return. 


b 38.6-~4.0': GRAVEL. Includes 
occestonal cobbles. DescriPtion based 
on drilling conditions and cuttings 
return. 

44.0-~4.7': Poo~ recovery. S8B~Ple 
- limited to 0.5' Of wasnea cuttings 

co~osed cniefly of coarse gravel and 
gravel-sized cuttings: .a~iiiiUII size 
recovered, 45 ~­

44.7-54.0': COBBLES AND ~AVEL.
- Includes silt and sand in wash 

cuttings. DescriPtion based on 
a~1111ng conditions ana cuttings-	 return. 

I SHEET 1 OF 5 I DRILL HOLE DH-92-2 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-2 SHEET 2 OF 5 

FEATURE: CLE ELUH DAM PROJECT: YAKIMA STATE: WASHINGTON 



LOCATION: STA. 8+48.6, 622.5' 0/S COORDINATES: N 4387.6 E 5458.4 	 GROUND ELEVATION: 2178.3 
BEGUN: 09-23-92 FINISHED: 10-26-92 TOTAL DEPTH: 181.9 ANGLE FROM HORIZONTAL: 90 AZIMUTH;

DEE~~Et"2NDLDXtE0~E~~~~~o' HOLE LOGGED BY: R. LINK 71.3 1 2101 .o8JEPif/1-/8-99°ROCK' REVIEWED BY: 


 ,_ 
« ~ ~ 

w w~ :J: § 
z 

NOTES 
> > w

w 0 w 
~ u w Q. l< .;w I: !!! u 

~ CLASSIFICATION AND 
c X

w ~ !<! !!: ~
~ 

PHYSICAL CONDITION 
0 

ffi 
~ ~

~ 
u X ~ w 

~
M M w ;: 

44.0-AA.?' OS 
 120 54.0-54.8': SILTY GRAVEL WITH SAND 
54.0-54.8' OS 

64.0-64.9' 



I- ­ (GM) s. About 65% fine to coarse. 

DS 
 ~ra. suDangular to rounaed gravel:
84.0-84.7' DS 
 about 25" fine to coarse, hard, 
94.0-94.8' DS 
 138 

angular to rounded sand; about 15" 
11.4.0-114,9' DS 
 5 nonplasuc fines with rapid d1latancy, 
129.0-130.2' SPT 
 no dry strength; MXilftUIII s1Ze. 65 

SPT 
 149 mm; 
133.9-134.8' 
138.7-139.8' SPT 
 1­

•otst, gray; homogeneous; no reaction 
with HCl. 

144.2-145.2' SPT 
 LAB TEST DATA: 79~ gravel, 18X 
148.6-150.6' DS 
 -

sand, 180 3~ fines: insufficient 9a~ple •ass to 
153.7-155,7' DS 
 perfor• consistency tests: Cu • 
163.7-165.9' OS 


-
40.232, Cc • 5.390; SPG • 2.67; 

175.4-176.9' DS 
 8" laboratory classification of sa~le is 
180.4-181.9' DS 
 POORLY GRADED GRAVEL NITH SAND (GP)s. 

DRILLING CONDITIONS 91 54.8-64.0': GRAVEL. Includes
o.0-19.0': Fairly slow: GM s GW-GM occasional cobbles. Description based 

drilling nard on boulders 6,~~oiis.i::jl1o2§o:fi7~ 
on drilling conditions and cuttings at 7', 10' and 13'; 82 return. 

difficult to keep tne 
nole straight. 1­ 64.0-64.9': SILTY GRAVEL WITH SAND 

19.0-21.0': Fast and 
 90 (GM) s. About 55~ fine to coarse. 
. rough.
 nard. subangular to rounded gravel: 
21.0-26.3': Fairly fast. 
 f- ­ &bout 30" fine to coarse. hard. 

unable to flush cuttings angular to rounded sand: about 151 
from a· 75• TUBEX; bit 

f- ­ nonplastic fines with rapid dilatancy, 
1amming inside Cs. no dry strength; raaxiiiUIII s1Ze, 50 INI'I; 
Installed a• TUBEX system •oist, gray: homogeneous: no reaction 
to 26.3', 94l 

with HCl. 
26.3-38.6': Slow lind f- ­ Ogat LAB TEST DATA: 65% gravel, 30X sand, 

rough. 5" fines: insufficient sa-ole •ass to 
36.6-64.0': Fairly slow. 134 perfor• consistency tests: cu • 

Intection of air/foam . f- ­ 73.112, Cc .. 1.474: SPG • 2 .68; 
slurry below 44.0' laboratory classification of sample is 
greatly aided in flushing 105 NELL-GRAOEO GRAVEL WITH SILT 
out cuttings, 80. 64.0-74.0': A little 1­

AND SAND 
{GW-GM) S. 

faster: noted so~~e 11101st 152 64.9-84.0': SAND AND GRAVEL. Includes 
cuttings in return. 

74.0-84.0': Faster. . f- ­ occasional cobbles: noted additional 
water in air foam return ~lurry at 

84.0-181.9': Fairly fast. 125 74', Description based on drilling 
Noted wet cuttings at 84' conditions and cuttings return. 
wnere hOle started .eking 
water: grout observed in 155, 84.0~84.7': NO recovery. SaiiiPle 
return from 129-142', limited to several coarse. subangular 
Bit stuck in Cs at 170', 

=
- to rounded, grovel-sized cuttings 

pulled string end reamed 1931 trapped above the basket catcher: 
nole to 17S'. NOted ..xtaum size recovered. 60 .a. 
teMPorary loss of return 
at 149'. 84.7-94.0': SAND AND GRAVEL. 

based 
CASING RECORD -


Includes 
occasional cobbles. Description 
on drilling conditions and cuttings 

1992 cs Depth Depth return. 
Date sz Hole cs 14S 
09-23 a· .t9.o :t9.o 

e· 94.0-94.8': No recovery. SaiiiPle 
09-24 21.0 20.0 

a· li•ited to about 0.3' of washed 
09-25 21.0 26.3 180, cuttings co~posed of coarse gravel s• 21 .o 2s.o with •edium sand: caximum size 

39.1 f- ­ •inor 
09-28 5• 38.6 recovered, 75 .n. 
09-29 s· 74.0 74.0 214 
09-30 s· 94.e 94.o • 
10-1 s• 12e.s 128.1 COMMENH: 
10-5 s· 139.8 138.7 
10-6 5• 150.e 14a.o 
10-7 5• 165.9 163.1 
10-14 s· 165.9 o.o 
10-15 5• 165.9 3o.o 
10~19 s· 165.9 90.0 
10-20 s· 175.o 11s.o 
10-21 s· 181.9 :teo.o 

FLUID RETURN &FLUID COLOR 
Drilled with air: fluid 
return and color not 
reported. Geologist's 
notes on return color as 

I SHEET 2 OF 5 I CRILL HQLE OH-92-2 
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GEOLOGIC LOG OF ORILL HOLE NO. DH-92-2 SHEET 3 OF !5 

FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON 
LOCATION: STA. 8+.48.6, 622.5' 0/S COORDINATES: N 4367,6 E 5458.4 GROUND ELEVATION: 2178.3
BEGUN: 09-23-92 FINISHED: 10-26-92 TOTAL DEPTH: 181.9 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
DEE~~.t"~NDLDXtE0~~~~A~o, I 2107. o.I\EPJ!I'-JJ'-B.fDRocK, HOLE LOGGED BY: R. LINK71.3 REVIEWED BY: 

> -~ z ~ 

v~ 
:1: w w !l! m> § CLASSIFICATION ANDNOTES ... ~ 8 m 

w ~Q. i!: !!! Q 

i d m 
PHYSICAL CONDITIONUJ - !G0 w w m ~ d~ ~ 0 ll1 ~~ u X &; t!i m 0 w 

< ii wm M M > ~ 

follows: 
133 

94.8-114.0': SAND, GRAVEL. AND COBBLES.0.0-84.0': Air (no color) . 
' t- ­ Oescr1Pt1on based on ortlling84.0-124.0': Ttln. 

161 conditions end cuttings return,124.0-1.30.2': Blue gray. 
130.2-142.0': Greentsn 10~ t- ­ t-' 114.0-114.9': No recovery. SaiiiPlegray (grout). 

223 11mttea to wasnea cuttings composed Of142.0-181.9': ReddiSh tan fine to coarse, angular to subroundedto reddish brown ; I- gravel; ~aximum size recovered, 45 IMI.alternating witn greenish 
gray (grout). 161 114.9-i29.0': SAND ANO GRAVEL . 

~~~ t- ­ Includes occasional cobbles.FLUID LEVEL DURING Description based on drillingDRILLING 132 conditions and cuttings return.1992 DePth Depth Depth ___;,
Date Hole cs Fluid 129.0-130.2': No recovery. Sample09-24 19.0 19.0 O..y 193 li~ited to single gravel particle 3509-25 21.0 20.0 Dry 

II OS 0 
Qgo1 t­ am in diameter lodged in snoe of09-28 27.0 26.3 O..y salr!Pler: cleanout run througn interval09-29 39.1 38.6 Dry 223 returned fine to coarse. angular to09-30 74.0 74.0 7i.3 r- rounded sand with fine gravel: tleavy10-1 94.8 94.0 70.1 color of return water suggests greater10-5 128.5 128.1 69.2 20. ttlan 15" of fines present: 1118Ximum10-6 139,8 138.7 70.5 

12~ size returned, 15 e.10-7 150.6 148.0 70.3 I- ­
10-20 165.9 90.0 71.5 167 130.2-133.9': SAND AND GRAVEL. Noted10-21 175.0 175.0 71.8 grout in return flow. Descriptionr- based on drilling conditions andFLUID LEVEL AFTER 

104 cuttings return.DRILLING 
1992 DePth DePth Deptn 125­ t-- Eo­ 133.9-134.8': No recovery.O.te Hole Cs Fluid 
10-22 181.9 180.0 70.4 121 

134.8-138. 7': SAND AND GRAVEL. Noted 
t- ­ grout in return flow. DescriptionDRILLING TIME 
130 based on drilling conditions andDrilling: 122 hours cuttings return.Moving/Setup: 4 flours 13" SPT 0 50 

Down: 39 tlours 138.7-139.8': NO recovery. CleanoutTravel: 15 hours 155 run througtl interval returned 

' - predo~inantly .edium to coarse.HOLE COMPLETION suoangular to rounded sano with $OmeInstalled 4" I.O. PVC pipe 
0 50 127 fine gravel: •axirrrum size returned, 15to 180.4' and pulled e• Cs; 

13~ 
SPT 

['­ ...grouted hole tnrouoh one-
way valve at bottom of 123 139.8-144.4': SAND AND GRAVEL.string wtlile pulling 6• Cs 

r-- CUttings consist of broadly gradedin 10' increunts; placed sana ana gravel wittl little or nogrout in 7 batches totaling 120 fines. Noted grout in return 'flow to42 bags cement: grout SPT 0 50 142'. wnere color cnanged fro• darkweight • 12.3, viscosity • 14 Qgo2 1:­ gray to reddistl tan to reddish brown.82 secondS/Quart, •• 129 Description based on drillingmeasured With Marstl funnel. conditions ana cuttings return.t- ­
141 i44.4-145.2': NO recovery. Cleanout 

14~ SPT 0 50 run througtl interval returned fine to 
1:­ coarse, subangular to rounded sand 

138 with predOMinantly fine gravel: dark 
gray. but aany particles are iron 

t- stained: 111axi111U11 size returned, 20 ""'· 

45 13 1!58 
(SP-SM) iltGP) sOS 

COMMENTS: 

I SHEET 30F 5 I DRILL HOLE DH-92-2 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-2 SHEET o4 OF 5 

FEATURE: Ct.:.E ELUM DAM PRO.JECT: YAKIMA 
LOCATION: STA. 8+48.6. 622.5' 0/5 COORDINATES: N 4387,6 E 5458.4 
BEGUN: 09-23-92 FINISHED: 10-26-92 TOTAL DEPTH: 181.9 
0'E~~.t~.I)LI)XtE0I<,~~~~~o, 11.3 1 2101. o!JEPJ,!I-:l"<I'-H£'0"00"' 

~ ~ 
~ z ~ 

:I: w 

NOTES .... w ;; 
a. ~ u 

"' 
1: ~ 

c w 
~~ 

~ 

~ !l! 
!l!u 
~ 

:;; z 

8 s; 
~ 

u 
M 

% ~ !!! 
M 

~ 
~ ~ 

169( 

-
15~ OS 55 10 (SW)g (GP) t1 

; 

16~ 

; 

OS 55 :U (SW-SM) (GW) a 

STATE: WASHINGTON 
GROUND ELEVATION: 2178.3 
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
HOLE LOGGED BY: R. LINK 
REVIEWED BY: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

145.2-148.6': SANO AND GRAVEL. 
Oesc~1Pt1on Dased on d~1ll1ng 
cona1t1ons ana cuttings ~eturn. 

148.6-150.6': POORI..Y GRADED SAND WITH 
~ SILT AND GRAVEL ISP-SM)g. About 55% 

fine to coarse. hara, subangular to 
rounded sana: about 35~ fine to 
coarse, hard, subangular to rounded 
gravel: about 10% nonplastic fines 
with raPid dilatancy, no dry strengtn; 
~xi~m size. 50 am: wet, blue gray; 
homogeneous: weak reaction with HCl. 
LAB TEST OAT~ 61~ gravel, 371 sand, 
~ fines: insufficient sample •ass to 
perform consistency tests: ·cu • 

ISS: 
~----~----~ago2 

15.887. Cc • 0.968: SPG • 2.72; 
laboratory classification of saMPle is 
POORLY GRADED GRAVEL WITH SAND (GP)s, 

; 

17~ 

~ 

17.;.: I 

OS 100 28 

~ 

180. 
OS 100 2A 

~ o• 

18~ 

COMMENTS: 

ML SM 

(ct./MI.) B (CC-MC 

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

153.7-155.7': WELL-GRADED SAND WITH 
GRAVEL (SWig. About 551 fine to 
coarse, hard, angular to rounded sand; 
about 40~ fine to coarse, hard, 
subangular to rounded gravel: about ex 
nonplastic fines with rapid dilatancy, 
no dry strength; maximum size, 45 ~ 
wet, blue gray; homogeneous: weak 
reaction with HCl. 
LAB TEST DATA: 5<4% gr'avel. <44~ sand, 
2:1: fines: insufficient sample mass to 
perform consistency tests: Cu • 
30.62D. Cc • 0.35i; SPG • 2.56: 
laboratory classification of sample is 
POORLY GRADED GRAVEL WITH SAND {GP)s. 

155.7-163.7': SAND AND GRAVEL. 
Description based on drilling 
conditions and cuttings return. 

163.7-165.9': WELL-GRADED SAND WITH 
SILT AND GRAVEL (SW-SM)g. About 50~ 
fine to coarse, hard, angular to 
rounded sand; about 40~ fine to 
coarse. hard. suoangular to rounded 
gravel: about 101 nonplastic fines 
with rap1U dilatancy: •aximum size. 50 
am; wet, blue gray; ho•ogeneous; no 
reaction with HCl. 
LAB TEST DATA: 66X gr'avel, 30X sand, 
41 fines: insufficient sample eass to 
perform consistency tests; CU • 
31.263, Cc • 1.992: SPG • 2.52: 
laboratory classification of sample is 
WELL-GRACED GRAVEL WITH SAND (GW)S. 

I SHEET 4 OF 5 I DRILC HO,J.,E OH-92-2 
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SHEET 5 OFGEOLOGIC LOG OF DRILL HOLE NO. OH-92-2 
FEATURE: CLE ELUM DAM PRO~ECT: YAKIMA STATE: WASHINGTON 
LOCATIO~ STA. 8+48.6, 622.5' 0/S COORDINATES: N 4387.6 E 5-458.4 GROUND ELEVATION; 2178.3 
BEGUN: 09-23-92 FINISHED: 10-26-92 TOTAL DEPTH: 181.9 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

oeE~~.t~.fl"oXte0~~~~~~o, .o8J•"ifli'-l8-H~0 HOLE LOGGED BY: R. LINK
71.3 , 2101 "00"' REVIEWED BY: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

(CONTINUED) 
. 

165.9-175.4': SAND AND GRAVEL. 
Description based on drilling

conditions and cuttings return. 


175.<4-176.9': SILT (MLI . ADout 90" 
nonplastic fines with rapid dilatancy, 
low dry strength; about 10S: 
predo~inantly fine, nard. angular to 
subrounded sand; trace of fine, nard, 
subangular gravel: .aximum size. 10 
.m: wet. dark gray; fine. ox1d12ed 
organic debris present: stratified 
with horizontal layers of 
predominantly fine sand 5-10 mm thick 
spaced on intervals of 25-15 M~: 
sample composed mostly of rack flour; 
no reaction with HCl. 
LAB TEST DATA: 58~ sand, A2X 
nonplaStiC fines; LL • 28, PI • O; SPG 
• 2.A7; laboratory classification of 
~ample iS SILTY SA~lO (SH) . 

176.9-180.4'; SAND WITH CI..AV SEAMS. 

Description based on drilling

conditions and cuttings return. 


180.4-181.9': SILTY CLAY WITH SAND 
(CL/ML)s. About 85~ fines With low 
plasticity, slaw dilatancy, law to 
.edium dry strength, low to ~edium 
toughness; about 15~ predominantly 
fine, hard. angular to subrounded 
sand: maximum size, coarse sand: moist 
to wet. dark gray; fine, oxidized 

·organic debris present as laminations: 
laminated to stratified in horizontal 
layers 1-so 111111 thiCk; includes 
prominent laminations of predominantly 
fine sand and organics: includes 
layers of nanplastic rock flour and 
light gray clay: no reaction with HCl. 
LAB TEST DATA: 64::.: fines, :36::.: sand: 
LL • 27, PI • 5; SPG • 2.38;
laboratory classification of sa~ple is 
SANOY SILTX CLAY s{CI..-ML). 

181.9': Bottom at hole. Hale 
terminated at predetermined depth. 

GEOLOGIC INTERPRETATIO~ 

0.0-2.0': FILL. 
2.0-181.9': QUATERNARY GLACIAL OUTWASH 

(Qgol. 
2.0-130.2': coarse Outwash (Qgo1l. 
130.2·181.9': Fine Outwesn 1Ggo2l. 

I SHEET 5 OF 5 I DRILL HOLE OH-92-2 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-3 SHEET 1 OF 

FEATURE: CLE ELUM DAM PRO~ECT: YAKIMA 	 STATE: WASHINGTON 
LOCATIO~ STA. 8+28,6, 583.7' 0/S COORDINATES: N 4416.8 E 5426.2 	 GROUND ELEVATION: 2180.1 
BEGUN: 10-27-92 FINISHED: 11-02-92 TOTAL DEPTH: 90.4 	 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINKo•e~~.t"2.~L~XtE0~.~~0R~o' 12 .s• , 2101 .st~~••lr-l?-9.!'0"0c"' REVIEWED BY: 

~ 


~ z 
~ 

w:J: > ~ 

~ u ~ ~ c
.... 0 w Ill CLASSIFICATION ANDNOTES CL u ~1: il! X dliJ 	 ~ < PHYSICAL CONDITIONw w 8 ~ ~ -~c 
~ 	 < d 
~ 6 ~ w ~ 

u % ~ ;;: ~ '1i ~ .,j :!l !11 V·~ M M ~ X > ~ ~ ~ 

-


-


All depths are ~easured in 
feet from ground surtace 
and are tne sa.e as those 
used by the driller. 

PURPOSE OF HOLE 
To determine the 
stratigraphy ana 
engineering properties of 
the foundation matertals 
present at Cle Elum Dam: to 
provide instrumentation for 
~nttortng of water level 
fluctuations tn tne 
foundat1on. 

DRILL EQUIPMENT 
Gus Peen erat/22R trucK­
mounted ar111 with Tigre 
·Tierra Badger top-drive air 
ha-er, Ingersoll Rend 750 
cf~/250 psi air co~pre~sor. 
and Bean 75-gom ~ud pump, 

DRILLER 
Chuck Whisnant 

DRILL SETUP 
Set up on d/s fill blanket 
about 580' d/s of center 
line Sta. 8+29. 

DRILLING METHODS 
Drilled with TUBEX 90 (4•)
system and COP 32 downhole 
Drill with Dutton bit using
compressed air/foam slurry 
as circulating fluid. 

SAMPLE INTERVALS 
Sa~les were not collected. 

DRILLING CONOITIONS 
o.0-1.3': Fast and easy.
1.3-40.0': Slow, herd, and 

rough. Action of drill 
indicated presence of 
boulders throughout 
interval with large
boulder located from 
34.3-37.2'. 

40.0-90.4': Slow and 

rough. Hit water at 

72.5'. 


CASING RECORD 
1992 CS DePth Depth 
Date Sz Hole cs 
10-27 4~ 14.9 14.5 
10-28 4. 40.0 39.6 
10-29 4. 70.0 69.6 
11-02 4. 90.4 90.0 

FLUID RETURN G FLUID COLOR 
Drilled with air: fluid 
retur-n and color not 
reported. 

FLUID LEVEL DURING 

DRILLING 


1992 Depth Depth Depth 

Date Hole cs FluiD 

10-28 14.9 14.5 Dry 

10-29 40.0 39.6 Dry 

U.-02 70.0 69.6 f>'y 


FLUID LEVEL AFTER 


0.0-3.0': FILL. 

0.0-1.3': SILT, SAND AND GRAVEL. 

Description based on drilling 

conditions and cuttings return. 


1.3-3.0': COBBLES AND BOULDERS. 
Includes gravel and sand. Description
based on action of drill, drilling
conditions and cuttings return. 
INTERPRETIVE NOTE: COntact With 
foundation is from as-built cross 
section on drawing 32-D-394; unable to 
distinguish fill from foundation on 
basis of drilling conditions or 
cuttings return due to similarity of 
rtater-ials. 

3.0-90.4': QUATERNARY GLACIAL OUT~ASH 
(Ggo). 

3.0-34.3': COBBLES AND BOULDERS. 
Includes gravel and send. DescriPtion 
based on action of Or-ill. drilling
conditions and cuttings return. 

34.3-37.2': BOULDER. Description based 
on action of drill. drilling
conditions end cuttings return. 

37.2~40.0': COBBLES AND BOULDERS. 
Includes gr-avel end sand. Descr-iPtion 
~ased on action of drill. drilling
conditions and cuttings return. 

40.0-90.4': COBBLES AND GRAVEL. 
Include~ sand. Description based on 
drilling conditions and cuttings 
return. 

90.4': Botto~ Of hole. Hole terminated 
at predetermined depth. 

GEOLOGIC INTERPRETATION: 

o.o-3.0': Fill. 
3. 0-90.4': QUATERNARY GLACIAL OUTWASH 

(Qgo).

3.0-90.4': Coarse Outwash (Ogo1). 


COMMENTS: 

1. 	 Center column descriptors are defined in the Reclamation 

Engineering Geology Field Manual, distributed by lettero 

eecertOer 7. i9BB. 


RB • Rock Bit WS .. wash Sample 

Cs • Casing Sz • Size of Casing 

I.O. • Inside Diameter 0.0. • OUtside Diameter 

NR • Not Reported by Or-iller 

I SHEET I OF 2 I DRILL HOL_E OH-92-3 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-3 
FEATURE: CLE ELUM DAM PROJECT: YAKIMA 
LOCATION; STA. 8+28.6, 583.7' 0/S COORDINATES: N .4416.8 
BEGUN: 10-27-92 FINISHED: 

oeel~et~NSLDXte0~e~~~R~o: 

1992 
O~te 
11-17 

NOTES 

DRILLING 
Oeptn 
Water Elevation 
72.54 2107.56 

11-02-92 lOTAL DEPTH: 90.4 

72.54 ( 2107 .s,\\EP[r-1?-.I'~OROCK' 

~ - z 
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~:J: 
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~ !!!... 8 i!i w 
Q. ~ It~ iii u 
liJ ~ s 8c w w 

~ 15~ 0 w
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0 .. .. 0 % 
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l'l 
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E 5.426,2 
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< < -
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~;;: s 
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~~ w 

STATE: WASHINGTON 
GROUND ELEVATION: 2180.1 
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
HOLE LOGGED B~ R. LINK 
REVIEWED BY: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

DRILLING TIME 
Drilling: 31.5 nours 
Moving/Setup: 6 nours 
Down: o hours 
Travel: 2.5 nours 

5!> 

. 
HOLE COMPLETION 

0.0-20.3': Installed 
surface seal co~posed of 
neat cement mixed wit~ 
bentonite; installed 
locking steel cap to 
protect riser pipe; 
StiCkUP Of riser pipe iS 
about 3.16' (Surveyed 
elevation is 21S3.26) • 

20.3-74.5': Backfilled 
~ole Wit~ random sand and 
grovel. 

74.5-SO.O': Installed 
bentonite seal. 

ao.0-90.4': Backfilled 
hole with silica sano: 
installed 2'-long porous­
tube piezometer tiP with 
3/4" riser PiPe to as.o·. 

6~ 

~ 

6!> 

~ 

7~ 

~ 

7S: 

OgoS 

~ 

8~ 

~ 

as: 
~ 

90. 

; 
~· Ill u" '" "" 

9S: 
; 

COMMENTS: 
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GEOLOGIC LOG 	 OF DRILL HOLE NO. DH-92-4 SHEET 1 OFr 
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FEATURE: CLE ELUM DAM 
LOCATION: STA. 5+55.1. 	 593.2" 0/S 
BEGUN: U-03-92 FINISHED: U-19-92 

oeEl~ee"2Nil"ilXre0ke~~~~~o, 51.3 

NOTES 


All depths are measured 1n 
teet fro~ grouna surface 
ana are the same as those 
used by the driller. 

PURPOSE OF HOLE 
To aeter~ine the 
stratigraphy and 
engineering properties of 
the foundation materials 
present at Cle Elum Dam: to 
provide instrumentation tor 
cross-hole seismic testing. 

DRILL EQUIPMENT 
Gus Pech Brat/22R truck­
eounted drill with Tigre 
Tierra Badger tOP·drtve air 
hammer, Inger30ll Rand 750 
cfm/2!50 psi eir COI!Ipressor, 
and Been 75-gpm aud pump, 

DRILLER 
Chuck Whisnant 

DRILL SETUP 
Set up on d/s fill blanket 
about 595' d/s of center 
line Sta. 5+55. 

DRILLING METHODS 
0.0-31.3'! Orill&d IIIith 

TUBEX 115 (6~) system and 
COP-4 downhole drill with 
Dutton bit using 
compressed air as 
drilling fluid. 

31.3-155.6': Drilled w1tn 
TUBEX 115 (6") system, as 
described above, using 
compressed air/foae 
slurry as circulating 
fluid. 

SAMPLE INTERVALS 
Samples were not collected. 

DRILLING CONDITIONS 
0.0-31.3': Slolll and rough, 

Started to lose 
circulation at 31': 
swttehed to air/foam 
slurry to ~rove return. 

31.3-155.6': Slow and 
rough with faster spots. 
Hit water at 50.4'. 

CASING RECORD 
1992 Cs Depth Depth 
Date Sz Hale Cs 
11-04 6' 31.3 29.7 
11-05 6' 6o.o ss.6 
11-09 6" 92.0 91.6 
11-10 6" 122.0 121.6 
11-12 6" 155.6 155.0 

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

FLUID LEVEL DURING 

DRILLING 


1992 Depth DePth Depth 

Hole Cs Fluid 

11-05 31.3 29.7 
11-09 60.0 59.6 51.3 
""" ""' 

PRO.JECT: YAKIMA 
COORDINATES: N 4677.8 
TOTAL DEPTH: 155.6 

t 2103 .•,!1••Jr-l£'-8,!'0R0C"' 

­




­

­

COMMEN 5: 

1. 	 Center column descriptors are defined in the Reclamation 

Engineering Geology Field Manual, distributed by letter 

Oeceaber 7, 1988, 

Cs .. Casing Sz .. Size of casing 

I.D. •· Instde Diameter 0.0. • Outside Diameter 

NR • Not Reported by Driller 

E 5508 • .<1 

v

STATE: WASHINGTON 
GROUND ELEVATION: 2154.7 
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
HOLE LOGGED BY: R. LINK 
REVIEWED BY: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

0.0-41.0': FILL (F). 

0.0-17.5': COBBLES AND BOULDERS. 
Description based on action of drill. 
drilling conditions and cuttings 
return. 

i7.5-23.0': COBBLES, GRAVEL AND SAND. 
Description based on drilling 
conditions and cuttings return. 

23.0-27.3': SAND AND GRA.VEL. 

Description based on drilling 

conditions and cuttings return. 


27.3-29. 7'; SA.NO AND GRA.VEL. Chiefly 
fine sand With gravel: includes 
numerous wood fragments noted in 
return. DescriPtion based on drilling 
conditions and cuttings return. 

29. 7-31.3': SAND AND GRAVEL. 

Description based on drilling 

conditions and cuttings return. 


31.3-~i.O': SAND AND GRA.VEL. Chiefly 
medium to coarse sand with coarse 
gravel. DescriPtion based on drilling 
conditions and cuttings return, 
INTERPRETIVE NOTE: Contact with 
foundation is from as-built cross 
section on drawing 32-D-38~; unable to 
distinguish fill from foundation on 
basis of drilling conditions or 
cuttings return due to similarity of 
11aterials. 

~1.0-155.6': QUATERNARY GLACIAL OUTNASH 
(Qgol. 

~1.0-60,0': SAND AND GRAVEL. Chiefly 
medium to coarse sand with coarse 
gravel. Description based on drilling
conditions and cuttings return. 

60.0-87.-4': GRAVEL WITH SAND. Chiefly 
coarse gravel with sand. Description 
based on drilling conditions and 
cuttings return. 

97 .~-BB.1•: SAND WITH GRAVEL. Chiefly 
coarse sand with gravel. Description 
based on drilling conditions and 
cuttings return. 

88.7-114.0': GRAVEL WITH SAND. 

Description based on drilling 

conditions and cuttings return. 


11-4.0-129.7': SAND WITH GRAVEL. 

I SHEET I OF • I DRILL HQLE OH-92-4 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-4 SHEET 2 OF 4 

FEATURE: CLE EL.UM DAM PRO.JECT: YAKIMA STATE: WASHINGTON 
LOCATION: STA. 5+55.1, 593.2' 0/5 COORDINATES: N 4677.8 E 5506.4 GROUND ELEVATION: 2154.7 
BEGUN: 11-03-92 FINISHED: 11-19-92 TOTAL DEPTH: 155.6 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINKDEE~~et"2NDLDXtE0JE~W!~o, 51.3 12103.<8JEP/r-/9-9~0RDCK' 
REVIEWED BY: 

NOTES 
:1:... 
CL 
w 
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CLASSIFICATION AND 
PHYSICAL CONDITION 

11-10 
11-12 
11-16 

92.0 
122.0 
155.6 

91.6 
121.6 
155.0 

50.4 
51.3 
52.3 ~ 

52 

1­
Chiefly fine to coarse sanD with 
gravel. Descrtpt1on based on drilling
conditions ana cuttings return. 

1992 
Date 
U-17 

FLUID LEVEL AFTER 
ORIU.ING 

Depth Depth 
Hole Cs 
155.6 155.0 

Depth 
Fluid 
52.3 

~~ 

55 
1­

70 

-
J:. 

129.7-143.9': SAND. Chiefly sand with 
so.e ftne gravel: very little f1nes 
noted 1n return. Description bosea on 
arilling conaitions and cuttings 
return. 

DRILLING TIME 
Drilling: 70.5 hours 
Moving/Setup: 9.5 hours 
Down: 15 nours 
Travel: 5 nours 

HOLE COMPLETION 
Installed A' I.O. PVC PiPe 
to 153.0' ana grouted nole 
through one-way valve at 
bottom of string while 
pulling s- Cs in 10' 
increments: grout wetgnt • 
12.6, viscosity • 82 
seconds/Quart, as aeasured 
with Marsh funnel. 

125 

!- ­
117 

>--­
172 

>--­
167 

>--­
212 

>--­
197 

>--­

~ 

f. 

f. 

143.9-155.6': GRAVEL WITH SAND, 
Chiefly coarse gravel with sene. 
Description basea on drilling 
conditions end cuttings return. 

155.6': Bottom of hole. Hole 
terminated at predeter~ined depth. 

GEOLOGIC INTERPRETATION: 

0.0-.41.0': Fill. 
41.0-155.6': 0UATERNARY GLACIAL OUTWASH 

lOgo). 
.41.0-U.d.O': Coarse Outwash (Qgo1). 
11.4.0-155.6': Fine Outwash (Qgo2J. 

118 

1­ Qgo1 f. 
96 

1­
101! 

I ­ E­
101 

~ 1­
119 

$ '- ­ f­
74 
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GEOLOGIC LOG OF DRILL HOLE NO. 
FEATURE: CLE ELUM DAM PRO.JECT: YAKIMA 
LOCATION: STA. 5+55.1, 593.2' 0/S COORDINATES: N 4677.8 E 5508.A 
BEGUN: H-03-92 FINISHED: 11-19-92 TOTAL DEPTH: 155.6 
oeel~et~N5LSXre0ke~~O~o: s1.3 1 210s. 4,!1e•zr-l:I'-9£'0ROCK: 

" 
~ z ~ 

v :1: ~ ~ 
w '0~ 

NOTES ... w 0 

n. ~ u w ~ 

~~ §
~ I!! u ~ dIU - c 

~ zc w w 0 

~~ !!l c: !l:~ 

'!! ~ ~ !!! l!l $! 9 ~~ 
0 M M 0 0 > ~ w 

212! 

-
170sos: - r 
219 

' - Qgo1 

1731 

uo.: - f­
191! 

-
107! 

us: - b 
116 

-
119 

120.: - f­
127 

-
1S9 

12S: - f­
164 

-
171 

130.: - b 
207 

' - Ogo2 

195( 

i3S: -
1S4 

' -
129 

140.: :- ­
106 
1-­

119 

14S: -
142 

' -
COMMENTS: 

DH-92-4 SHEET 3 OF 4 

STATE: WASHINGTON 
GROUND ELEVATION: 2154.7 
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 
HOLE LOGGED BY: R. LINK 
REVIEWED BY: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

I SHEET 3 OF 4 JDRILL HQLE DH-92-4 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-4 SHEET 4 OF 4 

FEATURE: CL.E ELUH OAH PRO.JECT: YAKIMA StATE: WASHINGTON 
LOCATION: STA. 5+55.1. 593.2' 0/S COORDINATES: N 4677.8 E 5508.4 GROUND ELEVATION: 2154.7 
BEGUN: U-03-92 FINISHED: U-19-92 TOTAL DEPTH: 155.6 ANGLE FROM HORIZONTa: 90 AZIMUTH: 
oeE~~.e"R.5L5Xre0~~~~~~o, o1.3 1 2103. •O\••Ir-l:I'-S'!0R0c"' HOLE LOGGED BY: R. LINK 

REVIEWED BY: 

1c s; ~ 

" 
w !!! w m> > 

NOTES 
,_ w 0 i5 w m CLASSIFICATION ANDQ. ~ u ~ 

i!: I!! u ~ d !!! Vr"' ~ .. PHYSICAL CONDITIONc w i!i 0 ~ dI<! 0 ~ :! ~~ 

?i u % ~ !!! l!l :l :il~ 
0 M M 0 m > 

~ Ogo2 

15S: 
DU' •u• I u• OU~' 

16(). 

. 

. 

~ 

~ 

' f­

; b 
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COMMENTS: 

. I SHEET 4 OF • I DRILL HOLE OH-92-4 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-5 SHEET 1 OF 

FEATURE: CLE ELUM DAM PRO~ECT: YAKIMA STATE: WASHINGTON 
LOCATION: STA. 5+65.3. 592.9' 0/S COORDINATES: N 4668.0 e ssos.3 GROUND ELEVATION: 2155.9 
BEGUN: U.-23-92 FINISHED: 12-19-92 TOTAL DEPTH: 156,6 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINK""El~.t~.5L5XtE0~~~ill>~<> 49.3 1 21os.s8.EPl~-J8-8I0"00K: REVIEWED BY: 

CLASSIFICATION AND
PHYSICAL CONDITION

.0-41.6': •FILL.

O.O-i3.0": SAND AND GRAVEL WITH
COBBLES. Description based on 
drilling conditions and cuttings
return.

13.0-36.0': SAND AND GRAVEL WITH
COBBLES AND BOULDERS. Description
based on action of drill. drilling
conditions and cuttings return.

36.0-37 .6': SAND AND GRAVEL WITH
COBBLES. Description based on
drilling conditions and cuttings
return. 

37.6-39.0': POORLY GRADED GRAVEL WITH
SILT ANO SAND IGP-GM)s. About 60% 
fine to coarse. hard, subangular to
rounded gravel; about 30% fine to 
coarse, hard, angular to rounded sand;
aoout 10% nonplastte fines with rapid
dilatancy: 1118Xi111UI'II stze, so 111111: IIIOist.
dark gray: heterogeneous: no reaction
with HCl.
LAB TEST DATA: SAX gravel, 31% sand,
sx unes: cu • 47.998, cc • 1.289:
laboratory claSsification of semcle is
WELL-GRADED GRAVEL WITH SILT AND SAND
{GW-GN) s.
NOTE: SPT interval iS 37.6-38.4';
drove heavy-walled OS from 37.6-39.0"
to obtain additional saMPle Material. 

39.0-~1.6": SAND, GRAVEL AND COBBLES.
Description oaseo on or1111ng
conditions and cuttings return.
INTERPRETIVE NOTE: COntact with
foundation iS from as-Duilt cross
section on drawtng 32-D-384; unable to
distinguish fill from foundation on 
basis of drilling conditions or
cuttings return due to silllilarity of 
rr.aterials. 

6-181.9': QUATERNARY GLACIAL OUTWASH
(Ggo).

41.6-55.6': SAND. GRAVEL AND COBBLES.
Description baSed on drilling
conditions and cuttings return. 

55.6·56.3': POORl.Y GRADED GRAVEL WITH
SAND (GPl s , About 751: fine to coarse.
nard, angular to su!Jrounded gravel;
aDout 20X fine to coarse. nard,
angular to rounded sand: about SX
nonplastic fines with rapid dilatancy:
maximum size, 40 Nm; wet. dark gray;

NOTES 

All deptns e~e measured in 
feet from ground surface 
and ore the same as those 
used by the driller. 

PURPOSE OF HOLE 
To determine the 
stratigraphy and 
engineering properties of 
the foundation materials 
present at Cle Elum Dam: to 
provide instruMentation for 
cross-hole seismic testing. 

DRILL EQUIPMENT 
Gus Pech Brat/22R truck­
mounted drill ~ith Tigre 
Tierra Badger top-drive air 
hammer. Ingersoll Rand 750 
cf~n/250 psi air compressor, 
and Bean 75-gpm mud pump. 

DR-ILLER 
Gregg Pordome 

DRILL SETUP 
Set up on d/s fill blanket 
about 595" d/S of center 
line Stll . 5+65. 

DRILLING METHODS 
Drilled ~ith TUBEX 115 (6~) 



system and COP ~2 downhole 
drill with button bit using 
compressed air as 
circulating fluid: used 
air/foam slurry below 39". 
Took SPT's on approx. 20' 
intervals to 117" using 
USBR-design 1-3/B• constant 
I.D. split-tube barrel 
mounted on Nw Mobilok rods 
~ith 1.110-lbm safety ham~~~er, 
30• drop ana catnead with 
rope; where no or poor 
recovery was Obtained in 
SPT, collected sample using 
3.75~ I.O. heavy-walled, 
spilt-tube barrel Mounted 
on' API rods end driven 
using downhole hammer and 
bonnet mounted on top of 
API or ill rods. 

SAMPLE INTERVALS 
Interval Type 

37.6-30.0" SPT/OS 
55.6-56.3" SPT/OS 
76.2-76.8' SPT 
96.8-99.3" SPT/OS 

115.6-117.2" SPT/05 

DRILLING CONDITIONS 
0.0-99.3': Rough and very 

slow. 
96.3-119.0': Rough and 

slow. but faster; 

drilling on cobble from 

102.0-102 . .11". Hole 

started making water at 

103" with amount of water 

in return gradually 

increasing with depth. 


119.0-1~1.7': very soft. 

except hard at 139.5': Cs 

advanced very rapidly

with minimal down 


:>

­
­

 

1.

1. Center coluan descriptors ere defined in the Reclamation 
Engineering Geology Field Manual, distributed by letter 

Oece•ber 7, 1998. 

R8 • Rock Bit OS • Drive Sample


SPT • Standard Penet~ation Resistance Test 

Cs .. Casing Sz • Size of casing 


I.O. • Inside Diameter 0.0. • Outside Dia~eter 

I SHEET 1 OF • I CRILL HQLE DH-92-5 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-5 SHEET 2 OF 4 

FEATURE: CLE EL.UM DAM PRO.JECT: YAKIMA STATE: WASHINGTON 
LOCATIO~ STA. 5+65.3, 592.9' 0/5 COORDINATES: N 4668.0 E 5505,3 GROUND ELEVATION: 2155.9
BEGUN: 11-23-92 FINISHED: 12-19-92 TOTAL DEPTH: 156.6 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINKDEE~~.t"2NIHXtE0~E~~~~~o, ••·• 12<os.s8,••J~-J9-8f0"0c"' REVIEWED BY: 

CLASSIFICATION AND
PHYSICAL CONDITION

heterogeneous: no reaction ~itn HCl.
LAB TEST OATA: SOS gravel, 18S sand,
2~ fines: Cu • 40.495, Cc • 7.448.
NOTE: No recovery in SPT interval
from 55.6-56.3': drove neavy-~alled OS
from 55.6-56.0' to obtain saMPle.

6.3-76.2': SAND AND GRAVEL WITH
COBBLES. Description based on
drilling conditions and cuttings
return.

6.2-76,9': POORLY GRADED GRAVEL WITH
SAND IGPis. About sss tine to coarse,
nard. anguler to subrounded gravel:
about 40X fine to coarse. nard.
angular to rounded sand: about SS 
nonplastic fines ~ith rapid dilatancy:
.ax1~~ size. 50 na: wet, dark gray;
heterogeneous: no reaction with HCl.
NOTE: InsuffiCient sample mess for
stanoaro properties tests: only
moisture content deter~1ned for this
interval.

6.8-96.9': SAND AND GRAVEL NITH 
COBBLES. Description based on 
drilling conditions and cuttings
return, 


6.8-99.3': POORLY GRADED GRAVEL WITH
SAND {GP)s. About 60~ fine to coarse,
hard, angular to subrounded gravel:
about 351 fine to coarse. hard,
angular to rounded sana: about SS
nonplasuc fines t~~ith rapid dilatancy:
aax1MUII size, 55 M: wet. dark gray:
heterogeneous: no reaction with HCl.
LAB TEST DATA: 72S gravel, 26S san!S.
2X fines: Cu • 30.347, Cc • 1.985;
laDoratory classification of sample is
WELL-GRADED GRAVEL WITH SAND (GN)S.
NOTE: Poor recovery in SPT fro111 96.8­
97.7': drove heevy-walled OS fro~
96.8¥99.3' to Obtain a!Sd1tional sa~le
Material.

8.3-115.6': SAND AND GRAVEL. Dl'illed
on hard cobble fro• i02.0-t02.4'.
Noted distinct blue gray coloration in
return below 102'. Hole began •aking
considerable water below 102' which
graduallY increased with deptn.
Description Dasea on drilling
conditions and cuttings return. 

115.6-117 .2': POORL.V GRADED GRAVEL WITH
SILT AND SAND (GP-GM) s. ADout 55"
fine to coarse. hard. subangular to 
rounded gravel; about 351 fine to 

NOTES 

pressure; drilled 1n 10' 
runs with less tnan 10 
minutes drilling time per 
run. ~nd heaved 2.8' up 
into Cs prior to SPT at 
120.8': sand continued to 
heave 2-3' up into Cs 
after each run. No 
sampling perforned below 
120' due to artestan 
pressures and neaving 
sand; drilled through 
this interval in ~ost 
expeditious aanner 
possible to m1n11111ze 
disturbance of in-plece 
foundation ~terials. 

141.7-156.6': Hard and 
slow with very soft 
intervals up to 0,6' 
thick; drilled in 10' 
runs with about 20 
minutes drilling time per 
run. NOted heaving sana 
at 123' when trying to 
install 4' PVC pipe 


.during note CD~aPlet1on: 


washed hole to bottom ana 
set PVC. Driller noted 
nole tOOk all grout 
during initial grouting 

of hole on 12-10·9~ 
reported hearing grout 
sucking out of bottom of 
PVC string. 

CASING RECORD 
1992 Cs Depth Depth 

·Date Sz Hole Cs 
11-30 6" 13.0 12.4 
12~01 6" 39.0 36.2 
12-02 s· 56.3 55.0 
12-03 s· 76.e 75.9 
12-04 s· sa.3 96.7 
12-05 6" 117.2 115.0 
12-07 s· 145.0 144.4 
12-0B 6" 156.6 1!56.0 

FLUID RETURN 
O.O-i3.0': 801. 
13.0-39.0': 70~. 

39.0-55.4': 951. 
55.4-98.3': 901. 
98.3-i56.6': NR. 

FLUID COLOR 
O.O-i02.0': Brown to tan. 
102.0-117.2': Blue gray . 
117.2-156.6': Gray. 

FLUID LEVEL OURING 
DRILLING 


1992 DePth Depth Depth 

Date Hole cs Fluid 

12-01 i3.0 12.4 

12-02 39.0 36.2 

12-03 !56.3 55.0 

""' 
NR

12-04 76.8 75.9 49.7 

"'' 

i2-05 98.3 96.7 49,0 

i2-06 1.17.2 1.15.0 49.2 

12-06 145.0 144.4 49.0 


FLUID LEVEL AFTER 

OfULLING 


1992 Depth Depth Depth

Date Hole cs Fluid 

12-09 156.6 156.0 49.3 


9
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-5 SHEET 3 OF 4 

FEATURE: CLE ELUM OAN PRO~ECT: YAKIMA 	 STATE: WASHINGTON 
LOCATION: STA. 5+65.3. 592.9' 0/S COORDINATES: N 4668.0 E 5505.3 	 GROUND ELEVATION: 2155.9 
BEGUN: U-23-92 FINISHED: 12-19-92 TOTAL DEPTH: 156.6 	 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: A. LINK""E~~E~NI%Xte0i:e~~~R~o, 49. s 1 2106. sifJEP[~-iJe-8I0Roc"' 

NOTES 

DRILLING TIME 
Dr'illing: 79 hours 
Moving/setup: 31.5 hours 
Down: 29 hours 
Travel: 8.5 nours 

HOLE COHPl.ETION 
Installed 4" I.O. PVC pipe 
to 156.6' and grouted nole 
through one-way valve at 
bottom of string While 
pulling s• Cs in 10' 
increments: Placed total of 
5400 Ibm of ceDent, 1400 
lbm of bentonite. and 100 
lb111 of CalSeal. 

REVIEWED BY: 

CLASSIFICATION AND
PHYSICAL CONDITION

coa~se, hard, angular to rounded sand; 
about 10% nonplastic fines With rapid
<11latancy: M&xifnull'l size. 55 11m: wet. 
blue grey: heterogeneous. botto~ o.e· 
of sample is gap-graded an<l completely
1ec~1ng in ftne sand: no reaction w1th 
HCl. 
LAB TEST DATA: 64% gravel. 34% send, 
2X fines; CU • 20 .B92, Cc • 1.399; 
laboratory classification of sample is
WELL-GRADED GRAVEL WITH SAND IGWIS. 

117.2-141. 7': SAND WITH GRAVEL. 
Chiefly fine to coarse send with 
~inor. predominantly fine gravel:
MXiiiiUm size returned. 2'5 mm: blue 
grey: stratified, as indicated by 
intervals of very fast penetration
under Minimal down pressure up to i' 
tnick. Description basea on drilling
conditions end cuttings return. 

141.7-156.6': SAND AND GRAVEL. Chiefly
sand and gravel with roc~ flour: 
gravel content appeared to increase 
with depth; maximum size returned, 30 
am: blue gray: stratified, as 
indicated by pro•inent zones of very 
rapid penetration with ainieal down 
pressure up to 0.6' thic~. Noted 
nu.arous wood frag.ents in return at 
about 146.B': .axi.u• fragMent
returned. 35 mm by 10 mm by 5 ••· 
Description based on drilling
conditions and cuttings return.

~ NOTE: No sa111Pl1ng perforMed from
117.2-156.6' due to artesian pressures
and heaving sand; drilled through this 
interval in most expeditious .anner
possible to Minimize disturbance of 
in-place foundation materials.

~81.9': Botto11 of hole. Hole 
terminated at predeterMined depth. 

~EOLOGIC INTERPRETATI~

~ .. 0-4i.6': Fill. 

,...1.6-156.6': QUATERNARY GLACIAL OUTWASH


IQgol. 
41.6-118.0': Coarse Outwash (Qgail.

E- UB.0-156.6': Fine Outwash (Qgo2). 

­

I SHEET 3 OF • I DRILL HQ.LE DH-92-5 
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FEATUFIE: CL.E ELUM DAM 
LOCATION: STA. 5+65.3, 592.9' 0/S 
BEGUN: U-23-92 FINISHED: 12-19-92 

DEE£~et"~NSLSXre0~.~~ll~~o' ••. 3 

NOTES 


PROJECT: YAKIMA STATE: WASHINGTON 
COORDINATES: N 4668.0 E 5505.3 GROUND ELEVATION: 2155.9 
TOTAL DEPTH: 156.6 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINK
1 2100 ••e,••l~-J8-8/i0ROCK' REVIEWED BY: 

CLASSIFICATION AND
PHYSICAL CONDITION 

I SHEET • OF • I DRILL HOLE OH-92-5 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-6 SHEET 1 OF 3 

FEATURE: CLE ELUM DAM PROJECT: YAKIMA STATE: WASHINGTON 
LOCATION: STA. 5+28.1. 251.5' DIS COORDINATES: N 4795.1 E 5186.7 GROUND ELEVATION: 2185,7 
BEGUN: 12-12-92 FINISHED: 12-18-92 TOTAL DEPTH: 100.0 ANGLE FROM HORIZONTAL: 90 AZIMUTH; 
DEEt~.t~NDLDXtE0~~~~~~., 2106.78JEP[~-l/f-lf~OROCK' HOLE LOGGED BY: R. LINK 

79.0 I REV.IEWEO BY: 

NOTES 

All dept~s are ~easured 1n 
feet from ground surface 
and are the same as those 
used by the driller, 

PURPOSE OF HOLE 
To deter~ine the 
stratigraphy and 
engineering properties of 
tne foundation materials 
present at Cle Elu~ Dam: to 
provide instru.antation for 
-onitoring of water level 
fluctuations 1n the 
founoation. 

DRILL EQUIPMENT 
Gus Peen. Brat/22R truck­
mounted drill with Tigre
Tierra Badger top-drive air 
hammer, Ingersoll Rand 750 
cfm/250 psi air compressor, 
and Bean 75-gom mud pumo. 

DRILLER 
Gregg Purdome 

DRILL SETUP 
Set up on d/S fill blanket 
about 250' d/s of center 
line Sta. 5+28. 

DRILLING METHODS 
Drilled with TUBEX 90 (A•) 
system and COP 32 downhole 
drill with Dutton bit using 
compressed air as 
circulating fluid. 

SAMPLE INTERVALS 
Samples were not collected. 

DRILLING CONDITIONS 
0.0-7.0': Slow and rouon. 
7.0-27.0': Slow. nord. end 

rough. Action Of drill 
indicated presence of 
boulders throughout 
interval. 

27,0-90.0': Slow and 
rough. Hit water at 
88.0'. 

90.0-.100.0': Softer. 

CASING RECORD 
1992 cs Depth Depth 
Date Sz Hole cs 
12-i2 4'" 7.0 6.6 
i2-i4 A'" 27.0 26.6 
i2-i5 A• 100.0 99.6 

FLUID RETURN 
Drilled with air: fluid 
return not reported. 

FLUID COLOR 
o.o-62.0": Brown. 
62.0-100.0': Dark brown. 

FLUID LEVEL DURING 
DRILLING 

i992 Depth Depth Depth 
Date Hole Cs Flui~J 

12-14 7.0 6.6 Dry 
12-iS 27.0 26.6 Dry 
i2-i6 iOO .0 99.6 79.2 

> ~ z= z :;::1: w 

~... w ;; w 
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0 w 
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Em 
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CLASSIFICATION AND 
PHYSICAL CONDITION 

0.0-7.0': FILL. 

SAND ANO GRAVEL WITH COBBLES. 
Description based on drilling 
conditions and cuttings return. 

7.0-65.0': O.AM EMBANKMENT (Em). 

7.0-27.0': SAND AND GRAVEL WITH COBBLES 
AND BOULDERS. Description based on 
action of drill. drilling conditions 
and cuttings return. 

27.0-65.0': SAND AND GRAVEL WITH 
COBBLES. Description based on 
drilling conditions and cuttings 
return. 

65.0-100.0': QUATERNARY GLACIAL OUT!IIASI;i 
lOgo). 

65.0-90.0': SAND AND GRAVEL WITH 
COBBLES. DescriPtion based on 
dr1ll1ng conoitions .end cuttings 
return. 

90.0-100.0': SAND AND GRAVEL. 
Description based on d~illing 
conditions and cuttings return. 

100.0': Botto~ of hole. Hole terminated 
at predetermined depth. 

GEOLOGIC INTERPRETATIO~ 

0.0-7.0 ': Fill. 
7.0-65.0': Dam E~bankment (Em). 
65.0-iOO.O': QUATERNARY GLACIAL OUTWASH 

(Qgo). 
65.0-100.0': coarse outwash 1Qgo1l. 

ICDMMEN 

1. center column descriptors are defined in the Reclamation
Engineering Geology Field Manual, distributed by letter 
Oecernber 7. i988. 

cs • Casing sz • Size of casing 

I.O. • Inside Diameter 0.0. • Outside Diameter 

NR - Not Reported by Driller 

s: 
 

I SHEET ' OF 3 I DRILL HOLE OH-92-6 
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GEOLOGIC LOG OF DRILL HOLE NO. OH-92-6 SHEET 2 OF 

FEATURE: CL.E ELUH DAM PRO.JECT: YAKIMA STATE: WASHINGTON 
LOCATION: STA. 5+28.1, 251.5' 0/S COORDINATES: N 4795,1 E 5186.7 GROUND ELEVATION: 2185.7 

BEGUN: 12-12-92 FINISHED: 12-18-92 TOTAL DEPTH: 100.0 ANGLE FROM HORIZONT'AL: 90 AZIMUTH:


DEEtM"2•5"5XTE0ke~~~~~o, 79.0 < 2tos.76JEPJ~-l9-9~oROCK' HOLE LOGGED BY: R. LINK 
REVIEWED BY: 

CLASSIFICATION ANDNOTES 

FLUID LEVEL AFTER 
DRILLING 

""" 
1992 Depth 

Water Elevation 
12-17 78.8 2106.9 
12-18 79.0 2106.7 

DRILLING TIME 
Crilling: 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 

oentonite: installed 

locking steel cap to 

protect riser pipe:

stickup of riser pipe is 

about 2.80' {surveyed 

elevation is 2188.50) . 

20.0-62.0': Backfilled 
hole with random sand and 
gravel. 

62.0~68.0': Installed 
bentonite seal. 

se.o~e7.0': Backfilled 
hole with random sand and 
gravel. 

87.o~so.o·: Installeo 
bentonite seal. 

90.0~100.0': Backfilled 
hOle with silica sand; 
1nsta11eo 2'-long porous­
tube piezometer tip with 
3/4" riser pipe to 96.0'. 

PHYSICAL CONDITION

r sHEET 2 oF 3 1 DRILL HOLE DH-92-6 
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GEOLOGIC LOG OF DRILL HOLE NO. DH-92-6 SHEET a OF a 

FEATURE: CLE ELUM DAM PROJECT: YAKIMA 	 STATE: WASHINGTON 
LOCATION; STA. 5+28.1. 25:1.5' D/S COORDINATES: N 4795.1 E 5186.7 	 GROUND ELEVATION: 2185.7 
BEGUN; 12-:12-92 FINISHED: 12-18-92 TOTAL DEPTH: 100.0 	 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 

HOLE LOGGED BY: R. LINKDEEt~e~~N5L5Xte0k.~~iiR~o' 79 .o 121os. 71S,EPJ~-lfl-9€0Roc"' 

NOTES 


REVIEWED BY: 

~ z 
:z: w -w ~ 

w ;; w1- y ~ ~ ~ CLASSIFICATION ANDn. 1: ~ 
..y ~ -- PHYSICAL CONDITIONUJ 
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,.. z: ­PERCOLATION TESTS 

D!"K 
('UT) 

,....
(,,c•. TOwC.l 

I 
I 

I 
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LOSS 

(G.P.M.) 

•w 
~ = 
•w 

,...t.•.) 

.Cz;= .... 
u o,....
:;e: .... Lz... ..~ ;:., ....-'1-L,w"''" .. - Lo ..:... ...... 

~
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-

~.. CLASSIPICATION AND
 PHYSICAL CONDITION

"'/
O-lD'±: OAI~ EMBANKMENT. Large boulders 

cobbles and gravel of predominantly 
volcanic and metamorphic origin. Con­
tact with underlying glacial moraine 
only approximately located. 

10±-1 SO': ~TERNARY GLACIAL MORAI!lE 
(D....,rie oerminal Moraine). ~oacial 
debris composed of poorly sorted 
boulders, cobbles, gravel and sand in 
a silt matrix, generally poor to very 
poorly consolidated. 
10±-28': Boulders; large boulders, 

cobbles and gravel of mainly volcan­
ic and metamorphic types, including 
basalt, diorite, and ouartzite, Med 
ium brown to tan matri'x of silt and 
sand; minor amounts of clay in 
variable proportions from 10-21'.

28-52': Gravel; cobbles and gravel of 
mainly volcanic and metamorphic
origin in a medium brown to tan 
matrix comprised mainly of sand, but 
with some silt and very little clay • 

52-56': Boulders, cobbles and gravel
tightly packed with some silty matrix. 

56-62': Sand; water bearing sand, gray 
in color and possibly containing some 
gravel; compact and well consolidated. 

62-114': Sandy Gravel; cobbles and 
gravel in a medium brown to tan matrix 
of sand with some silt. 
62-85': Cobbles and gravel in a matri 

of sand; poorly indurated resulting 
in caving. 

85-93': Gravel and sand, w~derately
consolidated with no caving. 

93-105': Fine gravel up to 2" in 
diameter. Sandy medium brown to tan 
silt; clay present as small balls 
from 96-105'. Poorly consolidated. 

w~ "''" 	.. .. 
(MIN.) " 

2227.3 0' 

. 	

w.: 

-
:...: 

-
2199.3 28' r--

00: 

-
..,.; 

2175.3 52~ r- ­
2171.3 56' r--

2165.3 62,..: r- ­

..,; 

142.3 85' -

134.3 93~-
100' 
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NOTES OM WATER 
LOSSES AND LEVEL:$, 

CASING, CEMENTING, 

CAYIHG, AND .OTHER 


DRILLING CONDITIOHS 


Drill Equipment 
Bucyrus-Eerie 22W 
Series. Three churn 
drill. 

Driller 
Allen MCCorkindale 
of Mike Sach Drill· 
ing Co. 

Drilling Method 
Hole was drilled 
with 5" churn drill 
bit. 5·10 gallons 
of water used to re 
turn cuttings in 
bailer. Hole bail~ 
out prior to casing 
advance. 
0-131': 6" casing

advanced behind 
drilling on inter 
vals of 1·5'. 

611131-150': casin 
advanced ahead of 
drilling up to 2' 
b~vond bottom of . 

On: 1inc: Conditions 
0-28': Rough and 

slow 
8-85': Slow, 
loose material 

with caving
85-93': Slow, hole 

holding open
3-114': Moderatel, 
slow and caving

114-12E': Moderate 
drilling in loose 
poorly consolida­
ted rr.aterial 

26-150': Fast, in 
loose to very
loose, poorly con 
solidated material
Casing Record 

Hole Casin 
Oate Oepth ~ 
·20-7E 3' 0' 
-21-?G 10' 10' 
-24-78 16' 15' 
-25-78 21' 19' 
-26-78 28' 27' 
-28-7S 34' 33' 
-31-73 39' 38' 
-1-78 45' 43' 
-2-78 52' 51' 
-3-78 62' 58' 

­

EXPLANATION 
• 
 *location of hole approximate as hand level ana tape were uSetl to survey in drill hole • 


LOSS.I .. 
Tyr: or holo •••••••••••••• D • DI-M, H • Hoystolllte. S • SMI, C • ~ 
Ho 0 llOGII'd •••••••••••••• P • Pockor, C. • Cemontl'd, C• • a.,._ of co••"9 .,

CORE A~x. ah:o or helo (X...riox) •. Ex • 1.1/2", Ax • 1-711", Bx • 2·3/8", Mx • 3~-ECOYIERY Appr-ox. •lso ol core (X...rlea) •• Ex • 7/1", Ax • 1-1/8", lx • l·S/8", Mx- 2·1/1"
Oi.ltxillo llio. of coxin9 (X.xerio•)· Ex • 1-13/16", Ax • 2·114", Bx • 2·7.'1", Hx • 3-112" 
lnaillo !lio. of caair19 (x.....loa), .lb a1.1/2", Ax • 1·29/32", lb • 2·3/8", Hx • 3" 

FEATURE ••• ~H-:: .~1.~"! p~,..0.b.s.e_r.v.a.t.l.o.n. }(e_l_l .. PROJECT •• H-~1~ ....... STATE. ~i)$~lf)9tQIJ SHEET. J.. OP' .3 .. HOLE WO. CE:-~......... . 
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NOTES OM WATER
LOSSES AND LEVELS.
CASING, CEMENTING.
CAVING, AND OTHER 

DRILLING CDNDITIOMS 

Casino Record !Cant 
.Hole Casin 

Date Depth Depth 
8-4-78 68' 68' 
8-7-78 71' 71' 
8-8-78 81' 78.5' 
8-g-78 93' 89' 
8-10-78 105' g8'
8-11-78111' 108' 
8-14-78 118' 118' 
8-15-78 126' 125' 
8-16-78 136' 136' 
8-17-78 146' 146' 
8-18-78 150' 150' 

Depths to Water 
During Drilling

Hole Water 
~- . De~}h Djpth
- -78 ry

7-21-78 10' • 
7-24-78 16' " 
-25-78 21' • 

7-26-78 28' " 
7-28-78 34' • 
_.... ., ·78 39' " 


3 45' • 

-t..-18 52' " 


"
-3-78 62' ~.0:-4-78 68' 38' Bo 

-7-78 71' " 

-8-78 81' " 

_g_78 g3' " 
-10-78 105' • 
-11-78111 1 " 1~-14-78 118' " 

8-15-78 126' 118' 
8-16-78 136' 112' 
-17-78 146' 105' 

8-18-78 150' 136' 
170:

Drilling Time 
76.25 hours 

110­

190­

. 

PERCOLATION TESTS 
DIPTH 
tft:I!Tl ..,.. 

TO(P, C•• 
wC.l 

I'"'" o, Hole 

' I 
I 

I 
I 

I ' 

.... 

(G.P.M.l 

•w 

" = 
•w ..
u•.s.u 

*Location of hole approximate as hand level 
~_.,:.· 

: .. 
..M 
o>W 

w=".. 
-'0 

(MIN.} 

..=;::.Czi= o.,li:w . u ..=~2: w"' ;;:., M­ C:LASSIPtCA.TION AND 

w 
....... a!-. 
 .... PHYSICAL COHOITIONo.o ..OM

0:-' .......... ... 
M 

105-114': Gravel with some scattered 
cobbles fn a f1ne grained matrix of 
sand and silt. flo clay present. 

1... 

2122.3 105' r- ­

Poorly indurated with caving. 

114-126': Sandy Pea Gravel; small 2113.3 114' r- ­
gravel with sue recovereO up to 
1.5 11 in diameter. Matri-x of fine to 
medium grained sand, medium brown to 

120­ tan in color. Some silt, but no clay 
present. Poorly consolidated with 
caving. 

2101.3 126' r- ­ 126-150': Sand; poorly sorted sand, 
coarse to medium grained, but fine to 
very fine grained from 14g-150'. Sand 

20g6.3 13~- composition of 25% basalt, 20% Quartz, 
2094.3 133' --"­ 15% feldspar and the remainder com­
2093.3 134'J­ posed of various unidentified rock 
2ogo.8 136.>"1---1 	 fragments and minerals, gray in color. 

Some gravel with minor amounts of silt 
and clay.1.00: 
126-131•: Sand, medium to fine grain­

ed with some silt; very few gravels 
and no clay. Poorly consolidated 
with caving. 

131-133': Gravelly sand, medium to2078.3 14g' fine grained with some gravel. Ver1-1>0-1==1 poorly indurated with 	much caving.Bottom of Ho e 133-134': Sand, medium to fine orain­
ed with some silt, but no gravel or 
clay. Very poorly consolidated with 
caving • 

134-136.5': Gravelly sand, coarse to 
fine grained with gravel ranging 
from pea size to coarse. Poorly
consolidated with cavinc. 

136.5-14g': Sand, generaily coarse 
grained, but ranging down to medium. 
Comoosed Drimarily of quartz, felds­
par and basalt. Some gravel and si~ 
present, but no clay.

14g-150': Sand. fine to very fine 
grained with some coarse to medium 
sand. Very little silt, gravel or 
clay present. Very poorly consoli­
dated with caving • 

0-150'=Geologic log based on drill 
cuttings return and drilling 
conditions. 

TYP 

SIZE 
oc.~· 

. 

6" 
c 

1Jo­

-

130­

1.00: 
6" 
c 

-

,... 

ww 
«>
00 
uu.. 

" (~) 

EX PLANA TIOM 


and tape were used to survey in drill hole. 


Tyr: of ................... D • Di-d. H • Hay•tolluo, S • Shot. C • ChVfft 

Ko • soolod , •.•• , •.•••••• p • Poekor, C. • C.....ntod, Cs • Bo..._ of eo•lntI coRE A.pprox. •lso of hole (X·••rio•). ·.Ex • 1·112", Ax • 1•7/1", Bx • 2·311", Nx • 3"

ECOYERY Appro&. siaoof c•• (X••.,io•) •• Ex • 111••, J... • 1·111'•, lx •l·S/1". Nx- 2·1/1" 
Outsi4e 41o of eo•int (X·•OI'ios). Ex • ).13/16", Ax • 2·114", Bx • 2·il&", Nx • 3-112" 
l~•ido clio.~ co•ift9 (X•..t'ios) .• Ex • 1-112", Ax • 1·29/32.., lx • 2·31&", Mx • 3'' 

FEATURE •• ~]!~~~~. P~l!l~. ~~~!'':'~H9'L ~~11 ... PROJECT •• .Y_a.k,lplA •.•.•• STATEt-{as.h.t.nst.o.n•• SHEET.~ •• OF ;3, •• HOL.E NO...CE-:4. · ..... . 
• G,_O 778•60. 

­

http:16t63.3Z


~-1~11 (O•Ul SHEET.. -'...•. 0,.••..-'..•. 
'""'" ol •••a.-•uOII GEOLOGIC LOG OF DRILL HOLE 

- FUTURE •• :C.l.e..EJ.U!fi• .O.a!ll.•. pp~~ry~~~fl!l. ~~JJ ...... PROJECT... Y~~)~ .......... , .. ,,, .. , .. ,,, ... , .. STATE•.~cl;S.h.i.n.g~~~ ....... .. 
CE-4 LOCATION.~.t~... .1~~~~.. ~7.f.Junnel,.Offset00160 •left•2227 3 (collar elev. 2??8.101* 90o' 

HOLE NO••••.••••• COORDS N E G UN LEV. • •• , •••••• DIP (ANGU rROit HORJZ.J..... . .••• , , , • , • 
• · • • • · • • · • · ·'' · • ·' ·•''' ·'' TOTAL 

l' . ).·.~Q..l& .. FIHISHI!O. !3.-.2.3:--_7~•••. DEPTH OF OY!RIUROEN .• :":" •••.... • • DEPTH •• J~Q ~ .... B!AitiHG. •. ":": . • . • • · · • · • • • • • · • • • • • • • 

0ff~~L·:sDEkf~E~E:tJI:O •.•S~.e. ,np,t~. ~~J~........... LOGGED BY •• R.•. A,. ~jp~, ...' ...._. .. LOG RI!VIEWEO BY••6 ... H ...Car:ter. · · · .••... 

,.... PERCOLATIOH TI!STS 

NOT!S ON WAT!It TYP .... w.. ,.. ornH zo-
LOSSES AHD LEVELS, AND ~00 • ...­CPUTI <>WCI.SIHG, CEMENTING, SIZE uu .. .. = ='"CAVING, AND OTHER o• .. LOSS w WL• .. .. DRILLING COHDITIOHS ~ LTO••• 

(") (1', 'i (P,$.1.) (MIN.)(G.I'.M.I- -c. 

=- .. cz~ .......... f.,~2: .... ~=_.,_L : 
u .. CLASSIFICATION ANDco!> o.o ..... 

PHYSICAL CONDITION ..~ " - ~.. ...... ..•.. 
~ 

-


-


-
.. 
..... 

~ 

Hole Com2letion 
Installed W' dia­
meter plastic PVC 
pipe, capped on 
both ends, to 150'; 
pipe was perforated
from 145-150' and 
had a stick up of 
0.7'. Backfilled 
hole with 5 yards 
of pea gravel from 
1-150'. Pulled 6" 
casing. Sea-led 
hole with cement 
from 0-1'. 

Puroose of Orillino 
1•o estab 11sh a 
point of observa­
tion for monitoring 
during test pumping
and to obtain data 
on the foundation 
material and the 
conditions thereof. 

Water Level 
Measurements 

Date Eleva­
0978) De2th -~ 
8!30 116.40 2111.10 
9/6 117.00 2111.10 
g/7 117.00 2111.10 
9/8 117.00 2111.!2 
9/11 117.25 2110.8> 
9{12 ll7.35 2110.75 

10 

20­

.._ 
~ 

«> 

SO: 

~ 

-

Interpretive Hate: Photographs in the 
Yakima Project History for 1g32 and 1933 

- indicate that the majority of this hole 
is located within undisturbed original 
foundation material, the glacial till of 
a terminal moraine. According to Porter 
(1976)**, this moraine is the Oomerie 
Member of the Lakedale Drift and is . Quaternary in age (13,570• 130 years). 

-

-

EXPLANATION 
*location 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.I .. 
Tyr. of '-1• •••••••••••.•• D • Dl_.r, H • Hoy,totllto, S • Shot, C • Chum 
Ho ....ted •••••••••••••• p • Pod:or, c.. c-ntod, c •• Bo"- of COiint 

CORE Appro•• size of hole (X·•ofie•),. Ex • 1·112", Ax • 1·711", Ill • 2-3/1", Nx • 3"
ECOVERY Approx. 1110 of COfe (X•Iorloa) •• Ex • 7/1", All •1-1/1~'. Bll • 1-S/1", tb- 2·1.'1" 


Outside dlo. of co1in9 (X.aerlot). Ex •1-13/16'', As • 2-1/.,.", I• • 2·711", Nx • 3-112" 

lfttido cUo. of ce•lftO (X•toriu) •• Ex •1·112", Ax •1·29132", I• • 2-3/8", Hx • 3" 


FEATURE, ••~1~ ~~1.~ .Qa.f11,, .Q~s.e.r:v.a.t.l.O,n. !'~.1_1,,. ,.ROJECT •• Y~~1~ .....•. STATE ~~~~)1)9~91]. SHEET .3... Of.~ •• HOLE NO.~~:~.·.·, ..... 
a ~PO 7'18••M 
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~-1~3: .t-:4• 
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IJIII't&u •t ••citaO.OIOOl GEOLOGIC LOG Of DRILL HULt. 

FEATUitf .•~1_~ .n~~ .Q~n! -~~s.t. ,"{e_l_l, .. , ........... PROJECT••••• , .• Y~_k_i)Tl,a.•••••. , ••••••••••••••••••• STATE•• ~~~~jl)9tC?I) ........ , 
HOLE NO.-~~";~ ••.• LOCATION ••Sta.. .U+.3.7...5. f .dam a.x.is.9. 9.. 0 'Gfj~J Ei.~J. _d_a~..a~.i~~z250,.fitlftp (ANGLE FROM HORJZ.) .••• ~0~ ......... . 

a . , ~n~~Z9 . . ~:::::~. ~:~/~/7:q :: :~~~~~~~ ~~~~~~~~~N ••.•.-.-. . . . . . . ~g~*~ ... ~~?:... BEARING. ....... ::- ................ . 

0f{V~t:~oE~f~!cu=E:tJilo ..1.~~ ..3... ,..2.1.0.0..,3. ,(1.0/J.2j_7pj LOGGED IY •• ,R,., .A, •• ,l,i,n.k, •.•••....• LOG REVIEWED IY.... 8 •. t:, .C~rter ...... . 

NOTES ON WAT!R 

LOSSES AND LEVELS. 

CASING, CEMENTING, 

CAVING, AND OTHER 


DRILLING CONDITIONS 


Drilling Equipment 
~ucyrus-Eerie 2G:W 
eries Three air 

rotary/churri- drill. 

Drillers 
Hke R1ng and Jim 
looper of ~ii ke Bach 

Prilling COQpany. 

Drilling tiethoti 
Hole was drilled 
ith 1~" standard 
it tool ~-1~ galle 
f water used to 
eturn cuttings in 
ailer to 215'. llol 
ailed out on inter 
a1s of 3-5' , prior
o casing_advance. 
0" diameter temper 
ry surface casing 

·nstalled to 21'; 
.ti" diar.Jeter casing
\dvanced from 21 ..25 

p-1>2': casing 
a 1ced beh'ind 
~ .ing on inter­
vals up to 20', bu 
averaging 5'. 
tiZ-b(.:': casing
advanced ahead of 
drilling on inter­
vals of 3-~·, but 
recacning a maximum 
of 20'. 

Drill ina Condition 
p-L7': Fast anti 
easy; hole holding 
open. 
"7~74': Slow and har 
4-75': Slow and ver 
hard; boulders 
rolling into hole. 
ti-105': Slow and 
hard, caving. 
05-21 o' : Fast and 
easy, caving. 
15-255': Fast and 
easy, sand flowing
into hole. 

Casing Record 
ilole Casing 

~ oyetn o~pth 
~~).?eo v · 1 •
·n1nu 22· 21 • 

I... l)SS.. 
CORE 


ECOVERY 


PERCOLATION_TE5TS .Cz;:.... ....TYP " 
,_ 

z~ ~e~ ....D!I"THAND "> ..~..~-00 (flEI!TI aw;Hol!f ii 
~E-

SIZE uu.. 'Compl ::1 z~ .. - "­
w~i.e"' ..... , tion . : -'aOLE " c:; Z!i TO I (1"!.1.) (MIN.) 


2250.6 

(~I 

0'0'' 

10 

. 

20
1671' ­ 16" ' 

ca~ c 

~ 

-
,.o-: 

... 
II 

II 67'2183.6 
I 

I 2174.6 

80 I 
I 
' I' 
I 
I 
I 2160.6 
I 

I 

70 

76' -r ­
.o: 

-
90' 

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

Trr: of hale .•••.••••••••. D • Dio-"d, H • HO)'Itellite, S • Sftcn, C • O.u:m 

Ho • ..oled •.• , .....•.•.• P • Paclter, c... • <=-"ted, Ca • Bot,., of CCI''"9 

Appro•. alz• of hole (X·••riea) •• Ea •1·112", A• • 1·7/1". B• • 2·318", Hx • 3" 

Awax. ai1e of cor• tX-aeti••l·. Ex., 718". Ax • 1-1/1", Bx •1-S/1", Hx- 2-1/8"

OwtiJide diG, of casing ()C•IJeriea). Ex • 1-ll/16"', Ax • 2·1,.1". Bx • 2-i!l", Nx • 3-1/2"

Inside dia. al coti"'9 (X·t.,iesl •• Ex • 1·1/2", Ax • 1.29/32", a, • 2-3/8", Mx • 3" 


100' 

EXPLANATION 

r ­

" :i!":! CLASSIFICATION AND 
~"".... PHYSICAL CONDITION 
2~ 

"' ~..... 
ote: 
~~·: Geologic log based on drill 

cuttings return and drilling conditions 

-67' : DAM EltlANKHENT. 
Silt, med1um brown to tan in color with 
highly variable amounts of clay up to 
35 percent which sometimes occurs as 
small clay balls. Minor amounts of 
medium to fine grained sand. Gravel 
occurs as small, thin layers or lenses 
dispersed randomly throughout, oresent 
as gravel with size recovered up to 
1.5" in diameter and possibly some 
cobbles. 

7-255': """" GLArTOI TILL 
(Oomerie Terminal ."!l'facial 
debris composed of poorly sorted 
boulders, cobbles, gravel, sand, and 
silt, generally poorly to very poorly 
consoli dated. 
67-76': Bouldersi boulders and cobbles 

of basalt, andesite, granite and/or 
granod1orite among others. Matrix 
of medium brown to tan silt with 
variable proportions of clay and 
minor amounts of sand. 

76-90': Silty Gravel; gravel and silt 
in nearly eaual prooortions. Gravel· 
occurs as fine gravel and cobbles. 
Matrix is silt, medium brown to 
tan in color with up to 25 per~ent
clay; medium to fine sand present in 
minor amounts. 

FEATURE . t;l.~ ~Hl{tl! .Qa.IJ! '· J~S.~ .\(e.lJ....... , .. , . PROJECT •• H~)~ . . , .... STATE ilash.irt910rt. SHEET ••t . OF . 3.. HOLE NO. • .C£.-.5. · · · • · • .. 

• GPO 7"18·401 
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'"' ...""' .......................... -·~ -· .. ·· ­
FEATUR! •• Cle .Eluro .Oaro.1est .Welt .•............ ~ROJ'!f.li• "ffgHf·~~ "dall! ·a~fs................... STATE:. Washington........ . 

LOCATION ••Sta•.8 .37..5 .G .clillll.AXlS.... '"Q <n• - goOHOLE NO.. CE~5. . . • E GROUND ELEV. . ~ •oUI..Io -~ •.--..»•.. (ANGLE FROIIHORIZ.) .. ,. . .. , •...•.• 
COORDS. H. · · · · · · · · · · · · · · · • · · · · • · • • · TOTAL 

IF'-''N •. 8/19/18 .. FINISHED., .9/.8/.7.8 ... Q:EPTH OF OVERBURDEN .••..-........ • DE.PTH ••. 2.55.' ... IU.RING.,. · · · · · ~,.. · · · · · · · · · ·. · · · · · 


I 

-


;. 

._, 

t.L~v~L·:aoE~flE~e:tJ.flo .. 142 ..3'., .2108..3 .,10/.1.2./.78) LOGGED IY ..•R... A .. -I..in" ......... 


NOTES ON WATER 

LOSSES AND LEVELS, 

CASING, CEMENTING, 

CAVIMG, AND OTHER 


DRILLING CDI'IOITIOKS 

~/21/78 39' 21' 
/22/78 60' 41' 
~/22/78 69' 61' 
~/23/78 74' 74' 
B/24/78 75' 75' 
8/24/78 as• 81' 
B/25/78 90' 85' 
B/25/78 97' 96' 
~i28178 100' 101' 

/28/78 105' 105' 
/29/78 120' 120' 
/29/78 132' 131' 
~/30/78 137 ' 137' 
/31/78 152' 150' 

9/1/78 161' 161' 
9/5/78 170' 182' 
9/5/78 182' 182' 
9/6/78 190' ZOO' 
~/6/78 215' 20Z' 
9/7/78 225' 240' 
9/7/78 Z41' Z41' 
9/8/78 Z55' 25Z' 

Oenth to Water 
ttole ltlater 

~. . ~epth gepth
~,••178 18 ry

78 22' Dry 
1~.118 39' Dry
/22/78 60' Dry
/22/78 69' Dry
/23/78 74' 73' 
/Z4/78 75' Ory
/24/78 88' Dry

8/25/78 90' 88' 
8/25/78 97' Ory
8/28/78 100' Dry
8/28/78 105' Dry
8/29/78 lZO' Ory
8/29/78 132' Dry
8/30/78 137' Ory
8/31/78 152' 150' 
9/l/78 161' Dry
9/5/78 170' Dry
9/5/78 182' Dry
9/6/78 190' Ory
9/6/78 215' Dry
9/7/78 225' 147.14 leo 
9/7/78 241' 148' 
9/8/78 Z55' 174' 

OTillinq Time 
190 hours. 

r 
...s 

I cORE 
R'i:COVERY 

TYP 
ANO 
SIZE 
"9'nOL 

16" 
c 

110 

120 

~· 
""": 

1....: 

1» 

160­

170­

-

1.0: 

,. 
1 ____:P;.:E::R:;:CO::_;LA;:.:T_::OO:::N:_,T~E;:ST;;S:....,_-1...." t- I ..

•> rJ!lE",.~ Hole j ~ ~5
8~ 1--....---,Cornpl<t i! :;~ 

fiROM TO ' tion :; "'o" (::f.:\ . (P.S.I.} (MltC.)(~) 

16" 
c~ 

= Seal~ 

14" 
blank -!::. 
cas in = 

4" well = I= cree~ with~ -= !:..040'1 widt . 
lothSI-'--;,t----i 

= 
o 

i :='i :=. 
= = = 

•.. 

fseal 

: ­.......Cz ~ ....
~o111 ....

a!!:.;~~ 

1100' 

100: 

]20 

2114.6 136~-

1..,.: 

2107.6 143' ­

2103.6 147 r--­
1» 

l6C> 

1~ 

-

2070.6 Jan~·----~ 

Z060. 6 1Qll'*i-----1"1 

2050.60 ZOO' 
EXPLANATION 

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

Tyf: •f hole ...... , •....•. D • Dl~d. H • HoysteiUta, S ~ S"-t, C • Ch~m~ 

Hct a a.ol.d ....... , ... , , , P • Packer, C. • C-nted, Cs • So""' of CCISiftl 

A,..,.•. ,;,, af Nle (X.-rl••l .. Ex • 1·1/2", Ax • 1·7/1", Bx • 2·318", Hx • 3" 

Apprcur. 1i1111 of CKI (X•Ieties) .. Ex • 7/l", A:w. • 1.1/1'', lx • 1-511", Mx - 2-1/1"

Ovt1id1 tlla, 1f CDIII'Ig (X•IIria•)• Ex • 1-13/16", Ax • 2-1/4", lx • 2·1/1", Nx • 3-1/2" 

lftlide dio. If ca•i"'ll (X·•eri••l·. Ex • 1·112", Ax •1•29/32'', lx • 2·311", H.: •l" 


LOG REVIEWED IY. · · · 8-.· H·.· Carter······· 

CLASSIJIICATION AND 

PHYSICAL CONDITION 


90-136': Silty Gravel; gravel with si e 
recovered up to Z" in diameter 
composed of basalt, andesite, granitE, 
granodiorite, rhyolite, sandstone, 
mudstone and other unidentified rock 
types including metamorphics. Katri 
of medium brown to tan silt; clay
present in variable proportions up _u 
15 percent. ~dium to fine grained 
sand occurs in very small amounts 
from 90-100'; from 100-136' sand 
steadily increases to maximum of 
20 percent.

136·143': SandY Gravel, gravel and 
small cobbles of basalt, granite, 
diorite, shale, greenstone and other 
unidentified lithologies. Matrix is 
predominantly medium grained sand, 
but varfes·into fine and coarse 
ranges; composition of sand similar 
to that of gravels, but also include 
quartz, feldspars. and epidote. Sil 
occurs in small amounts; no clay 
present.

143-147': Silt~ Gravel; small gravels
and cobbles o andes1te, basalt, 
and diorite among others. Matrix of 
silt and fine sand, medium brown to 
tan in color. Coarse to medium 
grained sand present up to 15 percen
Minor amounts of clay present. 

147-180': Sandy Gravel; gravel and 
cobbles of granite, diorite, green­
stone, basalt, quartzite, rhyolite, 
shale, and unidentified lithologies. 
f<latrix primarily composed of medium 
to fine grained sand with smaller 
amounts of silt and coarse sand. 
Clay occurs as small balls up to 1" 
in diameter. 

180-190': Sand; coarse to medium 
grained sand, dark grayish blue in 
color. Some fine gravel present.
Very little clay or silt occurs. 

190-200': Sand~ Gravel;
fine gravel o un1dentified igneous
intrusives and some basalt. Matrix 
of medium to fine grained sand and 
some silt, dark grayish blue in 
color. Clay present in very small 
amount5. 

• 

FEATURE ••C.J..<t.t;.l.UJ11. ~!".'..\~~~ .~1.1.......•... PROJECT.!~~~'?" •••••••• STATE. !/~~~.i~g~~ SHEET .2... OF).· HOI.E NO.~~~?.· • • •••••• 

I GPO 7"7S•.o.t 
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fUTURE •• ~le .£11jll) .~llJ.T.<:~~ .~~1.1..•... ...d.am ....~~OJI!F.b•· 'r'fg'li[a.w~ \fal!f 'ax'iS'" ••... • • · • ••••••• STATE. · ~~~~~j~g~9~........ . 
LOCATION ••~~0,., .a )7.•..5 .k, .. ,,,,. ·'· ·. · oo<n <n> gQOHOLE NO.. -. · ... C N E GROUND EL.EY. .. ~.U4.1> .•••• DIP (ANGLE FROM HORlZ,).... . .••. , .....CE 5 

OOROS. • • • · • • • • · · • · · · · • • · • • • • • • ' • TOTAL 1
BF~:JM .• 8/19fl8 .. FINISHED...9/.8/.7.8 ... DEPTH OP OVERBURDEN .....·.-....... DEPTH ... 255.... BEARING. ... ···.-:-:-.. ............. , , 

.. I!.·. Carter.. ,.,,, 

CLASSIPICATfON AND 
fiHYSICAL CONOITIC»H 

200-205': Sand; dark grayish blue 
sand, med1um to coarse grained with 
very little silt or clay. Scattered 
gravel present. 

205-215': Silt; silt and clay with 
a slightly less amount of fine sand, 
dark grayish blue in color. Well 
sorted with almost no coarse 
material. 

215-225': Sand; medium to fine gr11ino!dl
sand dark-griyish blue in 
small amounts of coarse sand. 
present, but with little or no silt 
and clay.

225-235': Sandy Silt; silt and fir.o 
sand 9 dark gray1sh blue in color. 
Medium to coarse grained sand in 
minor amounts; small proportions of 
clay alsn oresent. Gravel occurs 
in very small amounts. 

235-255': Silt; very fine to fine 
grained silt, dark grayish blue in 
color with some clay and fine grain· 
ed sand present. Well sorted with 
medium to coarse sand and gravel
totally lacking • 

EXPLANATION 

r 1f *Location of hole approximate as hand level and tape were used to survey in drill hole. 

fEATURE. ~J.11.J:Jv~. P~~•. T~H-~~11 ........... PRoJEcT ••~~~i·""· ....... sTATE ••••••••• '""n 3. .. of .3 .. HOLE .... cE,s....... .. 

• GPO ni•.&OC 

·­
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SHI:!T . ... :t.......,....taMI...a• GEOLOGIC LOG OF DRILL HOLE .... ... OP 

. ~PIATUU ••• ~.1~. f.llltll. ~~...•...•..•..• •..•..••• PlOJICT.•• YoUI!IO .P.toJect .••.............••..•• STATI.. na.s.h.i!'!lt.O!'.•..••••• 
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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 tps. In addition, both CHSW tests 
showed the velocity of the foundation materials exhibited a decrease to approximately 1200 tps 
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 II, 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 (I) 
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-I 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. Drill 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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Table B-1 
BECKER TESTS SURVEY DATA 

Survey Pt. 
No. Northine: Eastine: 

Elevation 
(feet) 

Becker 
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-IB 

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 II 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 various 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 is used, allowing samples to be collected by operating a rotary blower supercharger 
connected to the inlet ports of the diesel pile hanuner 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 (NJ)60 due to high raw Becker blowcounts, assumed 
to correlate to high (Nl )60 values. Since that time, evaluations of (NJ )60 have been performed, as 
shown in Figures 8A through 8D in the main portion of the Technical Memorandum. 
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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 (Nl)60 

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 backfilled with 
grout. 

Figure B-3 shows the penetration resistance and average bounce chamber pressures recorded for 
drill hole BDH98-l. 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 
tollows: 

Material 
Depth 
(feet) 

Blows/Foot 
(Closed-bit) . 

Downstream Berm (Fill) 0-10 6-37 
Dam Embankment (Fill) 10-58 55-572 
Coarse-grained Glacial Outwash (Qgo 1) 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-l. 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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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 1) 
141 '-185': Fine-grained Glacial Outwash (Qgo2) 

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 bpfin the downstream berm, 19 to 107 bpfin the dam embankment, 13 to 470 bpfin 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 of70 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 I 000 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 BDH98-1 B. 

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-l 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 tps, 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 tps exhibited closed-bit 
blow counts ranging from 60 bpfto 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: 

Material 
Depth 
(feet) 

Blows/Foot 
(Closed-bit) 

Downstream Berm (Fill) 0-35 6-28 
Coarse-grained Glacial Outwash ( Qgo 1) 35-118 49->840/0.7' 
Fine-grained Glacial Outwash (Qgo2) 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 bpfin the downstream berm (0-16') and 81 to 595 bpfin 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 !38.8 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 a 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 harmner 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 20 15) 
produced open-bit blow counts ranging from I 0 to 20 bpf during the drilling of Becker sample 
hole BSH98-l. 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 I 0 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-l, 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-1 0, 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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NOTES 

1. 	 GRAPHIC LOGS ARE BASED ON SAMPLING, DRILLING RESISTANCE, AND 

KNOWLEDGE OF DAM CONSTRUCTION. 


2. 	 BECKER PENETRATION AND SAMPLE TESTS WERE DRILLED IN NOVEMBER 

OF 1998 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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BDH98-1-
BDH98-1 
Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 

1 2183.94 7 Closed 
2 2182.94 7 Closed 
3 2181.94 8 Closed 
4 2180.94 6 Closed 

2179.94 10 Closed 
6 2178.94 15 Closed 
7 21n.94 16 Closed 
8 2176.94 13 15 Closed 
9 2175.94 19 16 Closed 

2174.94 37 17 Closed 
11 2173.94 55 18 Closed 
12 2172.94 80 Closed 
13 2171.94 89 Closed 
14 2170.94 97 Closed 

2169.94 Closed 
16 2168.94 210 16 Closed 
17 2167.94 415 18 Closed 
18 2166.94 400 18 Closed 
19 2165.94 497 19 Closed 

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 

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 

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 
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 

2144.94 238 18 Closed 
41 2143.94 144 18 Closed 
42 2142.94 107 18 Closed 
43 2141.94 108 18. Closed 
44 2140.94 117 18 Closed 

2139.94 1n 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 

2134.94 473 19 Closed 
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Depth (ft) Elevation (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 2129.94 155 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 61 13 Closed 
61 2123.94 30 15 Closed 
62 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 

-


Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) 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 

2179.14 18 8 Open 
6 2178.14 30 8 Open 
7 2177.14 19 8 Open 
8 2176.14 15 8 Open 
9 2175.14 8 10 Open 

2174.14 12 13 Open 
11 2173.14 23 13 Open 
12 2172.14 39 15 Open 
13 2171.14 39 15 Open 
14 2170.14 36 15 Open 

2169.14 53 17 Open 
. 16 2168.14 48 17 Open 

17 2167.14 54 18 Open 
18 2166.14 68 18 Open 
19 2165.14 63 18 Open 

2164.14 54 18 Open 
21 2163.14 72 18 Open 
22 2162.14 63 16 Open 
23 2161.14 51 16 Open 
24 2160.14 78 18 Open 

2159.14 66 18 Open 
26 2158.14 49 18 Open 
27 2157.14 36 18 Open 
28 2156.14 47 18 Open 
29 2155.14 32 17 Open 

2154.14 28 18 Open 
31 2153.14 30 20 Open 
32 2152.14 42 22 Open· 
33 2151.14 48 20 Open 

;:-.,34 2150.14 46 22 Open 
2149.14 102 22 Open 

36 2148.14 74 15 Open 
37 2147.14 52 15 Open 
38 2146.14 . 62 15 Open 
39 2145.14 85 18 Open 

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 

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 

2134.14 54 15 Open 
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Depth {ft) J;levation (ft) Blows per Foot Chamber Pressure (psi) 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 
55 2129.14 30 23 Open 
56 2128.14 53 25 Open 
57 2127.14 61 25 Open 
58 2126.14 48 17 Open 
59 2125.14 36 18 Open 
60 2124.14 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 Open 
77 2107.14 50 19 Open 
78 2106.14 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 

~..as 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 Open 
90 2094.14 24 21 Open 
91 2093.14 56 19 Open 
92 2092.14 67 18 Open 
93 2091.14 53 22 Open 
94 2090.14 80 21 Open 
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 Open 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
102 2082.14 41 15 Open 

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 2on.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 n 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 68 10 Open 

123 2061.14 40 12 Open 

124 2060.14 80 12 Open 

125 2059.14 37 10 Open 

126 2058.14 30 10 Open 

127 2057.14 57 17 Open 

128 2056.14 34 16 Open 

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 Open 

134 2050.14 29 16 Open 


"135 2049.14 108 16 Open 

~.136 2048.14 16 .. .,. 108 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 2042.14 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 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
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 2026.14 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 2014.14 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 

,]87 1997.14 19 14 Open 
188 1996.14 20 14 Open 
189 1995.14 18 14 Open 
190 1994.14 23 14 Open 
191 1993.14 20 14 Open 
192 1992.14 31 14 Open 
193 1991.14 23 14 Open 
194 1990.14 28 14 Open 
195 1989.14 37 14 Open 
196 1988.14 31 14 Open 
197 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 31 14 , Open 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
204 1980.14 30 14 Open 
205 1979.14 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 38 15 Open 
211 1973.14 45 15 Open 
212 1972.14 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 1959.14 180 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 95 15 Open 
234 1950.14 100 15 Open 
235 1949.14 100 15 Open 
236 1948.14 103 15 Open 
237 1947.14 53 15 Open 

;:-?38 1946.14 41 15 Open 
239 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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BDH98-1B 
Depth {ft) 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 Closed 

2178.16 11 12.12 Closed 
6 2177.16 10 12.58 Closed 
7 2176.16 10 11.37 Closed 
8 2175.16 8 11.21 Closed 
9 2174.16 15 9.3 Closed 

2173.16 6 9.74 Closed 
11 2172.16 7 9.24 Closed 
12 2171.16 6 9.53 Closed 
13 2170.16 9 12.9 Closed· 
14 2169.16 26 . 16.77 Closed 

2168.16 37 20.02 Closed 
16 2167.16 57 22.85 Closed 
17 2166.16 155 23.66 Closed 
18 2165.16 246 22.69 Closed 
19 2164.16 324 22.73 Closed 

2163.16 304 20.43 Closed 
21 2162.16 462 19 Closed 
22 2161.16 673 16.92 Closed 
23 2160.16. 522 17.58 Closed 
24 2159.16 364 19.41 Closed 

2158.16 299 18.09 Closed 
26 2157.16 294 21.85 Closed 
27 2156.16 594 22.89 Closed 
28 2155.16 516 24.19 Closed 
29 2154.16 494 23.75 Closed 

2153.16 499 .23.54 Closed 
31 2152.16 497 23.67 Closed 
32 2151.16 433 23.35 Closed 
33 2150.16 447 21.98 Closed 

"'34 2149.16 290 23.32 Closed 
2148.16 277 22.46 Closed 

36 2147.16 262 23.92 Closed 
37 2146.16 346 24.16 Closed 
38 2145.16 331 24.84 Closed 
39 2144.16 306 24.65 Closed 

2143.16 307 24.08 Closed 
41 2142.16 220 24.51 Closed 
42 2141.16 310 23.39 Closed 
43 2140.16 203 24.45 Closed 
44 2139.16 211 24.84 Closed 

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 

2133.16 358 22.49 Closed 
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·­ Depth (ft) elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
51 2132.16 431 21.59 Closed 
52 2131.16 245 23.89 Closed 
53 2130.16 231 21.67 Closed 
54 2129.16 120 22.9 Closed 
55 2128.16 100 23.93 Closed 
56 2127.16 93 21 Closed 
57 2126.16 81 21.96 Closed 
58 2125.16 86 20.~3 Closed 
59 2124.16 135 23.74 Closed 
60 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 2114.16 1405 24.88 Closed 
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BDH98·2 

-


Depth (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 

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 2144.72 17 8.5 Closed 

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 

2138.72 14 14.36 Closed 
16 2137.72 18 17.28 Closed 
17 2136.72 30 18.66 Closed 
18 2135.72 18 15.79 Closed 
19 2134.72 11 14.33 Closed 

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 . 17.11 Closed 

2128.72 13 15.89 Closed 
26 2127.72 11 14.43 Closed 
27 2126.72 9 13.63 Closed 
28 2125.72 11 14.58 Closed 
29 2124.72 9 15 Closed 

2123.72 12 13.05 Closed 
31 2122.72 11 13 Closed 
32 2121.72 11 13.7 Closed· 
33 2120.72 10 13.66 Closed 

~;34 2119.72 11 15.18 Closed 
2118.72 27 19.31 Closed 

36 2117.72 52 25.05 Closed 
37 2116.72 61 26.26 Closed 
38 2115.72 118 25.68 Closed 
39 2114.72 172 25.39 Closed 

2113.72 232 22.95 Closed 
41 2112.72 246 25.42 Closed 
42 2111.72 440 25.99 Closed 
43 2110.72 595 25.59. Closed 
44 2109.72 724 26.16 Closed 

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 

2103.72 127 21.74 Closed 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Press,ure (psi) Bit Type 
51 2102.72 91 26.66 Closed 
52 2101.72 91 26.43 Closed 
53 2100.72 90 25.41 Closed 
54 2099.72 109 25.97 Closed 
55 2098.72 119 25.31 Closed 
56 2097.72 173 25.91 Closed 
57 2096.72 231 26.85 Closed 
58 2095.72 225 26.55 Closed 
59 2094.72 188 26.9 Closed 
60 2093.72 119 22.04 Closed 
61 2092.72 92 26.9 Closed 
62 2091.72 126 27.18 Closed 
63 2090.72 184 26.84 Closed 
64 2089.72 116 25.52 Closed 
65 2088.72 133 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 2071.72 600 26 Closed 
83 2070.72 591 25.01 Closed 
84 2069.72 900 24.18 Closed 

;c~5 2068.72 608 26.8 Closed 
86 2067.72 489 26.25 Closed 
87 2066.72 353 25.23 Closed 
88 2065.72 302 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 
95 2058.72 160 25.28 Closed 
96 2057.72 162 25.16 Closed 
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 25.45 Closed 
101 2052.72 414 25.54 Closed 

-
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
102 2051.72 573 25.92 Closed 
103 2050.72 544 25.57 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 Closed 
108 2045.72 905 23.9 Closed 
109 2044.72 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 13.39 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 9.71 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 22.11 Closed 

;-1,36 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 Closed 

. 
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BDH98-3 
Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 

1 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 

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 

2119.53 31 17.38 Closed 
11 2118.53 26 17.79 Closed 
12 2117.53 35 18.8 Closed 
13 2116.53 29 16.75 Closed 
14 2115.53 17 14.31 Closed 

2114.53 25 16.92 Closed 
16 2113.53 55 20.68 Closed 
17 2112.53 85 19.81 Closed 
18 2111.53 111 20.86 Closed 
19 2110.53 14 21.12 Closed 

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 

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 

2099.53 168 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 
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 2090.53 106 23.72 Closed 

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 

2084.53 123 24 Closed 
46 2083.53 126 24.01 Closed 
47 2082.53 140 24.8 Closed 
48 2081.53 183 25.28 Closed 
49 2080.53 319 26.03 Closed 

2079.53 361 24.38 Closed 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
51 2078.53 446 24.53 Closed 
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 . 24.52 Closed 
57 2072.53 218 25.51 Closed 
58 2071.53 202 26.11 Closed 
59 2070.53 133 24.67 Closed 
60 2069.53 146 23.72 Closed 
61 2068.53 176 24.11 Closed 
62 2067.53 212 22.98 Closed 
63 2066.53 375 22.84 Closed 
64 2065.53 269 26.42 Closed 
65 2064.53 188 26.78 Closed 
66 2063.53 201 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 22.61 Closed 
74 2055.53 221 23.33 Closed 
75 2054.53 212 23.38 Closed 
76 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 2046.53 301 23.65 Closed 
84 2045.53 238 23.87 Closed 

;:.J35 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 
90 2039.53 165 24.51 Closed 
91 2038.53 442 23.06 Closed 
92 2037.53 428 22.8 Closed 
93 2036.53 229 22.72 Closed 
94 2035.53 133 22.66 Closed 
95 2034.53 113 23.15 Closed 
96 2033.53 81 24.17 Closed 
97 2032.53 93 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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-


-


Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
102 2027.53 517 24.17 Closed 
103 2026.53 546 23.33 Closed 
104 2025.53 326 -24.14 Closed 
105 2024.53 346 .23.92 Closed 
106 2023.53 188 24.08 Closed 
107 2022.53 539 24.24 Closed 
108 2021.53 600 24.32 Closed 
109 2020.53 28 . 11.1 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 Open 
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 Closed 
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 

cPS 1993.53 527 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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BDH98-4 


BDH98-4 
Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 

1 2176.97 9 8.82 Open 
2 2175.97 12 10 Open 
3 2174.97 22 15.05 Open 
4 2173.97 50 20.23 Open 

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 Open 
9 2168.97 93 22.41 Open 

2167.97 164 20.51 Open 
11 2166.97 158 23.93 Open 
12 2165.97 136 24.62 Open 
13 2164.97 83 23.86 Open 
14 2163.97 83 23.91 Open 

2162.97 80 15.84 Open 
16 2161.97 60 21.66 Open 
17 2160.97 22 20.92 Open 
18 2159.97 65 24.16 Open 
19 2158.97 64 22.24 Open 

2157.97 78 25.03 Open 
21 2156.97 97 25.88 Open 
22 2155.97 50 23.07 Open 
23 2154.97 50 23.31 Open 
24 2153.97 65 2'1.86 Open 

2152.97 33 19.75 Open 
26 2151.97 51 22.06 Open 
27 2150.97 48 22.02 Open 
28 2149.97 30 18.62 Open 
29 2148.97 58 19.33 Open 

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 

. ?-34 2143.97 28 21.29 Open 
2142.97 144 26.08 Open 

36 2141.97 54 22.46 Open 
37 2140.97 55 23.26 Open 
38 2139.97 63 23.54 Open 
39 2138.97 93 22.97 Open 

2137.97 57 25.42 Open 
41 2136.97 98 24.58 Open 
42 2135.97 100 24.07 Open 
43 2134.97 113 23.15 Open 
44 2133.97 55 21.25 Open 

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 

2127.97 75 22.65 Open 
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BDH98-4 


Depth (ft) Elevation (ft) 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 24.13 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 2109.97 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.[)7 108 23.84 Open 
101 2076.97 30 20.79 Open 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
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 23.17 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 
~136 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 
141 2036.97 17 15.6 Open 
142 2035.97 20 15.8 Open 
143 2034.97. 19 15.34 Open 
144 2033.97 23 15.21 Open 
145 2032.97 23 14.64 Open 
146 2031.97 1000 20 Closed 
147 2030.97 68 14 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 
152 2025.97 8 12 

. 

Open 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
153 2024.97 7 12 Open 
154 2023.97 6 12 Open 
155 2022.97 4 12 Open 
156 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 13 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 1991.97 56 10 Open 

:187 1990.97 17 18 Open 
188 1989.97 29 18 Open 
189 1988.97 28 19 Open 
190 1987.97 28 19 Open 
191 1986.97 31 19 Open 
192 1985.97 37 18 Open 
193 1984.97 24 19 Open 
194 1983.97 33 19 Open 
195 1982.97 36 19 Open 
196 1981.97 36 19 Open 
197 1980.97 46 19 Open 
198 1979.97 47 13 Open 
199 1978.97 63 13 Open 
200 1977.97 62 14 Open 
201 1976.97 62 14 Open 
202 1975.97 62 13 Open 
203 1974.97 91 13 Open 
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Depth (ft) Elevation (ft) Blows per Foot Chamber Pressure (psi) Bit Type 
204 
205 
206 
207 

1973.97 
1972.97 
1971.97 
1970.97 

91 
73 
58 
68 

13 
13 
13 
13 

Open 
Open 
Open 
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. 986043 

Dear Sir: 

This report presents results from dynamic measurements made during operation of a Becker 

hammer drill 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, 1 b, 2, 3 and BSH 98-1 during 

the period of November 11 to 19, 1998. 

Results from GRL's monitoring and analysis include data on energy transfer from the hammer 

to the drill casing. Also, the field results from three test holes include estimates of the shaft 

·friction acting on the C?Sing during testing. All results are based on Case Method calculations. 

The Case Method, our measurement techniques and our test equipment are described in 

Appendix A. Appendix B contains a summary of the field results. Appendix C contains 
measured force and velocity records for representative hammer blows from various 

. i?':, 

penetrations in BDH 98-1b and BDH 98-2. 

The Becker hammer drills 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. 

MAIN OFFICE: 4535 Renaissance Parkway • Cleveland, OH 44128 • (216) 831-6131 • Fax (216) 831-0916 

CALIFORNIA COLORADO FLORIDA ILLINOIS NO. CAROLINA PENNSYLVANIA WASHINGTON 
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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•30 values proposed by Sy and 

Campanella (1992). The numerical summaries given in Appendix B contain average values of 

ETR for each ft of PDA monitored drilling. The Nb30 value is computed as N•30 = 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~30 of shaft friction acting on the Becker casing have been discussed by Sy and 

Campanella (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 components of the friction. 

For BDH 98-1 b, 98-2 and 98-3 the plotted 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 

considered 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, 

GOBLE RAUSCHE LIKINS 
AND ASSOCIATES, INC. 

~<-~ f1~,f 
Robert F. Miner, P.E. 

RFM:cp 
grlwa12/98 

GRL Goble Rausche Likins and Associates, Inc. 
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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 installation and 
construction control methods using electronic 
measurement and modem analysis methods. This 
work was supported by the Ohio Department of 
Transportation and the Federal Highway 
Administration. 

In 	1972, the research results 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. 

.; Dynamics gradually improved the PDA 
echnology, always . searching for and utilizing 
advances in electronic and computer technology. 
In addition, new devices were built and introduced 
nto the market. GRL, on the other hand, 
developed methods and software for the analysis 
of the measured quantities. It is the intent of this 
paper to summarize both analytical and 
measurement tools axailable. to the civil engineer. ,.. ,.,, . 

RESULTS FROM DYNAMIC TESTING 

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

• 	 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 limit the possibility of pile damage, 
stresses must be kept within certain bounds . 

A-1 

• For concrete piles, both tem;ion 
compression stresses are important. 

and 

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

both 

• Hammer Performance must be checke
productivity and construction control. 

d for 

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 signals and 
immediately computes average pile force and 
velocity. Using Case Method solutions, the PDA 
calculates the results described in the following 
section. 

Other measurements are sometimes also required . 
The ram velocity may be directly obtained using 
radar technology in the Hammer Performance 
AnalyzerTM (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 SaidmeterTM. 
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 yield pile top cushion 
stiffness information . 

The Pile Integrity Tester~ (P.I.T.) can be used to 
evaluate damage to piles which may have occurred 
during driving or casting. It should also 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. 

GAL Goble Rausche Likins and Associates, Inc. 
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ANALYTICAL SOLUTIONS 

RING CAPACITY 

N'ave Equation 

3RL has prepared a program, GRLWEAPN, which 
Jrovides for a truly analytical solution, i.e. it does 
1ot require measurements and provides the user 
vith a functional relationship between both bearing 
:apacity and pile stress and the blow count. These 
esults can be adjusted or calibrated if 
neasurements of pile top quantities are available. 
-lowever, the real strength of the traditional wave 
lquation approach lies in a prediction of driving 
Jehavior and in the selection of an optimal driving 
;ystem. · 

	::ase Method 

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

) = Y2{[F(t) + F(t:J] + Z[v(t) - v(t2)D (1) 

vhere 

Z 	 ENc is the pile impedance (ENc) 

time t + 2Uc
t2 

L pile length below gages 
c (EIp)" is the speed of the stress wave 
E elastic modulus of the pile (p c2) 
p pile mass densi%. 
A pile cross sectional area 

fhe total resistance consists of a dynamic and a 
>tatic component. Thus 

R,(t) = R(t) - Rd(t) 	 (2) 

fhe static resistance component is, of course, the 
jesired pile bearing capacity. The dynamic 
;omponent may be computed from a soil damping 
actor, J, and a pile toe velocity, v,(t) which is 
;onveniently calculated for the pile toe. Using 
Nave considerations, this approach leads 
;mmediately to the dynamic resistance 

A-2

R.(t) =J[F(t) + Zv(t) - R(t)] 	 (3) 

and finally to the static resistance by means of 
Equation 2. This solution is simple enough to be 
evaluated "in real time", i.e. 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 
calculated. The damping constant, J, may not be 
needed if the time, t, is chosen such that the R.(t) 
term vanishes. One calls the resulting capacity 
value RA2. 

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 total 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 fer a GRLWEAP analysis, the 
CAPWAP program works with the pile top 
measurements. Furthermore, while GRLWEAP 
and Case Method require certain assumptions 
regarding the soil behavior, CAPWAP calculates 
these soil parameters. 

STRESSES 

The wave equation and CAPWAP solutions include 
stresses along the pile. For the PDA, field results 
include the pile top stress directly 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. It 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, Wu and w•. 

Wu = Y:z[F(t)- Zv(t)] 	 (4) 

w. = Y:z[F(t) + Zv(t)] 	 (5) 

GRL Goble Rausche Likins and Associates, Jnc. 



any one of these waves is negative, a tension 
·=-ue exists. It must be checked whether the wave 
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. f)ressive to reduce the net tension to allowable 
•vels. 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 
!fleeted waves cause changes in both pile top 
>rce and velocity. The magnitude relative change 
f the pile top variables allows to determine the 
xtent of the cross sectional change. Thus, with 13, 

 	eing a relative integrity factor which is unity for no 
npedance change and zero for the pile end, the 
>llowing can be calculated by the PDA. 

13, = (1 - a,)/(1 + a,) 	 (6) 

lith 

(7) 

.e 

Wu, 	 is the upward traveling wave at the onset of 
the reflected wave. It is caused by 
resistance. 

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

w,, is the maximurli' downward traveling wave 
due to impact . 

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

'he pile top is struck with a held hand hammer and 
1e resulting pile top velocity is measured, 
lisplayed and interpreted for signs of wave 
eflections. In general, a comparison of the 
effected acceleration leads to a relative measure 
>f extent of damage, again the location of the 
>roblem is indicated by the arrival time of the 
eflection. An approximate pile profile can be 
:alculated from low strain records using the 
> IT.WAP. 

HAMMER PERFORMANCE 

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

E(t) = /F(t)v(t) dt 	 (8a) 

The maximum of the E, curve is the most important 
information for an overall evaluation of the 
performance of a driving system. This EMX or 
ENTHRU value allows for a classification 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 diesel using 

h = (g/8) T 2 
- h, (9) 

where 

g earth gravitational acceleration, 

T time between two blows, 

h, a stroke loss value due to gas compression 


and time losses during impact (usually 0.3 ft 
or0.1 m). 

A-3 
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------------------------------------------------------------------------

..... : BDH 98-1 Proj: Cle Elum Dam Pg1
6-5/8" OD, Closed End SP: 0.492 k/ft~3 
11.8 in~2 WS: ·16810 ft/s 

...... 12.0 ft EM: 30000 KSI 
·--------------------------------------------------------------------­

.x Transferred Energy BPM: Blows Per Minute 
Capacity - RSU FMX: Max Measured Force 

-' Capacity - RAU VMX: Max Measured Velocity 
Capacity - RMX CFB: Computed Toe Force 
Total Capacity (J=O) 

depth TY EMX RSU RAU RMX RTL BPM FMX VMX CFB 

..... 
bl/ft 
551 
551 

ft 
18.50 AV 
19.30 AV 

kips-ft 
1.4 
3.0 

kips 
124 
141 

kips 
144 
205 

kips 
165 
219 

kips bl/min 
170 84.7 
250 91.2 

kips ft/sec 
137 5.9 
228 11.4 

kips 
131 
203 

527 20.00 AV 2.6 136 197 204 238 92.3 215 10.9 190 
441- 280 

20.99 AV 
22.00 AV 

2.8 
3.3 

137 
128 

181 
170 

212 
209 

245 
250 

92.2 
94.6 

224 
240 

11.3 
12.1 

196 
192 

192 23.00 AV 3.6 116 167 219 249 95.4 249 12.7 190 
234 24.00 AV 3.5 128 168 219 253 93.4 243 12.4 189 

._, 250 25.00 AV 3.6 119 168 214 250 92.7 246 12.6 182 
246 26.00 AV 3.6 112 168 21.5 244 92.3 243 12.5 169 
268 27.00 AV 3.5 111 165 215 240 92.4 238 12.3 154 

..... 368 
396 

28.00 
29.00 

AV 
AV 

3.4 
3.3 

135 
117 

163 
161 

212 
207 

250 
234 

92.0 
92.3 

229 
225 

11.8 
11.5 

146 
148 

269 30.00 AV 3.5 95 154 206 227 92.3 234 12.2 165 
321 31.00 AV 3.2 92 150 200 216 92.1 222 11.5 150 ._ 282 32.00 AV 3.3 85 151 196 214 93.3 227 11.7 155 
168 33.00 AV 4.0 85 158 205 234 94.7 254 13.1 173 
"\1 - 6 

34.00 AV 
35.00 AV 

4.0 
3.8 

106 
100 

159 
158 

219 
214 

244 
236 

94.0 
92.8 

250 
246 

12.8 
12.5 

169 
166 

""72 36.00 AV 3.8 113 159 216 244 93.4 245 12.4 163 
187 37.00 AV 3.8 115 161 210 244 92.8 244 12.2 171 

- 214 38.00 AV 3.7 109 158 201 237 92.4 240 12.0 173 
256 39.00 AV 3.6 127 151 207 246 92.4 237 11.8 181 
199 41.00 AV 3.9 82 146 173 222 91.3 239 12.5 172 
104 44.00 AV 3.6 97 133 150 230 92.4 237 12.2 155 

.....: 175 45.00 AV 3.5 127 135 177 240 92.5 234 12.0 149 
173 46.00 AV 3.4 115 134 173 236 92.5 230 11.8 153 
289 47.00 AV~ 3.3 126 143 191 241 92.0 227 11.7 163 

·­ 280 48.00 AV 3.6 123 146 202 248 95.5 242 12.5 177 
344 49.00 AV 4.1 121 163 220 258 95.0 255 13.2 191 
498 50.00 AV 3.6 110 150 207 233 . 93.0 228 11.9 172 

-­ 376 
292 

51.00 AV 
52.50 AV 

3.7 
3.8 

113 
109 

154 
150 

211 
203 

239 
237 

93.3 
93.4 

236 
238 

12.0 
12.1 

177 
176 

388 53.00 AV 4.0 99 143 188 237 97.0 246 12.6 180 
160 55.00 AV 3.9 105 137 185 241 96.1 247 12.6 179 

t:­ 84 
125 

56.00 AV 
57.00 AV 

4.0 
3.8 

104 
103 

133 
111 

179 
158 

242 
238 

95.8 
93.1 

251 
248 

12.6 
12.4 

176 
166 

58 58.93 AV 4.0 82 . 96 115 224 93.5 249 12.3 152 
65 60.00 AV 2.1 125 57 107 183 89.5 166 8.1 110 

;.... 32 61.00 AV 3.1 113 54 108 203 92.8 195 9.5 126 
40 63.00 AV 3.8 110 62 109 228 92.2 229 11.3 147 
43 64.00 AV 3.9 114 59 115 240 93.3 241 11.9 161 ... 1.44 65.00 AV 4.0 129 102 160 253 96.4 246 12.1 176 
'2 66.00 AV• 3.9 149 143 201 259 94.1 240 11.9 186 

... 1 67.00 AV 3.9 140 153 212 257 93.6 237 12.1 183 

·­ 949 68.00 AV 3.8 150 155 225 257 93.5 234 12.0 180 

GRL Goble Rausche Likins and .Associates. :nc. 
.....: 



---------------------------------------------------------------------------
..._ 	 Le: B:QH 98-1 Proj: Cle Elum Dam Pg2 

Eo: 6-5/8" OD, Closed End 

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 
953 69.00 AV 3.5 157 149 216 250 93.0 224 11.6 172 

.,_­

~ COMMENTS 

2 BEGIN TESTING ON THIRD SECTION, PENETRATION 18.5 FT. 

7 STOP AT 29 FT, ADD 10 FT ROD, CONTINUE. 

3 STOP AT 39 FT, ADD 10 FT ROD, CONTINUE. 

) STOP AND FUEL HAMMER. 

2 STOP AT 49 FT, ADD 10 FT ROD, CONTINUE.
....­
78 STOP AT 59 FT, ADD 10 FT ROD, CONTINUE. 

32 pull back 

77 STOP, PULL OUT CASING AND THEN DRILL WITH OPEN BIT&AIRLIFT . 
.,_ 
IVE TIME SUMMARY (11-Nov-98 : BDH98-1.MDF) DRIVE WAIT 

minutes 
,_. 2 -> 5949, START 11:09:48 -> 12:29:05 STOP, 79.28 

22.73 
5953 -> 7922, START 12:51:49 -> 13:24:26 STOP, 32.62 

23.93 ,_.i 
7926 -> 10078, START 13:48:22 -> 14:11:21 STOP, 22.98 

21.57 
1'0083 -> 13177, START 14:32:55 -> 15:07:59 STOP, 35.07 

rotal Elapsed time 238.18 minutes Total Time 169.95 minutes 68.23 

-

G RL Goble Rausche Likins and Associates, Inc. 



...... 
: BSH 98-1 Proj: Cle Elum Dam Pgl 
Open Bit SP: 0.492 k/ft~3 
11.8 in~2 WS: 16810 ft/s 
"2.0 ft EM: 30000 KSI-

--~-------------------------------------------------------------------

,.,ax Transferred Energy 	 BPM: Blows Per Minute 
_. 	 Capacity - RSU FMX: Max Measured Force 

Capacity - RAU VMX: Max Measured Velocity 
Capacity - RMX CFB: Computed Toe Force 
Total Capacity (J=O) 

....... 
 ·-----------------------------------------------------------------------­
depth TY EMX RSU RAU RMX RTL BPM FMX VMX CFB 

>1/ft ft kips-ft kips kips kips kips bl/min kips ft/sec kips 
..... 46 57.00 AV 1.4 49 76 78 112 85.8 115 6.0 85 

46 58.00 AV 3.9 58 96 107 178 91.1 193 10.8 148 
28 59.00 AV 4.0 55 112 118 180 91.4 199 11.1 148 

' 74 60.00 AV 2.8 55 115 119 153 92.9 163 8.9 114 
~ 

46 61.00 AV 4.3 48 69 99 178 92.0 202 11.2 140 
24 64.00 AV 4.2 60 108 125 193 91.9 211 11.8 150 
26 65.00 AV 4.0 55 70 95 178 92.2 193 10.9 128 

...... 45 66.00 AV 3.4 58 110 118 171 92.4 181 10.1 114 
49 66.90 AV 4.3 63 128 136 196 92.0 212 11.9 145 
45 68.00 AV 3.7 89 118 130 201 90.9 205 10.7 144 

,_ 45 69.00 AV 4.5 95 117 137 225 91.8 232 12.1 159 
44 70.00 AV 4.3 97 110 138 222 91.9 227 11.8 156 
80 71.00 AV 3.8 108 126 154 223 92.2 216 11.2 160 

.... 51 
112 

72.00 AV 
73.. 00 AV 

4.5 
4.4 

114 
114 

127 
13 9 

150 
163 

237 
235 

88.5 
92.0 

227 
226 

12.1 
12.0 

183 
178 

70 74.00 AV 4.1 113 132 160 230 92.0 220 11.6 181 
1 75.00 AV 4.0 122 127 160 233 91.0 216 11.4 183 

'-' j 76.00 AV 3.2 114 95 125 203 92.5 183 9.6 156 
33 76.97 AV 3.4 107. 84 115 199 92.4 182 9.5 156 
83 78.00 AV 4.5 139 122 148 251 91.5 227 11.8 203 

.... 54 
108 

79.00 AV 
80.00 AV 

4.6 
4.6 

144 
144 

121 
141 

152 
167 

258 
260 

92.4 
92.1 

23.2 
234 

12.2 
12:3 

213 
217 

108 81.00 AV 4.2 139 126 151 248 92.0 222 11.7 201. 
66 82.00 AV 4.2 137 117 147 246 92.0 221 11.6 197 

-' 82 83.00 AV 4.2 135 120 144 244 90.7 220 11.6 197 
63 84.00 AV 4.2 133 111 141 241 92.0 218 11.5 196 
60 85.00 AV, ..3. 8 126 107 134 227 92.6 204 10.7 182 

,_ 49 86.00 AV 2.9 108 74 107 185 93.9 165 8.4 126 
38 87.00 AV 4.3 127 94 129 237 92.2 219 11.5 190 
93 88.00 AV 4.1 137 122 137 241 91.4 214 11.3 212 

.,_. 55 
18 

89.00 
90.00 

AV 
AV 

4.4 
4.1 

142 
139 

81 
64 

142 
139 

246 
239 

91.9 
91.9 

216 
210 

11.4 
11.0 

210 
197 

53 91.00 AV 3.6 130 81 130 221 92.0 191 10.1 174 

·­ 64 
62 

92.00 
93.00 

AV 
AV 

3.8 
4.0 

130 
'13 1 

96 
115 

131 
133 

228 
233 

91.7 
91.7 

199 
205 

10.6 
11.0 

178 
187 

70 94.00 AV 3.9 131 109 131 230 91.7 199 10.8 180 
72 95.00 AV 3.7 110 110 127 212 91.7 194 10.5 175 

J...... 59 
103 

96.00 AV 
97.00 AV 

3.5 
3.7 

96 
103 

99 
124 

118 
134 

194 
206 

92.0 
91.7 

182 
191 

9.9 
10.6 

159 
179 

- ':OMMENTS 
EGIN TESTING AT 57 FT. 

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

OPEN BIT 

G Rl Goble Rausche Likins and Associates, Inc.-_; 



Le: 
Eo: 

BSH 98-1 
Open Bit 

Proj: Cle Elum Dam Pg2 

--------------------------------------------------w-----------------------­
-_ 

-­

-

EOD S8, LP77 
LP87, EOD S9 
STOP AT 97 FT. 

[VE TIME SUMMARY (12-Nov-98 : BSH98-1.MDF) DRIVE WAIT 
---- ­ 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 -> 14:47:34 STOP, 5.87 
0.22 

2268 -> 2422, START 14:47:47 -> 14:49:32 STOP, 1.75 

rotal Elapsed time 40.30 minutes Total Time 16.22 minutes 24.08 

'-
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e: BDH 98-1B Proj: CLE ELUM DAM Pg1 
.o·. 6-5/8" OD SP: 0.489 k/ftA3 

11.8 inA2 WS: 16808 ft/s 
80.5 ft EM: 29810 KSI 

UNDEFINED SFT: Shaft Friction Total 
Energy Transfer Ratio DMX: Max Meas'd Displacement
Max Measured Force BPM: Blows Per Minute 

# depth TYPE #Bls EFV ETR FMX SFT DMX BPM 
d bl/ft ft % kips kips inch bl/min 
1 14 8.00 AVG 1 50 6 13 0 0.54 0.0 
5 14 9.00 AVG 11 100 12 28 0 1. 02 84.9 
2 
9 

7 
7 

10.00 
11.00 

AVG 
AVG 

7 
7 

211 
179 

26 
22 

44 
42 

0 
0 

1.99 
2.03 

96.8 
97.3 

5 6 12.00 AVG 6 245 30 64 0 1.48 95.6 
5 10 13.00 AVG 10 294 36 129 15 0. 77 90.3 
9 24 14.00 AVG 24 293 36 156 19 0.54 90.2 
7 38 15.00 AVG 38 308 37 184 23 0.42 .91. 2 
7 50 16.00 AVG 50 316 39 210 34. 0.35 91.6 
0 153 17.00 AVG 153 295 36 217 40 0.28 92.3 
8 238 18.00 AVG 238 271 33 208 41 0.27 91.9 
0 332 19.00 AVG 332 273 33 208 42 0.27 92.0 
8 298 20.00 AVG 136 274 33 214 42 0.28 90.4 
0 456 20.95 AVG 94 251 30 201 41 0.27 91.7 
.# depth TYPE #Bls csx ETR FMX SFT DMX BPM 
.d bl/ft ft ksi % kips kips inch bl/min 
4 456 21.00 AVG 13 16.15 28 191 39 0.27 91.6 
2 588 22.00 AVG 32 1.5.65 27 185 39 0.26 91.8 

455 23.00 AVG 19 17.08 32 202 52 0.28 92.1 
204 24.00 AVG 10 17.46 33 206 77 0.29 91.9 

~ 254 25.00 AVG J.J. 17.45 32 206 82 0.28 92.]. 
2 247 26.00 AVG 11 19.82 40 234 100 0.30 92.0 
2 528 26.27 AVG 7 19.31 38 228 103 0.29 92.0 
.# depth TYPE #Bls EFV ETR FMX SFT DMX BP.M 
,d bl/ft ft :1­

0 kips kips inch bl/min 
.0 528 27.00 AVG 96 338 41 238 80 0.28 93.8 
•2 482 28.00 AVG 101 368 45 247 70 0. 31 94.4 
:a 476 29.00 AVG 96 346 42 240 75 0.29 93.2 
:2 484 30 .00~ AVG 93 356 4"3 238 77 0.35 92.5 
.2 490 31.00 AVG 95 367 45 240 92 0.59 93.1 
.# depth TYPE #Bls csx ETR FMX SFT EMX BPM 
td bl/ft ft ksi % kips kips kips-ft bl/min 
:5 355 31.32 AVG 6 20.44 45 241 92 3.7 93.0 
,# depth TYPE #Bls csx ETR FMX SFT DMX BPM 
td bl/ft 
17 355 

ft 
32.00 AVG 50 

ksi 
20.02 

% 
43 

kips 
236 

kips 
94 

inch 
0.31 

bl/min 
92.6 

!7 430 33.00 AVG 86 18.85 39 223 84 0.30 93.3 
13 276 34.00 AVG 56 J.9.49 41 230 79 0.32 92 .·9 
;o 257 35.00 AVG 52 18.99 40 224 71 0.31 94.0 
!3 
16 

263 
353 

36.00 
37.00 

AVG 
AVG 

54 
74 

20.12 
19.54 

46 
45 

237 
231 

70 
85 

0.34 
0.32 

99.2 
99.1 

16 330 38.00 AVG 66 19.54 44 231 99 0.30 95.2 
!3 317 39.00 AVG 64 J.9.97 45 236 99 0.31 96.7 
!" 302 40.00 AVG 20 17.82 38 210 83 0.30 93.5 

227 41.00 AVG 10 19.81 45 234 99 0.34 92.5 
308 42.00 AVG 13 19.45 43 230 105 0.32 94.3 

;6 206 43.00 AVG 9 20.47 48 242 108 0.35 96.8 

GRL Goble Rausche Likins and Associates, Inc. 
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~ : BDH 98-l.B Proj: CLE ELUM DAM Pg2 
) : 6-5/8" OD 
·------------------------------------------------------------------------­

depth TYPE #Bls csx ETR FMX SFT DMX BPM 
>1/ft ft 	 ksi % kips kips inch bl/min 
221. 44.00 AVG 9 20.46 47 242 1.1.3 0.34 96.2 

) 273 45.00 AVG 1.1. 20.09 46 237 1.07 0.34 95.9 
l 372 46.00 AVG 17 1.9.07 45 225 . 94 0.35 94.8 
) 598 47.00 AVG 24 1.8.33 42 21.6 86 0.34 94.2 
t 644 48.00 AVG 26 1.8.92 44 223 72 0.35 93.3 
5 371. 49.00 AVG 1.5 1.9.1.8 45 226 71. 0.36 94.1. 
5 351. 50.00 AVG 1.7 1.7.62 40 208 61. 0.36 92.7 
3 427 51.. 00 AVG 1.8 1.7.24 38 204 65 0.35 92.5 
) 247 52.00 AVG 1.0 1.8.94 44 224 6.7 0.38 92.6 
5 226 53.00 AVG 72 1.7.55 39 207 48 0.39 90.3 
7 1.21. 54.00 AVG 31. 1.9.28 45 228 56 0.42 92.3 
3 1.01. 55.00 AVG 24 1.9.32 45 228 68 0.41. 91.. 9 
9 91. 56.00 AVG 28 1.9.39 44 229 71. 0.39 91.. 8 
1 82 57.00 AVG 28 1.8.82 42 222 68 0.39 91.. 6 
8 87 58.00 AVG 29 1.8.33 40 21.6 71. 0.38 91.. 6 
7 1.29 59.00 AVG 45 1.8.21. 42 21.5 71. 0.39 91..3 
9 1.62 60.00 AVG 42 1.8.23 42 21.5 71. 0.39 91..5 
6 1.57 61.. 00 AVG 40 1.7.71. 40 209 72 0.38 91..3 
8 1.62. 62.00 AVG 41. 1.7.93 42 21.2 68 0.40 91..3 
1. 51.3 63.00 AVG 107 1.8.54 45 21.9 62 0.41. 91.. 9 
7 1.1.3 6 64.00 AVG 83 1.9.03 47 225 53 0.42 91..9 
5 1.368 65.00 AVG 69 1.9.48 48 230' 46 0.43 92.0 
8 1.523 66.00 AVG 44 1.8.90 46 223 44 0.42 91..9 
5 1.1.97 67.00 AVG 30 1.8.65 46 220 42 0.42 92.1. 

1.280 68.00 AVG 32 1.9.32 49 228 47 0.43 92.3 
1.377 68.1.0 AVG 71. 1.7.17 39 203 35 0. 3 9 92.9 

# depth TYPE #Bls csx ETR FMX SFT EMX BPM 
d bl/ft ft ksi % kips kips kips-ft bl/min 
2 1.377 69.00 AVG 227 1.9.1.9 48 227 44 3.9 91..8 
8 2792 69.50 AVG 98 1.8.64 46 220 46 3.7 91..9 
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COMMENTS 
START PDA MONITORING AT 8 FT 14-NOV-98. 
STOP AT 1.9 m', ADD 10 FT ROD. 
STOP 1.1.:20:55
26.5 FT: PULLOUT & INSPECT ROD, CONTINUE. 

HAMMER RACKING 

HAMMER RACKING 

STOP AT 29 FT, ADD ROD, DRIVE 

LOOSE MAIN PDA CABLE NEAR 3 0 FT. 

HAMMER RACKING 

MISSED 35FT 


! STOP AT 39 FT, ADD 1.0 FT ROD. 

! DATA MERGE: RPY3952.MDF 

l5 STOP AT 49 FT, ADD ROD, DRIVE.

70 STOP AT 52 FT 1.4-NOV-98, RESTART 1.5-NOV-98. 

J2 HAMMER RACKIMG 

78 STOP AT 58 FT, ADD 1.0 FT ROD, DRIVE. 


JC = 0.30 
STOP AT 68 FT, ADD 1.0 FT ROD, DRIVE. 

J..> DATA MERGE: 981.B068F.QOO 
78 TERMINATE BDH 98-l.B AT 69.6 FT, 1.5-NOV-98. 

GRL Goble Rausche Likins and Associates, Inc 



---------------------------------------------------------------------------
- le: BDH 98-1B Proj: CLE ELUM DAM Pg3 

.fo: 6-5/8" OD 

~ TIME SUMMARY (15-Nov-98 : 981B.MDF) DRIVE 
minutes 

WAIT 

1 -> 880, START 10:23:50 -> 10:33:58 STOP, 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:~6:57 STOP, 10.65 
24.67 

5935 -> 8423, START 14:41:37 -> 15:08:16 STOP, 26.65 
9.23 

8424 -> 11945, START 15:17:30 -> 15:55:25 STOP, 37.92 
20.97 

11946 -> 12970, START 16:16:23 -> 16:27:29 STOP, 11.10 
914.57 

12971 -> 13678, START 7:42:04 -> 7:49:51 STOP, 7.78 
26.70 

13679 -> 15579, START 8:16:33 -> 8:37:20 STOP, 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, 37.93 
14.15 

22948 -> 24078, START 10:53:37 -> 11:06:33 STOP, 12.93 
-------~-------------------------

cal Elapsed time 1482.70 minutes Total ·Time 287.38 minutes 1195.32 

-· 

·­
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'ile: BDH 98-2 Proj: CLE ELUM DAM Pgl. 
LfO: 6-5/8", CLOSED END SP: 0.489 k/ftA3 
'. 1.1.. 8 inA2 WS: 1.6808 ft/s 

1.1.3.0 ft EM: 2981.0 KSI

l,,u, : Max Measured C-Stress BPM: Blows Per Minute 
~R: Energy Transfer Ratio RTL: Total Capacity (J=O) 
IX: Max Measured Force CFB: Computed Toe Force 
'T: Shaft Friction Total DMX: Max Meas'd Displacement 
IX: Max Transferred Energy 

·--------------------------------------------------------------------------­
IL# depth TY CSX ETR FMX SFT EMX BPM RTL CFB DMX 
md bl/ft ft ksi % kips kips K-ft. bl/min kips kips inch 
 2 7 8.00 AV 1.. 61. 7 1.9 0 0.6 0.0 1.5 1.6 0.41. 

9 7 9.00 AV 6.75 32 80 0 2.6 83.4 33 37 1..36 
1.5 6 1.0.00 AV 7.21. 32 85 0 2.6 92.1. 35 39 1..54 
25 
36 

1.0 
u 

1.1.. 00 
1.2. 00 

AV 
AV 

9.52 
9.44 

34 
34 

1.1.2 
1.1.2 

1.1. 
1.2 

2.7 
2.8 

95.5 
94.9 

62 
67 

51. 
55 

1..1.2 
1..65 

46 1.0 1.3. 00 AV 1.0.33 36 1.22 1.4 2.9 95.0 69 54 1. .·08 
58 1.2 1.4.00 AV 1.1.. OS 36 1.31. 1.6 3.0 94.7 75 60 1.. 02 
72 1.4 1.5.00 AV 1.2.57 39 1.48 20 3.2 93.9 92 71. 0.92 
91. 1.9 1.6.00 AV 1.5.33 42 1.81. 26 3.4 92~8 1.25 99 0.75 

.1.8 27 1.7.00 AV 1.6.81. 45 1.98 27 3.7 92.4 140 1.1.3 0.77 

.37 19 1.8.00 AV 1.4.84 43 175 22 3.5 93.2 106 85 0.74 

.so 13 19.00 AV 13.27 42 157 19 3.4 .. 94.2 85 68 0.93 

.65 15 20.00 AV 7.75 21. 91. 3 1..8 55.5 37 42 0.70 
~77 

L96 
12 
19 

21.00 
22.00 

AV 
AV 

1.0.82 
14.44 

39 
41 

128 
170 

9 
19 

3.2 
3.3 

85.6 
91..1 

68 
121. 

59 
102 

1..16 
0.70 

221 25 23.00 AV 15.54 43 183 17 3.6 92.0 135 1.1.7 0.65 
17 24.00 AV 14.45 46 1.71 16 :5.8 92.7 108 92 0.92 
13 25.00 AV 1.3.25 45 1.56 14 3.7 93.4 92 78 1.. 08 

262 11. 26.00 AV 12.07 44 1.42 11. 3.6 94.4 79 67 1.18. 
272 10 27.00 AV 1.0.93 41 1.29 7 3.4 95.1 62 55 1..25 
284 12 28.00 AV 1.2.07 43 143 1.4 3.5 94.3 69 55 1..1.6 
293 9 29.00 AV 1.2.39 43 146 17 3.5 94.0 70 54 1.1.4 
304 u 30.00 AV. 8.18 26 97 8 2.1 77.0 34 37 0.78 
31.7 1.3 31..00 AV 9.94 31. 1.1.7 6 2.5 94.6 48 45 1.. 01 
327 10 32.00 AV 1.1..38 38 134 10 3.1 94.4 53 47 1. 33 
337 10 33.00 AV 1.1..74 40 139 1.2 3.3 94.7 52 45 1.. 5c 
348 11. 34. O@o AV 1.3. 25 43 156 22 3.5 93.8 77 55 1.53 
·375 27 35.00 AV 1.6.32 42 1.93 27 3.5 92.1. 144 1.17 0.82. 
124 49 36.00 AV 1.9.02 48 225 30 3.9 93.2 182 152 o.sc 
~86 62 37.00 AV 1.9.35 47 228 37 3.8 93.5 187 1.50 0.45 
510 
778 

124 
168 

38.00 AV 
39.00 AV 

1.9.99 
20.05 

47 
45 

236 
237 

40 
43 

3.9 
3.7 

98.8 
99.6 

201 
214 

164 
175 

0.41 
0.38 

no 232 40.00 AV 18.42 39 217 35 3.2 94.1 210 176 0.37 
257 247 41.00 AV 1.9.59 44 231. 39 3.6 96.4 216 1.89 0.39 
593 436 42.00 AV 1.9.68 44 232 42 3.6 96.7 258 21.7 0.3/ 
266 573 43.00 AV 1.9.88 46 235 42 3.7 99.7 281. 239 0.3S 
980 71.4 44.00 AV 1.9.42 45 229 45 3.7 97.6 276 235 0.3'7 
465 485 45.00 AV 1.8.96 46 224 47 3.8 98.9 261 220 0.3'7 
793 328 46.00 AV 1.9.09 46 225 50 3.8 97.6 242 206 0.37 
095 302 47.00 AV 1.9.65 48 232 48 3.9 98.3 248 209 0.3E 
270 

'7 

175 
1.60 

48.00 
48.98 

AV 
AV 

1.8.92 
1.7.96 

44 
39 

223 
21.2 

47 
50 

3.6 
3.2 

93.5 
92.2 

220 
200 

1.75 
1.58 

0.3'; 
0.35 

1.32 50.00 AV 1.6.28 35 1.92 47 2.9 92.6 168 1.25 0.55 
b'±8 86 51.. 00 AV 20.97 52 248 58 4.2 93.3 21.7 1.59 0.52 
738 .90 52.00 AV 20.59 50 243 57 4.1 92.2 21.4 1.57 0.44 

GRL Goble Rausche Likins and Associates, Inc. 
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le: BDH 98-2 Proj: CLE ELUM DAM Pg3 
fo: 6-5/8", CLOSED END 

• 'I depth TY csx ETR FMX SFT EMX BPM RTL CFB DMX 
bl/ft ft ksi % kips kips K-ft bl/min kips kips inch 

-~ 219 106.00 AV 17.25 43 204 58 3.5 92.8 202 152 0.45 
11 380 107.00 AV 16.83 41 199 61 3.4 92.7 200 161 0.43 
11 800 108.00 AV 16.65 42 197 62 3.5 92.8 205 178 0.44 
361035 108.70 AV 16.66 44 197 63 3.6 92.8 206 182 0.44 

,# COMMENTS 
0 STOP AT 19 FT, ADD ROD, DRIVE. 

._c 

_, 

..., 

7 HAMMER NOT FIREING 
3 STOP AT 19 FT, ADD ROD, DRIVE. 
8 BLOWER ON NOW 
8 STOP AT 39 FT, ADD ROD, DRIVE. 
8 JC = 0.30 
0 STOP AT 49 FT, ADD ROD, DRIVE. 
0 MISSED FIRST 64 BLOWS, PDA CABLE NOT CO~~CTED. 

·o STOP AT 59 FT, ADD ROD, DRIVE. 
0 DATA FROM 69 TO 79 FT BASED ON DATA REPLAY. 
0 STOP AT 69 FT, ADD ROD, DRIVE. 
2 STOP AT 79 FT, ADD ROD, DRIVE. 
'39 ADJUST THROTTLE 
·02 LATE ON 85 
;86 STOP AT 89 FT, ADD ROD, DRIVE. 
:09 STOP LOOSE CABLE CONNECTION. 
:26 STOP..AT 99 FT, ADD ROD, DRIVE. 

STOP AT 108.7 FT 16-NOV-98. 

~.J.VE TIME SUMMARY (16-Nov-98 :. 982 .MDF) DRIVE 
----- minutes 

WAIT 

2 -> 150, START 8:14:38 -> 8:16:13 STOP, 1.58 
13.63 

r 151 -> 293, START 8:29:51 -> 8:32:54 STOP, 3.05 
11.58 

294 -> 778, START 8:44:29 -> 8:49:30 STOP, 5.02 
14.67 

I 779 -> 443\6, START 9:04:10 -> 9:43:05 STOP, 38.92 
5.95 

I 4462 -> 5870, START 9:49:02 -> 10:09:53 STOP, 20.85 
8. 72 

I 5871 -> 7140, START 10:18:36 -> 10:32:19 STOP, 13.72 
10.82 

I 7141 -> 8282, START 10:43:08 -> 10:56:06 STOP, 12.97 
9.27 

I 8283 -> 12586, START 11:05:22 -> 11:59:04 STOP, 53.70 
10.57 

I 12587 -> 14226, START 12:09:38 -> 12:31:27 STOP, 21.82 
12.83 

I 14227 -> 18536, START 12:44:17 -> 13:36:36 STOP, 52.32 

Total Elapsed time 321.97 minutes Total Time 223.93 minutes 98.03 

·-

GAL Goble Aausche Likins and Associates, Inc.·­



----------------------------------------------------------------------------

~ 

...... 

_. 	

-

_, 

~5

-

~ 

~ 

-

Pile: BDH 98-2 Proj: CLE ELUM DAM Pg1 
nfo: 6-5/8", CLOSED END SP: 0.492 k/ft~3 
R: 11.8 in~2 WS: 16810 ft/s 
"'. 152. 0 ft EM: 30000 KSI 

--------------------------------------------------.----------------------­
.. 	Max Measured C-Stress BPM: Blows Per Minute 

TR: Energy Transfer Ratio RTL: Total Capacity (J=O) 
~: Max Measured Force CFB: Computed Toe Force 
FT: Shaft Friction Total DMX: Max Meas'd Displacement 
~: Max Transferred Energy 

L# deoth TY csx ETR FMX SFT EMX BPM RTL CFB DMX 
nd bl/ft - ft ksi % kips kips kips-ft bl/min kips kips inch 

6 295 122.00 AV 14.83 34 175 37 2.8 82.8 160 147 0.42 
01 295 123.00 AV 17.66 47 208 39 3.9 91.4 182 161 0.52 
64 363 124.00 AV 17.41 46 205 42 3.8 91.5 191 159 0.50 
22 258 125.00 AV 18.20 50 215 42 4.1 91.6 204 162 0 .5l 
81 159 126.00 AV 17.36 46 205 45 3.8 91.9 195 150 0.49 
06 125 127.00 AV 17.39 44 205 51 3.5 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 92.0 194 143 0.5l 
12 201 130.00 AV 19.77 49 233 49 4.0 91.1 232 183 0.54 
52 240 131.00 AV 19.13 48 226 49 3. 9 91.8 224 175 0.53 
06 254 132.00 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 0.52 
19 95 134.00 AV 18.82 49 222 49 4.0 91.8 226 177 0.54 
85 166 135.00 AV 18.72 47 221 43 3.9 92.0 221 178 0.56 
6 81 136.00 AV 18.76 45 221 45 3.7 92.0 218 173 0.53 
53 87 137.00 AV 19.11 48 226 58 3.9 92.0 227 169 0.52 

57 138.00 AV 19.29 49 228 74 4.0 92.0 238 164 0.52 
77 139.00 AV 19.66 50 232 87 4.1 92.0 249 163 0.52 

b~ 78 140.00 AV 17.90 46 211 90 3.8' 92.0 259 169 0.52 
~9 184 141.00 AV 18.06 47 213 107 3.8 91.9 290 183 0.53 
981686 141.80 AV 17.65 46 208 122 3.8 91.9 299 178 0.53 

L# 	 COMMENTS 

BEGIN 17-NOV-98 AT 13:23 AFTER DRILLING WITH OPEN BIT TO 122 FT.
6 

81 Stop to fuel hammer. 
11 Stop at 12~ft, add rod, drive. 
87 Stop at 139 ft, add rod, 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
N 6 -> J.081, 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.l5 
N 1512 -> 2987, START 13:53:44 -> l4.:09:54 STOP, 16.17 

6.55 
N 2988 -> 4598, START 14:16:27 -> 14:33:59 STOP, 17.53 

Total Elapsed time 70.58 minutes Total Time 50.03 minutes 20.55 

GRL Goble Rausche Likins and Associates. Jnc. 



-------------------------------------------------------------------------

~ 'ile: BDH 98-3 Proj: CLE ELUM DAM Pg1 
tfo: 6-5/8", CLOSED END SO· 0.492 k/ft-3 
t : 11.8 in-2 	 WS: 16810 ft/s 

142.0 ft 	 EM: 30000 KSI..... 
Max Measured C-Stress BPM: Blows Per Minute 

7R: Energy Transfer Ratio RTL: Total Capacity (J=O)-· 	1X: Max Measured Force CFB: Computed Toe Force 
'T: Shaft Friction Total DMX: Max Meas'd Displacement 
1X: Max Transferred Energy 
·--------------------------------------------------------------------------­
lL# depth TY CSX ETR FMX SFT EMX. BPM RTL CFB DMX 
md bl/ft ft ksi ~ 

0 kips kips K-ft bl/min kips kips inch 
1 90 16.00 AV 15.42 39 182 31 3.2 92.3 138 135 0.37 

91 90 17.00 AV 17.39 35 205 34 2.8 91.8 161 142 2.05 
~10 119 18.00 AV 16.54 31 195 32 2.6 93.3 154 140 0.34 
l82 172 19.00 AV 17.02 32 201 35 2.6 94.3 177 157 0.29 - ;as 303 20.00 AV 19.74 39 233 43 3.2 100.0 225 194 0.30 
158 273 21.00 AV 19.87 41 235 46 3.4 97.4 221 186 0.32 
.92 234 22.00 AV 19.88 41 235 47 3.4 95 0 2· 216 184 0.32 

..... ~53 261 23.00 AV 19.82 41 234 55 3.3 95.6 231 180 0.31 
;s2 199 24.00 AV 20.51 44 242 53 3.6 97.3 225 181 0.32 
l59 207 25.00 AV 20.70 45 244 52 3.7 97.4 227 190 0.33 
J28 169 26.00 AV 20.45 45 241 46 3.7 95.3 215 180 0.35 
L70 142 27.00 AV 20.01 45 236 49 3.6 92.9 201 162 0 0 35 
308 138 28.00 AV 20.19 45 238 42 3.7 92.7 196 173 0.35 
~64 156 29.00 AV 20.24 45 239 41 3.7 92.9 198 182 0.35 

.._, 524 160 30.00 AV 21.14 47 249 38 3.8 89.6 208 188 0.37 
776 152 31.00 AV 20.79 47 245 43 3.9 94.4 216 195 0.37 

7 201 32.00 AV 19.90 46 235 42 3.7 92.9 210 187 0.37 
..... 140 33.00 AV 19.31 44 228 44 3.6 92.5 194 163 0.37 

, .. 2 125 34.00 AV 19.36 44 229 42 3.6 92.4 181 156 0.38 
350 108 35.00 AV 19.08 45 225 39 3.7 92.3 171 142 0.40 
126- 191 

76 
65 

36.00 AV 
37.00 AV 

18.51 
17.92 

43 
43 

218 
211 

39 
31 

3.6 
3.5 

92.3 
92.3 

150 
132 

114 
115 

0.45 
0.44 

570 79 38.00 AV 18.33 43 216 32 3.5 92.3 147 125 0.42 
575 105 39.00 AV 19.08 43 225 48 3.5 92.3 166 132 0.40 

- 305 130 40.00 AV 18.31 47 216 49 3.9 92.4 190 141 0.42 
:148 143 41.00 AV 18.56 48 219 49 3.9 92.4 193 151 0.42 
)96 148 42.0(bAV 18.46 47 218 51 3.9 92.4 196 154 0.41 
251 155 43.00 AV 18.91 49 223 51 4.0 92.8 208 174 0.41 
172 221 44.00 AV 19.17 49 226 52 4.0 91.9 214 179 0.41 
397 125 45.00 AV 17.92 44 212 50 3.7 92.4 192 145 0.41 
719 122 46.00 AV 18.18 45 215 50 3.7 92.4 195 146 0.41 

..... 359 140 47.00 AV 18.54 45 219 50 3.7 92.5 197 155 0.41 
)42 183 48.00 AV 18.75 46 221 49 3.8 92.5 202 176 0.40 
362 320 49.00 AV 19.33 48 228 51 3.9 92.7 217 194 0.40 

,_ 710 348 50.00 AV 18.79 48 222 52 3.9 91.8 204 188 0.43 
160 450 51.00 AV 18.60 45 220 52 3.7 92.4 208 182 0:41 
BO 270 52.00 AV 18.72 46 221 50 3.8 92.4 202 177 0.41 
585- :J39 

255 
354 

53.00 AV 
54.00 AV 

18.63 
19.03 

46 
48 

220 
225 

49 
52 

3.8 
3.9 

92.5 
92.6 

197 
215 

185 
193 

0.43 
0.42 

305 266 55.00 AV 19.06 48 225 53 3.9 92.7 .213 180 0.42 
479 174 56.00 AV 18.73 46 221 53 3.8 92.7 203 162 0.42 
~06. 217 57.00 AV 19.24 48 227 55 3.9 91.5 211 177 0.42 

209 58.00 AV 19.34 47 228 57 3.8 92.8 206 165 0.41 
- - J 

- 170 
125 
140 

59.00 AV 
60.00 AV 

18.87 
19.28 

45 
45 

223 
228 

55 
57 

3.7 
3.7 

92.7 
92.0 

199 
204 

144 
147 

0.41 
0.43 

GRL Goble Rausche Likins and .Associates, Inc. 
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le: BDH 98-3 Proj: CLE ELUM DAM Pg2 
O: 6-5/8"' CLOSED END 
----------------------~----------------------------------------------------

L# 

'· bl/ft 
depth TY 

ft 
csx 
ksi 

ETR 
% 

FMX 
kips 

SFT 
kips 

EMX 
K-ft 

BPM 
bl/min 

RTL 
kips 

CFB 
kips 

DMX 
inch 

174 61.00 AV 20.09 46 237 57 3.8 92.3 214 157 0.43 
S6 
31 

212 
375 

62.00 AV 
63.00 AV 

19.12 
18.10 

43 
42 

226 
214 

50 
57 

3.5 
3.4 

92.4 
92.8 

201 
199 

162 
165 

0.42 
0.41 

97 266 64.00 AV 19.89 48 235 53 4.0 92 .. 9 214 178 0.44 
as 188 65.00 AV 20.69 50 244 53 .4.1 93.2 219 174 0.46 
a6 201 66.00 AV 19.74 47 233 54 3.9 92.8 210 161 0.44 
3 147 67.00 AV 19.24 45 227 55 3.7 92.7 204 149 0.43 
1 208 68.00 AV 19.33 45 228 56 3.7 92.8 206 165 0.43 

01 260 69.00 AV 18.44 43 218 55 3.5 92.7 199 166 0.41 
96 395 70.00 AV 19.58 47 231 61 3.8 92.9 209 170 0.44 
8 332 71.00 AV 18.73 42 221 56 3.5 92.8 202 152 0.42 

17 189 72.00 AV 18.46 42 218 55 3.5 92.8 191 136 0.44 
1 184 73.00 AV 17.90 40 211 54 3.3 92.8 177 128 0.43 
2 221 74.00 AV 18.43 42 218 55 3.5 92.8 184 147 0.44 
4 212 75.00 AV 18.07 41 213 56 3.4 92.7 188 141 0.43 
9 255 76.00 AV 17.95 41 212 58 3.4 92.7 188 143 0.42 
8 359 77.00 AV 17.71 40 209 58 3.3 92.7 187 149 0.42 
2 414 78.00 AV 19.44 46 229 61 3. 7 93.0 211 157 0.44 
8 246 79.00 AV 19.42 47 229 60 3.8 93.0 208 151 0.44 
6 198. 80.00 AV 18.68 47 221 53 3.8 92.1 194 147 0.48 
1 325 81.00 AV 17.53 41 207 56 3.4 92.6 189 148 0.43 
0 349 82.00 AV 17.72 40 209 62 3.3 92.6 197 140 0.41 
3 
0 

303 
237 

83.00 AV 
84.00 AV 

18.61 
18.80 

42 
42 

220 
222 

67 
65 

3.4 
3.5 

92.8 
92.8 

207 
208 

141 
143 

0.39 
0. 40 

c; 185 85.00 AV 18.64 41 220 61 3.4 92.8 206 145 0. 77 
198 86.00 AV 19.07 43 225 58 3.6 92.8 211 154 0.43 
183 87.00 AV 19.53 46 231 57 3.8 92.9 218 161 0.44 

2 196 88.00 AV 19.49 47 230 50 3.9 92.9 215 165 0.46 
n 165 89.00 AV 18.90 45 223 54 3.7 92.9 206 152 0.46 
3 156 90.00 AV 18.35 47 217 56 3.9 92.7 201 146 0.48 

n 440 91.00 AV 17.14 41 202 54 3.4 92.7 200 152 0.44· 
8 425 92.00 AV 17.82 40 210 54 3.3 92.8 206 152 0.41 
1 

4 
233 
133 

93.00 AV 
94.00 AV 

18.34 
18.33 

40 
40 

217 
216 

52 
53 

3.3 
3.3 

92.9 
93.0 

195 
187 

144 
i34 

0.42 
0.43 

6 
8 

112 
82 

95.00 .AV 
96. oo ·A.v 

18.57 
19. 36· 

42 
45 

219 
228 

57 
64 

3.4 
3.7 

93.0 
93 .1 

199 
212 

142 
148 

0.43 
0.44 

2 94 97.00 AV 19.30 45 228 74 3.7 93.1 220 146 0.42 
4 112 98.00 AV 19.36 46 229 87 3.8 93.0 234 148 0.42 
7 123 99.00 AV 19.30 46 228 96 3.8 93.0 244 148 0.42 
7 250 100.00 AV 18.23 46 215 100 3.8 92.3 260 160 0.47 
~7 540 101.00 AV 16.25 41 192 93 3.4 92.5 253 160 0.46 
4 517 102.00 AV 16.34 43 193 102 3.6 92.7 260 157 0.47 
9
S 

545 
326 

103.00 AV 
104.00 AV 

16.94 
17.69 

42 
4.3 

200 
209 

113 
125 

3.5 
3.5. 

92.8 
92.7 

265 
269 

152 
144 

0.45 
0.45 

9 344 105.00 AV 17.65 42 208 129 3.5 92.8 272 143 0.44 
6 187 106.00 AV 17.78 43 210 127 3.5 92.8 271 144 0.44 

14 538 107.00 AV 17.78 42 210 143 3.5 92.8 285 143 0.43 
S 601 108.00 AV 18.12 42 214 148 3.5 92.6 294 146 0.43 
,84430 108.10 AV 17.19 38 203 146 3.1 92.8 283 137 0.40 
,9 1 122.00 AV 13.98 30 165 57 2.5 82.9 169 1:12 0.45 

38 123.00 AV 17.44 45 206 57 3.7 90.8 208 152 0.59 
47 124.00 AV 17.77 46 210 51 3.8 92.3 212 162 0.59 

.1 77 125.00 AV 18.47 48 218 47 3.9 92.3 219 173 0.56 

GRL Goble Rausche Likins and Associates, Inc. 
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---------------------------------------------------------------------------
le: BDH 98-3 Proj: CLE ELUM DAM Pg3 
.fo: 6-5/8"' CLOSED END 

.'I depth TY CSX ETR FMX SFT EMX BPM RTL CFB DMX-

-

-

-
... 

·~ 

~ 

-
-

-

-

bl/ft ft ksi %­ kips kips K-ft bl/min kips kips inch 
.J 89 126.00 AV 18.76 48 221 43 3.9 92.3 223 180 0.56 

·06 106 127.00 AV 18.74 47 221 43 .3. 9 92.2 224 181 0.54 
·71 165 128.00 AV 17.94 44 212 49 .3. 6 92.0 218 169 0.49 
:78 207 129.00 AV 16.90 41 199 51 ·3. 4 92.0 206 154 0.49 
.29 151 130.00 AV 18.51 48 218 46 4.0 91.7 241 195 0.52 
:s3 224 131. 00 AV 18.13 48 214 49 3.9 92.2 242 193 0.52 
122 269 132.00 AV 17.80 48 210 55 ,3. 9 92.1 249 193 0.53 
136 114 133.00 AV 17.60 48 208 65 3.9 92.3 251 186 0.52 
.64 128 134. 00 AV 17.83 .49 210 73 4.0 92.3 265 192 0.53 
:82 218 135.00 AV 18.07 so 213 81 4.1 92.3 27B 197 0.53 
108 526 136.00 AV 17.5B 48 207 B3 4.0 92.3 284 201 0.53 
;99 791 
7041005 

137.00 AV 
138.00 AV 

17.41 
17.71 

47 
49 

205 
209 

80 
78 

3.9 
4.0 

92.3 
92.4 

284 
289 

203 
211 

0.53 
0.53 

;501182 13B.BO AV 1B.05 47 213 76 3.9 92.4 288 212 0.52 

"# 
1 

COMMENTS 
Begin PDA monitoring of BDH 98-3 at 16 ft, OB:Sl 1B-NOV-9B. 

32 DATA MERGE: 983019.QOO 
32 Berger 
-Ll' ­ DATA MERGE: 9B3029.QOO 
;4
75 

Berger 
DATA MERGE: 983039.QOO 

75 Berger 
DATA MERGE: 9B3049.QOO 
Berger 

30 DATA MERGE: 9B3059.QOO 
30 
201 

Berger 
DATA MERGE: 983069.QOO 

201 Berger 
:JOB DATA MERGE: 9B3079.QOO 
:JOB Berger 
5B5 a4 connector loose 
347 DATA MERGE: 983089.QOO 
347 Berger ?; 

257 DATA MERGE: 983099.QOO 
257 Berger 
848 Stop to work on hammer. 
548 Stop at 108.1 ft 15:26 lB-NOV-98.
54B Drilled open bit to 122 ft, begin closed bit at 122 ft 14:37 19-NOV-98. 
278 DATA MERGE: 983129.QOO 
27B Berger 
278 Stop at 129 ft, add rod, drive. 

650 Terminate BDH 9B-3 at 13B. 8 ft, 15:42 19-NOV~98. 
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----------------------------------------------------------------------------
Lle: BDH 98-3 Proj: CLE ELUM DAM Pg4 
1fo: 6 -S/8", CLOSED END 

~TIME SUMMARY (19-Nov-98 : 983.MDF) DRIVE WAIT 
----- minutes 

1 -> 18, START 8:SS:49 -> 8:S9:S3 STOP, 4.07 
S.S7 

19 -> 382, START 9:0S:27 -> 9:09:39 STOP, 4. 20. 
20.67 

 

 

 

 

 

 

 

 

 

 

 

~

<

<

<

~

<

<

<

<

2

2

~

'

' 

'

' 

•

-

~ ·

·­

383 -> 2464, START 9:30:19 -> 9:S2:03 STOP, 21.73 
12.SO 

246S -> 367S, START 10:04:33 -> 10:17:S8 STOP, 13.42 
8.S8 

3676 -> 5362, START 10:26:33 -> 10:44:48 STOP, 18.2S 
18.SS 

S363 -> 8030, START 11:03:21 -> 11:32:14 STOP, 28.88 
18.23 

8031 -> 10201, START 11:S0:28 -> 12:13:S4 STOP, 23.43 
6.77 

10202 -> 13008, START 12:20:40 -> 12:SO:S7 STOP, 30.28 
13.67 

13009 -> 1S347, START 13:04:37 -> 13:31:11 STOP, 26.S7 
10.18 

1S348 -> 172S7, START 13:41:22 -> 14:01:S6 STOP, 20.S7 
13.02 

172S8 -> 19109, START 14:14:S7 -> 14:34:S7 STOP, 20.00 
14. OS 

19126 -> 20848, START 14:49:00 -> 1S:07:36 STOP, 18.60 
11.22 

.08S6 -> 21S48, START 1S:18:49 -> 1S:26:17 STOP, 7.47 
1390.93 

1S49 -> 22278, START 14:37:14 -> 14:4S:10 STOP, 7.93 
7.1S 

22279 -> 22323, START 14:S2:19 -> 14:S2:48 STOP, 0.48 
0.07 

2327 -> 2233S, START 14:S2:S2 -> 14:S2:S7 STOP, 0.08 

22339 -> 2S716, START 14:S4:31 -> 1S:31:10 STOP, 36.6S 
1. OS 

2S728 -> 266SO, START 1S:32:13 -> 1S:42:12 STOP, 9.98 

Total Elapsed time 1846.37 minutes Total Time 292.60 minutes 1SS3.77 

GRL Goble Rausche Likins ar:d .Associates, Inc. 
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APPENDIX C 

Force and Velocity Measurements 
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GRL & Associates, Inc. POI PILE DRIVING ANAL YZER®vs.a1 

CLE ELUM DAM 9818009F 1998-11-14 

BN 510/764300 F CSX 18.55 Ksi ____ V*ZK ETR 35 % 
FMX 219 ·Kips
SFT 47 Kips 
BPM 92.0 BPM 
EMX 2.90 Kip-tt 
RTL 209 Kips
CF8 175 Kips 
OMX 0.27 incn

50ms LP 17.00 ft 
LE 22.50 ft 
AR 11.80 in22.6mS EM 29810 Ksi 
SP 0.489 K/ft3
WS 16808 ft/s300 F-l­ F12 A12..... ___ F1'K 

'' 
D 'v-. /
Z=20:9 K*s/ft 

300 ___ R (0.00) 

K ____ R (0 .29) 


___ o4 K-ft2 
inch ---E 

/,/\\ ____________ 
' 

L_~~~~~~±======b===--L____ 50ms 

GRL Gobie Rausche Likins and Associates. Inc. 
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GRL & Associates, Inc POI PILE DRIVING ANALYZER®v5oo> 
0 

CLE ELUM DAM 	 981B019F 1998-11-14 
LAYNE RIG 412, ICE 180C 

· BN 425/4012300 ___ F EFV 30600 Kip-ft
V*Z ETR 44 % 

FMX 245 Kips 
SFT 76 Kips 
BPM 9205 BPM 
OMX 0030 inch 
RP3 209 Kips 
VMX 12 6 ft/s0 

USR 0 
LP 28000 ft 
LE 32o50 ft 
AR 11.80 in2 
EM 29810 Ksi

Z=20 0 9 K*~,1f-t/"" SP Do489 K/ft3 

K 

3.8mS ~___,·v ./ 

____ 

300 
K 

___ F-L­
___ F1' 

ws 15808 ft/s 
F12 A12 

R (0000)300 
K 

___ 
--·-R (0 029) 

___ o2 4 K-ft 
___ Einch 

... _________ _
'-......... 


GRL Goble Rausche Likins and Associates. Inc. 



300 

____ 

GRL & Associates, Inc. POI PILE DRIVING ANALYZER®v5.o' 

CLE ELUM DAM 9818029F 1998-11-14 
LAYNE RIG 412,

BN 
___ F CSX 

K ____ V*Z ETR 
FMX 
SFT 
BPM 
EMX 
RTL 
CF8 
USR 
LP 
LE 

c:::J It, .~./ 	 AR5.0mS EM 
Z=20 .'9 K*s/ft 	 SP 

ws · 300 ---F~ F12 ___ftK 

'\_ 
'V-, 

___ R (0.00) 
R (0.29) 

ICE 1BOC 
125/1787 
18.89 Ksi 

43 % 
223 Kips 

91 Kips 
96.0 BPM 
3.50 	Kip-ft

252 Kips 
172 Kips 

0 
36.00 ft 
42.50 ft 
11.80 in2 
29810 Ksi 
0.489 K/ft3 
16808 	ft/s 

A12 

GRL Goble Rausche Likins and Associates, Inc. 



GRL & Associates. Inc. Poi PILE DRIVING ANALYZER®vs.o, 

CLE ELUM DAM 981B039F 1998-11-14 
PDA OP: GRL--8. Miner LAYNE RIG 412. ICE 180C

BN 350/3500
300 ___ F z CSX 19.49 Ksi 

K ----V* ETR 46 % 
FMX 230 Kips 
SFT 73 Kips
BPM 96.9 BPM 
EMX 3.80 Kip-ft
RTL 228 Kips
CFB 170 Kips
DMX 0,37 incn 
LP 48.00 ft 
LE 52.50 ft 
AR 11.80 in26.2mS EM 29810 Ksi 
SP 0.489 K/ft3 

___ F-.1-­ WS 16808 ft/s300 F12 A12 ___ F1'K 

-

___ R (0.00)300 
K __ ._R (0 .29) 

___ o2 -4 K-ft,\ ___ Einch I ,
""' .__ ... _________ 

'I 
' 

L--f~~~-~--==~~==~====50ms 

GRL Goble Rausche Likins and Associates, Inc. 
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GRL & Associates. Inc. Poi PILE oAiviNG ANALYZER®vs.a1 

CLE ELUM DAM 9818049F 1998-11-14 
PDA OP: GAL--B. Miner LAYNE RIG 412. ICE 180C 

. F 	 BN 225/1007 
CSX 18.98 Ksi 
ETA 44 % 
FMX 224 Kips 
SFT 66 Kips 
BPM 92.7 BPM 
EMX 3.60 Kip-ft 
ATL 213 Kips 
CF8 148 Kips 
DMX 0.37 inch 
LP 51.00 ft 
LE 62.50 ft 
AA 11.80 in2 
EM 29810 Ks i 
SP 0.489 K/ft3 

___ Fw ws 16808 ft/s300 F12 A12 ___F1'K 

300 
K 

7.4mS 

-----'- ­
__ c_V*Z 

___ R (0,00)300 
K --·-R (0.29) 

___ o4 K-ft2 ___ Einch 
/ -~ ' 

I 
' 	 ~ 

• - L--·f'-T~--~~--=d~-=~======50ms 

GAL Goble Rausche Likins and Associates. Inc. 
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GRL & Associates. Inc . . POI PILE DRIVING ANALYZER@v5.01 

CLE ELUM DAM 9818052F 1998-11-15 
PDA OP: GRL--B. Miner LAYNE RIG 412, ICE 180C 

300 
K 

___ F 
____ V*Z 

8N 
CSX 
ETR 

60/708 
18.13 Ksi 

40 % 
,. FMX 214 Kips 

SFT 72 Kips 
BPM 91.4 BPM 
EMX 3.30 Kip-ft 
RTL 215 Kips 
CF8 
OMX 

143 Kips
0.37 incn 

~~~~~-~~~~~~~~~-~50ms•, 
LP 
LE 

57.00 
62.50 

ft 
ft 

7. 4mS \,·w.it-""' AR 
EM 

11.80 
29810 

in2 
Ksi 

Z=20.9 K*S/ft SP 0.489 K/ft3 
F..J.. WS 16808 ft/s

300 
K 

___ 
___ F1' F12 A12 

___ R (0.00) 300 
K --·-R (0 .29) -

___o4 K-ft2 
___ Einch 

./---..... -........_ ________ 

-· I 

' 

L_~~~---_L~==~~~====d50ms 

G R L Goble Rausche Likins and Associates, Inc. 
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-----------

GRL & Associates, Inc. Poi PILE: DRiviNG ANALYZER®vs.a, 

CLE ELUM DAM 9818058 1998-11-15 
POA OP: GRL--6. Miner LAYNE RIG 412, ICE 180C 

F BN 1000/7347300 --- CSX 19.15 Ksi
K ____ V*Z ETR 49 % 

FMX 226 Kips 

·- SFT 49 Kips 
BPM 92.3 BPM 
EMX 4.00 Kip-ft 
RTL 247 Kips 
CFB 197 Kips
DMX 0.43 inch 
LP 68.00 ft 
LE 70.50 ft 
AR 11.80 in28.4mS EM 29810 Ksi 
SP 0.489 K/ft3 

___ F,J, ws 16808 ft/s300 F12 A12 ___ F1'- K 

'"""'"-.,.- ~~~~~i--L-~j--~~~~~r-~-==S=~~50ms 

___ R (0.00)300 
K --·-R (0 .29) 

• 

___ o- 2 8 K-ft 
___ Einch 

/ -~,_ 


-

GRL Goble Rausche Likins and Pssociates, Inc. 



GRL & Associates, Inc. Poi PILE oRrviNG ANALYZER®vs.o, 

-

-

CLE ELUM DAM 
PDA OP: GRL--8. Miner 

300 
K 

300 
K 

___ R (0.00)300 
K --·-R (0 .29)-

-

___ D
8 K-ft2 

inch ----'-t:' 

/ , ___ 
. -------­

' --------------­

GRL Goble Rausche Likins and .Associates, Inc. 
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GRL & Associates. Inc. POI PILE DRIVING ANALYZER®vs.o' 

CLE ELUM DAM 982039F 1998-11-16"""" 6-5/8" CLOSED END 
BN 80/3551

300 F CSX 18.30 Ksi 
____ V*Z 	 ETR 41 % 

FMX 216 Kips
SFT 50 Kips
BPM 92.3 BPM 
EMX 3.40 Kip-ft 

K 

-
RTL 205 Kips
CFB 163 Kips
OMX 0.35 inch

50ms LP 48.00 ft 
........,. LE 53.00 ft 

AR 11.80 in26.4mS ' ....-' 	 EM 29810 Ksi - Z=20.9"Y*s/ft 	 SP 0.489 K/ft3 
ws 16808 ft/s300 F-v F12 A12 ___ F1'K 

-
-

___ R (0.00)300 
K --·-R (0 .29) 

-
-
-
 ___ o4 K-ft2 

inch ---E -	 /'"'\._,

I "-------------­
• 

L--+,~Lr-~b-~==~---J---~50ms 

GRL Goble Rausche Likins and Associates, Inc. 
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GRL & Associates. Inc. Por PILE DRIVING ANALYZER®vs.o• 

CLE ELUM DAM 982049F 1998-11-16 

-

·....: 

·­

-

-


-


-


300 
K 

300 
K 

300 
K 

LAYNE RIG 412,
F BN 

--- z CSX 
____ V* ETR 

FMX 
SFT 
BPM 
EMX 
RTL 
CFB 
OMX 
LP 
LE 
AR 
EM 
SP 

___ F-1- WS 

___ Ft F12 

___ R (0.00) 

_·-.-R(0.29) 


ICE 180C 
183/1424 
20.25 Ksi

48 % 
239 Kips 

62 Kips 
92.5 BPM 
3.90 Kip-ft 

216 Kips 
154 Kips 

0. 39 inch 
58.00 ft 
63.00 ft 
11.80 in2 
29810 Ksi 
0.489 K/ft3 
16808 	ft/S 

A12 

___ o
4K-ft .....----.2 

___ Einch ( ' 

"'-­-
I 
' 

' 

L_~~~L-r--~~~±===--~----=50ms 

GAL Goble Rausche Likins and Associates, Inc. 



GRL & Associates. Inc. POI PILE DRIVING ANAL YZER@vs.o' 

CLE ELUM.DAM 	 982~F 1998-11-16 
LAYNE RIG 412,

BN300 ___ F CSX 
K ____ V*Z ETR 

FMX 
SFT 
BPM 
EMX 
RTL 
CFB 
OMX 
LP 
LE 
AR8.6mS EM 
SP 

___ F-.1- ws300 F12 ___FtK-
-


___ R (0.00)300-	 K --·-R (0 .29) 

___ o2 8 K-ft 
___ Einch 

-· 
---,

/ ----------- ­

ICE 180C 
93/1251 
18.81 Ksi 

46% 
222 Kips 

43 Kips 
92.4 BPM 
3.80 	Kip-ft 

203 Kips 
161 Kips 

0.46 inch 
68.00 ft 
73.00 ft 
11.80 in2 
29810 Ksi 
0.489 K/ft3 
16808 ft/s 

A12 

GRL Goble Rausche Likins and Associates, Inc. 
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GRL & Associates. Inc. Poi PILE DRIVING ANALYZER®vs.a' 

CLE ELUM DAM 	 982069F 1998-11-16 
POA OP: GRL--8. Miner LAYNE RIG 

300 ~--F 
____ V*ZK 

9.8mS 

300 ~--Fw ___ F1'K-
-
.... 

L!12. 
8N 
CSX 
ETA 
FMX 
SFT 
BPM 

EMX 

RTL 
CF8 

DMX 

LP 

LE 

AR 
EM 
SP 
ws 
F12 

ICE 180C 
158/1122 
18.98 Ksi 

48 % 
224 Kips 
58 Kips 

92.4 BPM 
3. 90 Ki p-ft 
21i Kips 
173 Kips 

0.46 inch 
78.00 ft 
83.00 ft 
11.80 in2 
29810 Ksi 
0.489 K/ft3 
!6808 	ft/s 

A! 

___ R (0.00)300 
K 	 --·-R (0 .29) 

-
2 	

___ o
4 K-ft _...- ­ ___ Einch 

'
/ 	' ~ ------------ ­
I 

-

G R L Goble Rausche Likins and Associates. Inc. 



GRL & Associates. Inc. POI PILE DRIVING ANALYZER®vs.o, 

CLE ELUM DAM 982079F 1998-11-16 
POA OP: GAL--B. Miner 

300 
K 

10.8mS \\ ' -	 Z=20. 9 K*'"cl'f4 t 

300 

- K 

-
-	 K 

300 

2 8 K-ft 
inch 

LAYNE RIG 412. 
F BN 

--- CSX 
____ V*Z ETA 

FMX 
SFT 
BPM 
EMX 
ATL 
CFB 
DMX 
LP 
LE 
AA 
EM 
SP 

___ F-J,. WS 
F12 ___ F1' 

___ R (0.00) 
--·-R (0 .29) 

___ o 

___ E 


ICE 180C 
219/4225 
16.52 Ksi

40% 
195 Kips
51 Kips

92.8 BPM 
3.30 Kip-ft

214 Kips
163 Kips

0.40 inch 
88.00 ft 
93.00 ft 
11.80 in2 
29810 Ksi 
0.489 K/ft3 
16808 	 ft/s 

A12 

--------- ­

GRL Goble Rausche Likins and Associates. Inc. 
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GRL & Associates. Inc. Poi PILE DRIVING ANALYZER®v5.o'- CLE ELUM DAM 	 982089F 1998-11-16 

POA OP: GRL--8. Miner 

300 
K 

LAYNE RIG 412, 


RTL 
CF8 
OMX 

LP 

LE 

AR12. 4mS c::::==:::J ~\ / 	 EM

Z=20. 9 K*S\ff't 	 SP 
___ F-v 	 WS300 F12 ___FtK 

-
-

300 ___ R (0.00) 
K --·-R (0 .29) 

- ___o2 8 K-ft 
inch ---E-

'------------ ­

F BN 
--- z 	CSX 
____ V* 	 ETA 

FMX 
SFT 
BPM 
EMX 

ICE 180C 
156/1557 
18.64 Ksi

45 % 
220 Kips 

48 Kips 
92.8 BPM 
3.70 	Kip-ft

205 Kips 
168 Kips 

0.46 inch 
98.00 ft 

103.00 ft 
11.80 in2 
29810 Ksi 

'0.489 K/ft3 
16808 ft/S 

A12 

GRL Goble Rausche Likins and .Associates, Inc. 

---···-·-----
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GRL & Ass 0 cia t es' Inc . POI PILE DRIVING ANALYZER®v5 · 0 ' - CLE ELUM DAM 982099F 1998-11-16 

PDA OP: GAL--B. Miner LAYNE RIG 

F300 
K ____ V*Z 

13 .4mS \ / 
Z=20. 9 K*s"(jjt. 

___ Fw300 
___ F1'K 

Ll12, ICE 180C. 
8N 678/4122 
CSX 16.69 Ksi 
ETA 44 % 
FMX 197 Kips 
SFT 61 Kips 
BPM 92.8 BPM 
EMX 3.60 Kip-ft 
RTL 200.Kips
CF9 193 Kips 
DMX 0.44 inch 
LP 109.00 ft 
LE 113.00 ft 
AR 11.80 in2 
EM 29810 Ksi 
SP 0.489 K/ft3 
WS 16908 ft/s 
F12 A12 

-

-


300 ___ R(O.OO)- K __._R (0 .29) 

2 
inch 

8 K-ft ___ Q 

___ E 

---" 
_./"' ' '--- ­' ----------­

'-=ft:...J_r--+--=:::::::±~=:::!=::::=::: 50ms 

GRL Goble Rausche Likins and Associates, InC. 
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Attachment D 


Laboratory Test Results 
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Cle Elum Dam BSH 98-1 60.0' to 65.0' 
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38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0 15 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 
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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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GRADATION OF GRAVEL SIZES 

7-J4Si (9-86)
Bureau of Reclamation 

GRADATION ANALYSIS Dcsll'natlon USSR 5325- __ 
DeoslrnaUon USSR 5330-
Des.lcnlthm USSR S3Js-:: 

SAMPLE NO. B'SJ./ <tB -/ PROJECT FEATURE~/, £:(
~ l-1 ·~·- ))~-IAREA EXC. No. DEPTH 00 ~ -1-r.. c.s.<:... 

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,e_ ~,/Jt 1 
3.. 1-1/2" 3/4'' 3/8"' N0.4 ·--------·-····· .... 

SIEVE SIZE (76mml 137.5 mm) (19.0mm) (9.6 mml 14.75 mml PAN 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER Z..o3 

WET MASS RETAINED 

DRY MASS RETAINED -8-· +:is' 3:4-7 z,~s 2.(,1 
c 

-iz~1g. DRY MASS .PASSING /6.13 Jl},qt,. {7--2..6 • q,~1 ,Mibm 0k· o. 
%OF TOTAL PASSING · /()f) l'f.~ ~a/.5 5.3.o t.f1.1 

GRADATION OF SAND SIZES I fl.., 

-

foRY MASS OF SPECIMEN J8 "'? f:"• JFACTOA • A~ . Tbl . {>,5""3~--~ ~ -·• · D V S F P I E 

1
:.5.· 1.0. -·­ -ro;~v r,'..t..ss o.= s::.=•-::;:,_.;-,. {'3.r::v.:uJ ------­ ·· ­

'/ 
.. 

' S;EVII\G TII"'E lDATE 

SIEVE MASS MASS I %OF TOTAL PARTICLE 
.1 REMARKS ,,..· NO. ~ETAINED (~) PASSING(&) Cl PASSING DIAMETERz7.?. 75S Vie> 38-o I ~·j ~- LS.t'-- c ..,::;.../ 

.. 
B 2.36 mm - ·­ -· ­

JJ.s !2?: 
5B. 3 &(o ~fill>(..!&t.J: 0 Q.U> 32.~ 'Z... I. t8 mm6 "' U><( ·- ­

30 17.1 4~-3> !2Q. 23.3 600"m 32. •<f o/o ~a..J:!;...1 ... 
so n7 zq. z.. X~ I c.J. 7 3001J.m 6.8 ~"" 1=\'!LP:>0::0 

~I.«/ 21-8 
Of­

ll-0 I~:P - GC ='P60rl~ GtnJ.ul G..:.-n:.~<~ <J'A\..100 ...... ISOum 

q.4 n+ lie 
8-!b s,l/.., c..t,;,.. o.J < 1200 

.... 7Spm 

PAN TESTED AND COMPUTED BY IDATE ICHECKED BY IDATE 

TOTAL "' .).JF 
HYDROMETER ANALYSIS 

-


HYDROMETER NO. ~-, 1DISPERSING AGENT~ l' '\\.q. Lt,.~9\..,.1Oj,. IVI!o'\. &\'JL • 
~TARTING .TIME IOATE 11-2.3-'i~ 

!AMOUNT rz.s mL 

TIME TEMP HYD HYD CORR I %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER< w 
0:: 

Z.t.<; 5,~ 17 
1-CI B·r.,..I min 72 .<; u3 37umwrn 

U) Iii l'Ji$ tM' o::"' (,.16-4 min 0::~ 19um0 

21.S ~~.s 5'.5 /() U.J s.o19 min X~ 9um 

11 12..< r;S 7 0::0 3.<5' AUXILIARY TESTS: 
60 min 01­ Sum USBR 5205­ __...... 

~0 
USBR 5300·__ 

IS min• 2um.... 
"'~ h -15 min• fum 

. 'l!OSTE:t> AND COMPUTED BY y.r: IOATE ICHECKED BY IDATE 

• Not r~'luired for standard test. 



----------- --- ---- ---- ---- ---

-
 7 ·1102: (11-85) 1 SOIL CONSISTENCY TEST {ONE-POINT LIQUID LIMIT METHODI Buteau or Reclamafi~n 	 IOnignatlan USBR 

SAMPLE NO. 

~0-0 

Air dried 0 Tested by 
. I ;;t;='L ~ •..;. -_i.;l:£:£.:..;·~~~,~,~~~~(_- Date //-30-78 

Oven dried J'ii: Computed by------------ Date------­
Natural 0 Checked by Date 

..... 

-

-


Trial No. 

Dish No . 

No. of blows (NI 

Mass of dish + wet soil I!II 

Mass of dish + dry soli {gl 


Mass of dish (gl 


Mass of water (g) 


Mass of dry soil (g) 


Moiswre % 

Average Plastic Limft 


PlASTIC LIMIT 

1 2 

4o 

~-<{/ 

I~ ·"Cj
-11.sz 

f, 3'2. 
/,S7 
1/.LJ­

LIQUID LIMIT 
1 2 

SHRINKAGE LIMIT .---,,..----., I 	 LL = W (!!.) 0.120 
n 25 

1. Shrinkage Dish No. 1---+----1 I 
2. Mass of dish +wet soil (g) 	 Fn c (:S) 0.1201---+---l 
3. Mass of dish + dry soil (g) I 

LL = IFni IWnl4. Mass of dish (gl 
5. Mass of water (2 • 31 (gl 1---+----l 

N Fn6. Mass of dry soil (W0 1 (3 · 4) (g) I 
I 	

0.974207. 	% Moisture (5/6 x 1001 

21 
 0.9798. Vol. Shrinkage Dish (VI 

0.985

I 	
229. Vol. Dry Soil (V0 1 

23 
 0.99010. V • V 0 = (8 • 91 

0.995 .2411 ·v~:0 x100=(~x100) 

I 
1.000 

26 

25 
1.00512. Shrin~ge Limit (7 • 111 1 

27 1.00913. Shrinkage Ratio (6/91 
1.01428 
1.01829PI= ll-PL 

I 1.022 
PI= ____ 

30PLASTICITY INDEX: 

+ Auxiliary tests: USBR 5205 • ___ 


LIQUID LIMIT {lll = _____2::,:1·_'>.,.-- USBR 5300 • __
I 

USBR 5350 • __PLASTIC LIMIT {PLI a ____,_lf.r·+i-­
USBR 5360 • __PLASTICITY INDEX {PII = ____y..L:..,.!..\__ I 

USBR 5365 • __

SHRINKAGE LIMIT {SL) = ------ ­
Remarks:--::------------- ­I 
 e.L- V\\.., 

I 

I 


C:PO 840-227 
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Cle Elum Dam BSH 98-1 65.0' to 70.0' 
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~ 
' 9.5 4.75 2.36 1.18 0.6 0.3 0.'5 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP-GC Poorly Graded Gravel with Silty Clay and Sand 
% Gravel:65.9 Maidmum Size: 2" Cu: 53.67 
%Sand: 27.2 Liquid Limit: 21.9 Cc 3.97 
%Fines: 6.9 Plastic Limit: 4.7 
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r
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7-1451 (9-86) 
Bureau of Reclamation GRADATION ANALYSIS 

lAMPLE NO. PROJECT FEATURE 

R Exc. No. DEPTH 

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~~-~PECIME'Zz_ t ~-

SIEVE SIZE 3"' 1·1/2.. 3/4.. 3/8.. N0.4 ' 
(75 mm) (37.5 mml (19.0 mm) (9.5 mml (4.75 mmJ PAN 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER :2.c'2­
WET MASS RETAINED 

DRY MASS RETAINED -e-­ o.SCJ 14,oz 5,1!5 1A-·2-­
zz;4J. 2.1,85 

.-_, 
/2 ,nB 7.~~ .IR{Ibm D•• o.DRY MASS PASSING 17,8.3 

l'o OF TOTAL PASSING /0 () ~'7.4- 7q,.._') 53.tf 34-,1 
GRADATION OF SAND SIZES 

ALDRY MASS OF SPECIMEN r-?r· -? J-FACTOA• . ... • cf...~ • < 
~·,· 

I ...••-=:·. • n-. ' , o.i·:
•

r;·.;...33 .:;..- :3:-:.!c; .... .:r. (.5• .:\;c:uJ
v F p "'I E ...... - ......... . . 


7-'1 . 
-~· 

S;EVII-iG TII-1E 'DATE 

SIEVE MASS I PARTICLEMASS "OF TOTAL REMARKS ,,DIAMETERNO. iRETAINED {•) PASSING{&) PASSINGz • " -r7 •;;;., .<:_.<:;IT ;z.....~~ s·8 2.36 mm /VIe>. k ~j£~ -·L· ,!.S'"·-' , 
<­ ----~--"'z I .ll.<n 2..0,7....­ {~ ··o..vt.. \ -· C,S,'f16 1.18 mmJ.S: 3 4-J .cr 

• 

"'<"' ~Q.Jl I 0 600tJm ";",, .'J_ .. - 27,2;3o. '1 14- .'130 :E..J 
X~7,? r:·, ·....,. 5, - ~ • 22.3A­ 300UmJ /.3.50 0::0 
01­
1-IL
!B 2-: ISOUm ~f -GC -::'Pcm'\... GrrotW ~~ ";,.\!..100 5.2-­ 8.8• I ~0 
IL!I! S;/1,.-CJa}. ~ 5a,J3,8200 12~4- 751-f.m~.Cf ,I 

PAN 
TESTED AND COMPUTED BY .1 DATE .I CHECKED BY IDATE 
~ .

TOTAL 

HYDROMETER ANALYSIS 

HYDROMETER NO. TDISPERSING AGENT.sal· ikm-~,...._ 
!STARTING TIME lDATE 1l···t.l··q8' 'AMOUNT 

12,.'> ml 

TIME TEMP HYD lwo CORR • "OF TOTAL PARTICLE REMAR>:Soc READ ·caRR READ 0 PASSING DIAMETER<w 
"' 

t:-4 II I 2-.l 
,_., 

5.8I min t;, l:) u1!: 37 umW·"'

zA IS" :it{) jo,c "'"' 4.8~min IC~ 19um0 

2L 13 ~ ·, ·"I Ji,O UJ 3,q19 min ·­ X~ 9um 

ii. I I s.•) rr.o 0::0 2,1 AUXILIARY TESTS: 
60 min 01­ Sum USBR 5205-__

1-u. USBR 5300-__ 
h IS min• ~0 2um.... 

25 h 45 min• I ttm 
"TESTED AND COMPUTED BY ,j{,t TDATE -~CHECKED BY IDATE 

G 0 8~3 65~• Not required for standard test. • 

­

­



---- -- -- ----------

7-1702 c• •.as, I SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) Bureau or Jtedamatic.n IDeslen•tlon USSR 

SAMPLE NO. FEATURE / • !'PROJECT 

~5,0- 1o.o i<~~ h'. f'fJ--- CJk 6.l·/;1J 
Air dried 0 Tested by ,Jt.::'"J" rz..::.:.,/~' /1,, 7"- (. Date <'/ ~/ · '/,lr., 

o..., dried .,18:: Computed by Date------­
Natural 0 Checked by Date 

·,.__, 
PLASTIC LIMIT LIQUID liMIT 

2 

2•/.Wi
7z.'it 

1 2 

Dish No. 

Trial No. 
·; 

No. of blows (NI 

Mass of dish + wet soil (g) 


Ma~f dish +dry soil (g) 


Mass of dish (g) 


Mass of water (g) 


Mass of dry soil (g) · 


Moisture ·% 
 Wn=~.~~~~·~'-4------~ 
~terage Plastic Limit Fn·~~~~D~0~07-+-------~ 

Liquid Limit '----''2-=l.:.•..L­"'...L.____.J 

SHRINKAGE LIMIT .---..,----, I 
1. Shrinkage Dish No. I 
2. Mass of dish +wet soil (g) ~--+---! 
3. Mass of dish + dry soil (g} I 
4. Mass of dish (g) 
5. Mass of water (2 • 3} (g) ~--+---f 
6. Mass of dry soil IW0 1 (3 • 41 (g) I 
7. %Moisture (5/6 x 1001 
8. Vol. Shrinkage Dish (VI I 
9. Vol. Dry Soil (Vol 

10. V • V0 = (8 • 9} I 
11 

· v~~~" 1oo = (~"too) 
12. Shrinkage Limit (7 · Ul 1 
13. Shrinkage Ratio (6!91 I-

PI=LL-PL 
PLASTICITY INDEX: IPI=--·--=-­

lL = w I!i.) o.t:z.o 
"\25 

Fn=(~)O.l20 
Ll = IFni IWnJ 

N 
20 

21 

22 
23 
24 
25 

26 

27 

28 
29 

30 

Fn 
0.974 

0.979 
0.985 
0.990 
0.995 . 

1.000 

1.005 

1.009 

1.014 

1.018 

1.022 

+ Auxiliary tests: USBR 5205 · ___ 
USBR 5300 • __LIQUID Ll MIT ( L L1 = ___..!.f...!.'i~·..::7::.......!:z_:::!(::..J.5(L.. I 

USBR 5350 • __


PLASTIC LIMIT (PLI = -----+f1-f!.J•.~o::.. 
USBR 5360 • __PLASTICITY INDEX (PI)= ______:!:f.:t-....:_-+1­ I 

USBR 5365 • __

SHRINKAGE LIMIT (Sll = -------- ­ I Remarks,_.---,;-r---.,--------- ­
U:-ML 

I 

I 
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Cle Elum Dam · BSH 98-1 70.0' to 75.0' 
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J \ ,+·\I .,., 

-
I 1~--

"" 

',~j=
r---­I 

'· '1 
-· 

. 

--,~-, 
10 

0 -~ I~=jI 

' 75 38.1 

-


.. 

. 

t J =1
I ! ' 

I 
·-· 

i-
! -

·~ 
.L i 

+ I 
' ! 

T I-r­
-~-

I 

! 
r 
-~-

-'-­ l 
I I.-­
I I

·j­

~'- I I I T TI 
- L 1__--11--..!. . I 

19 9.5 4.75 2.36 . 1.18 0.6 0.3 0.15 0.075 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 
%Gravel: 66.6 Maximum Size: 2.75" Cu: 190.38 
% Sand: 24.4 Liquid Limit: 21.5 Cc: 2.68 
%Fines: 9.0 Plastic Limit: 3.7 



7-1451 (9-86)
Bureau or Reclamation 

GRADATION ANALYSis 

SAMPLE NO. 8-/ PROJECT FEATURE 

A EXC. NO. DEPTH 

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 SPECIME"\u,os­ ·--. 

3" 1-1/2" 3/4" 3/8" ---··· ---· 
SIEVE SIZE N0.4 PANl76mmJ 137.5 mm) I19.0mm) l9.6mm) 14.75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER "2..0 I 
WET HASS RETAINED 

DRY HASS RETAit~EO e­ 3,11 5,2-D 3~ 2.,{8 
DRY MASS PASSING u:o~ n.se 11-. !.6 'f.t.t. '/,o4­ IJ;llbm Qkg o. 
%OF TOTAL PASSII\G /00 8'1:~ (po·'Z­ 1.!3.8 33.1-/ 

GRADATION OF SAND SIZES .,... Jl 

r::~ ~:~S OF SPECIM.E~ . 74-.7 JFACTOR• D y 
L AS " ­ - . - ~-'1¥71E 

· ll).~v !·'.L~;~ r"'!.= o;:::=~::.'-.~1 (3.~'/.=L)J 
.. -·· 

. ~:_·, .-· . 
S;EVil-iG TII-1E IDATE 

SIEVE MASS. HASS I %OF TOTAL PARTICLE AJ REMARKS 

7~ 
•• 

NO. iRETAINED hl PASSING (•) " PASSING DIAMETERz 
8 7i.£c ""{;;f). ( ;;;., 3o~•F 2.36 mm "/Vi ·lX ~~Z~- =·-· 2:...

"'z 
4.~- ~ of~ <;;t'Q...,d 

-------··· 
stJ.Y. 

<­
Zit;.'Z..)r "-"'16 • , ,.t 

"' 1.18 mm
"'< 

2._4,4- ~" .sa,.J 
-

3() /1.1 "'--? ~IL 2../.b 600umI: ..I 

X~ 1ro:U: q,o "k. f'c~ 
... 

so I2. ·5 3</:'-( 300u.ma:o 
F,."7 

01­ IGw' -GM =--Wd/~rrJ..J G..-awl c..J\ 
-

too :ZS-7 1-u. /{.$' ISOum 

t:'j,r.,. 2,t).( 
~0 

<t..o t;'d+ /1 ...& s,.. ....J.200 
.... 

7Sum 

PAN 
~TESTED ANO COMPUT~Y IDATE ICHECKED BY IDATE 

TOTAL 

HYDROMETER ANALYSIS 

-

-· 


HYDROMETER NO. !DISPERSING AGENT._.- \· ~ .l,._'\"llu, lOlA •72 ~ '~~ 'ill. 1-·~ . ' ,... .&( 
fSTARTING TIME 8:s8 IDATE It -Z?.· ,...,. IAMOUNT • 

• 
. ··~ .;;.. ~ mL 

TEMP "'OF TOTAL PARTICLEHYD HYD CORR REMARKSTIME aoc PASSING DIAMETERREADREAD CORR < wa:,_., 
u~r;,')t min /1.') 8-72s­7o.<, 37umW"'
a:"' ~.(a:~-4 min 5.S"Zo.s 15 191fmW.'l 0 
U..l s. (If,<)19 min n r;,570.<; 9umX~ 
a:o AUXILIARY TESTS:
01­:z._{ q,t;, t.j:z..60 min c;.') USBR 5205-__SumI? 1-IL USBR 5300-__
~0· h IS min• 211m I.... 

25 h "'45 min• lum 

TESTED AND COMPUTED BY :.., t.f TDATE DBY DATE
IT 

(\ 

.. Not requlr.cf for stand.,d test. 

http:requlr.cf


---

··- - -~··; ···-""' -. 	 ~:·:c;'"'~,'~:
•. 	 .-~~·. ~-~i:,!:-;~~~--

7-170% (I J-85) I SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) lo.s;onauon ussRBureau or Redamatiun 

SAMPLE NO. 

Air dried 

Oven dried )ll Computed by-'---------- Date------~ 
Natural 0 Checked by Date 

Tested by 0 

~ 

-


-


Trial No.· 


Dish No. 


No. of blows (N) 


Mass of dish +wet soil (g) 


Mass of dish + dry soil (g) 


Mass of dish (g) 


Mass of water (g) 

Mass of dry soil (g) 

Moisture % 

Average Plastic Limit 

SHRINKAGE LIMIT 

PLASTIC LIMIT 

2 

"'-
:;;.;;~;· 

zr.~7
/ ,,. 76~· 

/,"Jf:> 

PAYf 

1/.8 

.-----,,-----, I 
1. Shrinkage Dish No. 
2. Mass of dish +wet soil (g) f---+---1 
3. Mass of dish +dry soil (g) 
4. Mass of dish (g) 
5. Mass of water (2 • 3) (g) f---+---1 
6. Mass of dry soil (W0 ) (3 • 4) (g) 
7. % Moisture (5/6 x 1 00) 

8. Vol. Shrinkage Dish (V) 
9. Vol. Dry Soil (V0 ) 

10. V. ~ V 0 = (8 • 9) 

11. V~V0 	 (10 ~ 
Wo'<•x 100 = \Sx )00/ 

12. Shrinkage Limit (7 ~ 11) 

13. Shrinkage Ratio (6/9) 

PI= LL~PL 


PLASTICITY INDEX: 


PI=--~--=-·-

I 

I 

I 

I 

I 


I1 

I 

+ 

LIQUID LIMIT (LLI = _____:Z.:..:f_.$'7---­ I 
PLASTIC LIMIT (PLI = -----LI.J.1.:!•~::..___ 

PLASTICITY INDEX (PI)= ___.,$:;.:.•1-i--­ I 
SHRINKAGE LIMIT (SL) = ------ ­

I 

I 

I 


LIQUID LIMIT 

1 2 

zs.ao 

2.1.0 
I•.,2.."Z.. 
2..1 •'5"" 

Wn= 

Fn= 


Liquid Limit 


LL=W I!!.) 0.120 
. "\25 

Fn = (~) 0.120 

LL =IFni IWnl 

N 

20 

21 

22 
23 
24 
25 

26 
27 

28 

29 

30 

Fn 
0.974 

0.979 
0.985 
0.990 
0.995 

1.000 
1.005 

1.009 
1.014 

.1.018 

1.022 

Auxiliary tests: 	 USBR 5205 • __ 

USBR 5300 • __ 
USBR 5350 • __ 

USBR-5360 · __ 
USBR 5365 · __ 

Remarks:__-:;-;---------- ­
{l:t-l-­
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r-
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--1--­ -·- ­

-- ­ ---r- ­
jl_ 

--· ­ --...• 
"'r-­ --­ ·--1--­

-.. I. - ­ 1-­=r:'! ~"""""'1i ~:__ 
- ­ - ­ ·--1--­

-- ­ -- ­ f-- ­
75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 

r ­

-·---· - ­

tEE=·~= ~~- ___' =t 
--l-­ -1--~---1--

-~ f. ­ ~ 

~ ---+---+­ .......j 

. ·­ ---+--:-+--!---+-_jj
--t----+~----+ 

_-:~-~--r~··t·-t---t-1 
----=C--!--CL-=rJ 

·1-­ ---+---1­
1,--·---­-T_ --+- +--i---+-1 

- i___ -=--­ I 
-----1---t -

0.15 O.Q75 0.037 0.019 0.009 0.005 


( ( l { 

BSH 98-1 

DIAMETER OF PARTICLES IN MILLIMETERS 


. Unified Soli 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: 2.8 

r ~ ( 
.! 

• 

' . ;-J 
) 

­
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7-1451 (9_..S6)

Bucea.u of RReec.cJamalion 
 GRADATION ANALYSIS 

.,.SAMPLE NO. 

EXC. NO. DEPTH ~ -h, 80 ~!""~. 75 
I OF .SIZES 

, •~~•~JAND "~u BY DATE f·% MOISTURE '-V""'"' OF+NO. 4 !WET MASS OF TOT I MEN 

IBY . % MOISIURI: <..vn• ~-.(OF ·N0.4 TOTAL DRY MASS OF ZS."t ( 

SIEVE SIZE (753~m) (3~:i';;~) (19~~4~m) (9%~;,) (4~~;,~) PAN 

!MASS OF ~n••-r• "'IER / 

DRY MASS PASSING·­
GRADATION OF SAND SIZES ., f , ­

g DRY MASS OF_SPECJMEN 
DRY MASS OF SPECIMEN 

_L 
SiEVING Til-lE 


SIEVE 
 MASS MASS 
NO. RETAINED. (•) PASSING (g) 

8 7/.o1'1&. .- 52."516 /f?J-1 
31.?30 J:>·v 
2-k.'f/0.<150 

Zo.;,/p.( (q:3> ISOum·100 Gf -G:JL{::fcncl'"l G-r~ f-n-6~\ ..;;\\ 
/&./q.z..200-

PAN 

I 

z " 
;;;., 
"'z<­
Q.VI 

"'< 
VI 

~a. 
:!:J 
X~ 
a::o 
01­
1-IL 
!t!o 
IL .. 

%OF TOTAL PARTICLE 
PASSING DIAMETER 

2-l,C> 2.36 mm 

fiq.'Z.. 1.18 mm 

11·5" 600um 

S.7.... 300_gm 

s.o 7Sj.Lm

I I 


REMARKS 
-~ I I 

;..<..../V/r<..k ..:~: rze. ·- 12­

13.$" ~/o (:.,~ 
Zl.s o;.. ~a.~ ... 
s.e o;., r4'-'--~ 

f,·c\.1- ~..J. ~a.."114 


TESTED AND COM~UTED BY o.>.TE CHECKED BY · 'DATE
I"' .jQ7

TOTAL 

HYDROMETER ANALYSIS 

.~YDROMETER NO. 
7 {p IDISPERSING AGENYt j.,_ lkn.r..~l..okxoi...-k 

fSTARTING TIME IDATE II· 2.3 -'itS 'AMOUNT lg mL 

TIME TEMP HYD HYD CORR • %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER<w . 

a:: 

'21 1..l,( $.<;" Iff 
,_e> s.oI min u~ 37umW<ll 

21 18 5.') JZ..t; a::"' 3.1!<4min a::~ 19um0 

?.I /tJ 5.c; 9,) U..J 
Z.'i19 min X~ 9um 

Zt ~~ 7•'5 1.5" 
a::o Z.3 AUXILIARY TESTS:

60min· 01­ Sum USSR 5205­ __
1-IL 
!to 

USBR 5300­ __ 
hIS min" 21.<01IL .. 

25 h -45 min• 11.<!11 
"Ti::STED AND COMPUTED BY ~DATE ICHECKED BY !DATE 

• Not required for standard test. GPO 8!13-GSI' 

-




• 

1-1102 (11-85) 	 I s TE ( I lBur.au or Redamalion OIL CONSISTENCY ST ONE-POINT LIQUID LIMIT METHOD · SSR 

SAMPLE NO. FEATlr..s# 	 • I'PROCJEC17S:o -f-., tJO-o 	 57 8-:/ te 

Airdried 0 	 Tested by Date------­
Oven dried ft Computed by----------- Date-----­
Natural 0 Checked by Date 

PLASTIC LIMIT 

1 2 

L/7 

Zo.c, "7 
/~.2..</-
/(, ~8 
/,</-3 
{.8(p 
·,a-z_ 

Fn ~ 
Liquid Limit t-=-;.zftP.=::.,-+-----1 

-


Trial No. 


Dish No. 


No. of blows (NI 


Mass of dish +wet soil (g) 


Mass of dish + dry soil (g) 


Mass of dish (g) 


Mass of water (g) 


Mass of dry soil (g) 


Moisture % 


Average Plastic Limit 


SHRINKAGE LIMIT 

1. Shrinkage Dish No. 1----+----l I 
2. Mass of dish +wet soil (g)·l----+----1 

3. Mass of dish +dry soil (g) I 
4. Mass of dish {g) ~---1----1 
5. Mass of water (2 • 3) {g) 1---+---1 
6. Mass of dry soil IWol (3 · 4) (g) I 
7. % Moisture (5/6 x 1 00) 

8. Vol. Shrinkage Dish (V) I 
9. Vol. Dry Soil (Vol 

10. v-v0 ~1B-9l 	 j 
11. v. v {to \ 

Wof;.x 100= \sx 100/ 	 I 
12. Shrinkage Limit (7 -11) 

13. Shrinkage Ratio {6/9) I 
PI= LL-PL 


PLASTICITY INDEX: 
 IPI=--·--=-·­

+ 
0

LIQUID LIMIT (LL} = ____:2.--;l:-•:c-___ I 
PLASTIC LIMIT (PLI ~ ___.....<.:::;S....:·'2.::..____ 

PLASTICITY INDEX (PI) = ___2.=-.:.;-B~--- I 
SHRINKAGE LIMIT (SL) = ------ ­

I 

I 

I 


r---r----. I 

LIQUID LIMIT 

1 2 

zz. 

z.tx­

c.>. 'i8S 
-~Z~I-~3~Wn~r 4-------~ 

Fn 
0.974 
0.979 
0.985 
0.990 
0.995 
1.000 
1.005 
1.009 
1.014 
1.018 
1.022 

N 

20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 

Auxiliary tests: 	 USBR 5205 • __ 

USBR 5300 • __ 

USBR SJ?O • __ 
USBR 5360 • __ 
USBR-5365 · __. 

Remarks·'-.r:r---~--------ML 

~------------------------------------~-------·~------------------
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BSH 9H-1 
 · 80.0' to 85.0' 


1\ 
. -~---,-------,--,-,----,---, 

\ 
\ ~ 
i' \ -}-+-~~~-~-+~ 

\ 
\ 

.... ~-t---'--11-----+---t--t-l 

. \ 

\ 
\' 

\ 
. 1---t---+--+--+--+-1 

[\, f-­

\. 
---..-..... 

---..... k 
1~"-._ 

l "-­
-I­

t --" t--=-=tL ± I I 

75 38.1 19 9.5 4.75 2.36 1.18. 0.6 0.3 0'.15 0,075 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP-GC Poorly Graded Gravel with Silty Clay and Sand 
% Gravel:65.2 Maximum Size: 2.75" Cu: 328.65 
o/o Sand: 24.5 Liquid Limit: 23.3 Cc: 3.22 
% Fines: 10.3 Plastic Limit: 4.7 



-


7-1451 (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USSR 5325· 

Designation USSR 5330--­
Designation USSR 5335·== 

SAMPLE NO. 13SH qB-/ PROJECT FEATUREC/ 
e£/u."''· .])('-rf\._. 

tREA_ EXC. NO. DEPTH i!Bo~ lo ~--eJ:s-
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._~ 
--­ .'S{ ' ' 

SIEVE SIZE 
3.. 1-1/2'' 3/4'' 3/8'' N0.4 PAN l175 mm) l37.~mml l19.0mm) (9.5mm) 14.75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER _sc_.. 
WET MASS RETAINED 

DRY MASS RETAINED -@--­ ..:f-,DE!J s.zz. 3'.4~ z,# 
DRY MASS PASSING Z.$."~1 /'f.?..~ p/.ot f().~t:_, 8riD ~Ibm 0kg Os 

%OF TOTAL PASSING /(lb sz.s ~.( Jki.3 ?>f.~ ·. 
GRADATION OF SAND SIZES .,;/..,

IDAY MASS OF SPECIMEN P2.• 4 giFACTOA • ~TO AL ASS I - V_T•V - ~ ;'fz.'Z;3g DRY A F p I EN 
1 ~:s:·. I.e.. 

t~\:. 
I O~.Y 1\'.J...GS •:..= s;: .::c;;I,O::h fS. E\ICUJ 

' 
SiEVI"G TIME IDATE 

SIEVE MASS MASS I %OF TOTAL PARTICLE 
A A R!=MARKS -~1 "NO. !RETAINED (<) PASSING It) C) PASSING DIAMETER 

~'3.8 
z 

31-2. lVIa.,x­ z L18 5t< Vie> 2.36 mm .S I .:::. <:."
"'z 

8.s (1,5"".3 <­ Z.l.\eo 65.2.% ~ra.v-ef._., 
16 "' 1.18 mm"'< . 
30 q,'f SS·7 ~~ t.3.Cp 600Lim t..e/s~-~ ... 

50 11.7 t./'1-.z... X~ /8.7 30011m /t:).f$% hh<Sa:o 

rz.e 51.+ 
01­ '? -GC.:.'iL.l Gc~ ~ro.w..l ~.;,-\-\.,100 1-u. 13·3 · rso__g_m 

1,1 z.-l-.3 
~0 

/0·3 Si I~" t~'~ aN\ 6a.rid200 "-"" 75j.tm 

PAN 
~ESTED AND COMP~Y IDATE ICHECKED BY IDATE 

TOTAL -
HYDROMETER ANALYSIS 

~YDROMETER NO. 7'­ !DISPERSING AGENT S.J;........ \k"lil_t ...\.. ,..,l. .It 
~TARTING TIME 'l:o r !DATE It- 2..~-'10 

!AMOUNT ' · rzs mL 

TIME TEMP HYD HYD CORR • %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER<w 
a: 

z".< 'Z!J !;.<; ·L.Z.·5" t-" CJsI min u~ 37 umWVI 

23,5 '§,'} . 16 a:"' 
7.~~min z~..,;; a:~ 19um0 

Jo,t:; ICJ §,'5" 1.3-> 
U..J 

5·719 min X~ 9um 

'Z-1 1~.s 5.$ II 
a:o -'ft(.,. AUXILIARY TESTS: 

60 min . ot-· s,.m USSR 5205­ __ 
1-u. 

~~ 
USBR 5300-__ 

1 15 min• 21lm 

25 h -tS min• IUm 
TI:STED AND COMPUTED BY y.f !DATE ICHECKED BY JDATE 

. 

GPO 8$3-6S$• Not required for standard test. 



1·1102 (I 1-85) 
Bureau of Redamatiun SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) 

Date 

LIQUID LIMIT 

1 

.?e 
2Z... 

?o.'-.9 
. 27-"'-' 
;1.73 
~ G..3 
IS·~~ 

2 

SAMPLE NO. FEATURE 

§o.o lo e.s# 98-/ 
Airdried 0 Tested by ~ 

Ovendried 0 
 Computed by----------- Date------­
Natural 0 Checked by Date 

PLASTIC LIMIT 

Trial No. 

Dish No. 
No. of blows (N) 

Mass of dish + wet soil (g) 

Mass of dish + dry soil (g) 

Mass of dish (g) 

Mass of water (g) 

Mass of dry soil (g) 
~ 

Moisture % 

Average Plastic Limit 

SHRINKAGE LIMIT .-------.-----, I 
1. Shrinkage Dish No. 

(g) f----1---112. Mass of dish+ wet soil 

3. Mass of dish +dry soil (g) 1----+---1 I 
4. Mass of dish (g) 

5. Mass of water 12 · 31 (gl !---+--:--! 
6. Mass of dry soil (Wol (3 • 4) (g) I 
7. % Moisture (5/6 x 1001 
B. Vol. Shrinkage Dish (VI 

f---1-----t I
9. Vol. Dry Soil (V0 ) 

10. V • V0 = (8 • 91 1-----+---11
11. V ·V0 (10 ~ 

-w;-~ 100= \Gx 100} 
1----1----1112. Shrinkage Limit (7 · 111 

13. Shrinkage Ratio (6/9) '----'----'·1 
PI= LL -PL 

PLASTICITY INDEX: PI=-----=-­ I 
------+ 

LIQUID LIMIT (LL) = -----7:'Z~~r:.3~­ I 
PLASTIC LIMIT (PL) = ------1..!'B~·G:;...._ 
PLASTICITY INDEX (PI) = ____....!~{!.:...J.i__ I 
SHRINKAGE LIMIT (SLI = ------­

I 

I 

I 


1 2 

.-/7 

z_e.vs 
t'f.o-:s 

/1.35 


l·'l't.. 
7. C..'S 

/8-<,r 
 Wn= z-s.., 

Fn = 0-Cf~ 
liquid limit 

LL = W f.!!.) 0.12.0 
n\25 

Fn = (:s) o.12o 

LL = IFni IWnl 

N Fn 
20. 0.974 

n 0.979 

22 0.985 
23 0.990 
24 0.995 
25 1.000 

26 1.005 
27 1.009 

28 1.014 

29 1.018 
30 1.022 

Auxiliary tests: USBR 5205 - ___ 
USBR 5300- __ 

USBR 5350 • __ 

USBR 5360- __ 

USBR 5365 -__ 

Remarks '--,r;----,...,-------- ­,J._- P>L 
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BSH 9ts-1 85.0' to 90.0' 

r\ "1 
\ 

. --1 

\ '!! 

\ .. 

\ 
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\ 
I 

\ -­
\ .. 

. -­
\ • .. 

\ -­
\ -

1... - -­"-, 
r ­ ' ."' .. 

! ­
'! II.. 

F-t---t--+----+--+---1 
L_ ---if---t----t--t---+-4

'-. I. 
----. 

.___
f-' • . • • 1111 

75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unlfi!3d 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: 21.7 Cc: 1.79 
% Fines: 5.1 Plastic Limit: 3.7 

,. 



7-1451 (9~6) 
Bureau of ReclamaUon Designation USBR 5325­

Designation USSR 5330--­
Designation USBR 53Js.:: 

GRADATION ANALYSIS 

PROJECT FEATURE~MPLE NO. {!___/e E!~ j)_,__""''BSJ-1 '18-1 
EXC. NO. DEPTHrREA Bs.!£. fo· 9o:Z 
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_s•'!>'1 

SIEVE SIZE 3" 1-1/2.. 3/4.. 3/8.. N0.4 PAN(75mm) (37.5 mm) (19.0mm) (9.5mm) (4.75 mm) 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER x.v 
WET MASS RETAINED 

DRY MASS RETAINED -e­ =< 8." 5.87 f-¢:.,oe. ,3,A.~ 
DRY MASS PASSING 'V5;ofS'1 U~<Sf /5-~7 JI.S't ,A ,i7 ~Ibm Qkg Os 

,-,OF TOTAL PASSING /06 B4:8 ~/.7 45.1 3z..t.. 
r>DAI II'.,At.l~ ~., ..., 

IDRY MASS OF ttJo: ~> g •~•vn - b-3Ut:> 
},:o·s•· •.. a. ;:;4;. ! D:W !•!.f.:lS C.= S~ . \3. <:'! ou 

;~ ..~TIME eTE 

swci.E _MA5 C•l ~tl 
I I% 2~-T~!_AL r;~ ~E 

1\ll 
REMARKS·"z 

B L• '.6 ViC> ?<.I ,? 2.36 mm IV( Rl( S,' /"Z-~- :o; 3 "' "'z 
23.'-f 51.S 

<­
Jft;.7 (,7,6 /)/c a-~16 "-"' 1.18 mm"' "'< 

30 I /. c; 35- '1 ~ .. [0.~. 600ttm 2-7./ "" ~.. ""4-' 

so q._s_ Z.<l-.'1 X~ tfl 300um S./ "k L> •<' l p ..
a:o 

£,-=:, tct. ( or­
(p ..z. ~W· .r...u =' Je-1 L r.. ... ·1· ~ ••1 ~<>i-llt100 ...... ISOpm 

3:<, /<S.S 
~0 

5.1_ Si I+ a.n&.. c_ ~ 200 .... 
_'!Spm 

PAN 
t,.c;:,l cU ANU j;i7.. T I'"" 1: I 

IBY IUAII: 

'-rn-r• 

HYDROMETER ANALYSIS 

-

• NGt requk'ad for standard test. GPO •~.s -esv 

rtYDROMETER NO. 3~ ~DISPERSING AGENT 

STARTING TIME 
J 3C> !DATE 12.-1-'78 !AMOUNT 

mL 

TIME TEMP HYD HYD CORR • %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER
<( 
wa: 

17.5 -45 1-3 
r-" 4.2..I min u~ 37umW"' 

23,0 1;5.c: -j-,s· Jo.s a:"' 3.<{-4 min a: if 19um0 

19 min fz3,o !3.0 ~1: <£: S-S 
U.J Z.i'X~ 9ttm 

z.3,0 !ItO -4,.5 ~.s 
a:o z.. ( AUXILIARY TES'FS: 

60 min or-
'•. Sum USSR 5205-__...... USBR 5300-__ 

,, IS min• ~~ 2Jtm 

25 h 45 min• IJtm 
'TESTED AND COMPUTED BY IDATE ICHECKED BY IDATE 



• 


1·1102 (I I·SS) SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMit METHOD)Bureau of Redamatian 


FEATURE 


Air dried 0 Tested by - 5'-t> - fc 
Oven dried 

Designation USSR 

'}'B-1 
Date II 

~ Computed by----------- Date------­
Natural 0 Checked by Date 

PLASTIC LIMIT 
Trial No. 

Dish No. 

No. of blows (NJ 

Mass of dish + wet soil (g) 

Mass of dish + dry soil (g) 

Mass of dish (g) 

Mass of wate_r (g) 

Mass of dry soil (g) 

Moisture % 
Average Plastic L~mit 

1 2 
(3 

ZZ.<P"=" 
'Z.(.('S 

tZ-IB 
I.SC 
s.~-, 

/8-0 

SHRINKAGE LIMIT .-----.----. I 
1. Shrinkage Dish No. 

(g) 1---l,__--l I2. Mass of dish +wet soil 
3. Mass of dish +dry soil (g) I 
4. Mass of dish (g) 1----+---,-1 
5. Mass of water 12·- 3) (g) 1----h----l 
6. Mass of dry soil (W0 ) (3 • 4) (g) I 
7. %Moisture (516 x 1001 
8. Vol. Shrinkage Dish (VI 1----+---ll
9. Vol. Dry Soil (V0 ) 

10. V-V0 = (8·9) ~---~--~I 
11. V-V0 (10 ~ ~ 100·= -x 100 

Wo 6 1----+---ll12. Shrinkage Limit (7 · 11) 

13. Shrinkage Ratio (6{9) 
l..-.-....1----.J I 

PI=LL·PL 

PLASTICITY INDEX: PI= __•·__=-­ I 
-----.-+ 


LIQUID LIMIT (LLI = ----_::2,;..1'..,;.1__ I 
PLASTIC LIMIT (PLI = _____r;IS.~u:,__ 
PLASTICITY INDEX (PI)= ____,..Jc.:•--"1'-- I 
SHRINKAGE LIMIT (SL) = ------­

I 

I 

I 


LIQUID LIMIT 
1 2 

2.3 
zz. 

Z7-7cf. 
2'1. '12. 
tZ..w 
Z-B"L. 

J2.BZ. 
zz.c 
o.'i-8~ 

2.1•-, 

Wn= 
Fn = 

Liquid Limit 

LL = w,.(2~) 0.120 

Fn = (~) 0.120 

LL = (Fnl (Wnl 

N Fn 
20 0.974 

21 0.979 

22 0.985 
23 0.990 
24 0.995 

25 1.000 

26 1.005 

27 1.009 

28 1.014 

29 1.018 

30 1.022 

Auxiliary tests: USBR 5205 • __ 

USBR5300·-­
USBR 5350 • __ 
USBR 5360 • __ 

USBR 5365 • __ 

Rem·arks:--....,r-:----------­ML 

-
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.005 
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: 8.91 
% Fines: 6.0 Plastic Limit: 5.3 
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7-1451 (9-86) . 
' 'Bureau of ReeJamaUon GRADATION ANALYSIS Designation USBR 5;125·-­

Designation USSR 5'330·­ J. 
Designation USBR 5335-_­ ~-' 

'O.MPLENO. BSf/98-/ PROJECT FEATURE C/ E/, ]> 'rr­. . . ~ tMV'­ G\., 

r""REA EXC. NO. DEPTH CfO~- -jo 9s!:­
GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY DATE ·" MOISTURE CONTENT OF+ NO.4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT((_)F ·NO.4 
'','\;:_... \ 

TOTAL ORY MA~-OF _sPECIMEto!z...-4-,3 4­
SIEVE SIZE 3" 

175 mm) 
1·117•: 

137.5 rtiml 
3/4·· 

(19.0mm) 
3/8'' 

(9.5 mm) 
N0.4 

l4.75mml 
PAN 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER .2A3 
WET MASS RETAINED 

DRY MASS RETAINED -e-­ .5. llo 6A-8 4-.,~ z.,_sz ~ 
DRY MASS PASSING 2.4.34 JCJ, /B /Z,'JO 'e.o-4­ s.sz IZ!_bm Qkg Os 
%OF TOTAL PASSI!o(G I IJL) '1P..e 52...~ 3.3.o 2.2 7 

GRADATION OF SAND SIZES 
DRY MASS OF SPECIMEN p,:, ,4- ~:\FACTOR.,. OTAL PASS I 

p 
" . a" :2.~ '2.7g ORV MA F :_IM_EN' ' 

~ 

jJ~S:·. 1.0. . 0-~Y '''·.L.SS C: o:;::,:r;.i ;.',EI·. t:.;::VCiJ)' 7 
s;EVI!o(G TII~E 'DATE 

SIEVE PARTICLEMASS %OF TOTALMASS REMARKSC>' DIAMETERNO. RETAINED (g) PASSING (t) PASSING A ·:d 
tl 

z 
V>C>·'7;, 8 /Vt ::.<..X .:S ~~c. .:... :2- i4­8 2.36 mmI 4- ,{c.." /8.'1I '­ "'z..<-., /s;'7 Gra.v-e I .- 77.3j 2-,f 1.18 mm16 S9.7 "'<"' ;o·,s­

~- s~ .. - lri:,.712. .;'1 . 600_M_m30 4-9.2­ ~~ 
!- . X~/0,7 F, ··H:.~ .s -·· - ~.o38,5:" 300p.m10; Iso a::o 

01­
1-IL _7-'~ ISOum ~ f ·- ~I!.='PDOr"l.,C.,..J. J Grow.l l..oo·,-\\..9.~ Z_cj,O100 !;!o
IL ..~.0 Z3.o c;o200 751'-m a..J. 'Stl.NfS i I.J.v C.la. 

I • 
PAN 

·~STED AND COMPUTED BY DATE CHECKED BYI _]DATE 

TOTAL 

HYDROMETER ANALYSIS 
.. s 

-

GPO 853 -G$tl 

HYDROMETER NO. ·?Z- !DISPERSING AGENTSat...... d.- ~·- la_."\, .''"'~k 
STARTING TIME IDATE t\-ZI-18 IAMOUNT 

.. 
12"> mi. 

TIME TEMP HYD HYD CORR ' %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 . PASSING DIAMETER< w 
a: 

')._~ 'J..1 >·O ~'it( 
1-C> 

s;8r min v!: 37umwcn 

z.~.S . 2-·3 s ...r I ~.t. 
·0:: II> 

4-. '74 min a::<·' 19umoo. 

1..7.S )1.5' S·D 12·5 V-l 
'3,319 min X~ •9um 

].';,(' t-f.-5' '},,) q,~- a::o. z,s- AUXILIARY TESTS: 
60 min 01- Sum USSR 5205-__

1-IL 
!;!o 

USSR 5300·__ 
15 min• 2umIL&" 

.25 h -45 min• IUm 
.TESTED AND COMPUTED BY )'If JDATE JCHECKEDBY IDATE 

• Not required for sundard test. 



7·1702 (ll..SS) 
SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)Bureau of Redamatiun 

SAMPLE NO. 

'1'0. 0 fo 	 95- f} 

Airdried 0 Tested by 	 Date -L-!.--.:::::=-.!5:~- Oven dried ,8] 	 Computed by----------- Date------­
Natural 0 Checked by Date 

PLASTIC LIMIT LIQUID LIMIT 

Trial No. 


Dish No. 


No. of blows (N) 


Mass of dish + wet soil (g) 


Mass of dish + dry soil (g) 


Mass of dish (g) 


Mass of water (g) 


Mass of dry soil (g) 


Moisture % 


1 
-?iii. 

ZZ.G,G. 
l!.t<f. 
tZ..¥'-. 

),S'Z-

~-<..'8 
ns 	

2 

Wn= 
·Average Plastic Limit Fn = 

Liquid Limit 

1 2 
3'1 
Zt::J 
z£,.~z 

zs.z.:> 
/Z.ore. 

Z.S"? 
~~~.1'7 
zz.s

L..r> I'-( 
Z-2..-8 

SHRINKAGE LIMIT 	 LL = W (_!:!_) 0.12.0.----r---. I 	 n 251. Shrinkage Dish No. - (g) 1---1--·--112. Mass of dish+ wet soil Fn = (~) 0.120 
3. Mass of dish +dry soil (g) I 

LL = (Fn} (Wnl 4. Mass of dish (g) 

5. Mass of water (2 · 3) (g) f---+---1 
6. Mass of dry soil (Wol (3 • 4) (g) I 
7. % Moisture (5/6 x 1 00) 

B. Vol. Shrinkage Dish (V) I 
9. Vol. Dry Soil (V 0 ) 

10. V-V0 =(B-9) I 
11. V-Vox100= (toxlOO\ I 

Wo t;, \6 '} 
12. Shrinkage Limit (7 -11)-	 13. Shrinkage Ratio (6/9) I 

PI= LL-PL 
. PLASTICITY INDEX: IPI=-----=-­

+ 

N 
20 

21 

22 
23 ' 
24 
25 

26 

27 

28 

29 

30 

Fn 
0.974 

0.979 

0.985 
. 0.990 

0.995 
1.000 

1.005 

1.009 

1.014 

1.018 

1.022 

Auxiliary tests: 	 USSR 5205 • __ 
USSR5300- __LIQUID LIMIT (LLI = -----:'.2.:,:Z::_·..:.j!;-::-- I 

PLASTIC LIMIT (PL) = ______!I!..Jr,:,~:?'?:-- USBR 5350 • __ 

PLASTICITY INDEX (PI)= ______,$"«.;...'3"'-- I USSR5360- __. 

USSR 53~5 - __SHRINKAGE. LIMIT (SLI = -------
Remar~=-,..~-.~-------------I C,.L... -M L­

I 

I 


­
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 015 O.o75 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GW-GC Well Graded Gravel with Silty Clay and Sand 
% Gravel:52.6 Maximum Size: 2.75" Cu: 1028.62 
% Sand: 31.8 Liquid Limit: 23.6 Cc: 1.09 
% Fines: 15.6 Plastic Limit: 7.0 
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7-1451 (9-36) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR S32S­

Designation USBR !$330.-­
Designation USBR S335-=­

~MPLENO. 

E5f~ 98-l PROJECT 
FEATURE G e £!~ ]>.. ,. u....,._. c.. ('1'­

~lOA EXC. NO. DEPTH qs.=:. /-o /CJO~I 
GRADATION OF GRAVEL SIZES 

TESTED ANO COMPUTED BY DATE ·% MOISTURE CONTENT OF+ NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT OF· NO.4 TOTAL DAY MA~ OF SPECIMEN zq•/ { 
SIEVE SIZE 3'' 

(75 mm) 
1-1/2'' 

(37.5mm) 
3/4" 

(19.0 mm) 
3/8" 

(9.5mm) 
N0.4 

(4.75 mm) PAN 

MASS OF CONTAINER ANO 
RETAINED MATERIAL 

MASS OF CONTAINER I 
WET MASS RETAINED 

DRY MASS RETAINED .,c:y-· 6;_6'.3 4-.13 Z/1Cf 2.37 
DRY MASS PASSING 29J/· ;2.3.~ /9. IS" /6,14<­ !3-.7~ 18f1bm 0ks Os 
%OF TOTAL PASSING trrv 8o,o te5.8 ~")S.'S' 47.4 

-

GRADATION OF SAND SIZES

IDAY MASS OF SPECIMEN 8s.D c:IFACTOR .. ~-:r~ Al. PASS I N - -1"1. "· ~7(·& 0 YMA F p IMEN- 1:::s:-. t.. o. --,. ..~- ..-• I O.~Y MJ...SS c.= s:=.:ci;,t,.:;J, CS.C.VCUI 
' ,. ... > 

SiEVING TIHE 
I 

'DATE 

SIEVE HASS HASS I %OF TOTAL PARTICLE 
d REHARKS ~I IINO. R]:TAINED (g) PASSING (g) \!) PASSING DIAMETERz 

8 0,8 '/P, -, in<!) 4-~ - 2.36 mm . jl{ a_y_ ~; ze. ~ ?:.. /~·' 'c".. .... ,G.,:•
"'z 

7c~2-
<­

-~ ~./ G r<i<-V e. I Sz_,(o6 8 0 Q.Ul 
l.lB mm 

.. 
II)~ -

I O, 2­ /'. 0, c.:..> 
~ .. ,.-· 

Sa~- 3 I ,830 l;..J .33 ~ 600Um -
. <( 

f-:'' '"' "rz,o 4-fiu XI­ Zt;,.8 !00_f1tn ·­ 15, (p50 ' 0:0 
.. 

I z., (., 3.S~4 
01­

,q,"J G:W' -Gc. ~ M.ll /I_ l.J GrtJwl 41 ;.)4100 1-11. ISOpm 

7t4­
~0 

f:,;//.y Clav 4Mf SAxe!200 Z.B ,o .... J5.14> 75pm 
• 

PAN 
'T~STED AND COMPUTED BY IDATE ICHECKED BY JDATE 

TOTAL 

HYDROMETER ANALYSIS 

-

~YDRDMETER NO, 7Gc IOISPERSING AGENT ~\;~:--~bb .I .k 
f'>TARTING TIHE IDATE /-ll-lf6 !AMOUNT iz-;; mL 

TIME TEMP HYD HYD CORR ' %OF TOTAL PARTICLE REHARKSoc READ CORR READ 0 PASSING DIAMETER 
<( 
w 
"' 1o.l.< zC, tf,<) :z~;~ 
I-" 

J3,7I min u~ 37umW"' 

zl/6 zs- t/,S ·zc:< "'"' If, .f.~min "'~ 19um0 

19 min 24.S' 2«>.S 'f.S' 1iJ :r. U..J 

X~ 8,9 9um 

60 min 24 n 5 ,o /k D l5g (:.,7 S~tm 
AUXILIARY TE;;TS:

USBR 5205­ __ 
1-11. USBA 5300­ __ 

15 min• ~0 211mIL&" 

25 h -45 min• lum 
'I"" I t:U AND COMPUTED BY y IDATE ICHECKI:D BY IDATE 

• Not required for standard test. GPO 8:13 659-
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7·170Z (ll.SS) I 
SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) Bureau of Redatru~tiun IDesignation USSR . 
SAM':,LE NO. 

FEATURE §S!-1 	 • rROJECT cte.. £/(.{ "'""' 1e~ 10s.o ~ fOO.C 

Air dried 0 Tested by Jv'=: I. ho. Date 11hshs 
Oven dried A: Computed by Date 

I 

Natural 0 Checked by Date 

PLASTIC LIMIT LIQUID LIMIT 

1 2 

7 

W-55'" 
_]({.3_8 . 

/~.3S: 
1.11 
t-03 
J(,.y 

Trial No. 


Dish No. 

No. of blows (N) 


Mass of dish +wet soil (g) 

Mass of dish + dry soil (g) 

Mass of dish (g) 

Mass of water (g) 

Mass of dry soil (g) 

Moisture % 
Average Plastic Limit 

SHRINKAGE LIMIT 

(g) 

•• 

1----f..,...---! 

1. Shrinkage Dish No. 
· 2:. Mass of dish +wet soil (g) 

3. Mass of dish + dry soil (g) 
(g) •4. Mass of dish 

5. Mass of water (2 • 3) 
6. Mass of dry soil (W0 ) (3 • 4) (g) 
7. % Moisture (5/6 x 1 00) 

8. Vol. Shrinkage Dish (V) 
9. Vol. Dry Soil (V0 ) 

10. V • V 0 ':' (8 • 9) 

11. 	V-Vo X 100= {to X 100\ 

Wo t. \ !l '} 
12. Shrinkage Limit (7 • 11) 

13. Shrinkage .Ratio (6/9) 

PI= LL ·PL 

PLASTICITY INDEX: 


PI=--·--=-­

LIQUID LIMIT (LL) = _____:~:,.,_-3.-:(pc----
PLASTIC LIMIT (PL) = ____.!.11..>;;:..·V~--
PLASTICITY INDEX (PI)= ____.1J...·c..O=--­
SHRINKAGE LIMIT (SL) = -------

Wn= 
Fn= 

Liquid limit 

1 2 

?.5"' 

z·'

zs-•u• 
Z.Z.-7(, 
IZ..Z.fb 
Z.Sl.. 

/[),S(:> 

• /'.<l.o 
O·'i~ 

Z..7.c, 

I 	 LL = ( .!!._) 0.12.0 
Wn 25

I 	 Fn = (:S) 0.120 

• I 	 LL = (Fnl IWnl 

I 
I 
I 
I 
I 


I 


N 
20 

21 
22 
23 0.990 
24 0.995 I 

25 1.000 

26 

27 

28 

29 

30 

Fn 
0.974 
0.979 
0.985 

1.005 
1.009 

1.014 
. 1.018 

1.022 

+ 

Auxiliary tests: USSR 5205 · __.


I USSR5300· __ 


USSR 5350 • __ 

I USSR 5360 · __ 

USSR 536!! · __ 
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0 ~J:=r-=---±-ts-~3¥:. 38.1 19 9.5 4.75 2.36 ~-~ 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.00575 1.18 

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: Cc: 0.55 
o/o Fines: 2.7 Plastic Limit: 

­

it 



~· 

7-1451 (9-86) . 
Bureau of ReClamation GRADATION ANALYSIS Designation USBR 5325· 

Oe~~atlo~ g~:~ 533o-::Ded a. B 5335 __ 

'SAAIPI:E"Nv. riSrJ 9B-J i•ROJECT FEATURE C1~I t.tt'V'\ "])0-.t'Y'--· 
AREA · EXC. NO. DEPTH ;o-o~ fa ;o.s:2­

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY D/1-E Cf!J .% MOISTURE qoNTENT OF+ NO.4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE TOTAL DRY MAss_~~;ECIMEN35,4-'1 
~---------------------L,------L-r--~3~.~.--.-~,~-,~n=-~.-.--~3~~~-~.~r-~3~ffi~.-.--r--N~o=-.4--, 

% MOISTURE CONTENT OF- N0.4 

SIEVE SIZE (75 mm) (37.5 mm) (19.0 mm) (9.5 mm) (4,75 mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 

WET MASS RETAINED 

DRY MASS RETAINED 

PAN 

DRY MASS PASSING 

%OF TOTAL PASSING 

35,49 .3o.89 2SS"2iZJ,;o /'11D/ ~m 0ks 

/0 0 8_7,0 z;, 9 :)_9, s "4-<:5,1 
GRADATION OF SAND SIZES 


DRY MASS OF SPECIMEN 1

?CJ { OTALPASSI GN0.4e "- 710 ;_fFACTOR c ORV MASS OF SPEf'~IMEN "" - f.,l;":s"':-- .<,-=:£1~-{:;.cVCtJ). .-1,"0-.----------,-.-.----_::;,;:_,ID,:;.';;<Y:;-If-i,,,co,._'i:SS;:-:;·::"'.'-;:S:;!i'l,.O-;::C"'i;7

TESTED AND COMPUTED BY IDATE rCHECKED BY 
~ . 

HYDROMETER ANALYSIS 

. ; • I . ' 

MASS 

PASSING (g) 


(.74 

'31)7 
15'1 
73 

SiEVING TIME 

SIEVE MASS 
NO. lf\_ETAINED (&) 

; -"C:. e " .... 

16 

/6.3 

so 

.30 

14B 
8ta100 

'2..7200 

PAN 


. TOTAL 
-

lDATE 1/- ZJ- 98 
I % OF TOTAL PARTICLE REMARKS.PASSING DIAMETER . • ,/ ,,·
z" 
"'z"'" <­
O..<n 
V><("' 
!;!"­
4--' \-/'-7L-''''--'8"'-+--'6""00~1tL,rmc__t-----'5='--'U-:::Ov'-'-'-.l-'=l ... - 4-5' + 
X~ 
ceo q,z. 300~m b•'-es ::. '·z..,? 
01­
1-u. 
~0 
"-"' 

!HYDROMETER NO. 'DISPERSING AGENT 

t>TARTING TIME IDATE 'AMOUNT 

TiME TEMP HYD HYD CORR • %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER< w 
a: 
1-C> 

I min u3: 37umWlfl 
a:"' 

-4 min a:~ 19um·0 
U--1 

19 min X~ 9u_m 
ceo AUXILIARY TESTS: 

60min 01-­ Sum USBR 5205-__
1-u. 

~~ 
USBR 5300-__ 

h IS min• 2um 

25 h 45 min,. IUm 
"TESTED AND COMPUTED BY IDATE ICHECKED BY IDATE 

mL 

-


• Not required fol" standard test. 

­
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Unified Soil Classification: 

o/o Gravel: 62.3 

o/o Sand: 34.8 

%Fines: 2.9 . 
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38.1 19 9.5 4.75 2.36 1.16 0.6 0.3 C.1!i O.D75 0.037 
DIAMETER OF PARTICLES IN MILLIMETERS 

GP Poorly Graded Gravel with sand 
f'Jiaxlrnum !)ize: 2.5" Cu: 3.4.32 
pqui~ Limit: Cc: 0.81 
pl~stib limit: 

105.0' to 110.0' 
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7-1451 (9-86)
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325· 

Oe~~=~o~ g~g~ ~~30---Desl a· - ­

I SAMeLE NO. E5t-ICJB;_ I 
PROJECT FEATURE CJe£1~;__ p,,.,r.

I 
ARI:'\ Exc. NO. DEPTH !05° -1-o /Jo5!. ' 

GRADATION OF GRAVEL SIZES 
TESTED ANO COMPUTED BY DATE '1G MOISTURE CONTENT OF+ NO.4 'WET MASS OF TOTAL SPECIMEN ! 
CHECKED BY DATE %MOISTURE CONTENT OF- N0.4 TOTAL DRY MASS OF SPECIMENS S 

-----· C>,o 
SIEVE SIZE 3" 1-1/2'' 314" 318" N0.4 PAN(7Smm) (37.5 mm) (19.0mm) (9.5 mm) (4.75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER X>( 

WET MASS RETAINED 

DRY MASS RETAINED -e· 4.-'~.~ .594 4-,u 4-.Z4 
DRY MASS PASSING 3o.oS 2S.77 JCf. a:3 /5.51 /1,33 ~m 0kg . Os 

%OF TOTAL PASSII'>G I ('T.> l35:8 G".o :5;, 8 3'1.'7 
GRADATION OFSAND SIZE~-

-


-


-

-


DRY MASS OF SPECIMEN ~' C" 1 gjFACTORa OTALPASSI N0.4 • ~o.o.c::~r(,.J . t C. g DRY MASS OF SPECIMEN 

1:.s:- 1.0. 
( 

·-· ~y MJ...SS c.= s::.::c;~J..:J, <s.;::vcu) 
'' 

SiEVING TII-1E JDATE 

SIEVE MASS MASS I %OF TOTAL PARTICLE REMARKS !/ 
,, 

NO. RETAINED (<) PASSING(&) " PASSING DIAMETER 'z 
8 i 2.-& S79 ;;;., 3!.() 2.36 mm ;'l'l ..·t .\ ..;, /. :c. :::. "' -­"'z .. ' •. . ((., _c;-· 4r-4 

<­
(.?, ro. v ~. / ~Z.3O.<n z z...t16 ., 1.18mni -<n< 

.s+.sI(, I 2.5....< ~c. 
/.3' .s­ 600um "''­ J30 ~.J .._:;:, 0.. ··"· . -· 

X~ 
... 

\23 !50 . 'f,o 300jJ,m 
-­ "> z. <j50 a::o /-J>'I'" •. 

.S3 77 
01-­ 4, I IG,f>::. 'Poor\~-, (}.n. ..1.1 G:mV<.\ w'•~100 1--IL. 150pmuo 

Z3 54­
< 

~ ... l200 
IL.tl' z..~ 75J.Lm 

PAN ·TESTED AND COMPUTED BY It;>ATE ICHECKED BY IDATE 

TOTAL 

HYDROMETER ANALYstS 

-

-


!HYDROMETER NO. !DISPERSING AGENT 

~TARTING TIMe IDATE IAMOUNT 
ml 

TIME TEMP HYD HYD CORR • %OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER< w 

"' t--"
I min u~ 37umw<n

a::"' 
-4 min "'~ 19um0 

U.J 
19 min X~ 9pm 

a::o AUXILIARY TESTS: 
60 min 01-­ Sum USBR 5205­ __

1--IL. 

~~ 
USBR 5300­ __ 

. 1 h 15 min• ~m-25 h <45 min• lt.tm 
'TESTED. AND COMPUTED BY !DATE ICHECKt:D BY IDATE 

• Not required for standard test. 
~· 
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 015 0,075 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP Poorly Graded Gravel with Sand 
o/o Gravel:51.7 Maximum Size: 2.5" · Cu: 22.04 
%Sand: 47.6 Liquid Limit: Cc: 0.43 
%Fines: 0.7 Plastic Limit: ' 



7-1451 (9-16)
Bureau of ReeJamatlon GRADATION ANALYSIS Designation USBR S32S­

Designation USSR 5330--­
Designation USBR S3Js.:­

\IPLE NO. 
J5SJ-Jcf8- I PROJECT FEATURE C/e..£/u,,. PIM>'­

r"l:A EXC. NO. DEPTH /JO!:!.. _-f.:, ;;s-~ 
GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY DiJ:..qe 'll MOISTURE CONTENT OF+ NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE 'll MOISTURE CONTENT OF· NO.4 TOTAL DRY MASS OF SPECIME~ 

. ·--··--_Q_~~-
SIEVE SIZE 3'' 1-112'' 3/4" 3/8" N0.4 PANl75mm) 137.5 mml ll9.0mml 19.5 mml l4.75mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER I 
WET MASS RETAINED 

DRY MASS RETAII~ED ...tf ,4,11 13,41 4/.>Z­ a. eo 
DRY MASS PASSING 3o,8t 2.6.1.5 22.. 74 /8. 7Z­ 14.<1?­ .]a Ibm Qkg o. 
'll OF TOTAL PASSII\G 1 ~n:.) 84-,7 7~.1 r.,:,. 7 148,3 

GRADATION OF SAND SIZES 

1 


. 

........ ~_"'t_Cfqn gfFACTOR• DRVM~SSOFSPEC~MENDRY MASS OF SPECIMEN "l...!....!:..> .'/A..-· ---,=
-,: $.· 1.0. 

§,evu;G Tlt1E 
I'. ~0.1:Y I.'.J..!;S o.: s:~,-;r:::.~-?'1, f'S.a.'.t~UJ 

I 

- SIEVE ... , 1\0. 

• 
MASS 

RETAINED 1<1 
MASS 

PASSING(&) 
" OF TOTAL PARTICLE . I I 

PASSING DIAMETER n 
IV 

REMARKS 

>I~.:.< 

L-4.7
1 30 

3 4 . { 2.36 mm .L · 1 ,>< 

z.B,1 1.18 mm Gno, .;-e.../ ; Sl, 7-----· 
I,') ·"' 600/lm 

50 s. { 300um 

100 4-7 /, (p ISOfJ.m 

200 12­ JC o.7_ 75f.l.m 

I PAN 

I rOTAL 

TES~EO AND COMPUTED BY IDATE .I CHECKED BY 

HYDROMETER ANALYSIS 

IIWDROMETER NO. !DISPERSING AGENT 

'J"'TARTING TIME IDATE IAMOUNT 
---.. --.-~L 

I TIME TEMP HYD HYD CORR I ll OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER<( 
w 

...... "' 
I .... ~ 

I min ui; 37umW"'

"'"'<4 min c<:£ 19um0
UJ 

19 min X~ 9um 
c<:O AUXILIARY TESTS: 

60 min 01­ S~tm USSR 5205-__ 
t;u. USBR 5300-__ 

min., <(0 
2f.l.m

1-­ U.r/! 

S h <45 min• 111m 
-ESTED AND COMPUTED BY . !DATE ICH•CKtD BY IDATE 

!ot r~Qulred for standard tnt. 
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Cle Elum Dam BSH ::~d-1 115.0' to 120.0' 
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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: 
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7-1451 (9-36)
Bureau of Reclamation 

GRADATION ANALYSIS Dedcnatlon USSR 5325· 
OesJcnatlon USSR 5330- .. ­
Dcsl&nltfon USSR 5335·== 

~MPLE NO. BSH 4H- ( PROJECT FEATURE~ ~~/ l>o_,....,__, e ., .,_.,, . -
(REA . EXC. NO. DEPTH 1 s~ -1-e ·,zo~ 

GRADATION OF GRAVEL SIZES 
TESTEO AND COMPUTED BY 

IYf~E£18 %MOISTURE CONTENT OF +NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT OF- NO.4 TOTAL DRY MA~ OF.~PECIMEN33168 
SIEVE SIZE 3" 1·1/T' 3/4" 3/a·· N0.4 PAN(75 mml (37.5 mml l19.0mml (9.5 mm) (4.75mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 2.t>.3 
WET MASS RETAINED 

DRY MASS RETAINED -e 4-,7& '7..2-5" 6,6f 11-.2.1 
DRY MASS PASSING 35.M> 2..8/IZ Zt,to1 ,.s,o3 1Lo.79 J8)Jbm 0kg o. 
'!>OF TOTAL PASSII>G !CO 8:5.'1 ?.4-,::3 4-4­ ~ .32. C' 

GRADATION OF SAND SIZES 
CRY MASS OF SPECIMEN '/)~ d l. AS NO.1'""'<:"'Tr;----·-----~7'-"'~0;.;•:;.V;:;.,.==,..;,'I,F"'A_:.~OR •. DRY MASS OF SPECIMEN • 

- ;.: s.· 1.0. 

S~EVII-iG TII"1E 

SIEVE MASS 
t;O. RETAINED (&I -

I r7 4.8 ; I ... 

6 NB-
3Q !57 

I 24·so 
51100 

200 r'l 
PAN 


TOTAL 


.-J ID.~Yt,•.J...ssc:=s:::.:ci;,t,.::l, cs.c:v.::uJ 

' 
MASS 

PASSING(&) 

?.7/ 

44­

:ESTED AND COMPUTED BY 

HYDROMETER ANALYSIS 

!DATE 
I /(- z.:3-?8 

I ,.. OF TOTAL PARTICLE • REMARKS !I •I.PASSING DIAMETER nz " 4.,____;;;., 1 ~-Y'..._,/·..:.'.:..·\.:.'_,•, I;"(' "' ..l--'"-"'~"'''::f.f-·~.:.-!:::...j--'"=2.""36~m:,::mc._j--1-/'_ ."'z<­..... f{e • f I.IB mm (;~ y=n.,te. \ 08,0
UJ<( "' 

'1_.4 600/lm s ..h.J.. - 3<.J,8~~ 
X~ I-4..1.-L,..f.f-+--""30""0""U,m"--+------F,-·1 ~ •.; ::. /, 2­
0:0 
01­
1-IL
l;!o 
IL .. 

IDATE ICHECKED BY 

I' z_. 7Spm 

HYDROMETER NO. !DISPERSING AGENT 

STARTING TIME ·IDATE IAMOUNT 

TIME TEMP HYD H'fD CORR • .,., OF TOTAL PARTICLE REMARKSQc READ CORR READ 0 PASSING DIAMETER
<( 
w 
"' 1-" 

I min u~ 37 umwen 
I "'"'~min a:< t9umoiL 

UJ 
19 min X~ 9Um 

a:o AUXILIARY TESTS: 
60 min 01­ Sjlm USBR 5205· __

1-IL USBR 5300·­ _ 
·,IS min• l;!o 2jlmIL .. 

.t.!:l h 415 min• IUm 
TESTED ANO COMPUTED BY JDATE ._I CHECKED BY !DATE 

mL 

• Not requlrM for standard test. 
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Cle Elum Dam BSH :;,d-1 120.0' to 12s.o·· 


100 ,----::---,--,.---~~ I 

I 


90 
 I J'·-·t\ I l_i =f ; -:--;­
' 
I 


I 


' 

' 80 

I 


i 

I 


- : I i I J •, 


: I I L\~-~ 
!\
I 

+--+------'--...i...!-L_ f-__{='*
I I i I. 

! I ' ' I 

I I -~-~±•
I 


!-,T 
~-

,_ 

-- ­ , ­; ­

I 
I 

T 

'+ 
! I 

II II 
I I j---+­

! ! i ;! 
; iI 

I I i i 
I 

...,
I ' 

! 

'I 
! 'I 

I 
I 
I 

IlL
.. 

9.5 4.75 2.36 1.18 0.6 0.3 C.15 O.o75 0.037 0.019 0.009 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 or Reclamation 

GRADATION ANALYSIS OeslgnatJon USBR 5325­
Designation USSR !S 330-­ ·-
OesJgnatJon USBR SJJs.::- \4PLE NO. BSI( 98-1 PROJECT 

FEATUREC/E C(t, Da.,,...e..t tc.."
rRt:A EXC. No. DEPTH /2.f:J.'+.' -/?.; /2~~'·' 

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 MA~:-~PECIME~ /, 61 
SIEVE SIZE 3" 1-1/2" 3/4u 3/B" N0.4 PAN 

175 mm) l37.5mml l19.0mm) 19.5 mm) 14.75 mm) 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 2.2­

WET MASS RETAINED 

DRY MASS RETAINED -e­ ).! :pJ 1- ·'1 _5.03 3;1-1 
DRY MASS PASSING 31..'7 3().3Z_ 2-h,ZO 2Zt7 ,/8.76­ IKl.lbm 0ko o. 
'!\OF TOTAL PASSING IOU 9!'', '1 -~z. 7_<-· • ]0.0 <;"if• I)... 

GRADATION OF SAND SIZES 
DRY MASS OF SPECIMEN ---~.6 ~l· 1 ~~---- & FACTOR • OR~MA~=t~S!~:C~z~t -

-


-


... <:. ' 0,. ~ ~-
,, .,., .,.- .·.:. ... & ....:. ' ~.c c 

S.EVII.;G TII-1E _,DATE 

SIEVE MASS MASS I 'l!. OF TOTAL PARTICLE REMARKS I I' 
t..;o. RETAINED (&l PASSING('} " PASSING DIAMETER /z 

.r-;<.1. .~;c· ;;;.., S::f. -~t )-t' ' ' . :'. . 'B 2.36 mm ' 
( .. -·_f..:j_ 

~~ ------
'l~ .534 Q.V> 17.0 1.18 mm Gmve / =- ~f-?, -~V> 

V><( 

_LC.,Z, 37Z... "'"- s .... J. --.... s·o~~30 ~..J 33,~ 600Llm 

;~::~·-3 /1( X~ . 
;a.c. F-·. ,. " ; . o,7so a:o 300p.m -

!}__:;-· z.t. I-
Of-

2. ./ 15'f::. ~earl~ G:cakJ 5CA.vJ100 1-u. ISOJ.tm 

200 !In 8 ~~ o.'/ 751tm w ~ th Gmtvel 
PAN 

T:TEO AND COMPUTED BY DATE CHECKED BYI I IDATE 

TOTAL 

HYDROMETER ANALVSIS 

HYDROMETER NO. !DISPERSING AGENT 

- fiTARTING TIME IDATE IAMOUNT 
mL 

TIME TEMP HYD H'fD CORR • ~OF TOTAL PARTICLE REMARKSoc READ CORR READ 0 PASSING DIAMETER
<( 
w 
"' J-" 

I min u:; 37umWUl
a:"' 

~min ==~ 19um0 
U..J 

19 min X~ 9p.m 
a:o AUXILIARY TESTS: 

60 min 01­ Sp.m USBR 5205-__
1-u. USBR 5300­ __uo 

15 min• <( 2~tm.... 
25 h <45 min"' I p.m 
TESTED ANO COMPUTED BY IDATE ICHECKED BY IDATE 

. -r• Not required for standard test. 

­
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75 38.1 19 9.5 4.75 2.36 1.18 o.6 o.3 c.15 O.o75 o.oa7 o.019 o.oo9 o.ooe 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP Poorty Graded Gravel with Sand 
% Gravel: 58.8 Maximum Size: 2.5" Cu: 21.08 
% Sand: 40.4 Liquid Limit: Cc: 0.55 
%Fines: 0.8 Plastic Limit: 



·­
7.J4SI (9-16) 
Bureau of Rec:lamatlon 

GRADATION ANALYSIS Designation USBR $325·--
Deslcnauon USBR 53Jo._ _ 
llu.Jsnatlon USSR 5335·-­

PROJECTMPLE NO. FEATURE c~., F/,_. ,. _r·) ...,_,...... .F.5!/CJ8···1 
Exc. No. DEPTH ;--.r:.''-1I""I:A <::.,......') () /. :-: t . .~--
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 MA~:-~PECIMEN..3"0,# 

SIEVE SIZE 3'' 1-1/2" 3/4" ·3/B" N0.4 PAN(75mml (37.5 mm) (19.0mml (9.5mm) (4.75mm) 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER Z.OZ­
WET MASS RETAINED 

DRY MASS RETAINED -e-­ 4.3~ s"c:.z. .. 4-..3D .~.70 

DRY MASS PASSING 3o/14­ 2'-.50 lzo.74­ /~_44.IIZ.I4 ~~Ibm 0ko o. 
% OF TOTAL PASSII.;G. /CO 8S.f3 c:;7,c.; :'>3. I 4/.2­

GRADATION OF SAND SIZES 

DRY MASS OF SPECIMEN JFACTOR • AL s N • •r- 50 0 

SIEVE MASS HASS 
t.;O. iRETAINED (•J PASSING I&) 

a Jf'7e. 

6 7 15 
3Q 1'11 

- 50 

40100 z7 
200 I 3 

I 
PAN 

DATE 

I % OF TOTAL PARTICLE I REMARKS 
~ PASSING DIAMETER ~ •I ·' 
~~ 1_ _,3='-·..~.I.::A:r:..:....f-.o2:.:.3c:o6.!!m"-"m'--il--'./__,''[.'.._.~-''-'L ·.-·__-_,_·__.::·____,•._ -----... 
~~ ~~~~q·u~e·--+-~1-~18~m~m~I------'C/~~~-~'~'~~v_·e=-LI___-_·__~,;~;~E~3L"~~~-----l 
~ ~ 1--'.f-!.7'''-'-'-...J-_.!6~00!!1.1£!mm!.....-+----....!:~::~:..!·.,.=·~· ..c'.:::...J .• ----l-4-·,::i.<..!_,_·Lj._.----j 

~g _3,7 300um 
01­
t;u.
<0 

I,~ 150um 

u. .. o.8 
!DATE 

75pm

ICHECKED BY 

J · otH :, 

TESTED AND COMPUTED BY 

TOTAL '" 
HYDROMETER ANALYSIS 

HYDROMETER NO. !DISPERSING AGENT 

!STARTING TIME lbATE 'AMOUNT 

TIME TEMP HYO H'fD CORR • -r. OF TOTAL PARTICLE 
Qc READ CORR READ 0 PASSING DIAMETER<wa:,_., 

I min u~ 37umWill
a:"' 

-4 min a:~ 19um0
UJ 

19 min X~ 9um 
a:o 

60 min 01­ Sum1-u. 
IS min• !;!o lumu. .. 

25 h ~5 min" lum 
ftSTED AND COMPUTED BY .I DATE ICHECKED BY 

REMARKS 

AUXILIARY TESTS: 
USBR 5205­__ 
USBR 5300-__ 

IDATE 

mL 

• Not required for standard test. 
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 O.o75 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP Poorly Graded Gravel with Sand 
%Gravel: 57.2 	 Maximum Size: 2.25" Cu: 19.50 
%Sand: 41.6 Liquid Limit: 	 Cc: 0.41 
% Fines: 1.2 	 Plastic Limit: 

­



-

7-14$1 (9-U)
Bureau or R.edamaUon GRADATION ANALVSIS :!>edfnatlaft USBR 5325­

Desiinatlan USBR S3l0--­
DedD\atfon USBR. 533s-:: 

;AMPLE NO. 15sH qe-t PROJECT fEATURE cJe, J£I,.,..__ ])~TV". 
'AREA EXC. NO. DEPTH /30 I -fv 135' 

GRAD4TION OF GRAVEL SIZES 

i 
-

....... 


HYDAOMETERANALYmS 

TESTED AND COMPUTED BY orr:..qe, " MOISTURE CONTENT OF +NO. 4 WET MASS OF TOTAl. SPECIMEN 

CHECKED BY DATE "MOISTURE CONTENT OF ·NO•. 4 TOTAl. DRY~OF SPECIMEN 3 0, 
3 

'7 
SIEVE SIZE 3" 1-1/2" 3/4" 318" N0.4 I 

175 rnml (37.Smml CI9.0.mml 19.Smm) l4.75mtn) PAN 

MASS OFCDNT...INEA AND 
RET...INED MATERIAL 

MASSOFCONTAINER 2/.l."\ 

WET M.t.SS RETAINED 

DRY MASS RETAINED -e- z., s-q &-,17 4.71:, 3.f14-
DRY HA$5 PASSING 3D:3'1 z.i.78 21. C. I /(·,85 113•"' I lXIIbm Qkg o,, 
'll OF TOTAL PASSING IOU 1t.s- 7/.Z s:.ss r4-z.e 

GRADATION OFSAND SIZES 
DRY MASS OF S'ECIMEN ( . .q.(. { . 

1 JFACTOA• - - - (..,•~ <".· £.rPfG!MftJ --·-OISH 110. ·1 DRY MASS OF SPECIMEN fSIEVEDt 
.:J <f..S 

fStEVIHG TIME -~DATE 
1/-23-98 

SIEVE MASS MASS • 'J<. OF TOTAL PARTICLE 
, A REMARKS t/ 'l 

NO. iRETAINEO bl PASSING (~I " PASSING .DIAMETER ")z 
9 JTl-f- ~32- ;;;.., 55,3 1.!6 mm /VI •.tv ~> 1 ·z_,;. .. /-./ -f-

11.2- "2,70 
~l!: -. z4.S" G......,.. "e. I S7.Z-..... -16 -·"' 1.18 mm
"'< 

2..17 / .!J'..:j "'a. /0. ( So.-4 =-4J.(.30 ~.J 60Dum 

I 0 P, 4s- X~ 3,0 lODum r-, ·.,."· ~ - /, .2-so o<O -
z_O z.s- 01-

1.7 l~-::-?oorll4 frr,..l.J . ~C'd\l'e.f100 1-u. ISOr.tm 

7 ~0 I w'•·Pn f>o..~100 18 u. .. ,,z.... 7Silrn 

PAN 
'tj." AND COMI"U ..,o BY IDATE ICHECKED BY . 'DATE 

fraTAI. 

-

·- • Not r•cwlrM for mndard tnt. c;Po.ass-••• 

PfVOROHETER NO. IOISPERSING AGENT 

!STARTING TIME IOATE I AMOUNT 
mL 

TIME T~P HYO HYil CORR t "OF TOTAL PARTICLE REMARKS
READ CORR RE).D 0 PASSING DIAMETER<w 

"'.... ~ 
I min v~ l1umW"'a::"' 
4mln a::f 19um0 

U.J 
19 min X~ 9um 

o<O AUXILIARY TESTS: 
oe;o mfn 01- Sum USSR 5205-__ 

1-u. USBR 5300.__ 
• IS min•. ~~ lum 

· 15 h 45 min• tum 
TESTED AND ~EDBY -~DATE -~ CHEcKED·av IDATE 
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Cle Elum Dam BSH S8-1 135.0' to 140.0' 
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! ·--··75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 O.o75 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GP Poorly Graded Gravel with Sand 
%Gravel: 53.1 Maximum Size: 2" Cu: 15.93 
% Sand: 46.2 Liquid Limit: Cc: 0.72 
%Fines: 0.7 Plastic Limit: 



7-14$1 ,,..,, 
Bureau orRed&m&Uon 

SAMPLE liD. 6-/ 

TESTED "NO COMI'UTED BY ~Af-qe 
CHECKED BY DATE 

SIEVE SIZE 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASSOFCONTAINER 7J '14.-;e)
'" WET t1ASS RETAINED 

DRY t1ASS RETAINED 

GRADATION ANALYSIS 

PROJECT 

EXc. NO. 

GRADATION OF GRAVEL SIZES 
" MOISTURE CONTENT OF +NO. 4 

"MOISTURE CONTENT OF ·NO.4 

3" 1·11:!"' 314.. 
l75mml (37.5 mml (19.0mml 

e J.S:<;" 3,q{p 

DedpaHoa USBR S32$. 
Deolaaatlon USBR 533o.-­
Deii.Cftatlon. USBR. S33s.:: 

FEATURE 

DEPTH 
135' I 

WET MASS OF TOTAL SPECIMEN 

TOTAL DRY MASS OF SPECIMEN z_s 
·.:JZ3/lr N0.4 -

19.5 mml (4.76 mm) PAN 

s,p_ 4-.44­
DRY t1ASS PASSING 2-8.3'"{ z.:-..az. zz...e~ I 7.74 /.:3,30 lfllbm Qkg o •. 
ll OF TOTAL PASSING fbO 94,.5" ea.C:: t..z./: -/-G, 'I I 

GRAOAifOkOFSAHD SIZES 

-

-


DRY MASS OF SI'ECIMEN ~' 7-;f"l ,,FACTOA • • • -,·· '· . i ' I QRY MAtt£ ~11>lli'H 
~·· .... 

QISH ltO. 
( I • t\ DRY MASS OF SPECIMEN t.~IEVEOI 

.._; . _) 

!SiEVING TIME IDATE I /-2..:-5- "f,'-'J 
SIEVE iRET~~or., MASS hl I 'lr. OF TOTAL PARTICLE REMARKSNO. PASSING I " PASSING DIAMETER •z 

. I 7jj 4-71 ~~ ~.4- 2.36 rnm 11/1 '~ ){ . :; 17.~'. 
.., 

9 ..,, <. ­

1.57 3t-Z "-"' Z3.d I~ISmm G r·o.·""' ./ c­ 53,116 "'"'< 
1.5'1 I .J·.:;-­ ...... 

/(,3 600Hm ~ 0 . .. , .{ 4-/c·2­30 ~..J : 

so Jt) ~ 41 )(~ 
3.~· lOOilm J l , 'l. ~ .. .:: o.7a<O 

.3 18 
01­ '6: p-;:. 'V~ Jl. ~raded b-ravtf100 I-lL ;. '3 IS0 11m 

c q 
~0 

0,7 I wil-h :5ili.5t"c.l200 
..... 75pm 

PAN 
t~"I~U ANO •TED BY IDATE ~CHECKED BY 'DATE 

fToTAL 
t. 

HYDROMETER ANALYSIS 

~YDROMETER NO. !DISPERSING AGENT 

!STARTING TIHE IDATE -'AMOUNT 
mL 

TIHE ~MP fi,YAO HYO CORR t "OF TOTAL PARTICLE REMARKS
RE D CORR READ 0 PASSING DIAMETERc <w 

"" 1-CI 
1 min u! 31umW"'a:"' 
4 min a:f 19um0

UJ 
19 min X~ 9um 

a<O AUXILIARY TESTS: 
60mln 01­ Sum USSR 5206-__...... USBR 5300.__Uo 
,, IS min•. ~ .. lUm 

15 h -45 min• lum 
TESTED AND .u, "u ED BY IDATE ICHECKED BY -~OATE 

C:Po us-•~• 
. 
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Cle Elum Dam BSH ~o-1 140.0' to 145.0' 
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75 38.1 19 9.5 4.75 2.36 1.16 0.6 0.3 015 0.075 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: 86.3 Liquid Limit: Cc: 

%Fines: 13.7 Plastic Limit: 




7-1451 (9·86) . 
Bureau or Reclamation 

GRADATION ANALYSIS Designation USBR 5325­__ 
Designation USSR 5330·-­
Desfa:natfon USSR 5335·-­

\OPLENO. 1JSJ-/ 98- I PROJECT FEATURE c EJ, D.e. ............. <::l. "..._ 

['"t" Exc. NO. DEPTH 11-0~ -h !1-S:"t> 
GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY Dfl!ft8 %MOISTURE CONTENT OF +NO.4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT OF. NO.4 TOTAL DRY MASS OF SPECIMEN 

---··· 
SIEVE SIZE 3" 1·1/2'' 3/4" 3/8" N0.4 PANl75mm) (37.5 mml (19.0mml l9.5mm) (4,75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER "D-4 
' WE.T MASS RETAINED 

DRY MASS RETAINED ..(!7-­

DRY MASS PASSING Olbm Qkg o. 
%OF TOTAL PASSII\G /tJO 

GRADATION OF SAND SIZES 
DRY MASS OF SPECiMEN 67.'1 :fFACTOR• 

AL ss - -DRY MASS Of SPECIMEN .. ..... ···­ . . ·-..::=­
I :.s:. 1.0. 

"l 'I 1o.=1 v I1'.J..SS c.= s:-.:c;;.•..s:l, (3. c.vc:u1 
I I 

S;evii.;G Tlt-1E 'DATE 

SIEVE MASS MASS • "OF TOTAL PARTICLE REMARKSt\0. RETAINED 12) PASSING(&) " ·PASSING DIAMETERz 
8 ~(l ero.tt ;;;., 99-9 2.36 mm fottllc_ .SL~ ~ .M-f"'z --­

r3'(.z_ <­ :e-"'t.. G.ra.vel~--7 O..V> 9s-.g 1.18 mmU1 

"'< 
3Q '1-<> 71-1 ~~ es.o 60Htm ~$<>&, 5~--
so 311 lf~.o X~ 4~? 300U.m r~.7 bfo FoU.~a:o 

2'-1.3 18·1 
Of­

U.3 ,SftA,;: s·M" Saru:l.100 f-u. IS0 11m
~0 

200 ~-; /Z..v "-"' 1'3-7 751lm 

PAN 
T:TEO ANU COMPUTED BY IDATE ICHECKED BY IDATE 

TOTAL 

HYDROMETER ANALVSIS 

HYDROMETER NO. 3?a ~DISPERSING AGENT 

[STARTING TIME I .'34 IDATE J 2.· 7. - '1 (~ IAMOUNT 

·---~!:: 
TIME TEMP HY.b_ H'fD CDRR • "OF TOTAL PARTICLE REMARKS .,c READ CDRR READ 0 PASSING DIAMETER< w 0 f)<:.. b''-'1 m,t rk ( J"' 

~ lf,o -4-.~ 'f.) 
!-\!) 

fl>·B I o-f' :3• f min u!!: 37umwen 
Z3,o .}2.,0 -4-. 5' 

a:"' 8-5-4 min 1S a:< 
19umoo.. 

23,0 //,0 - 4-.::; ~ '-· 5" 
UJ T<J, 

19 min X~ 9um. 
4 Z3.o (J,:>" - 4-.S 4.o a:o 4.rc AUXILIARY TESTS: 

60 min Of- Sum USBR 5205­__ 
f-u. USBR 5300-__ 

15 mtn• ~0 2um11. .. 

4-' h 45 rnin• tum 
"So ED AND COMPUTED BY IDATE Io.;HECKtD BY \DATE 

• Not required for standard t"t. 
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Cle Elum Dam· BSH 98-1 145.0' to 150.0' 
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DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SP Poorly Graded Sand 
%Gravel: 8.0 Maximum Size: 1.25" Cu: 3.18 
%Sand: 87.6 Liquid Limit: Cc: 0.89 
% Fines: 4.4 Plastic Limit: 



,... 

1!·14$1 ~~~·).... GRADATION ANAL VSIS .~.... 

'AMPLE NO. ES;_f '1B -I C/~ ElV-11'1....­
I"K"A EXC.NO.­

-~· ... 14-S' fv ;so' 
IOF 

I'C~" ocJBY !ofi!Eq f5 I"MUIS fURE ...v .. I CN (OF+ NO.4 !'WET MASS OF TOTAL 

IBY ;DATE 1" r..uo~ • unt< \OVN 1 crw 1 v~ NO. 4 IT IYMASSOF: ·-r:.r, Bo 
SIEVE SIZE (75:r:...,., 13U/,;ml .,n3f."::... (9~..:.., .~...... PAN 

IM~_DF• ~:'NO 

uu"""' :38 
WET t1ASS ne~., ..e, 

DRY t1ASS Rl .:.. -,;;7 o,,;s­ o,Z-4> 0,37' 

. DRY t1ASS 'c;~ao C},G..) q,3q q,o2­ Ji{lbm 0kg Ov 
ll OF TOTAL /(0 qb..':l ·qs,f!. _Cj'~.o1 

'DRY ·~ur 4-6']..10 cl' 
,_ ~ . ,.., • q ',r 

DISH NO. •J. ( .1 ORYMASSOF: .. 
f"l·c VIHG TIME lbATE ;t-=.::.- r~-~ 

sw~E ~bl ·~(I] • I" 2f. ~L REMARKS ! / ; I" Az 
8 -1.- ::-·I "'" 87..7 ~.3& .... /l/r \..)(. :5 I Zo!:. :C: i / >f 

. Z3 .t.~-Uj 
~~ 

8!,7 G,-.-1 "~· I ~ 8,016 
...... 

1.18 mm... ~ 
30 ~I _3Cf'1 ...... 

7.'J'.EJ 600Um "~ ..... ._/ -6/&:­~ .... 
so 117 z:z...c._) X~ 4::::_ D 300um ,.·,,.. ,, ~ ..-.J.. .4..:o 

Jb3 51 0 .... ;o.1 IS? ~Y"~Vl G::ra,..l n 1 ~ .. ,.,.\,100 ....... ISOUID -:=
Uo 

200 34 2.3 ~.. 4-_4 75Jim I 

PAN •_cl>l eLl AND • "cu BY IDATE I IBY IDATE 

"' 

. 


HYDROMETER ANALYSIS 

~YOROMETER NO. !DISPERSING AGENT 

STARTING TIME IOATE _tAMDUNT 
mL 

TIME TsrP HYD HYD CORR I liOF TOTAL PART~ifE REMARKS
READ CORR READ 0 PASSING DIAME ER< wa:: 

1-" 
I min u:!: !7umWll> 

a::"' 
4 min a:~ 19um0 

U.J 
19 min X~ 9Jlm 

a::o AUXILIARY TESTS: 
60 min ~~-- Spm USBR 5205-__ 

u"­ USBR 5300-__ 
' IS min•. <0 lum..... 

25 h ~5 min• I Lim 
TESH:O AND ;QMPUTED BY IDATE ICHECKED BY IDATE 

.Not ,..qulrftd for standard test. GPO •SI ....,, 
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100 T - ..,...--- ,.,__ -- .... --.~- 8=- -r 

150.0' to 155.0' 


. 
0.019 0.009 0.005 

"t80 

70 
C!l z 
Ci5 60 
(/) 

0: 
1­ 50 
z 
UJ 
(.) 40
0:: 
UJ 
a. 

"F20 -

r 
10 

0 

-+--­ ---­ - •

'I·-+':+' 
-+-- ! I ! I ' I -j .! 

' I i ! I I i ! 
IT! I IH i 

I I I =I I . t=l->--j 
I ~ I ' I I I -1 

38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 C.15 0.075 0.037 

-j­ · I t• t-1--t=t I -·.\­ ·i 
I _I I --+-- T ·t 

-T I ·­ 1--­ .. \ ·t 
I 

\ . 

- . ! I t! . I -­

1 1 i 1\ 
i l . !-i--\\-1 

. I . I I i ; ~--t 
. I i b .-l 

+ ~ : I i I I Hi=t=';-~
t I - .J 

I \! 

75 

I I 
iI 

-i 

~ 
i 

-­

-i
' I 

I 
I 

' ' 
I-­

I 
! i-­

I l I --1
I I 

~ I ' 
-, 

\ 
i .J

-\ 
. I 

~-....., l I -
-~ i 

i-
I 

ir...1 --"!!!­
' 

--1­
·­

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SM Silty Sand 
%Gravel: 0.0 Maximum Size: 3/8" Cu: 
% Sand: 78.4 Liquid Limit: Cc: 
% Fines: 21.6 Plastic Limit: 
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1-1451 (9.f6) 
Bureav ofRcetamaUon GRADATION ANALVSIS Dedpatfoa USBR S32S· 

Desicaatlon USBR S330·-­
o..lrnauoa USBR. SJJS.-= 

'AMPLE NO. PROJECTBSJi --98- I FEATURE /1/ ,.;_/ -,.._ 
<:._. ~F t4 "' ..V """''-' ' 

exc. NO. DEPTH 
/50 

1 .L.. 
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~OF SPECIMEN 5-;tf'Z... 
~----------------~~-----L,-~y~.~-r~1~-1r.r~~~~~4~..~~~~~-~~~N~0~.~4-, 

SIEVE SIZE 175 mml 137.5 mml 119.0 mml !9.5 mml 14.75 mml 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASSDFCONTAINER 17 
WET t1ASS RETAINED 

DRY HASS RETAINED f hQ'\c.£ 

PAN 

DRY HASS PASSING l-<:) ,4-2 ~Ibm D~<g Ov
~~~~~----~--~---4----+---~---4~~-~~~ 
'll OF TOTAL PASSING F '-''-' 

IDRVMASSDF 

IOISH liO. 

!"IE VINCi TIME 

]0 

so 

100 

/{Jb.O tJ •~ow ~- ~ 
IDRVMASSDFSPECIMEN tsi'EVEDi . 

-

REMARKS 

100 /2.3 z'·"' 
PAN IBY 

frDTAL 

HVOROMETERANAL~S 

,_,; .
• 

> 

~YOROMETER NO. {(, IOISPERSING AGENT 

!STARTING TIME 8 51 IOATE !Z-2-'1/S IAMOUNT 

TIHE T~P HYO HYO CORR • "OF TOTAL PARTICLE REMARKS
READ CORR READ 0 PASSING DIAMETER< w 

"' 
IZ3.o IB """ t8t min -5.0 ui!: l7 ttmW"' 

lz,3,o -S.o /3 "'"' (34 min /8.0 rr:f 19um0 

2..3,0 /3,'5' -s.o e.s U..J 
8-~19 min )(~ '"m 

23.0 Iu.s­ -s,o "'·S" 
a:o 

(,, ') 
AUXILIARY TESTS: 

60 min 01-­ Sum USSR 5206­__1­ ....... USSR 5300­__uo 
ISmJn•. ~at lum 

15 h ~5 min• I "m 
tESTEDAND ,.EOBY IDI.TE . ! CHECK;ED BY IDATE 

mL 

-
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Cle Elum Dam BSH 98-1 155' to 165' 
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9.5 4.75 2.36 1.16 0.6 0.3 015 O.o75 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SP Poorly Graded Sand with Gravel 
%Gravel: 44.7 Maximum Size: 1" Cu: 25.31 
%Sand: 53.5 Liquid Limit: Cc: 0.70 
% Fines: 1.a Plastic Limit: 



7-14$1 ('·")
Bureau or Reclamation GRADATION ANALYSIS !)eslpatlon USBR S32S­

Oeslpallon USBR $330--­
0esilft&llon USBR 533s-:: 

SAMPLE NO. PROJECT FEATURE /?/, J:::/B-/ L.- e. i:;;./1-1 WI. 
EXC:. NO. DEPTH Is-s- I 

GR,.D.IITION OF GRAVEL SIZES 
TESTED AND COMPUTED BY D.IITE "MOISTURE CONTENT OF+ NQ. 4 

CHECKED BY D.IITE "MOISTURE CONTENT OF· NO.4 

SIEVE SIZE 3"' 1-1/2"' 3/4.' 
175mml (37.5mml [19.0 mml 

MASS OF CONTAINER "NO 
RETAINED MATERIAL 

MASS OF CONTAINER 5v 
WET W.SS RETAINED 

DRY MASS RETAINED -e-­ I, 2L/ 

DRY W.SS PASSING 2.:Z.,o7 z..o. e'1 
ll OF TOTAL PASSING Jo-v '94-,6 

GRAD.IITION OFS.ANO SIZES 

WET MASS OF TOTAL SPECIMEN 

TOT,.LDRYMASSOFSPECIMEN 

7zz..o 
3/r N0.4 --· . 

(9.Smml (4.75mml PAN 

5,3, 3,3(., 
/5.~ ;z,zo !iilllbm 0kg Qg 

'/o.s ·s;s,3 

DRY MASS OF S'ECIMEN 7 4 I• '-1 tfFACTOA • • ..I pny MA@ nE SPE<jtMftj - • i !•f.(
... -

DISH 110. L, ' lORY MASS OF SPECIMEN (SIEVEOI -· ;_·, 
!SIEVING TIME IOATE 

SIEVE MASS MASS • "OF TOTAL PARTIC:LE 
I REMARKS

NO. l!eTAIHEO (&I PASSING~) " PASSING DIAMETER ,IIz 
L'l<.AX. -· 8 t4B 5'13 ~~ -44. ;;__ 2.36 mm ~·/.ze:. - f 

16 /.5':> 4.38 IL"' .3Z..7 1.18 mm G r·u.. v e. I ~ 1-1-·-:7.., 
/.3 I .Jv7 

~f ;<:.2... 9 0 d.. :=. .53~">30 ~-~ 6001tm <L.--. 

)(~ 
-

so )3tJ /77 /3,2­ lOO~tm .r=-; r\~.s .. ;. eo<O 

It 
01­ 4.s- S'P =­ 'Poor\'-1 S.nJ.eJ ~"dtOO I &,o 1-IL ISO~tm 

200 3/e> Z4­ ~~ J,8 7Spm t..)oth G:ru11e.l 
PAN 

•~•~uANU' .. ~oaT IDATE ICHECKED BY rATE 

TOTAL " 
HYDROMETER ANALYSIS 

HYDROMETER NO. iiSPERSING AGENT 

:>TARTING TIME IDATE IAMOUNT 

• 
mL 

~OF TOTAL PARTICLEHYO HYDT.f.tiP REMARKSTIME C:~~R 0 OIAMETEilPASSINGC:ORR RE 0c RE"D <w 
"' 1-CI 
u!1 mfn 17umwon
o:"'o:f4mln 191.1111
8.J 

19 min x;5 9tUft 
a:O .IIUXILIARY TESTS: 

-01­ USBR 5206-__60 min Sttm1-IL USBR 5300--__uo 
. ISmtn•. lllm~ ... 

2Sh ~5 min• 111m 
•~~u:\.1 AND E~BY It;tt~CI<.I:I) ISYJOATE .loATE 

·:~-: 

-' 
CP 
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Cle Elum .Dam BSH .....-1 165.0' to 170.0' 
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 015 0.075 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: GW Well Graded Gravel with Sand 
% Gravel: 68.9 Maximum Size: 2" Cu: 33.01 
% Sand: 30.0 Liquid Limit: Cc: 2.23 
% Fines: 1.1 Plastic Limit: . 



-

7-1451 (9-!6)
Bureau or Reelamation 

GRADATION ANALYSIS Designation USSR SJ2S­
Designation USBR S3JO·-­
DesJan•Uon USBR 5335·== 

1'\MPLE NO. P51-/ ora- 1 
PROJECT FEATUREC/e. £/.,._,. __ J'>o ,...... 

rRt:A EXC. NO. DEPTH /h.S.!! fo J7o.E 
GRADATION OF GRAVEL SIZES 

-

-


TESTED AND COMPUTED BY ~t~Etj6 %MOISTURE CONTENT OF +NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT OF· NO.4 TOTAL DRY MASS :.~PECIME'Z'?, ~ I 
SIEVE SIZE 3" 1-1/2H 3/4.. . 3/8•• N0.4 PAN(75mm) (37.5 mm) (19.0mm) (9.5 mml (4.75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

· MASS OF CONTAINER Zat 
WET MASS RETAINED 

DRY MASS RETAINED -€:--/· 0. ,t:). .., B,at, .5.94 -:3.4-1 
DRY MASS PASSING 2.7.(,.·1 u,79 11:13 1/.'/Cf 8.58 :..esilbm ok•. D• 
'1. OF TOTAL PASSING I C'. ;, ... 97.0 ~4:1 14-"\ .4 31· ( 

GRADATION OFSANDSIZES 

DRY MASS OF SPECIMEN t(: / - '") ;:'FACTOR. TAL '='~SS N - •(.I. 0 c.-~-.~... 

ISIEVE MASS . HASS '1. OF TOTAL PARTICLE REMARKS
A ..t\0. RETAINED (&) PASSING(&) PASSING DIAMETERz " -·I ..;;;.,8 2.36 mm-L-.:'~·. <......12-S 4r:J1 1-~;:z::..~'t---"""'-=--ii---.L/·w_'..t../•_-;:'··'-"""x - .. ,.;e. '=-·_____"'z<­._., /'_ I - /. c~ ,Cil_-, r::.t. \/ t... - r...r; _,_12..4- 3U:>:.>16 /8,3 1.18 mm"'<"'.,._ 

.._..___, .tZf.:, "'"':1 s· v-r· -:.J.::::..__:._·--=~::~...:-·--=·:....::~_·----l30 ~_, /1 .1 600/!m 

X~I.;;-·~, -­ J .... .. (,/...~, =<. 300 JJ.m50 J L.:-1 a::o 
01­
1-IL100 t,(p 3'1 '2.., 0 I SOpm 
~0 
ILII!

200 17 2.2­ L· I 75pm 

PAN 
~ESTED AND COMPUTED BY :I DATE .I CHECKED BY IDATE 

TOTAL 

HYDROMETER ANALYSIS -
-


-


-

.Not rf'!qulred for sundard test. 

HYDROMETER NO. \DISPERSING AGENT 

~TARTINGTIME IDATE IAMOUNT 
mL 

TIME TEMP HYD H'fD CORR • '1. OF TOTAL PARTICLE REMARKSoc READ CDRR READ 0 PASSING DIAMETER< wa: 
,_Cl 

1 min u!!: 37 umW<ll
a:"' 

~min a::< 19umoa. 
UJ 

19 min X~ 9um 
a:o AUXILIARY TESTS: 

60 min 01- Sum USBR 5205-__ 
1-IL VSBR 5300-__Uo

h IS rnin• < l~tmILt/! 

25 h -45 min• IJ.Im 
TESTED AND COMPUTED BY ~DATE . \DATEICHECKED BY 

­



r { r r l { { r i r ( l [ ( 7 . {
l · r t 

Cle Elum Dam BSH ~8-1 170.0' to 175.0' 


100 ' l~· I _(:__:(: 
-~ 

', • I • 
;I •• I ·~·=F-~~=+=.= ·+. 

90 

tl- :+q:::- '11-r • -- +-+­' . ~ ;\ +- -
' 

80 ,-- -; ' . -j·r-r--, -· . ' H--r- ·-r_,_
' ' - I 
- ~ I . 

_+---L­ i70 I i j .. \ l 1! -
(!) J_z !U5 60 ± : ~t-_j-t- t 

! I • \ .!~en 
~ T=!=t-J

I 
1 : 

z 
f- 50 R=t I +·~=t= -t· --t-i-- : 

. 

I 
•J' I ~~ '- - J.- ----,---± iUJ ; -------L I ' I

I --; J_ , , \ j--+­~ 40 I 
I I I I \ i r ·- -T , , ; 

UJ 
a. 

30 R=F1·
II 

T 
: 

" •· 
II 

:.~1 l 
1 I '\-+:i=t ·r­ - ! I, 

20 . I - ' 
r- i- j ~ ._ 

75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 
~-

0.15 0.075 
--f--+.--1__)

0.037. 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SW Well Graded Sand with Gravel 
%Gravel: 19.3 Maximum Size: 1" Cu: 6.99 
%Sand: 77.5 Liquid Limit: Cc: 1.13 
% Fines: 3.2 Plastic Limit: 

10 ! j ' ,--!' 
0 -

h t- I -+ ' I,--, J _j__ J !
I \ ILJ_ . 

. 



7-1451 (9-16) . 
Bureau ofRedamaUon 

GRAOATION ANALYSIS 

~MPLENO. [L-/ PROJECT FEATURE 

EXC. o. DEPTH /7S'
GRADATION OF GRAVEL SIZES 

-

o.-

TESTED AND COMPUTED BY DATJJ-£tJf MOISTURE CONTENT OF+ N0.4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE "MOISTURE CONTENT OF. NO.4 TOTALDRY~OFsPECIMEN Jj, ~,3 
~------------------....L,~--~~~~Y~.---r--,~.~,r,r~.-T--~~~~~.--r-~3~nr~--r-~N~o~.~4~ 

SIEVE SIZE 175 mml !37.5 mml 119.0 mml 19.5 mml 14.7& mml PAN 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER '2£) I 
WET MASS RETA.INED 

DRY MA.SS RE.TAINED 

DRY MASS PASSING 

y; OF TOTAL PA.SSING 

I 9.03 IN:4-9 !8.2-"' /.5',.84 .IRl_lbm Qkg 

I~··!· !:J9, 1 93,2_ 8c-:-:,7 

...., 
REMARKS 

GRADATION OF SAND SIZES 
OR Y MASS OF S,ECIUEN N ... ·~t' ,.~ 

01SH ItO. . 10'1\YMASS OF SPECIMEN l!liEVEOI_\_,.... I 
[SIEVING TIME 

SIEVE 1 MASS 
NO. "'ETAINEO ,_, PASSING <•) 
e qu . . "". ' ·~ 

.6 do 

MA.SS . 

,...,_4­
30 ... ~ 

12.4­so !4-(... 
Sl100 '73 
302-t200·­ PAH 

"" AND ~CHECKED BY 

fToTAL "' 
HYDROMETER ANALYSIS -

piYDROMETER NO. 101SPERSIHG AGENT 

' 

,.. 

JSTARTIHG TIHE 

TIME Tf.!"P c 

I min 

4 min 

t9 min 

60mln 

f5 min•. 

HYD 
REA.D ~,0CO R 

_,DATE 

CORR 
READ 

I 
0 
-~ 
"'._u 
u! 
Wilt 
a::"'o::f
0 
U..J 

X~ 
a<O 
01­
1-IL 

~~ 

~OF TOTA.L 
PASSING 

-~AMOUNT 

PARTICLE REMARKSDIAMETER 

37nm 

19um 

9um 
AUXI LIARY TESTS: 

Sum USBR 5205-:._ _ 
USBR 5300­__ 

2um 

ml 

25 h 45 min• 
~ED ANQ ::OMPUTEOBY IDATE ICHECKED BY 

tum IDATE 
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--­ Cle Elum Dam BSH 98-1 

100 '~'l·---~,-r---.·---,r--·----r r- -­ --1--r-·TL. I .:. 

i 
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---r----r 

_I__j_ 
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~±·-j-
II __L 

i\t· . . -l
I\'. I I I J 
. ~\ I ~± ~ 
,_ I\A±+ 

11-...I --r 
' 1~i 

I ~t ~-,_+ 
i I [---r--'--.

' ' ---r--l---t-

I 
1I 
'I ' I'

-~! 

I 

i ..;. 
I I i' 

1 
-~ ' I 

I 
' 

-t ' I 
I 

-t I 

;-+ 
I' 

--1­
I ' ' 

! 
~ -t::11. 

' 

175.0' to 180.0' 


~ 

0.019 0.009 0.005 

+-+-- __,__90 1-+--' .. J 

+-J--~ -.. 

80 .. I\ 

70 
(.!) 
z .Ci5 60 

I ! ~~ i 
0.. 
1- 50 
z I! ±=±i ' UJ 
(.) 40 f=l . I 
UJ 
0.. 

0:: t+++ !__30 

H- ~ i 
20 

I I 

I I 
· I 

i I 
10 ; . I 

' ! . 
0 . 

75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 015 0,075 0.037 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SW Well Graded Sand with Gravel 
% Gravel:38.2 Maximum Size: 2" Cu: 15.28 
%Sand: 60.8 Liquid Limit: Cc: 1.32 
% Fines: 1. o Plastic Limit: 



7-1451 (9-16) 
B~~tuu of RedamaUon 

'AMPLE NO. 

GRADATION ANALVSIS 

A-/ PROJECT 

Exc. No. 

FEATURE 

Ded~natloa USBR 53ZS­
DeslpaUon USBR 5330--­
Deslll\&tlo" USBR 53Js.:: 

/80' 
GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY 

' 
CHECKED BY 

D'7- <fB "MOISTURE CONTENT OF+ NO, 4 · 

DATE "MOISTURE CONTENT OF· NO.4 

WET MASS OF TOTAL SPECIMEN 

TOTAL DRY~~SPECIME'Z-f,oe 
~------------------~~----~~--~3=.~.--~~,~.•~r,r=•~r--~~4~.~.--r-~3~nr~--r-~N~0~.~4--, 

SIEVE SIZE (75 mml 131.5 mml 119.0 mml 19.5 mml 14.75 mml PAN 
MASS OF CONTo\INER AND 
RETo\INED MATERio\L 

MASS OF CONTAINER 

WET I-lASS RETAINED 

DRY MASS RETAINED 

DRY I-lASS PASSING 

" OF TOTAl. PASSING 

(1-.:::z 
' 

z4-,oe Z3,s7 .zz.3e J9,<?2../4-.B7I.BIIbm 
;ov qq,f lqz,q Rz...1 6; ,s 

GRADATION OF SAND SIZES 

-


- DRY MASS OF SPECIMEN 

OISH 110. 

!SIEVING TIME 

30 

so 

PAN 

TOTAL 

1DRY MASs OF sPECIMEN I$1EVEDI 

IOATE II. 2.1-- '"1.3 
REMARKS 

EDBY IOATE 1CHECKEDBY 
. 

- .· .• r,.' I'(~ .r.. 

,. 

HYDROMETER ANAL VSIS -

' 

ttYDRDMETER NO. 

ISTII.RTING TIME 

TIME T~P HYD 
READ 

I mil'\ 

4mln 

19 min 

60 min 

l 5 mtn•. 

2Sh 45 min• 
"''''D£0Afi0 i:OMPUTEO BY 

• Hot requlrN for standard '"t. 

!DISPERSING AGENT 

lOATE IAMOUNT 
ml 

HYO CORR • ~OF TOTAL PARTICLE REMARKS
CORR READ c PASSING DIAMETER<w 

a< 

~--" u~ 37umWtll
..:"' 
"'~ 19um0 
U.J 

X~ 9um 

:5~ AUXILIARY TESTS: 
Sum USSR 5206­ __

1-IL USBR 5300­ __ 

~~ 2um 

rumIDATE -~CKEOBY IDATE 

~Po •s1 .. est 
'-' 
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I .I 

-!­ -",, 

_j -.1 
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I 

' .-1 -­

I 
j ., 

"----! 
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\_;. __,+--l +\,-!­

II .-1­ l +­ -r, . 
-
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~~ 

! 
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~ 
! 
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.75 38.1 19 
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180.0' to 185.0' 


.l ·I I I I I 
+ I I ·1 1 1 : 

11 I! I II 
I 

~ 
I ~ . 

J.. I ! I It ' I I I I 

. 
' ' 9.5 4.75 2.36 1.18 0.6 0.3 015 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SP Poorly Graded Sand with Gravel 
%Gravel: 31.7 Maximum Size: 1.75" Cu: 9.25 
%Sand: 66.0 Liquid Limit: Cc: 0.50 
%Fines: 2.3 Plastic Limit: 

. 



7-14$1 (9-t6) 
Bul'eau of RecJaa..Uon 

GRADATION ANALVSIS 

!AMPLE NO. l'fiOJECT 

EXC. NO. 

FEATURE 

OEPTH 

!'edcaatloo USBR 532$. 
Delipatfon tiSBR S3lO.-­
~JlpaUon USBR. 53.35·== 

/.BO IBs-' 
GRADATION DF GRAVEL SIZES 

TESTED 4ND COMPUTED BY irf~<?B "MOISTURE CONTENT OF +NO. 4 "WETMASSOFTOTALSPECIMEN 

CHECKED BY DATE "MOISTURE CONTENT OF -NO.4 TOTAL DRY MASS OF SI"ECIME~- ;/{ 
SIEVE SIZE 3"' 1-T/r' 314•• 3/B'" N0.4 PAif 

(75 """' 
137.5 mml 1!9.0mml I9.Smml 14.75mml 

MASS OF CONTJ'.INER J'.ND 
RETAINED MATERII'.L 

MASS OF CONTAINER ?nz 
WET HASS RETAINED 

DRY MASS RETAINED -e­ o,zf Z-117 z.,<ce ::?,4-7 
' 

DRY MASS PASSING <-'..'f>.91 ln-.•70 2.4;53 Zt.8S if8,38 I,EJ~ o~o o. 
" OF TOTAL PASSING' '·.:•o qq,2 q /,2­ 8/,Z­ 68---.:i 

DRY UASS OF SPECIUEN -72f1' () JFACTOA • DBV MA!i£ 0 ~N-- . - - .. J. /' .: . 
DISH UO. 

I ' ·1 01\V MASS OF SPECI UEN !SIEVED) 
._) .... ­

GAADATION OFSAND SIZES 

!SiEVING TIME !DATE 

SIEVE IRET~~o <•' PASS~ h) 
I "OF TOTAL PARTICLE 

A. REMARKS 31NO. " PASSING 01'-METER , 
z 

~ 80 ,.-_·)~ ~~ C:o.~ 2.16 """ 1Vfv...'>i. ~~ f ;£.a....; ... I !4 
Gf"t c;<,"q D. II> S/,3 1.18 ..... c-.yn,•P/ - 3;.7• ..~ 

I qyj ..,<f,i, .... 
-~"" (. 600uon <, I ~~.ulD 1... -· t •../ -

, 
so Z33 13..3 ><i5 I -~ -:­ 300uon F, ;-v: .'\ - Z..,2a:o "' ­ , ~ 

e~ =t7 01­ 1,3 Iff -:: -?e>cv-\u /" J 1 t;,. tv!100 ...... ISOUIII 

22­ 2S ~~ z,3 
I 

W• -th G:.mu-e.l200 7S1Zrn 

PAN 
··~""AND COMPUTED BY IDATE ICHECKED BY !DATE 

fTOTAL 

HYDROMETER ANALYSIS -

.1i'YDROMETER NO. . !DISPERSING AGENT 

'"fTARTING TIME lDATE IAMOUNT 
mL 

.~ 
TIME T.rrP HYD HYD CORR I ~OF TOTAL PARTICLE REMARKS

READ CORR READ 0 PASSING DIAMETER< 
'Y w 

"" .!, ...~ 
I mi" u~ 37umW"' 

"""' ':­ 4mln "'f. 19um0 

~ U-1 
19 min X~ 9umr. "•'• a<O AUXILIARY TESTS: 

01­ Sum USBR &20&·­ _...... USSR &300.__ 

"''"·· ~~ 2um 

•s h ~5 min• I "mlTESTED AND :;l)MP\IlEO BY ·!DATE TCAECREDBY IDATE 

...lot ,..qwlr~ for '""ciard mt. 
~· 
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Cle Elum Dam BSH ~8-1 185.0' to 190.0' 
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to~i . 

I --v~ I 
- ; , ; 

III 
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19 9.5 4.75 2.36 1.18 06 0.3 0.15 0.075 0.037 
DIAMETER OF PARTICLES IN MILLIMETERS 

; 
' 

~ 

I 

0.019 0.009 

i 

l 
j

l . 
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I 

l 

: . 
- I 

'' 

l I 

I 

~ 

1 i 

0.005 

Unified Soil Classification: SM Silty Sand 
o/o Gravel: 3.5 Maximum Size: 0.75" Cu: 
o/o Sand: 79.9 Liquid Limit: Cc: 
o/o Fines: 16.6 Plastic Limit: 



-
GRADATION OF GRAVEL SIZES 

7-14$1 (f-16) 
Bureau or RecJalftatlon 

GRADATION ANAL VSIS Deslanollon t/SBR 5325-
Doslpallon t/SBR 5330---
Doslcnallon t/SBR S33s.:: 

SAMPLENO. l3St-/18 -/ PROJECT FEATURE CJe£7......... 1)1./Cln·,.

F EXC.NO." OEPTH 
)85'.../..:, 1'10 1 

' ...... 

TESTED 4ND COMPUTED BY DATE " MOISTURE CONTENT OF+ NO.4 ·WET MASS OFTOTALSPECIMEN 

CHECKED BY DATE " MOISTURE CONTENT OF • NO.4 TOTAL DRY MASS_ OF SPECIMEN 
3 

,3!3 

SIEVE SIZE 
3.. l-1/2"' 3/4... 3/8" N0.4 PAN175mml (37.5 mml (19.0mml l9.5mml l4.75mml 

MASS OF CONTI'.INER I'.NO 
RETIUNEO MATERII'.t. 

MASS OF CONTAINER 3R 
WET HI'.SS RETAINED 

DRY HI'.SS RETAINED -e-- Ir.J,a.Z... Oo/l.J 

DRY l'V\SS PASSING 3.35 3.3(... ,3,;z.i.. lEI Ibm 0kg o. 
'll OF TOTAL PASSING 1.» qq,<{ q(c.$" j 

GRI'.DATION OFSAND SIZES o.r ,.... 
DAY MASS OF SPECIME .. lnfl .-, 

1 IFACTOA• 
N . 

{). 956~-. !f..U.Em~M.!J._ .. - ... -
DISH HO. 

i.'(/ 
DRY MASS OF SPECIMEN f51EVEOI 

ISfEVING TIHE 'DATE . 

SIEVE HASS, 1, HASS • "-OF TOTAL PARTICLE REMARKSNO. lo.eTAINEO PASSING (•I li . PASSING DIAMETER 

8 4,~ c;(g.~ ~~ qz.'3 2.36""" 1'J.li"' Si '!:(> ... 3/-,<.• 

16 2./ qq,z.. A...~ tjb.?;, 1.18""" 3.5 o;.., Ceca~ 
"'< 

30 . 2.8 t?i7i ..... 
&7.Cp 600Um I'1q.q '%, S att..fl~-' -

50 9.o /?2...</ X~ 7i.o 300um /(o.(r; 11/o F,..;...,a<O 

4Z.o 404 01­
?,8.( ISM :: Si +-.. Soi\.J.100 ...... tsoumUo 

. I -
100 zs.( )7.3 ~ .. Ilc. ¥> 75P.m 

. 

PAN 
""~10ATE 1CHECKEOBYTESTED A 'DATE 

tTOTAL "' 
HYDROMETER ANALYSIS 

~YDROHETER NO. 72-­ IOISPERSING AGENT 

ISTAR TING TIME c> .5"4­ IDATE IZ-Z-18 JAMOUNT 
mL 

TIME T~P HYO HYO CORR • lro OF TOTAL PARTICLE REMARKS
READ CORP. READ 0 PASSING DIAMETER<w 

"" 
lr?.S /Z.S 

1-0 
[Z.oI min -5,0 u~ l7umWll> 

23.o ,.,., 0 'I a:"' B.!e>4mfn -s,o "'f 19um · 0 

Z..=$,0 c;. U-1 5.719 min 1/,0 1-S,O )(~ 9um 

Z3,o l1o,o -5,0 5 ~~ 4.f3 Sum 
AUXILIARY TESTS: 

60mln USBR 5206·- _...... USBR 5300.__ 
• IS min•. ~0 ll.tm... .. 

15 h 45 min• tum 
'TI:STEOANO ::oMI'UTEO BY rOATE 'I CAECICE08V IDATE 

-Hoc ,.~Ired for standard tut. GPO I!JJ •IS• 

' 


, 

-:__: 
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Cle Elum Dam BSH 98·1 190.0' to 195.0' 
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~ 70 1±=.· ! I T I ! +=~~: i -+=t=b 
rnso, 

1 
j .. ~t-~. -- ,

en 1 li · '' · 1 

~ 50 ~tt I I I ~-~ . ;~ I . I 
Z i j • t=: 1 :' 1 I 

I 
l 

~ 
I 

UJ . ,. . ! i t- ' : ~I I l! 1 \ ! 
~ 4o I ; ~- ---y i l i w . 'I ' ... ;;. . 
0. ! I . ! ! i i : I ., I ' 

30 + . ..;---1 -"· _ __L_~ 
; I ! I t-: ! .. : I • ·, i I I 

I I I __I i - J.. '·. I
20 '=tl .... 

I. 

.: i I , '·'· 
1o rr- J J I 1~ I+-t-- ! ;±! . '" 

1 i ·1 t :! I · I 
0 ...L4- 1 1 -f----, , I . 

75 38.1 19 9.5 4.75 2.36 1.18 o.e o.3 c.1s o.075 o.o37 o.o1e o.oo9 o.oo5 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SM Silty Sand 

% Gravel: 0.0 Maximum Size: No. 4 Cu: 

% Sand: 64.8 Liquid Limit: Cc: 

% Fines: 35.2 Plastic Limit: 




30 

1-1451 (9·86)
Bureau or Rec:Jamatlon GRADATION ANALYSIS Designation USSR 5325· 

Designation USSR 5330---
DeslsnatJon USSR S3JS·-.: 

,MPLEND. 
'BS}j~ 6-l PROJECT FEATURe,/ 

€:.. E I"',,. ~-"'-· 
rRtoA Exc. No. DEPTH I q o e. -/-.,.__ I <f.;;-.E. 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY 0jt~B ·'ll MOISTURE CONTENT OF+ NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE 'JI MOISTURE CONTENT OF. NO.4 TOTAL DRY MASS OF SPECIMEN 

··--·­
SIEVE SIZE 3" 1-112" 3/4'' 3/8" N0.4 PAN(75mm) (37.5 mm) (19.0mm) (9.5mml 14.75 mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER (:,c.._ 

WET MASS RETAINED 

DRY MASS RETAINED ..-t:l 
DRY MASS PASSING i }lJ Ibm Qkg Os 

'JI OF TOTAL PASSII-iG · 
. tdD 

•GRADATION OF SAND SIZES 

.... 
. 

...... 

HYDROMETER ANALYSIS 

·J DRY M~~-s -~~sPeciMeN 0'7 9 (FACTOR • ~;fl)fAL ~ -. -g OflY MASS OF SPECIMEN 
-·~--. ...-

1::.s.· r.o. .. J In :tv'·' t. :!S 0 =- s:- .:-:; ::..:1, c.;. ~v-:u) 

S;evu.-G TU-1E !DATE 

SIEVE MASS MASS I '1. OF TOTAL PARTICLE REMARKSr;o. !RETAINED(&) PASSING(&) CJ PASS!NG DI('.METER £.z 
q •· .. 

(p(._'j ine> q<l.3 fl'l6..)c ::X~ ::= /1/~-.:r... -----2.36 mm"'z<- qq.o -8- o/o &fll.ve/Ol (p 7;z. :;~ l.fBmm 

1.3 G.S-5 "'a. t(!--z I r.:.1. ~ % s;uJ~-~ 600Um ..• 

so f<r 57-3 X~ '34.4· 300J!cm 3S.2°/o Fii'-Ll'a:o 
01-

ISM.-=- 5; I~ So.n.~100 r1 ' 38-Z. 1-u. S'-3 IS01tm 

/'17. 'Z."S5 
~0 

ss.z_. ' 
200 ,_, U.ol' 

75!lm- PAN 
TESTED AND COMPUTED BY IDATE ICHECKED BY I 
~ j,tC 

DATE 

!TOTAL 

'iiYDROMETER NO. 67 !DISPERSING AGENT 

-TARTING TIME /4- 'I IDATE ;::. 2.- '18 IAMOUNT 
mL 

TIME TEMP HYO H"fD CORR • %OF TOTAL PARTICLE REMARKS oc REAO CORR READ 0 PASSING DIAMETER< 
One. ~.-..( w 

I'Y\ 0.. ""': Ja:: 
,! 12~0 -.s. 0 If> 

,_CJ 
Z(OS I o0J31 min u!: 37umW"' 

23,0 lt&.O -S,o 1:3 a:"' l'l.'L:.,.._ -4 min a::< 19umon. 
II l/3•.5"" -5.0 B·~ 

U-l 
fZ.5'19 min 23oD X~ 9M_m 

Z3.0 111,0 -s,o (p a::o 
~.e AUXILIARY TESTS: 

60min 01­ Sum USBR 5205·__
1-u.

!_ uo USBR 5300·__ 
min• < 2.!'_mU.!l' 

25 h <45 min• I UrnrtS I ED AND COMPUTED BY _I DATE ~CHECKED BY IDATE 

Not rf!<:ltlir...., for t:tanderd test. 



I r ( l 1{ ! .• r ( r ( r t . ( ( { f ( ( { 

Cle Elum Dam BSH 98-1 	 195.0' to 200.0' 


100 -----.. 	 I ... - •--. -. -1 - ---------I 
90 r+-4~--~4-~:---r== 

'8 . l ___:l 
I' I\: 
l 
: 

: 

, 

' 

~~ 
l 

J 
~ 
-I
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_j 
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~ 
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1 
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' 
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-iI 

-i-,._ 
! 

--1.:::::: .l I 

t ­

80 t----J---+-J-----i'--1--i .r
t-_--r-1-t--+---+---+---l--1- --! 

70 
(!) 

z :-- • 

I I I

Ci5 60 ! --r I 
~ a.. 	 ! i iH
1- 50 I I i I ' z 
UJ ~-	 I i
0 40
0:: 	 ! I ~=t=~ 
UJ 	

Ia.. 	 I 
30 t-t-~--~-· ! i 

I . ' I 'I~· =+=~I I -. i I 
20 ~+~I ~t--~~---· !" 

1 . ! i I ! i 
10 	 L 1 I I +--·' I 

' 


T i 
 1 r	 ~ I-~0 
75 38.1 	 19 9.5 4.75 2.36 1.18 0.6 0.3 C.15 0.075 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: 
o/o Fines: 25.1 Plastic Limit: 

­



-

1-J4Sl (9-16)
Bureau ofRee:JamatJon 

GRADATION ANALYSIS ~dtnaUoft USB R S32$. 
~aaatfon USSR 5330--­
Dftlll\&tfon USBR 5335-:: 

SAMPLEIIO. PROJECT FEATURE 

Exc. No. DEPTH 
2t'?> 

I 

GRADA. TION DF GRAVEL SIZES 
TESTED AND COMPUTED BY DA.TE " MOISTURE CONTENT OF +NO •. 4 ·WET MA.SS OFTOTALSPECIMEN 

CHECKED BY DATE " MOISTURE CONTENT OF ·NO.4 TOTAL DRY MA.SS OF SPECIMEN 

3" 1-112.. 3/c·· 3/fr --­
SIEVE SIZE N0.4 PANl75mml 131.5 mml l19.0mml (9.Smml l4.75mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER ~~ ~'-
WET HASS RET....INEO 

DRY t1ASS RE.T....INED -e 
DRY t1ASS PASSING ."::$.97 ~Ibm. Qkg o. 
%OF TOTAL PASSING / .:)" -v 

GRA.DA.TIDN OFSANO SIZES 
DRY MASS OF S'ECIMEN /Ol.G ,)FACTOR • - - -AY MA~Jl~J..LU: ' 
OISH lfO. /I IDRY MASS OF SPECIMEN {$1EVEOI 

JSiEVIHG TIHE !DATE 

SIEVE IRET~~Ohl . HASS I•: • 'Jr. OF TOTAL PARTICLE REMARKSNO. PASSING ( ) ., PASSING DIAMETERz 
/Ill~ 5t?:e -. ,;U>. r-B I rrt r.,­ /01.8 ~~ ~ 2.36 mm 

li7:! <( /0/-8 G."' ~ l.ta mm -G-% Q,~16 "'"'< o . .:.. /Of. (p "'G. 
9f.~ 600Ltm '1'4.'? % &~~.J30 ~ ... -

so f!r: fjZ..( X~ 9o.S 300um 2S.t %. F.-.~·­ 0:0 

41.2. 5tJ-~ 
0~ 5M. ';' s:H-4 5o.nd.100 ~ .. Sl><=> ISOum 

z-t.~ zs..,; ~0 
Z~./ 

• 
100 ~- .... 751!m 

PAN TESTED AND COMPUTED B'i'10ATE -~CHECKED BY 'DATE 
fTOTAL to . .JIC 

HYDROMETER AN....LYSIS 

j'fYOROMETER NO. 37P IDISP!:RSING AGENT 

!STARTING TIHE e+"f ~ATE I:!.. .. .,. }f. IAMOUNT 
<­ mL 

TIHE T~P HYD HYO CORR t "OF TOTAL PART~~1LE P.EM.t.RKS
READ CORR. REAO Q PASSING DIAME ER<w 

a< 

-4.5 
,_.., n.z.t min zz.o 17·5" u~ 17umW"' 

Z3.o -4.5 Jt.,~ 
a:"' 12..34mln J?,O D!f 19um0 

23,0 i/3,0 -4.5 6-~ 
U.J 8-tf19 min X~ 9nm 

/OS -4-:.5 " 
o<O AUXILIARY TESTS: 

60mln Z3.o 01­ S-'1 Sum USBR 5106­ __.. ..... USBR 5300­ __Uo 
n I 5 min•. ~ .. lum 

25 h 45 min' lnm 
TE!TlrOAHO COMPUTED BY IDATE ICliECKED BY !DATE 

. 

! 

~ .. 
;.­

-

.· 



( { ( l 1. l f ( r f. { l ( ( { { ( ~ 

Cle Elum Dam BSH :18·1 200.0' to 206.0' 
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~ 60 ~ I I j- i ! i i-rt-!' 
~ I I - I 'I t-----r---~-~--\ 1­
1- so · · . · 1 · · · --f I
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. 
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z ' . ' I I ! I J 'J i i~ 40 ' l I=H=.~-J--r. ~.--a:: I 

· I ~-~-~ 

+=+=t=tj_+- .t . +-l--1 

I~---+--t--L- t-:~=-J--

I I ' 1--r- ,.
~ I -~: 

~ 
I Ii I 

' I I I -----=:t·_· ~ . Wl 
19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: SM Silty Sand 

% Gravel: 0.6 Maximum Size: 3/8" Cu: 

o/o Sand: 79.1 Liquid Limit: Cc: 

%Fines_: 20.3 Plastic Limit: 


c 



7-1451 (9-U)
Bureau of ReeJamatJon 

GRADATION ANALYSIS ~atlon USBR 532$. 
Dqjpallon USBR 5330---
Dniii\Otlon USBR SJJS.-= 

SAMPLE NO. i3 5!-l 18- I 
PROJECT 

FEATUREC.J, £I v(!.. (..f .r'Y'.,. .. '1.., 1''-· 
rREA exc. NO. DEPTH 

2..oo ' -ftJ ZLJ6 I 
GR ... DA TION OF GRAVeL SIZeS 

·­

GRADATION OF SAND 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 
3.ss-·-· 

SIEVE SIZE :r· 1-1/2'" 3/4'" 318" N0.4 PANl75mml 137.5 mml (19.0mml 
(9.5 """' l4.75mm) 

MASS OF CONT ... INER AND 
RETAINED MATERIAL 

MASS OF CONTAINER .D -·· 4· 
WET" HASS RETAINED .. 
DRY HASS RE.TAINED ~-- u,oz.. 
DRY HASS PASSING 

1 C,:<" •. 
• I- <~ :3 ..~'3 IB!bm o~~~ Do 

~ OF TOTAL PASSING I r'"' '! .... 9'1.1 

DRY MASS OF S'ECIMEN /(~('. 7. ell N • 
. - o.%?,r-.FACTCA • D~F ~.!!S!"J..t!.f. , • 

0151-1 t:(J. 
to 'I DRY MASS OF SPEC.1MEN ISIEVEDI 

!SIEVING TIME IOATE 

SIEVE MASS MASS ' "OF TOTAL PARTICLE REMARKSNO. lteTAINED hl PASSING lv .., 
PASSING DIAMETERz 
79._q -All a.~< ·s;-et' .,_ 3/e .,8 f'l"lM.-( /1:)<!)·2. ~~ 1.]6 mm 

Tro-u too:z. ... .. '19.'/ 1.19 mm () •(., t>f., &m~l16 ..~ 
/.u qq.2. 

., ... 
'18-<f '7'f • I fJ/o S~t.wJ:30 ~.J 60Gum -

50 zo.z.. ?q.o ><i5 7(3-'f 300um Zo ·~o/o fi~a:o 
'{O. I 3B-~. 

0~ 

'38-t;.:. StJ...-;. s,\-\.v ~nc.\100 ~IL ISOum 

18-4 20,5' 
:;!o 

Z.0-3200 IL .. 7Sitm . 

PAN ICHECKED BY rATE·~~'"u AND YBY IDATE 
TOTAL "' 

'>-< 

HYDROMETER ANALYSIS 

c' 

~YOROHETER NO. Bl _]DISPERSING AGENT 

jSTARTING TIME 
tr('•·'-' !DATE I .., .. 2·18 IAMOUNT- mL 

TIME T~P HYD HYO CORP. • lr. OF TOTAL PARTICLE REMARKS
READ CORR READ 0 PASSING DIAMETER<wa: - f-'-' 

IS'-9t min ZJ,O - '),o ll,o u~ 31umW"' 

23,0 lr7.o 12. a:"' II·~4 min -S,o «f 19um0 

/3,0 ..... s.o e U...l 7-?19 min 2.3,0 X~ 9um 

Z3,o IJD,O -5·0 
a:o s.o Sum 

AUXILIARY TESTS: 
60mln 5 Of- USSR 5206·- _f-IL USBR 5300-__ 

!S min•. ~0 lumIL .. 

25 h ~5 min• Ibm 
'TESl ED AND ::OMPUTED BY IDATE It;HECKO:O BY IDATE 

-
--....: • Not requlr.ct for stand•rd t•st. 

http:requlr.ct
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Cle Elum Dam BSH l:ta-1 208.6' to 21 0.0' 
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90 . : h .ct=.=f-r- • 
II j_ C; 

70 

60 

t±±. ;i ' ' '~ 
(!) 
z ~-- :±(i5 60 en 
<( 
a. II. :j I --i'±! r'I 

1- 50 H-i I . I Iz 
w ~~ i ~~ ···~ 
~ 40 
w . !·I+ I30 

20 

a. 

Ff 1-T± I~§=I 

I ' . I ' 
10 

I 
: I '_j 

0' I ; i I 1~ 
75 36.1 19 9.5 4.75 2.36 1.18 0.6 0.3 015 0,075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: ML Silt with Sand 
%Gravel: 0.0 Maximum Size: No. 4 Cu: 
%Sand: 26.9 Liquid Limit: 21.1 Cc: 
% Fines: 73.1 Plastic Limit: Nonplastic 

­



7.J451 (9-86) 
Bureau of Rec:tarnation 

SAMPLE NO.gs J-1 98 - I 

GRADATION ANALYSIS 

PROJECT 

EXC. NO. 

Designation USBR 5325­
DesJgnaUon USBR 53Jo.:: 
Deslcnatfon USBR s 335-_ _ 

GRADATION OF GRAVEL SIZES 

. .,.. 


TESTEO ANO COMPUTED BY DATE 

CHECKED BY DATE 

%MOISTURE CONTENT OF+ NO.4 

%MOISTURE CONTENT OF· NO.4 

"WET MASS OF TOTAL SPECIMEN 

TOTAL DRY MASS OF SPECIMEN 
. 

J-----------L,.---L,---:;3,., ­.• --.--::1-:·1"'12""'',-,..--:3""!<"'':-.--r-.,;:3/±8:::­.. -'r--:N"'o~.-:.:--.· - ­ ··· ­ ---··· ·-- . 
SIEVE SIZE · {7Smml (37.5mml (19.Dmml {9.5mml {4,76mml PAN 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER b -2­

WET MASS RETAINED 

DF\Y MASS F\ETAINED 

. 

DF\Y MASS PASSING D Ibm 0ko 
~~~~~------~----~----+-----~---+----~----~ 
%OF TOTAL PASSII•«i 

GRADATION OF SAND SIZES 

,~ 

,(.. <.; £) ,I FACTOR • OTAL ss 
F p 

' ~~- ~ . f 
S;EVI~G TII-'IE 

SIEVE MASS 
liO. !ReTAINED l•l 

MASS 
PASSING (•I 

1.., 
z 

jDATE 

'!1. OF TOTAL PAF\TICLE 
PASSING DIAMETER REMARKS 

Ll 6r.~ .,_ .A)... 4'_______.. ...;;;.., toO 2.36 mm"'z<­
..(!J- "'!.:. / IO..V> teO"' I. t8 mm

"'<~0.. 9'1. 'I 6001lm U-,9'% Sa~:!:-' ... -
X~ 'i!J. '3 300um -'/3./lr,e{, FrtU-s.a::o 

16 !; !~4 
30 

fllv'. 

so /, () 
01­ i.ML::. 5;7/- w:.f.J Sar~.d1-u. [3($-3 ISOilm!io 
IL .. 73./ 751lm 

100 r;:. ": 
200 

C;/j 

PAN 

TOTAL 

TESTED AND COMPUTED BY .I DATE 

t. . .JFi 
ICHECKED BY IDATE 

-


HYDROMETER ANALySIS 

~"2- !DISPERSING AGENT ··---­HYDROMETER NO. 

~TART lNG TIME 
I '51 . [DATE 

I .::. - 2 · ''ff 
!AMOUNT 

mL 

TIME TEMP HYD H'(O ~g~s • %OF TOTAL PAF\TICLE REMARKSoc READ CDF\R 0 PASSING DIAMETER
<( 

One. ba. q rY•f.. ~I,'· lwa: 

14:t.o -S.o ~ 
t-'-' 

3 d.('-1 ~ 

I min vi!: 58· 'S' 37um -..:)
W"'
a:"' 

~min Z3,o ,35',o -s.o 3o a::< ~I 19umQQ. 

Z3,o f:S,o -S.o t.o U.J .3o .B19 min X~ 9um 
. 

Z3.o· f9,S -S.o Jt/-.5 a:o 
2.2-3 

AUXILIARY TESTS: 
60 min 01­ Sum USSR 5205·__

1-u.
'-'o USSR 5300·__ 

1-t IS min• <( 21lmIL.. 

25 h ~5 min.. tum 
lEST ED AND COMPUTED BY IDATE ICHECKED BY IDATE 

"'Not requlrotd for standard test. ere e~3- &';19 

- . ' .:;:;r.· 
.~ 

l 



--------- ---------- --
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-


7-1702 (IJ-85) I SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHODI lo uBureau of Redamafit.on n 1on•, 1on SBR 

SAMPlE NO. FEATURE 

Zto.o i5.51-f 
Air dried 0 Tested by 

Oven dried s.. Computed by----------- Date------­
Natural 0 Checked by Date 

Trial No. 

Dish No. 

No. of blows (NI 

Mass of dish + wet soil 

Mass of dish + dry soil 

Mass of dish 
Mass of water 
Mass of dry soil 
Moisture: 

Aver:age Plastic Limit 


SHRINKAGE LIMIT 
1. Shrinkage Dish No. 

1---+-----1 I2. Mass of dish+ wet soil (g) 

3. Ma~ of dish + dry soil (g) 

4. Mass of dish (g) 1---+----ll 
5. Mass of water (2 • 3) (g) 1----1----l 
6. Mass of dry soil (W0 J (3 · 4) (g) 1-----1----ll 
7. %Moisture (5/6 x 100) 1---+----1 
8. Vol. Shrinkage Dish (VI 1---+----1 I 
9. Vol. Dry Soil (V0 ) 1---+----1 

10. v -v. = (8 - 9) 1--~1-----ll 
1 t.V-V0 x100~[1°x100\ . _ 

Wo "' \6 ., 1----1----1 
12. Shrinkage Limit (7 -111 1---+----1 1 
13. Shrinkage Ratio (6/9) '----'L---l I 

PI= LL -PL 

PLASTICITY INDEX: 
 IPI=-----~-­

+ 
LIQUID LIMIT (LLI = ----=f_:.:f_.~~-,­ I 
PLASTIC LIMIT (PLI = ---:-r--r--.- ­
PLASTICITY INDEX (PIJ = -"AJ.~<rn~,#nH<l;;!:;>Z.huC-"-­ I 
SHRINKAGE LIMIT (SLI = ------ ­

I 

I 


(g) 

(gl 

(gl 

(g) 

(g) 

% 

PLASTIC LIMIT 

..----.------.1 


LIQUID LIMIT 
1 2 

3.'i'i 

Wn=~~l~l·~'~-+-----~ 
Fnc (..-.>
~~~~+-----~

Liquid Limit L--""zc,_,.~I_...._____..J 

LL=W (..!!_) 0.12.0 
n 25 

Fn=(:s)o.12o 

LL =IFni IWnl 

...---.....----~ 

FnN 
20 0.974 

21 0.979 
22 0.985 

23 0.990 
24 0.995 
25 1.000

1---.:c:-+-....:::.::=---t 

26 1.005 
1-_::::.-+-_.:.:::=--l 

27 1.009 
1-_::::.-+-_.:.:::=--l 

28 1.014 

29 1.018 

30 1.022 

Auxiliary tests: 	 USBR 5205 • __ 
USBR 5300 - __ 

USBR 5350 · __ 
USBR 5360- __ 

USBR 5365 • __ 

Remarks::___~.------------­
~£1[_ 

1 2 

I I ; 

1 


http:Redamafit.on


r· { ( ( 
( l { l ( r ~ f I I r-

r [ r 
Cle Elum Dam BSH w..-·1 210.0' to 215.0' 


100 - - ______________________,__.....__.­

I l I ' ~ .l-ui . i /' 
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1- 50 
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(.) 40 
0:: 
w a. 
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1 I : It---~-------r20 i L_l 1 
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J r i 1 
I _!_ ~ l 

I 1---r ' : ', r-1
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75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 
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! 
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1---j 
~:=-t· 

' 0.075 0.037. 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: ML Slit 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 

r 



7-!451 (9-86)
Bureau of Reclamation GRADATION ANALYSIS Designation USSR S32S· ···-

Destcnatlon USSR 5330· 
DesJsn•tipn USBR SJ3s-:: 

•PLE NO. osJ.l98-l PROJECT FEATURE CJc. E/v..«, _TJO:tl\... 
rARt" EXC. NO. DEPTH 2-/t> ~ fr, 2/S.£.. 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY 

lrf-.Eqa 
"MOISTURE CONTENT OF+ NO.4 'WET MASS OF TOTAL SPECIMEN 

CHECKED BY OATE "MOISTURE CONTENT OF. N0.4 TOTAL DRY MASS OF SPECIMEN 

·--·­
SIEVE SIZE 3" 1-1/2.. 3(4" 3/8" N0.4 PANl75mml 137,5 mml I19.0mml 19.5 mml 14.75 mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 5C.. 
WET MASS RETAINED 

DRY MASS RETAINED -e-
DRY 11ASS PASSING 

01bm 0kg D• 
'!I OF TOTAL PASSING (OO 

!;:~~~~S OF SPECIMEN (, .'1,(' gjFACTOR • O AL. s "' . . -g 0 y F p !ME 
ID:~v 1-'.J.SS 0= S?,::.-::;;1..;"1. c::.:=v.;oJJ 

.• 
I 

5;EVII-i'G TU-1E 'DATE 

SIEVE MASS MASS I "OF TOTAL PARTICLE REMARKSNO. RETAINED (d PASSING(<} " PASSING DIAMETER 

CD .:5-t?_ 
z 

JV!ruc ::s;~ ,v~.e 
-

' ~ ;;;.., (00 2.36 mm 
~:!: - ----·-··· -·­

' ... /' rr..v; (o3.o 0.~. IOO 1.18 mm -&% Gt?l,;ei
"'< 

1B. 7% .:SO"'-d30 
-t (o"S.o ~ .. (0() 600Um' i :lt_(. :E:..J ... ., ., Ct;Z. 7 X~ q'f,5" 3001.lm /E/.3% F;u.s 

~ a:o 

,3.1 5'1.5 
01­ qq-.q ;f/IL ~ 5;/-/ w;,LA .s,d100 1-u. ISOJI.m 

r,.: 5/·Z.. 
~0 

Bf.3200 
lL&" 75JLm 

PAN 
I ES I EO AND COMI"UTED BY IDATE ICHECKED BY IDATE 

TOTAL " y- HYDROMETER ANALYSIS 

GRADATION OF SAND SIZES 

. 

HYDROMETER NO. -'DISPERSING AGENT{&. 
>TARTING TIME IAMOUNTJDATEI <14 J~-Z:-'1JCo mL 

• "OF TOTAL PARTICLETEMP H'~DHYD CORR REMARKSTIME 0oc DIAMETERPASSINGREAD CORR READ <w 
a: Or., e._ bo..q YY\ "- '(' /...'uJ... ..,, u~min (ek.7 :::3 o:f'_ 34Z.-S.o 37Um4-7P wut 
a:"' 
..:~ 51.(p-s,o 3Z.S'-"min 23,0 37.5 19/l_m
8J~ 

19 min 23,0 -S.o Z3 3Ca:s 9umU.o X~' 
..:o AUXILIARY TESTS:
01­ USBR 5205·__60 min 123,0 2/,0 /to zs,tf 5 J,tftl-s.o 1-u. -f- USSR 5300· __
~0IS min" lumlL&" 

25 h 15 min" I urn 
1 tSTED AND COMPUTED BY ICHECCEO BY DATEIIDATE 

.Gt'Oli.J•65g• N-:tt r.,~ulr'"Yf tor standard test. 

I 



-- -- -- - -- -- - -- --- --

7-170Z (11-85) 
Dnirnulon USBRSOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) Bureau or Redatnafiun 

SAMPLE NO. 

Z.to.o .J.., Zt5.o '18-/ 
Alrdried 0 Tested by Date ------ ­
Oven dried & Computed by----------- Date------­

-

-


-


-


Natural 0 Checked by 

PlASTIC LIMIT 
1 


Dish No. 


Trial No. 

¥ 
No. of blows (N) 

Mass of dish +wet soil (g) 
 zz..ss-
Mass of dish +dry soil (g) Z.0-Sf.5 
Mass of dish (g) /Z. c/~ 
Mass of water (g) j.l;7 
Mass of dry soil (g) S,'{; 
Moisture % t'f.G 
Aver_age Plastic Limit 

SHRINKAGE LIMIT 
1. Shrinkage Dish No. 

(g).2. Mass of dish+ wet soil 

3. Mass of dish +dry soil (g) 

4. Mass of dish (g) 

5. Mass of water (2 - 3) (g) 

6. Mass of dry soil (W0 } (3 • 41 (g) 
7. % Moisture (5/6 x 1 00) 
8. Vol. Shrinkage Dish (VI 

g_ Vol. Dry Soil (Vol 


10. V-V0 =(8-9} 

11 · v · to x too)Yo x too = 

Wo 6 


12. Shrink~ Limit (7 • 11} 

13. Shrinkage Ratio (6/91 

PI= Ll-Pl 

PLASTICITY INDEX: 


2 

-

Wn= 
Fn = 

liquid Lfmlt 

Date 

LIQUID LIMIT 

1 2 

.3.3 
Zf.::>

ze;:83 
ZS:!J</

Ji:c.fj 
. 

"z_.'1') 
/</./{, 

z..f,f 
/-.:><>':> 

Zl. Z­

LL = Wn(..!:!...) 0.12,0 
25

I Fn = (;~) 0.120 

I LL = IFni IWnl 

I 
I 
I 
I 
I 
I 

N Fn 
20 0.974 
21 0.979 
22 0.985 

23 0.990 
24 0.995 
25 1.000 

26 1.005 

27 1.009 

28 1.014 

29 1.018 

30 1.022 

PI=--·--=-­

+ 
I 

Auxiliary tests: USBR 5205 • __ 

USBR 5300 • __zr:z..LIQUID LIMIT (lll = 
l~}.t'> USBR 5350 • __PLASTIC LIMIT (Pll • 

USBR 5360- __PLASTICITY INDEX (PII = 1-~ I 
USBR 5365 • __SHRINKAGE LIMIT (Sl) = 

Remarks:I 
MI. 

I 

I 


--------~--- --
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Cle Elum Dam · BSH 98-1 215.0' to 220.0' 


100 l "i i .,. i T ±•..·=•==-~=:::-.=•--­

1 
i 

i i 

IT L :- · --t----·t==-·~ 

- i ._ I 

·-'-

' 

I. -·-
-t 
T 

-t 

I j_I 
-

~-IT .. iI' 

_l \-,.
\ I·, 

-+ \ 
·. 

i,! 

__]) 
I _j 1 

_L 1 ~ 
I l i • 

J 1 \ 
_jl _1 

I 1 

+ 1 

.~. . . . . . 

90 I i I • ., r--;---1--­
• ' I I - ._ _j__i ~--,__J_eo ( +---~ I 

70 
(!) 
z 
Ci5 60 ! ---:-,(/) 

~ ! ! -r r-l---1-- +i 
1- 50 I I I I I ' I 
z w ! i j _]+·--!=+=)
~ 40 -1! I i . --1' I++ 
0.. 
w 

1· I i .! 1 i 
30 

: I I : I +-+--1 I 
20 

10 

o . I I 1 I 
75 36.1 19 9.5 4.75 2.36 1.16 0.6 0.3 015 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: ML Silt 
% Gravel: 0.0 Maximum Size: No. 4 Cu: 
%Sand: 10.8 Liquid Limit: 23.6 Cc: 
% Fines: 89.2 Plastic Limit: 3.6 
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7-14!1 (9-16)
Bure&" or Reclamation GRADATION ANALYSiS DeJII..tloo USBR 5325­

Dellpotlon USBR 5330--­
Delllft&Uon. USBR Slls-:: 

!AMPLE 110. Bsf-lqp,-f PROJECT Fe.t.TURE ete E/oA..,,, 
r~~~ EXC. NO. DEPTtl Zts-' h- V.J) I 

GR ... DATION 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 
. 

SIEVE SIZE 3"' 1-112'' 3/4'' 3/8"' N0.4 PANl76mml (37.5 mml ll9.0mml 19.Smml 14.75 """' 
MASS OF CONT ... INER "NO 
RET...INED MATERIAL 

z.-­ ' MASS OF CONTAINER ' 

WET I1ASS RET... INED 

DRY MASS RE.T"INED "A 
DRY I1ASS PASSING 141 :_-;-t, jl4_1bm Qkg Qg 

l!. OF TOT"L PASSING .I (' L' 

GRADATION OFSAND SIZES 
DRY MASS OF SPECIMEN 

"'· u 
ciFACTOA • 

. - -ey MAS....n.E.Jt 
OISH UO. 

·tL IDAY MASS OF SPEG1MEN ISIEVEDI 
•·· 

(SIEVING TIME IOATE 

SIEVE MASS MASS I "OF TOTAL PARTICLE REMARKSNO. ~ETAINEO C.l PASSING (d ., PASSING DIAMETER .z 
lf'f, 7 "Nltl~ s, 'Ze Ak. 48 {JL. (oe!J.8 ~~ 2.35""" 

0.1 (p<) ·7 ..... 99.5" 1.18mm -e- % G;m'"-16 "' "'< 
91.3 I o.5 o/o Sa"'da. I (.,","' ..... 

60Q~m10 ~...I -
so t).L (po.tf ><~ 99.o lOGpm (3q;z.. tJ{, Fuw~a:o 

/S SB-~ 
01­

'1~-r, ML::. S;/fIDO 1-IL ISO /.Ins 

lOG tf. <; 54.4 ~~ -!39.Z. 75prn 

PAN rc.. rcuAND yy 'DATE ICHECKED BY IDATE 
ITorAL " 

HYDROMETER ANALYSIS 

-

· 

'-' 

_.,l 

~7' 
;4 

~ 

~YDROI"'ETER NO. 
72.-­

IOISPERSING AGENT 

... ISTAR.TIHGTIME 
I :3.-=:;­ IDATE t.:.-/-1P. 1AI10UNT 

mL 

TIHE T~P HYO HYD CDRR t "OF TOTAL P"R.TICLE REMARKS
READ CORR READ ~ PASSING DIAMETER 

"' 
-5..5 ll/-5.5 

1-l.:l 7lJ:(pf mitt S/.0 u:!: )7umwrn 

4 min ~.o I4Zo -5.~ 3fD.s ~~ 51.~ 19nm 

22,0 3Z,o ~s:s- 'lk.'S 8J 43.</19 min X~ 9nm 

zz. .o Z4-.o -5.s (13.5 ~g :?o-s Snm 
AUXILIARY TESTS: 

60 min USBR 5206­__1­ tilL USBR 5300.__ 
IS ftlin•. <0 lum- U.llt 

~ 25 h ~5 min• fnmITESTED AND :;QMPUTED BY IDATE ICHECKED BY IDATE 

•• ... 

­



---


-


-


,_,,02 (fJ-85) I SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD)Burr11u or Redamallun 	 J Designation USBR . 
SAMP;zis. FEA TURBS t-1­·-rAe/~ c~-..0 do 'ZZO-o 


Air dried 0 
Oven dried Ji¥' 
Natural 0 

Trial No. 

Dim No. 

No. of blows (NJ 

Mass of dish + wet soil 
Mass of dim+ dry soil 
Man of dish 

Mass of water 
Mass of dry soil 
Moisture: 

Aver!Jge Plastic limit 

{gJ ::::1 
{gJ~ 
(gl 

{gJ 
(gl 

" 

SHRINKAGE LIMIT 
I. Shrinkage Dish No. 

(g)2. Mass of dish+ wet soil 

9.B-t 

Tested by ..,)pCik<;t.mata;es-
Computed by 

Checked by 

PLASTIC LIMIT 

1 2 

9 
fV.C,;.} 

'lt!>-~ 
/t:.'o 

l.s'i 
l.'iv 
zo.o 

I 

I 


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

(g) 
(gl .---..----. I 

5. Mass of water (2 • 31 (gl 
6. Mass of dry soil CWol (3 • 41 (gl 1---f-.----1~ 
7. % Moisture (5/6 x 1001 
8. Vol. Shrinkage Dish (VI 
9. Vol. Dry SollfVol 

10. V- V0 = (8- 91 

II.V~>·~oo=(~x1oo) 
12. Shrinkage Limit {7 -111 · 

13. Shrinkage Ratio (6/91 

PI=LL-PL 
PLASTICITY INDEX: 

PI=--·--=-­

LIQUID LIMIT ILLJ = -----'::23;:.;.._:.(,=--­
PLASTIC LIMIT IPLI g ----"Z..,~-~v~-­
PLASTICITY INDEX (PIJ = ____,3!::·V~-­
SHRINKAGE LIMIT (SLI = ------ ­

I 

I 


I1 

I 

+ 

I 
I 
I 
I 
I 

I 

Wn~ 

Fng 

liquid limit 

Date /Z--1-76 
Date 

Date 

LIQUID LIMIT 
1 2 

31 

fi~A 
7.<...C.." 

2 Z.•o ('·<+~ . 3. C..2... 
15· 2.?.....' 

-Z't'..t!' Z:3~'S 
''i~o 
Z3..., 

LL=W (..!:!..) 0.1~0 
n 25 

Fn = (;~) 0.120 

ll = (Fnl (Wnl 

N Fn 
20 0.974 
21 0.979 
22 0.985 
23 0.990 
24 0.995 
25 1.000 
26 1.005 
27 1.009 

28 1.014 

29 1.018 

30 1.022 

Auxiliary tests: 	 USSR 5205- __ 

USSR 5300 • __ 

USBR 5350 - _. _ 
USSR 5360 - __ 

USBR 5365 ·- ­

Remarks'--:-:-;----------- ­
ML 
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Cle Elum Dam BSH ~d-1 220.0' to 225.0' 


100 j_T 
j__90 

l--­80 

-
L70 

(!) 
z ' ­

U5 60 l--- L 
rn 

-


~ I1- 50 
z w 
(.) 40a:: w a.. 

30 

T
I 

20 


10 


o 1 I 
75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 o: 5 0.075 0.037 0.019 0.009 0.005 

, ..--. 
t·---- I 

__j_ 

l 
-

l 
--
-

i 
I ~-=t- Ir-

_:_ I 
! 

-·-'- I 
I 

T 
I 

i 
+--

I 

I _...___ ! 

I ! 

f---- ·-

1 
I 

I I II 
I 

I 

i ,. 

---
.l 
I 

.,..--·-- i 

' j 
--........I . 
: .·I \\ 
~-· 

I . I 
- ;,_1

I T-
-1 ___J_

I ~- 1 t·, I I I iI 
I 
1-

-t- -+ 

1'-·-1-- :
l'- . !1 -
-~- I ·I 

~-- I 

I--+ I .· 
i I 

! - __I 
i i 

. 
I 

r I ~· \ 

\ 

~I I I I '11
I I 

' I l 1 -· 
-· 

i : 

1 

1 - I I =t=f=f=-:~- I I I I I I 
t+Ef±H-i :+ I 

I 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: ML ·Silt 
o/o Gravel: 0.0 Maximum Size: No. 16 Cu: 
% Sand: 2.2 Liquid Limit: 25.5 Cc: 
% Fines: 97.8 Plastic Limit: 3.9 



·­

~YOROHETER NO. 7h lOISPERSING AGENT 

.,STARTING TIME J4-o IDATE IZ-1-18 !AMOUNT 
ml 

r 
TIME T~P HYO HYO CORR t "OF TOTAL PARTICLE REMARKS

READ CORR READ 0 PASSING DIAMETER< 
'"T Ul 

0: 

tr r -5-" !;]:>.~ 
1-" es:zI min .5'-.o u3: 17umUl"' 

~.D 14-7.0 ' If{.$' a:"' II 7o.o4mln -s.s a:~ 19um 

;f 
0 

zz,o 35.0 -5,5" Z!l5 
U...l 19-B19 min X~ 9um 

lzz,o lzk,o -5,5 zo.s ~~ 3'-/. (c. Sum 
AUXILIARY TESTS::l- ~o mfn USBR 5205-__...... USBR 5300-__ 

.; "''"·· ~~ 2um-
~2Sh ~Smin• tum 
, TESlEO-ANO ::OM~UTEO BY IDATE ICHECKEOBV IDATE 

\ --­

1-14$1 (f-16)
Bureau or ReeJaatatlon GRADATION ANALYSIS tlcslanat!aa USBR 5325­

Dellpatron USSR S3lO·-­
Dctlll\&tlon USSR .53.15·== 

:AMPlE NO. . E5J-/<1B-I PROJECT FEATURE 
G e £/...~- l:J.,_,...,,

r""'... exc. NO. DEPTH 22LJE h ,<;?_S".E 
GRADATION DF GRAVEL SIZES 

TESTED 4ND 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 

-
SIEVE SIZE 3" 1-1/2'' 3/4" 3/fr N0.4 PAN!1Smml 137.5 mml 119-0mml lUmmi l4.75mml 

MASS OF CONTAINER AND 
RETAINED MATERIAL : 

MASS OF CONTAINER '7 
WET I1AS5 RETAINED 

DRY MASS RE.TAIHED -t;;7 

DRY I1AS5 PASSING 3,€,0 E) Ibm o~.. o .. 
~ OF TOTAL PASSING. /0 :) 

GRADATIOM OFSAHD SIZES 
DRY MASS OF sPECIMEN ~-v.:; JFACTOR• ..(! • 

. 
M -

DISH UO. ' 
, roov MASS OF SPECIMEN ISIEVEOI 

'·· .:. 
!SIEVING TIHE lDATE. 

SIEVE iReT~~or.• MI'.SS I "OF TOTAL PARTICLE REMARKS
NO. PASSING(~) ~ PASSING DIAMETERz 
~ ~ -.;q:-~ ~~ I~ 2.36 """ Ma~ ~r-u ==­ fo/6. 1J=> - 5'i.3 ,e;r -i:fc G;~• f({).U CLfll toD l.·le """ "'<'I, i)..ti '5'1:3 

.,. ... 
teD 600"m 2-2. "~ 6a..Jl30 ~ .... -

so --f,l\.8 5'<1.3 X~ {00 lOOum q7. 8 % F,ll42."'0:0 

I'"• r sr.-z. 01­ qq.{3 I.ML.= S;/1­100 1-u. ISOuoaUo 
100 /, z_. ~-0 ~ .. 'i7-B 7Spm 

PAN I":.' tU AND .9-BY 'DATE ICHECKED BY IDATE 

h-oTAL 

HYDROMETER ANAI.,'VSlS 

·­
...... 



---------- --

- 7-1702 {I J-15) I SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) Io.......... USBR
Bureatf or R~d•m•Uun 

SAMPLt NO. 

zzo.o 
Air dried 0 

Oven dried ,,Q 
Natural 0 

Trial No. 

Dish No. 

No. of blows !NI 
Mass of dish + wet soil 

Mass of dish + dry soil 

Mass of dish 

Mass of water 

Mass of dry soil 
Moisture 
Aver.age Plastic Limit 

(g) 

(g) 

(g) 

(g) 

(gl 

%. 

SHRINKAGE LIMIT 

1. Shrinkage Dish No. 
2. Mass ofdish+ wet soil 

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

5. Mass of water (2 • 3) 

(g) 1-----1----l 
(g) f----+----11 
(g) 1-----+------l 
(g) 

6. Mass of dry soil (Wol (3 • 41 (g) 

7. % Moisture (5/6 x 100) 

8. Vol. Shrinkage Dish (VI 

9. Vol. Dry Soil (V0 1 
10. V · V0 = (8- 91 
11 ·v~>~.1oo=(~x1oo) 
12. Shrinkage Limit (7 · 1 tr 
13. Shrinkage Ratio (6/91 

Tested by ....J&R 1zs,;..,'*"??k< Date /I- 5o-~g 
Computed by 
~~~ 

PLASTIC LIMIT 

1 2 

17.5(# 
18./f., 

.---r---, If----+----11 


~~--=---=---=++-=---=---=-1-11 
1----1----1f----+----11 

1---+---l 
1----1----11 

1t=====!=====~ 

1----L----'I 

PI=LL-PL 
PLASTICITY INDEX: IPI=-----=-­

LIQUID LIMIT (ll) = ----~2::-:S~·;:::S__ 
PLASTIC LIMIT IPLI • -----"Z.::;:f,~t,~­
PLASTICITY INDEX (Pfl" ---~j2..·...:.lf__ 
SHRINKAGE LIMIT (SLI = ------ ­

+ 

I 
I 
I 
I 
I 

Date ------­
~ 

LIQUID LIMIT 

1 2 

I 

12.73 
2.?( 

l(.o'f 

LL=Wn(2~) 0.120 

Fn = (:S) 0.120 

LL = (Fnl !Wnl 

N Fn~_.:.:--+--:...!L-1 
0.97420 

21 0.979 

22 0.985 

23 0.990 
24 0.995 

25 1.000 

26 1.005 

27 1.009 

28 1.014 

29 1.018 

30 1.022 

Auxiliary tests: USBR 5205 - __ 
USBR 5300 • __ 

USBR 5350 • __ 
USBR 5360 • __ 

USBR 5365 • __ 

Remarks''--,:-;-----------­

----~~~~~-----------­
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Cle Elum Dam BSH 98-1 225.0' to 230.0' 
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75 38.1 19 

100 

90 

eo 

70 
(.!) 
z 
Ci5 60 

~ 
a. 50
I-z 
UJ 
~ 40 
UJ a. 

30 

20 t­
10 

0 

--..----­' : I 

=r-t­
--:=t=

-'-r__: 


--r=c· 

I 

l--i
! 

:3-+-­
1 
I 

-- I I "" _j-1-----+-­ -- i i i 
t---+--.. ! ! 

--t----+-­
J=l±t-- .L---1--±::--:;l:;-;;o:taso.aas9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.005 

DIAMETER OF PARTICLES IN MILLIMETERS 

-=- ~
i 
I 

~ 
! 

1 ~ 
-~ I ~ 
I I 
:t J
I I 
I L1 i-
-/-- _\ I 

-,- I ....~. I' ' I ' 
~-- _\ ' 
L -1 
j G J 

'\ ' J . -1 

Unified Soil Classification: ML Silt 
% Gravel: 0.0 Maximum Size: No. 30 Cu: 
% Sand: 1.7 Liquid Limit: 23.8 Cc: 
% Fines: 98.3 Plastic Limit: 2.8 

r r r 
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1-1451 (9-16)
Bureau or Reelamatlon ,,._GRADATION ANALYSIS 

33$­-. rc~ouncMPLE NO. Cre..f!f~ ~D<-1"J3St 'l& -· I 
cXC. NO. [DEPTHrREA zzs-~- 'fo 23o:: 

IOF -"'""" ·­
TESTED AND COMPUTED BY DATE ·weT MASS OF TOTAL SPECIMEN-%MOISTURE CONTENT OF +NO.4 

CHECKED BY %MOISTURE CONTENT OF. NO, 4 ' DATE TOTAL DRY MASS OF SPECIMEN 

·--- ­3" 3/8"1-1/2" 3/4" N0.4 PANSIEVE SIZE (9,5mm)175 mm) (37,5mml (19.0 mml (4,75mml 
MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER '/ 
WET MASS RETAINED 

DRY MASS RETAINED --e--· 
Olbm 0ko. o • DRY MASS PASSING 14.5--"" 

fOVll. OF TOTAL PASSING. 

GRADATION OF SAND SIZES 
DRY MASS OF SPECIMEN t>,B FACTOR l. i~SS~N~ N0.4 

'­ .... -­ I 
~- ............ .. -. 

'· I 
S~evu.;G TII-1E 'DATE 

SIEVE MASS MASS • ll. OF TOTAL PARTICLE REMARKS
NO. RETAINED (&) PASSING(&) " PASSING DIAMETERz 
6 '"" 2.36 mm Af.~y_.:_~~ ;. »~-..51:>- ­ ~?: 1-· ·----· ­._., G ra vd - -Gl­ .0 "' 1.18 mm -Olio( 

5<1.-d. ,, 7 ~· 7~ e ~~ iVC -
30 v '-'1 > 600/lm -... 

so <.J, I 70, 'l_ X~ 99,'1_ 300Um h r..e ~- 0 Cf8. ·.::a:o 

7o.&. 
Of­

9'7 .7 JL1L .,._ Sll..f­100 o, I f-u. 150/lm
~0 

200 I, 0 69.(.., .... 98.3 75/lm 

PAN TESTED AND COMPUTEO BY IDATE ICHECKED BY rATE 

TOTAL 
·t;, 

HYDROMETER ANALYSIS 

-

-


; 


HYO'IOMETER NO•. 7'2-lOISPERSING AGENT:,oJ lk I J l
;"-•­ )'tl~\l:l~j._dt,·~.;.~h ( 

STA'ITING TIME /2 : r,-<( eATE II 21 ° "18 'AMOUNT ': .... mL.. ' 
TIME TEMP HYO HYO COR'I • '!!.OF TOTAL PARTICLE 'IEHA'IKSoc READ CORR READ 0 PASSING DIAMETER< sa..,. ..0 /._p -le-o b1aw

a: 

z_-t,<, ? _r; I) 
._., 

c.o ..... ld. lluf ""~:tvt min - u?: 37umWVI 

t'·~· 58 ~ ?. :J a:"' 1..(-,q J.. M I~ , re~d7"'-'1~min ..... '1 ~ ~ ..:~ 19um0 
--' 

~)"'\ ]( -5·~ 3'Z--. ) U.J 45,2­19 min xj!: 9um 

2-~.<; zq - ,_;.;) 1*,(p 15~ 33,9 AUXILIARY TESTS: 
60 min sum USBR 5205­ __...... USBR 5300-__ 
1 15 min• !;!o 

2UmIL .. 

25 h 15 min• IUm 
lESTEO AND COMPUTED BY y \DATE I<;HEC ":0 BY \DATE 

C"'0 8'!13- ~"9 



7-1702 <••·85) SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHOD) IDesignation USBRBureatt or RedamaUun . . -­
SAMPLE NO. Fl:ATURI: . ra; (;/ca•"lzz.s-.o - :z.30.o BSH 98-J D&,..... 

Air dried 0 Tested by .J.vl 1Z-Sr.' Date II- z.. '5- <;,s 
Oven dried Ill Computed by Date 
Natural 0 Checked by Date 

PLASTIC LIMIT LIQUID LIMIT 
Trial No. 1 . 2 1 2 
Dish No. zs ze 
No. of blows (NI 7..<1' 
Mass of dish + wet soil (g) /<t..C.S .r 

Mass of dish + dry soil (g) //3.37 z.7. I( 
Mass oldish (g) tz.zv ;z:~r;; 
Mass of water (g) /. z, . ~-"'C> 
Mast of dry soil (g) /,.(/ I</,~ if 
Moisture " 2../.o Wn= 2.~-'1 
Aver_age PlastiC Limit Fn= o.,'t <f 

Liquid Limit 

SHRINKAGE LIMIT I LL=,;, {_!:!_) 0.120 
1. Shrinkage Dish No. I 

n 25 

2. Mass of dish+ wet soil (g) Fn = (~} 0.120 
3·. Mass of dish +dry soil (g) 

4. Mass of dish (g) 1---+----l LL =IFni (Wnl 

5. Mass of water (2 • 3) (g) 

I6. Mass of dry soil (W0 1 (3 • 4) (g) N Fn 

7. % Moisture (5/6 x 1001 20 0.974 

8. Vol. Shrinkage Dish (V) I 21 0.979 

9. Vol. Dry Soil (V0 1 22 0.985 

10. V • V0 = (8 • 9) I 23 0.990 

11.V-V0 fo ~ 24 0.995 
--x100= -x100 

I 25 1.000W0 t;, 6 
12. Shrinkage Limit (7 • 11) 26 1.005 

13. Shrinkage Ratio (6/91 I 
27 1.009 

28 1.014 

PI=LL·PL 29 1.018 
PLASTICITY INDEX: I 30 1.022 

PI= -­ .-­ = - ­

-­ -- -- -­ - ­ + -­ - ­ ---­ -­

Z-3·~ I 
Auxiliary tests: USBR 5205 · __ 

LIQUID LIMIT (LLI = USBR 5300 • __ 

PLASTIC LIMIT (Pll • ~t.o 

I 
USBR 5350 • __ 

PLASTICITY INDEX (PI) = Z--8 USBR 5360 · __ 

= USBR 5365 • __ 

I 


SHRINKAGE LIMIT (SLI 
Remarks,I f.A.L­

I 

l 




--

[( ( r r f r rr r l ( [ I I 

Cle Elum Dam BSH 98-1 230.0' to 235.0' 


-----· ..i-­ --t-t-­__j____ I 
--· 

1--· 

-·­
-

1 1 f-:-r 
____;_ I I _L i 

--~±t-r-- II I . ,__ ' 
I . -: 

--+-" ! 

r 

I ! 

i I I 
----1------j-

I I ! i I 
-i 

·---+-­
I I ·--~~ 

I · 

. '.l 

I-! . ·­ '·I., 
r:::,_I 

-1 
\ 

~ \ 

~1--~ 
u

1 j_ 

J1 j_J 

~ !I 
_.J 

~-

!i 

Ji I \ 
~ ~ 

I L.~ 

~ i J 
Ji·-· J ·-I-~ 

--l·t I 

l 
75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 O.o75 0.037 O.Q19 0.009 0.005 

DIAMETER OF PARTICLES-IN MILLIMETERS 

Unified Soil Classification: ML Silt 
%Gravel: 0.0 Maximum Size: No. 8 Cu: 
%Sand: 0.. 5 Liquid Limit: 25.8 Cc: 
% Fines: 99.5 Plastic Limit: 2.8 

100 

90 

80 

70 
(!) 
z 
u; 80 

~ 
1- 50 
z 
w 
~ 40 
w 
a.. 

20 

':U-r3-+ 


T..... ,.--1-..--·--­
-,----· 

I -4 
__)__ 

!· 
1r 

- ' 

+-~ I
+--j i 



751Jm 

7-J4SI (9·86)
Burea.u or Reclamation 

GRADATION ANALYSIS D~slanation USSR 53::Z5·--
DeslcnatJon USBR $330­__ 
DcsJenuhm USSR 5335·-­

,MPLE NO. ff.si-1 18- I PROJECT FEATURE Cle.Eiu.-. ]) c...,. ...._ 
FA EXC. NO. DEPTH Z3oE- -f.o 23.~ 

GRADATION OF SAND SIZES 
I OLAS N. 

- I.ORY MASS OF SP~~~~~N. .0 __..::::;..., I &I FACTOR- DRY MASS OF SPECIMEN 

!HYDROMETER NO. 

.hARTING TIME 

TIME TEMP oc 

I min 7. o.<) 

<4 min zo.-'\ 
19 min ~I 
60 min Zl 
h '5 min• 

25 h <45 min• 

7z \DISPERSING AGENT CcJ· Ut l...oks.n~1 · -"' '"-"' tYCo.... .,,IDATE 11-23-'16 IAMOUNT ' \ £/-;' 
HYO HYD CORR • %OF TOTAL PARTICLE REMARKS 

READ CORR READ 0 PASSING DIAMETER
<( 
w
0: 

~<. $'.<;" '16) 
1-" eq-1u?: 37umWill 

t;l{ '),.., 1-f~.s- o:"' 7'/.S:0:~ 19um 

~q 
0 s ,-:;­ n.s U.J. 

5/.S'X~ 9um 

3o 56 £i5 0:0 
37-Ce> AUXILIARY TESTS:

01­ Sum USSR 5205· __
1-u. 
~0 

USBR 5300· __ 

2umu. .. 

tum 
oESfED AND COMPUTED BY j.()='TDATE l CFIECKE'D BY IDATE 

mL 

GRADATION OF GRAVEL Sl ZES 
TESTED AND COMPUTED BY DATE 'I' MOISTURE CONTENT OF+ NO.4 "WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE %MOISTURE CONTENT OF· NO.4 TOTAL DRY MASS OF SPECIMEN 

---MO­
SIEVE SIZE 3" 1·1/2" 3/4"' 3/8" N0.4 PANl75mm} (37.5 mm} (19.0mm} (9.5mm} (4.75mm} 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER R 
WET MASS RETAINED 

DRY MASS RETAINED -e-
DRY MASS PASSING 4-.4-IJ Otbm 0ko 

"lo OF TOTAL PASSII\G /~'t) 

o. 

! ~.s:-. r.o. _., 

S;EVII'G TII'1E 

SIEVE MASS 

PASSING !dI;Q, RETAINED h) 


16 I I rt.\.t1 

30 

so 
0, I100 

o.z200 

PAN 

TOTAL 

\ O.~Y 1\',J...tiS c:= s:-.:Ci~l.SI, (:3.2\ICLJJ . 
MASS .'. .% OF TOTAL PARTICLE REMARKS 

~ PASSING DIAMETER 

(.,5.1 

us.o 

~ESTED AND COMPUTED BY ·1 DATE . I CHECKED BY 

HYDROMETER ANALYSIS 

CPO 8!:13 ~ &!i9• Not required for standard test. 

­

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


~. 

7-1701(11-85)- I SOIL CONSISTENCY TEST (ONE-I'OINT LIQUID LIMIT METHOD} IDHignotlon USeRBureau or Reclamalicm 

SAMPL~ NO. FEATURE • ,.- f l .~)I). • !'PROJECT·.
';!;..•,' _.,c...--···v ~ · ;;·:., · 

Airdried 0 

Oven dried )!I 
Natural 0 

Trial No. 

Dish No. 


No. of blows INI 


Mass of dish + wet soil (g} 


Mass of dish + dry soil (g} 


Mass of dish (g} 


Mass of water (g} 

Mass of dry soil (g} 


Moistur:e % 


Av~r:age Plastic limit 


SHRINKAGE LIMIT 

Checked by 

PLASTIC LIMIT 

1 

7 

1'1.72.._ 
l'l. 'itt 

17-.;1'5 
1·'-V 

/.U 
2~.0 

2 

I 

1. Shrinkage Dish No. ...---.,..----.~ 
2. Mass of dish+ wetsoll (g} 

3. Mass of dish +dry soil (g} f---+----1 I 
4. Mass of dish (g} 
5. Mass of water (2 - 3} (g} 1---+----t 
6. Mass of dry soil IWol (3- 4} (g} I 

- 7. %Moisture (5/6 x 100} 
8. Vol. Shrinkage Dish IV} I 
9. Vol. Dry Soil (V0 ) 

10. V • V 0 = 18 • 9} I 
11. v -Vo x 100 = {lox 100\ I 

Wo ta \6 'J 
12. Shrinl<age Limit (7 -11) 

13. Shrinkage Ratio (6/91 I 
PI=LL-PL 

PLASTICITY INDEX: 
Pie __ • __ = ___ I 

+ 

1:.' .. 1-1 rr· I 'I~ f.:-·1("'"1 
Tested by ,;. ,,-:-, / z Jill''),.• ,, Date------­

Computed by----------- Date-------

Wn= 

Fn ~ 


Liquid Limit 


Date 

LIQUID LIMIT 

1 2 

39
e:·} 

Z.9. ~;;:. 


25.~4 

IL·'. '· ':l.t·· 

. ~-:ri"~ 
13.'78 

7 S"·3 

(,Dl\5 


'l.5· 8 


LL=Wn(2~) 0.120 

Fn e G~) 0.120 

LL = (Fnl (Wnl 

N 

20 
21 
22 
23 
24 
25 

26 

27 

28 

29 

30 

Fn 
0.974 
0.979 
0.985 
0.990 
0.995 
1.000 
1.005 

1.009 
1.014 

1.018 

1.022 

Auxiliary tests: USSR 5205 · 

LIQUID LIMIT (LL) = ___...:2.:;;5";,.:'_:t___ USBR 5300­I 

USBR 5350 - __PLASTIC LIMIT (Pl) = ----"Z.~~~·~O___ 
USBR 5~60 • __PLASTICITY INDEX (PI} = ---'z_~,All-- ­ I 

USBR 5365 • __SHRINKAGE LIMIT (SLI = ----'--- ­

Remarks'--;;;-;------------ ­I 
 M.L,.. 

I 

I 




[ r [ r r [ [ [ [ [ 	 [ r [ 

Cle Elum Dam BSH ;,d-1 	 235.0' to 240.0' 

- . ._ __ 

, 

I 

-

1-

lfl. r I 
' '\ I 

1111 
' 
' 

1- ' ' 
\ 
I 
\ ! 
\ I 

' ' \ 
I 

•• 1 
I 	 \ 

--, 

\ l 
i il I 

I I 
I ! ~ 

i
l 
I 

I I i 

__100 ~--------------
--~ 

.1 	-I -----,. . I 

_,90 ----t--T 
:8
1-i--+-·t----+--+-·-, ---J 


80 -i-i----+----1---1-----+----!-­ J 

~----1---l--	 l_ 1- -1 

70 -+-+--1---~--+--+-- I 
(.!) ~-.-EE-·z 	 +--· ~-
Ci5 60 en i 	 I I . I 

--~· -~0: 
1- 50 i :-r 	 ] i I 

' 

-1z : -rw I I 
~ 40 d=r==~~ 	 -+ f---1-,- -J 
w 1-+~t- I I-+ a.. 	 -+- -III r- I ! i30 	 . . -t

I- - ! 	 i I ;l 
. : Il i i 	 j_ ·-· 

20 	 : I -t
! . : _J_ 	 ~-

. I -j 
10 J i I ~.-f-	

±1=:. Ju-,-l--1·--~--	
,_I 

I 	I ' ' . 
-· 

~ 
-L 
i 

75 38.1 19 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 0.037 0.019 0.009 0.005 
0 	 ; I I 

DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: CL-ML Silty Clay 
%Gravel: 0.0 Maximum Size: No. 50 Cu: 
%Sand: 1.8 Liquid Limit: 25.6 Cc: 
% Fines: 98.2 Plastic Limit: · 4.4 

­



7-1451 (9-36}
Bureau of Reclamation GRADATION ANALYSIS :tlm~m:--

MPLE NO. Fsd qB- I FEATURE C/ El~ Jl,.e ,...,_......._ ,_' 
rREA E><:C. NO. DEPTH -- . -.- -' ,4., :;:>4-.r,.::'. .c.:...~~ 

IOF 
oc~o cL) AND~~~· vocJ BY !DATE % ~v•~ ovnc ~u"' ~• ,·OF+ NO.4 I'WETMASSOF ·~·"~ 

IBY !DATE "'MUH> ovnc '-U"' o c.-. C OF • NO.4 TOTAL DRY MASS OF 
3.9s--­

SIEVE SIZE l7:~ml 13~:~~~ ('03~":.. -· (9~';.,m) ,J~;..~, PAN 

~~~.f!!'.~::'~'- '.".!!,!."!'.'!{'NO 

MASS OF 3 
!wiT MASS 

!DRY MASS ocT.,..,cn -o 
!DRY MASS 3.q_c:. ~Ibm Qkg o. 
1,; OF TOTAL D. I ('r> 

GRADATION OF SAND SIZES 
DRY MASS OF SPECIMEN t.ct:J ,.. ~. g(FACTOR • 

AL ss " ~ • /, 4i;.4 IDRY .. F p I N 
j: S.· !.0. ·-­ .. 

. I o.~Y r,·.~ss c:: s::O:Ci ;.1,.=:1, CS.CVCUJ-;~ 
.., 

' 
S;EVII\G TII-1E 'DATE 

SIEVE MASS MASS I %OF TOTAL PARTICLE REMARKS
NO. RETAINED l•l PASSING(<) " 'PASSING DIAMETERz 

AA•.o..~~-- ,._ SO8 ;;;., 2.36 mm-· ~!1: c;vo v£ I &···....... -• "' 1.18mm -"'< 
30 

~"-
600/lm SG~ /.b:!:.J ... 

,e.. 08.3 X~ /0 u 3001J.m f." '" .s - 'Jij', 2.­so ..:o . ­
01­

'·?1.4> CL-1-{L 5;//.v fl..ln.u100 0,3 ~e.o 1-IL ISO lim 
,. 

o.<J (c'Z, I 
~0 

_Cfjj,Z 
• 

200 
IL .. 

7511m 

PAN TESTED AND COMPUTED BY j_DATE JCHECKED BY IDATE 

TOTAL "' . 
HYDROMETER ANALYSIS 

-


HYDROMETER NO. 7v-.IDISPERSING AGENT.-­ I' It ( -..• .... \, "w\• •" \a:k._,t.1t. ' ........ 


!STARTING TIME IDATE IAMOUNT ,,...
/7. '.fl 1 h.:.. I . w: { ' ml 

I ,; OF TOTAL PARTICLETEMP HYD H'fD CORR REMARKSTIME 0oc DIAMETERPASSINGCORR READREAD < w 

p "'...u!1:.,(, 'S t; ,!)I min ·.-"\ ~o. 37/.lmA'1.PoWV> 

)H a: VI
Sco4 min '; 1·'5 t9um~ '\ 7514­"~ 0 

40 Sv U.J 
.5'/ I 2­19 min 3~,"t-1 9UmX~ 

30 AUXILIARY TESTS: ) ..:o<;"0 01­ USSR 5205-__60 min z.., 3C:.. (,.zS. 5_1.\m
1-IL USBR 5300-__
~0""' IS min,. 211mIL .. 

25 h <45 min• tum 
TESTED AND COMPUTED BY CHECKED BYI Iy ~DATE DATE 

r -

·.· 

.. Not rt~:qulr..:t for sundard test. 



...... 

~ 

-


5. Mass of water (2 • 31 (gl 1----J..---1 
6. Mass of dry soil (W0 1 (3 · 41 (gl I 
7. % Moisture {5/6 x 1001 
8. Vol. Shrinkage Dish (VI I 
9. Vol. Dry Soil (Vol 

10. V • V0 = (8 • 91 I 
1'-V·Vox100s{10 x100\ 

f:.Wo \6 'j 
12. Shrinkage Limit (7 -Ill 1 
13. Shrinkage Ratio (6/91 I 

PI=LL·PL 

PLASTICITY INDEX: 
 IPI=-----=-­

+ 
LIQUID LIMIT (LLI = _____:Z:;5"::...·:,Cp;.___ I 
PLASTIC LIMIT (PL) c ____:Z.:::.;f':..!2-T---­
PLASTICITY INDEX (Ptl = ____<j.J..!:_4]___ 
I 
SHRINKAGE LIMIT (SLI = ------- ­

I 

7~1702 (11-85) I 
Bureau or Reclamation SOIL CONSISTENCY TEST (ONE.POINT LIQUID LIMIT METHODI 0..;•••"•• useRI 

[:;AMrt..t:NO. 

Air dried 0 Testedby .JL,C;fusimtncnr Date II-Z..3-7t. 
Oven dried A! Computed by-----------·Date-----­
Natural 0 Checked by Date 

PLASTIC LIMIT LIQUID LIMIT 

1 2 

Dish No. 
No. of blows (NI 
Mass of dish +wet soil (gl 

Mass of dish +dry soil (gl 

Mass of dish (gl 

Trial No. · 1 2 

II. "73 
."'i.71 

/Z.7h 
Mass of water (gl 
Mass of dry soil (gl 

Moisture % 

. · Average Plastic Limit 

LL = (.!:!_) 0.120SHRINKAGE LIMIT ..----,..---,' · Wn\25 
1. Shrinkage Dish No. 1----+---l I 
2. Mass of dish+ wet soit (g) 1----J..---1 Fn = (2~) 0.120 
3. Mass of dish + dry soil (g) I 

LL = (Fnl (Wnl
4. Mass of dish (gl 1----+---l 

N 

20 
21 
22 
23 
24 

25 

26 
27 

28 

29 

30 

Fn 
0.974 
0.979 
0.985 
0.990 
0.995 
1.000 
1.005 

1.009 

1.014 

1.018 
. 1.022 

-- - ­ - ­ - ­ --· ­
Auxiliary tests: USBR 5205 • __ 

USBR 5300 · __ 

USBR 5350 • __ 

USBR 5360 • __ 

usiiR 5365 . __ 

Remarks'--::::-.--::=--------­
CL-f-\L-­

I 

I 




( l r [ I [ [ [ 

Cle Elum Dam BSH 98-1 240.0' to 245.0' 

T­

~ 
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\! 

I 

-­ \ 

--'-o100 

t . ,--

I 

I 

·----· - r-:---·-- .F l j!-- ·--•
I t --E-- - I '\ I 
I -·-- -<90 ! r-- -- _j J_i 

\ 1 
l___ ·~ 80 

\
70 !!~lilt=··~ 1C!l i -- ·+z i' ' . ! ! +-­ -jCi5 60 -r--t-~ ; ·--r--r .~ i T jl.en 

I 
•<t: \1­1- 50 l 
i\z t=f=£=-T-1-t=E±i

UJ I 

a. 

!.±.J 
· ­

~ 40 i . IUJ J t--i- ~ a. H=+ -+-­ \ :_i
30 1tt I : -j--:- I -~ 
20 j_ • 

~--'n--: ___.. I ' I l . --r-1 
• I ' 1 

! 
'tT I ; _, 1 

10 

l±, I ! _(__ --+-- ']_ l 
-j

l I I 
! I _,

0 ' . i ' 75 38.1 19 9.5 4. 75 2.36 1.18 0.6 0.3 0.15 0,075 0.037 0.019 0.009 0.005 
DIAMETER OF PARTICLES IN MILLIMETERS 

Unified Soil Classification: ML Silt 

%Gravel: 0.0 Maximum Size: No. 4 Cu: 

%Sand: 3.8 Liquid Limit: 23.5 Cc: 

% Fines: 96.2 · Plastic Limit: 3.1 




7-1451 (9-16)
Bureau Dr RecJamadan 

GRADATION ANALYSIS 

SAMPLE NO. PROJECT 

EXC, NO. 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY DATE "MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE 1 "MOISTURE CONTENT OF -NO.4 TOTAL DRY MASS OF sPECIMEN 
. 

3" 1-112"' 314.. 318""SIEVE SIZE N0.4 PAN175mml !37.5 mm) 119.0 mml !9.5mml !4.7Smml 
MASS OFCONT...INER AND 
RETAINED MATERIAL 

MASS OF CONTAINER Gc..­
WET MASS RETAINED 

DRY MASS RETAINED 

DRY MASS PASSING 5'.47 ll8llbm Qkg Do 
ll OF TOTAL PASSING /£'""?? i 

I SIZES 
. ! 
...... 

IDRYMA$SOF 7,. (-) 'J ~-
~ .·t: IDRY MASS OF SPECIMEN ISlE' 

''"' ''"• TIME jDATE . 

I S~~E -~~.. ,.. I ·~!•I • I" 2f z::r REMARKS

" {')~ -z,~s 
z 

~~ fv'v).~ «.~, )Jo •<f­8 ~~ 2.16 mm 

·~ 
-e-­ &o.B ...... /CID LIR MM .e-'r., ~mvef 

... ~ 
]0 -r;-,U' .<L I.- 1>. 

...... £!:>1) """'"­ '--~ .e 0/., c::._,,l~ .... 
o;o 0. ( ~0-1 X~ q~.f> 

300 ""' 
q {o,z.. "lo 1:',,.. •A 

0. ( C,o. fp 
~g 

qf1.7 ML,. Sill­'"" 
..... ISO""' 

200 2./ 5fLS 
~0 

f[p.2.. 7SI!m..... 
PAN 

I~ "yy IDATE I I BY IDATE 

HYDROMETER ANALYSIS 

' 

'.,.. 

-

JlYDROMETER NO. 8/ -rDISPERSING AGENT 

jSTAR TIHG TIME 14<·:;­ 1DATE 12 -1-'78 IAMOUNT 
mL 

TIME T.f,MP HYD '1J..D CORR • "OF TOTAL PARTICLE REMARKS
READ CO R READ 0 PASSING DIAMETERc 

iS 
«: 

53-o -s.s l/'l'> 
1-o 

?B-f1 min u~ l7umW"' 

!1-o,o -5,5 Jlf.S' a:"' 5fo.74 min ZZ.P a::; t9um0 

Z.Z,o 3/,0 - 5...'i 'l:S-5 
U..l 

4!.1l9 min X~ 9um 

l?z.o ~0 -s.s lis «:0 
30-L{­ AUXILIARY TESTS: 

6Dmln 01­ Sum USBR 5205-__...... 
~0 

USBR 5300-__ 
,'I 1 S mJn•. 2Um ..... 

25 h -45 min• 111m 
~DANO ::0Mi'iJ'FEOBY IOATE ICHECKED BY -~DATE 



---- ----

PLASTIC LIMIT 

Trial No. 

Dish No. 
No. of blows (NI · 
Mass of dish + wet soil (gl 
Mass of dish + dry soli (gl 
Mass of dish (gl 
Mass of water (gl 
Mass of dry soil (gl. 
Mois~ure % 

.~verage Plastic Umlt 

1 2 

20-'iB 

I.<.14 
1.01,<­
Zo.r-1­

SHRINKAGE LIMIT .---..----. I 
1. Shrinkage Dish No. I 
2. Mass of dish+ wet soil (gJ 1---+----l 
3. Mass of dish+ dry soil {g} I 
4. Mass of dish lgl 

~--+---l
5. Mass of water(2 • 31 (g) 
6. Mass of dry soil IWol (3 • 4) (gl 1---j-,..---1~ 
7. % Moisture (5/6 x 1001 

8. Vol. Shrinkage Dish (VI I 
9. Vol. Dry Soil (V0 1 

10. V • V 0 = (8 • 9) I1 0 0 
1. _v_~-·~- x too= (-~- x 100) 

12. Shrinkage Limit (7 • 111 1 
13. Shrinkage Ratio (6/91 I 

PI= LL -PL 

PLASTICITY INDEX: 
 IPI=--·--=­

+ 
LIQUID LIMIT (lll = ____Z;.3~.S.,____ I 
PLASTIC LIMIT (PLI• ___.!:::f.t>;;·~f___ 

PLASTICITY INDEX (PII = ____,S:<.:':.:.I___ 
 I 
SHRINKAGE LIMIT (SLI = ------ ­

I 

I 

l 


-


-

.... 


7-1702 (11-85) I I
su..au or Reclamation SOIL CONSISTENCY TEST (ONE.POINT LIQUID LIMIT METHODI o..lonatlon ussR 

Air dried 0 Tested by 1/h',L..,.. Date /Z.-1 -?6 
Oven dried 0 Computed by Date ------ ­
Natural 0 Checked by Date 

LIQUID LIMIT 
1 2 

I z., "5cf 


Wn= Z.3.s 
Fn:t' 1.o~~ 

Liquid Limit 2. 3. 5"L-.!::.:<!'-'!.-...1------1 

LL=Wn(2~) 0.12.0 

N) 0.120
Fn= ( 25 
LL =IFni (Wnl 

N Fn 
20 0.974 
21 0.979 
22 0.985 

23 0.990 
24 0.995 
25 1.000 

26 1.005 
27 1.009 

28 1.•014 

29 1.018 

30 1.022 

-------·- ­
Auxiliary tests: USBR 5205 • __ 

USBR 5300 • __ 

USBR 5350 • __ 

USBR 5360 • __ 
USBR 5365 • __ 

Remarks '-"-T...-:----------- ­fJ\1..-­

­
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Cle Elum Dam BSH 98-1 245.0' to 250.0' 


100 
I ,i - i r r . ~-~-!" ":" r·

----T : -~ 

11-\--40f----l!----t- ----: 

eo ~-:r=:::r==r=r±+= ~ 
I I -t·~-+--~- --~ 70~<!> I .
' 

=t=t=L--t--:--' -~ 
en 
< 

, ! 

!'l-J-·; 

_: : ; 
I 
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Sta'ndard 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. 

• 	 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 ofreturn 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 ft. 
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 ofpushing gravels away from the tip of the sampler during 
penetration. 
shear wave velocity: 1279 fps 

SPT penetration depth interval: 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 
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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 predominantly 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 1 0% nonplastic fines with rapid dilatancy; maximum size 80 mm; 
moist; dark gray; heterogeneous; no reaction with HCI. 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 ofTUBEX 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 ft. 
recovery: No recovery. Re-tripped w/ maxibarrel 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 

-
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Standard Penetration Test Results 

rounded sand; about 5% nonplastic fines with rapid dilatancy; maximum size 40 mm; 

wet, dark gray; heterogeneous; no reaction with HC!. LAB TEST DATA: 80% gravel, 

18% sand, 2% fines; Cli= 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 fi:>s 


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 HC!. 
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 fi:>s 

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, angular 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 HC!. 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. 
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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 I 0% nonplastic fines with rapid dilatancy; 
maximum size 55 mm; wet, blue gray; heterogeneous, no reaction with HCI. 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 
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GEOLOGIC DESCRIPTIONS 

Five main geologic units have been identified in the foundatiOn 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 non, geologic plan map 
{drawing 33-100-2400). In approximate order from youngest to oldest (shallowest to 
deepest), these geologic units are: 

• 
• 

• 
• 

• 

zce-contact Lakebed Sediments (Qgi) 

Glacial Till (Qgt) 

Coarse-grained Glacial OUtwash (Qgol.) 

Fine-grained Glacial outwash (Qgo,) 

Glaciolacustrine sediments (Qgl) 

The general characteristics of these five geologic units are discussed in the 
following paragraphs. 

zce-contact Lakebed Sediments (Qgi) 

The natural Lake Cle Elum was formed by damming of the Cle Elum River with a 
ter.minal moraine deposited by a Pleistocene alpine glacier. Cle Elum Dam was 
constructed across the natural outlet of the lake which had been 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 layers, 
lenses, and stringers of outwash (both Qgo1 and Qgo2 ), especially near the 
downstream contact with the outwash plain, as discussed below. The upstream 
section of the terminal moraine is composed of the intensely defor.med layer 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 sed~ents (Qgi) are probably derived, at least in part, from the older 
glaciolacustrine 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 foundation 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. A concerted 
effort was made during construction of the dam to prevent damage or penetration
of the Qgi l.ayer. 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; Ransome, 1930; USBR, 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 glcicial 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 seeubnents are laminated to stratified and have been intensely defor.med 
with highly contorted and truncated bedding planes common in the unit. The Qgi 
unit is overconsol.idated due to its placement b¥ glacial ice. 

__,. 
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Glacial Till (Qgt) 

The glacial till (Qgt) forms the foundation of both dam abutments, but it has 
been eroded out 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 east of the dam. The thickness of the till is.highly 
variable at the darn site, due in part to its use as the primary source of 
impervious embankment material. Large borrow 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 material 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 S?lld. Representative outcrops of the 
till are typically composed of about 40 percent 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 oversize, 
including up to about 5 percent boulders. A representative field sample of the 
minus 3-inch fraction was submitted for laboratory testing in 1995 and was found 
to have the following composition: 73 percent sand, 14 percent gravel, and 13 
percent fines. The 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 (Qgo1 and Qgo2). 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 ro.ck 
hammer), to loose (readily excavates with a light hammer blow). The till is 
susceptible to wave-induced erosion; shoreline erosion is currently a problem at 
private tracts of land on the east side of the reservoir. 

The glacial till (Qgt) was the prtmary borrow source for the impervious section 
of the dam embanlanent. Most of this material was borrowed from the moraine 
crest right of 	the spillway. 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 acces.s trail used by local recreationists. 

Coarse-grained Glacial OUtwash (Qgo1 ) 

Most of Cle Elum Dam is founded on laterally extensive deposits of coarse­
grained g1acial outwash (Qgo1 ). These deposits under1ie 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 outwash 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 
Qgo1 unit is variable 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 (Qgo1 ) is composed primarily of gravel and cobbles 
with bou1ders and a finer-grained matrix of fine to coarse sand. The coarse­
grained outwash unit is distinguished from its underlying fine-grained outwash 
(Qgo2) on the basis of its high concentrations of oversize mat~rial (i.e., 
cobbles and boulders) which are not present in significant volume in the Qgo2
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 
f~ne 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 outwash was 2.5 feet.· Representative laboratory testing of the mdnus 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, Poorly 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 Gravel {SP)g. Oversize material was present in most of the 
sample intervals, but could not be sampled due to barrel diameter limitations; 
the ma~~um size reported from the samples was 65 mm. . The Qgo1 unit varies from 
heterogeneous to crudely stratified. It includes discontinuous layers, 
stringers, and lenses of both open-work gravel with no matrix and predominantly 
finer-grained beds of fine sand and/or silt. Of particular interest is a layer 
of stiff nblue clay", reported in the construction history of Cle Elum Dam as 
the foundation of the cutoff 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 ablue clay" layer, at least upstream and 
adjacent to the cutoff trench. 

Fine-grained Glacial OUtwash (Qgo2 ) 

The fine-grained outwash (Qgo2 ) is defined entirely on the basis of subsurface 
explorations. It is not exposed at the ground surface in the vicinity of the 
dam. The Qgo2 outwash unit consists of fluvial deposits of prtmarily 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 outwash unit (Qgo1 ) b¥ a general lack of oversize material (i.e., 
cobbles and boulders), which woul.d 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-5), the 1981 exploration for 
the downstream powerplant site (DH-81-2), the four cross-hole shear wave borings 
completed in the 1992 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 BSH98-1). 
From the above mentioned explorations, which have penetrated through the entire 
unit, it has been determined that the thickness of the Qgo2 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 Qgo2 physical 
properties is l~ited to 5 drive samples which were obtained from DH-92-2 and 
from 8 grab samples collected from BSH98-l. 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 
l 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 maxim1Jl!l 
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. Xn 
preconstruction explorations at the site, these materials were identified as a 
•quick sand• . 

G1acio1acustrine sedimants (Qg1) 

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 subsequently 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
tlie glaciolacustrine sediments into the underlying materials and its thickness 
at the dam site has not been determined. Test drilling at the proposed 
MountainStar resort 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 poorly understood sequence of 
alluvium, glacial outwash and lacustrine sed~ents. Radiocarbon dating of a 
large wood fragment recovered from near the top of the glaciolacustrine 
sediments in Becker test hole BDH98-3 has estimated the age of this unit to be 
40,600 years (plus or minus 1800 years). This radiocarbon date indicates that 
infilling of the ancestral lake had been completed prior to the last glacial 
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advance (Domerie advance) which blocked the Cle Elum River and for.med 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 glaciolacustrine sediments (Qgl} are described on the basis of t.wo drive 
samples obtained from the bottom of DH-92-2 and·from 13 grab samples collected 
from Becker hole BSH98-1. The glaciolacustrine sediments are composed primarily 
of silty and clayey 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 neoplastic to low plasticity silty and clayey 
fines, 1 to 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 from the 
lacustrine conditions in the ancestral lake to deltaic deposition in shallower 
water as infilling of the lake neared completion. The glaciolacustrine 
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 glaciolacustrine 
sediments are relatively compact, likely due to the thick sequence of glacial 
outwash overlying the unit. 
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Piezometer Information 
Table E-1 

SUMMARY OF RANGE IN PIEZOMETER/WELL AND RESERVOIR ELEVATIONS (1980 TO PRESENT) 

Change in Range of Piezometer and 
Reservoir Observation Well Readings (ft) 

Year (feet) SP-77-2 SP-77-3 SP-78-4 SP-78-5 SP-81-2UP SP-81-2LO PT-92-3 PT-92-6 

1980 3.7 4.1 3.9 3.8 

1981 124.6 5.0 3.7 

1982 67.7 5.2 5.5 
1983 60.6 1.2 0.2 

1984 74.4 3.7 3.6 

1985 105.1 4.3 4.3 

1986 107.0 
1987 109.0 3.3 3.4 

1988 83.2 8.7 9.3 

1989 45.5 4.1 4.4 

1990 73.9 4.2 4.5 

1991 43.0 
1992 117.0 4.0 4.4 

1993 104.0 5.1 4.2 

1994 87.0 4.1 3.9 3.7 3.6 3.7 3.7 3.8 
1995 88.0 16.9 6.1 5.8 4.8 4.8 4.9 5.9 
1996 85.0 6.4 7.2 6.2 4.8 5.2 5.6 6.9 
1997 50.0 5.3 5.3 4.8 4.2 4.5 4.4 5.1 
1998 .....__._ 83.0 3.8 3.9 3.5 3.6 3.5 3.5 3.7

·--­
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HEADING~================================================== 
••••• CLE ELUM DAM - Cle Elum, \~ashington -- Stability Analysis 
WC Project No. 097287 Maximum Section 
File: CE-l.IN By: KAF Date: 1/19/99
PROFILE LINES============================================= 
1 1 Impervious upstream blanket 


100 110 

160 130 

560 150 


2 2 Compacted impervious 

400 110 

560 150 

660 175 

747.5 200 

897.5 250 

917.5 250 


fill 

3 3 Compacted pervious fill 

917.5 250 

932.5 250 

1124.5 186 


4 4 Uncompacted pervious be= 

1124.5 186 

1813.8 125 


5 3 Compacted pervious fill 

1124.5 186 

1352.5 110 


6 2 Compacted impervious fill 

917.5 250 

1121.5 130 

1161.5 130 

1170 125 


7 5 Foundation (coarse) 

0 110 

400 110 

720 110 

722 1 107.9 


8 6 Foundation (fine) 

0 107.9 

440 107.9 

722.1 107.9 
733.1 96.9 

9 5 Foundation {coarse) 

0 96.9 

400 96.9 

733.1 96.9 

745 085 

765 085 

776.9 96.9 

10 6 Foundation (fine) 

776.9 96.9 
787.9 107.9 

11 5 Foundation (coarse) 

787.9 107.9 

790 llO 

1000 130 

1170 125 

1352.5 llO 

1650 llO 


-

F-3 


1813.8 125 

2000 125 


12 6 Foundation (fine) 

787.9 107.9 
1200 107.9 
2000 107.9 

13 5 Foundation (coarse) 

776.9 96.9 
1200 96.9 
2000 96.9 

14 7 Foundation (fine) 

0 060 

900 050 

2000 060 


15 8 Foundation 

0 10 

1000 10 

2000 10 


MATERIAL========================= 

1 Impervious upstream blanket 


115 

Conventional Shear 


0 30 

Piezometric Line 
1 

2 Compacted impervious fill 


137 

conventional Shear 


0 30 

Piezometric Line 
1 

3 Compacted pervious fill 


120 

Conventional Shear 


0 33 

Piezometric Line 
1 

4 Uncoropacted pervious berm 


115 

Conventional Shear 


0 30 

Piezometric Line 
1 

5 Foundation (coarse) 
115 

Conventional Shear 


0 31 

Piezometric Line 

1 

6 Foundation (fine) 

110 

Conventional Shear 


0 30 

Piezometric Line 
1 

7 Foundation (fine) 

110 

Conventional Shear 


0 30 

Piezometric Line 

1 

8 Foundation 




r { { {. ( t ( { ( l 	 c i ~ l J { / r ~' 
110 
Conventional Shear 

0 30 
Piezometric Line 
1 

SURFACE PRESSURES 
0 110 8112 0 
100 110 8112 0 
100 110 8112 0 
160 130 6864 0 
160 130 6864 0 
560 150 5616 0 
560 150 5616 0 
747.5 200 2496 0 
747.5 200 2496 0 
867.5 240 0 0 

PIEZOMETRIC LINE DATA============= 
1 	62.4 

0 240 
500 240 
867.5 240 
910 230 
968.5 220 
1121.5 130 
1147 115 
1500 115 
1650 115 
1813.8 115 
2000 115 

ANALYSIS========================== 
CIRCULAR SEARCH 

1400 400 10 10 
TANGENT 

10 
SEISMIC COEFFICIENT 
0.26 

PLOT============================== 
COMPUTE=========================== 
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Gradation requirements for protective filters are given in Table 7-4. 
The first ratio, R15, ensures that the small particles of the material to be 
protected are prevented from passing through the pores of the filter; the 
second ratio, R 50 , ensures that seepage forces within the filter are reasona. 
bly small. If the criteria in this table cannot be met by one layer of filter 
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 Requirements for Filter Materials* 

Filter Material Characterisitics 

Uniform grain size filters, C., = 3 to 4 5 to 10 
Graded filters, subrounded particles 12 to 40 12 to 58 
Graded filters, angular particles 6 to 18 9 to30 

R = D 1s of filter material 
15 D 15 of material to be protected 

D50 of filter material 
R 50 - of material to be protectedD50 

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 excessive movement of fines in the filter and into 
drainage pipes. The grain size distribution curves of the filter and the base 
material should approximately parallel in the range of fmer sizes. 

*After U.S.B.R. (1974). 

.L?_,.-,;;~ 
::. ~s -h/r' 
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H. Design 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 millimeters generally do not need limitations on 
filter broadness to·prevent segregation. For coar.ser filters 
and gravel zones that serve both as filters and drains, the 
ratio DgoF/DlQF should decrease rapidly with increasing DlQF 
size. The limits in table 3 are suggested for preventing 
segregation during construction of these coarser filters. 

Table 3. - D1oF and DgoF limits for preventing segregation 

Minimum D10F Maximum DgoF 
(mm) (mm) 

<0.5 20 ----=:> /f/'ct­
0.5 - 1.0 25 7 
1.0 - 2.0 30 \ ~

40 .2.0 - 5.0 
so_/5.0 - 10 

10 - 50 60 
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The selection of a filter to meet the first requirer 
depends on both the type of soil and the flow patte1 
the earth structure under consideration. Figure I 
presents a useful plot for the design of a filte~. fo~ 
out of a slope. For a given slope and permeability II 
structure, Fig. 19.13 enables one to select combinat 
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 partic~es I 
invading the filter significantly are based on particle 
These requirements were developed from tests 
Terzaghi which were later extended_ by the Co'f 
Engineers at Vicksburg. The resultmg filter spec• 
tions relate the grading of the protective filter to th. 
the soil being protected by the following: 

f?'/?', .~-:
D15 Filter< S ·· (I' 
D85 Soil 

D15 Filter < ! 	 20 (1·(r., ·". ' .... ·' > .• 4 < 'I ,, D15 So1 

D50 Filter < 25 (1.. ·" ·· -.r. D50 Soil 

where n:.. '.D••. and n., are the particle sizes fn 
particle size distribution plot at 15, 50, and i 

For this flow-net: 

kt =6 !;f =5•• 

For this flow 
kt =7 

!!: = 10
T 

Fig. 19.13 Filte 
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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. Soil 
erosion is prevented by soil layers, called filters. 

The design of a proper filter consists of choosing the 
dimensions of the filter and of choosing a material for 
the filter such that: 

I. Sufficient head is lost in flow through the filters. 
2. 	No significant invasion of soil is permitted into the 

.. filter. 
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For this flow-net: 

~=6 _TH =5•• 

For this flow-net: 
kt =1 

~=10 

Fig. 19.13 Filter design (From Cedergren, 
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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 
presents a useful plot for the design of a filter for flow 
out of a slope. For a given slope and permeability in the 
structure, Fig. 19.13 enables one to select combinations 
of filter thickness and permeability. This figure was 
developed from flow nets, as illustrated by the two nets 
shown. 

The requirements of a filter to keep soil particles from 
invading the filter significantly are based on particle size. 
These requirements were developed from tests by 
Terzaghi which were later extended by the Corps of 
Engineers at Vicksburg. The resulting filter specifica­
tions relate the grading of the protective filter to that of 
the soil being protected by the following: 

·..-. r..._J; 
D15 Filt~r 5 (19.10)
D85 Soil 

( 4 < D15 Filt~r < 
.i ,., (!/"A- ...."" .. . 20 (19.11)

D15 So1l 

< 
' 

D50 Filter 25 (19.12)
-,.}f D50 Soil 

; .· 
where D , 15 D , 50 and D85 are the particle sizes from a F
particle size distribution plot at 15, 50, and 85%, v
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294 PART IV SOIL WITH WATER-NO FLOW OR STEADY FLOW 

respectively, finer by weight. The expressions not only 
limit 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. 

19.5 SUMMARY OF MAIN POINTS 

l. 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 em/sec for gravel to below 1o-• em/sec for 
clay. 

3. 	Permeability depends on the characteristics of both 
the permeant and the soil. Viscosity, unit weight, 

eri 

-


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 parti< 

size distribution curve is given in Fig. 3.3. 
19.3 Estimate the "percent passing a 200 sieve" for ea, 

soil A and soil B in Example 18.5. 
19.4 On the basis of the permeability data given for tl 

zones in the dam in Problem 18.7, identify the type of soil; 
each zone. 
-/19.5 Water is to fiow from the soil whose particle si; 
distribution is given in Fig. 3.3 into a gravel drain. The grav( 
consists of uniform particles 2 in. in diameter. On a piot c 
"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 = w-• em/sec) is to be used as a filter for' 
soil (k = 5 x w-• em/sec) which exists in an embankmen 
with a discharge face of I vertical to 2 horizontal. The fiov 
breaks out of the embankment at a height of 25ft. Select th< 
thickness for the filter on the basis of Fig: 19.13. 



APPENDIXG 


Filter Compatibility Analyses 

S

--' 

..,.,, 

68FOD9728700fTM-l.DOC 02/02100( I : 17 PM)IURSGWCFS 

ection G-2: URSGWCFS 
Filter Analyses 



-


Project No. 6'0- Po 0"72. 'JJ?,do 

Task No. 0 0 6 Oo 
By 0 wP 	 Checked By IUl-"F 

File No. _______ 

Sheet _.J..._......::::_.:.___J_L___Date 111/zS/oiJ Date z..} 2.-[ oo 	 I ofZ ·7 

fivrl-l...ln1'~ Pt£:RV1otu'> ~e. totrM ~sfJZ.c....:r 70 

1M ff1..({ vuu s :Z:.nvf:i. Fo ~ tvt1 fi.~o 5 rnv /?z.<.; o 

C#W17.JI.fU~U$ ~S ft7?1/ {!;.ot?#P/Hf I /£S {.,1St ,It/(;... 


/l+fi. j//1£ 7")-WXJ 6!1/~ /N f 


"r;· l-fe4' le-s h'V/4 f>;.v. D.t.M-1 s - fl/6 t£v-,:.li7V1 a-.d.. 
~h'v/IP/VJ"'J '8,..,Y..t~j7'.w? f3oun ~·es1 ~' Fb,;reyo M. 

~ F'e.AA/R.. J. /'19C?,.; P>"t~~'"'2~ St!1. Av.s~::._ 
,Vee..? :t. ~W"'. ~ ~'I'W" tlc-1 =- c..-! ~,._,~ / C-5) 

\I/+Vi<£V>111~ ~ GJI1'14tiM. C-'/i.t:~-s)) f-lbb<VY""'J V11t ~ 
(f, 5'03-fil(. 

r:;;.,+e.r ~ Pe-U s~~ t: 
0 Fi/.fr..,.. ev~'1r..v./eo.. f'~~~ .b7 _st-t~ ~ 

o~·<J~. 1'7 11 ~ ;:s ~'h..-t ~ u ~~~ o tz-rs,1 1
4+<- !.1'~ 	0>"\ Vld ~'?M ~'ir'eAA.>. 'P-1 ~ 
r~~ rt... Ct?t1 ~va::r~ ~ ~'1--.,., .J 1/1-Uv
'Pr'w> _-; 	 / 

® fW' ~':'i? ~#tvV11 ~s fM"w~ I~ A.. V'i~K 	~rf<J /f. ~ ~ ~>'?~ ~ a/'S.!> 
CP&J7ekv- ~'filv;~ ~.£, 1:>...~~·-e,; - t>,:;
<().,11-( wiw~ e.r~·-. !'$ e~se.-iJYa-l/..7 ~~s.. 

B. 	 t-lo f1M610?V Bfi1,(N'tJfri?Ji:> /f-~1n 17J f»jn:t< 
fiWO r- ££z.:t... J 

f 4.,.. a v-eV'....,... ,·.._. ~VitA.!S fS• /.1 : 

% f1Ni-s ~ 3"!% '/rrrL 4 t Dss-t> lt J, / .... ,.., 
) I Gs-- '16 ~.e... I ;I 

( P1s)N£ = /, 6 Df1 5'",;;~, ) Dl"n>d. ,., [ 2.o c4 Osrs--o·?Jj#.'l./ 

{$e<: Td?lc. 1 fl,,.f-w-. ~M)
1 

Lo,s),..ffl .,_ l·..q z........ (. ,<-/6fe: MrS /,Se, ~ /J $~~) o/ 


Woodward..Ciyde fit 


­



Subject C L$.. 8. L l..llVI 01/-M ftL ~~ y?J"h( BlLJ ?"YProject No. 68 -Po 'O/f7Z.~7. oo 

Task No. oi!J~ tJoBy 	 J{l.) p Checked By 
File No.-------- ­

Date 41/Z-'J /otP Date z /z-foo Sheet 

r f~ n-~~--~ ~ F'e-U 

Table I. Summary results of statistical analysis of the no erosion boundary of fllter tests. 

Base Soil 
Group 

Fines 
content (1) 

Design Criteria of Sherard 
and Dunnigan (1989) 

Range ofDFIS for No 
Erosion Boundary 

Proposed Criteria for No Erosion 
Boundary 

I ;;::85% DFI5 :> 9 DB85 6.4- 13.5 DB85 DFI5 :> 9 DB85 

2 35-85% DFI5,; 0.7mm 0.7- !.?nun DFI5 ,; 0.7mm 

3 < 15% DFI5,; 4 DB85 6.8-10 DB85 DFI5,; 7 DB85 

4 15- 35% DFI5,; (40-pp%75).1Ill) X 
(4DB85-0.7Y25 + 0.7 

1.6 - 2.5 DFI5 of 
Sherard and Dunnigan 

design criteria 

DFI5 :> 1.6 DFI5d, 
where DFI5d = 

(35-pp%75).1Ill)(4DB85-0.7)120+0.7 
...

Notes: (I) The subdlVlSlon for s01l group 2 and 4 was modified from 40% passmg 75).1Ill, as recommended by Sherard and 
Dunnigan (1989), to 35% based on the analysis of the flltertest data. 
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Figure 6: Comparison oferosion losses measured in filter tests to dams with poor and good filter performance. 
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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 darns that have experienced good and poor filter performance 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 darn in the event 
of a concentrated leak through the core. The good 
performance of darns with filters designed in 
accordance with modem 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 darn, 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 darns. 
Despite this, there is little guidance in the literature 
on the assessment of filters of existing darns, 
particularly for the situation where filters do not 
meet current criteria. 

Modem design criteria are based on laboratory tests 
that simulate a crack in the core of a darn 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 
al1ows no visible erosion of a Imm 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. Tenns developed to categorise 
filter test behaviour are as follows: 
(i) No erosion: - filter seals with practically no 

erosion of the base material. 
(ii) 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 seal 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 I. 

Foster, M. and Fell, R. (1999) Filter testing for darns- no erosion and continuing erosion boundaries. 
Proceedings sth Australia New Zealand Conference on Geomechanics, Vitharana and Colman (eds.), Hobart, 
Vol. 2, pp. 503-511. 
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Table I. Summary results of statistical analysis of the no erosion boundary of filter tests. 

Base Soil Fines Design Criteria of Sherard Range ofDFIS for No Proposed Criteria for No Erosion 
Group content and Dunnigan (1989) Erosion Boundary Boundary

(/) 

I :?:85% DFIS $9 DB85 6.4- 13.5 DB85 DFIS $9 DB85

2 35- 85% DFIS,; 0.7mm 0.7- 1.7mm DFIS $0.7mm 

3 < 15% DFIS,; 4 DB85 6.8- 10 DB85 DFIS,; 7 DB8S 

4 IS- 35% DFIS,; (40-pp%7S~m) x 1.6-2.5 DFIS of DFIS,; 1.6 DF!Sd,
(4DB85-0. 7)/25 + 0.7 Sherard and Dunnigan where DF!Sd = 

design criteria (35-pp%7S~m)(4DB85-0.7)/20+0.7 
...

Notes: (1) The subdiVISIOn for so1l group 2 and 4 was mod1fied from 40% passmg 75J..1m, as recommended by Sherard and 
Dunnigan (I 989), 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). 

(ii) 	 US Bureau of Reclamation (USBR) tests, 
reported in Karpoff(l955) and USBR (1960). 

(iii) 	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 I together with the design 
criteria ofSherard and Dunnigan. 

The statistical analysis of the filter test data 
generally confinned the interpretation of the NEF 
tests by Sherard and Dunnigan (1989). For soil 
group I 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 DFI5 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 75J.tm), as suggested by 
Sherard and Dunnigan, to 35% to allow for the 
results of some NEF tests on base soils with fines 
content in the range 35-40% with no erosion 
boundaries as low as DFI5=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. 	 Continuing Erosion Boundary 

The slot and slurry 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 prefonned slot or slurry material. In 
unsuccessful tests, virtually 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 I and 2. As reported in Sherard et al 
(1984b), the experimental data for these tests 
showed a poor relationship of DFI5 vs DB85, with 
DFI5/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 DFIS/9 <: DB98 to DBIOO for 
soils with DB85<0.1mm (Sherard, 1985). DFI5/9 
approximates the effective opening size of 
unifonnly graded filters (Sherard et al 1984a). This 



From mains 
Pressure gaugewa1er supply 

+l9mm inle1 pipe 

t205mm 
cylinder for 
DF15>15mm 

Figure 2: Continuing erosion filter test apparatus. 
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implies the filter only needs to be capable of 
stopping the very coarsest particles of ba~e material 
for self-filtering to occur for fine grained soils. 

The analysis of the filter test data of soil group 
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, all of the 
filter tests were eventually sealed. 

For base soils with DB85>0.lmm, there was 
insufficient data to detenn ine criteria for the 
continuing erosion 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>0.1mm. 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; 

• 	 thicker base specimens were used to allow for 
greater erosion losses. 

Details ofthe 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 ofthe following 
conditions were reached: 
(a) full 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. 

4.1 Results ofCEF 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. 

•+---~~~~+H~~~~~~++~ 
0.01 0.1 	 10 100 

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. 

-


-

-

Soil 
No. 

Name Geological Origin 

Index 
Properties 

Gradation Dispersivity 

LL PI %fines 
<75Jlm 

DB85 
(mm) 

Pinhole 
Dispersion 

Emerson 
Class 

I Fattorini Creek Colluvial 42 19 76 0.8 Dl I 
2 Doleritic clay Residual (dolerite) 62 22 70 0.2 NDI 5 
3 HumeDam Tertiary alluvial 33 15 63 0.4 Dl I 
4 Pukaki Dam Glacial till NP NP 36 6.8 Dl 5 
5 Jindabyne Dam Residual (granite) 38 II 34 1.5 Dl 5 
6 Matahina Dam Residual (greywacke) 26 8 33 4.1 DI-D2 2 
7 Cooma Alluvial Alluvial 31 10 33 0.7 PDI 2 
8 Glenmore Park Residual (shale) 42 21 44 3.7 PDI-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 CEFTests 
DFJS CEF Tests DFIS 
(mm) DFIS (mm) (mm) 

Fattorini Creek 0.2-0.3 1.0 2.0 
Doleritic clay 0.5-0.7 3.35 4.75 
HumeDam 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 6.7-9.5 12.7 19 
Glenmore Park 0.7- 1.0 12.7 19 

The results show that coarse filters with DFI5 
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 (DFI5:>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 I 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 no erosion boundary can be 
lower than the design criteria. Whilst the NEF tests 
on the Fattorini Darn and Hume Darn soils with 
DFI5=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 observed behaviour - soils 
with DB95 > 2mm and soils with DB95 < 2mm. 
For base soils with DB95 < 2mm, the filter was 
sealed for tests with filters corresponding to filter 
opening sizes (DFIS/9) equal up to about DB95. 
For tests with DFI5/9 > 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 DF 15/9 
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 DF 15 of the 
filter (38mm) that could be tested in the test 
cylinder. 

The erosion losses measured in the CEF tests are 
related to the proponion of fine to medium sand 
sizes in the base soils. Figure 4 shows the erosion 
losses plotted against the DFI5 of the filter and the 
percentage of base particles with sizes in the range 
75J.UD - 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 
DFI5 size, the erosion losses tend to be lower for 
base soils with higher proponions of fine to medium 
sand sizes. Contours of equa1 erosion Joss, 
determined by interpolation between the data points, 
are shown plotted on Figure 4. The contours cover 
the range of DFI5 of about 2 to 13mm which 
correspond to filter opening sizes (given by DFI5/9) 
in the range of 0.2 to 1.4mm, i.e. about the same as 
fine to medium sand sizes. 
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Figure 5. 	 Gradings of filters which have 

experienced poor filter performance. 
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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 
rockfill 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 multiple filters and towards the 
use of a single filter of substantial width and broad 
gradation (Response by Ripley in !COLD, 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 
internally 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 

-

-

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. 

Only two dams, Rowallan Dam and Whitemans 
Darn, were found in the literature which have 
experienced poor filter performance involving 
piping of fine grained core materials with DB95 < 
2mm. 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., DFI5/9 > DB95. At Rowallan Dam, the filter 
with the coarsest grading has a filter opening size 
(DF15/9) of 1119 = 1.2mm and this is larger than the 
DB95 of the fmest 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 
materiai=I.0/9= O.llmm and the 0895 of the finest 
core grading is 0.075mm. 
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-

The other dams with poor filter 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 (%75!lm - 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 soils (DF15=0.7mm) are 
shown on the plot. The % fine-medium sand has 
been take. I off the grading curves of the core 
materials t.fter adjustment to a maximum particle 
size of 4.75mm. 

Dams with good filter performance generally have 
filters with an average DF15 :f 0.5mm which is finer 
than the Sherard and Dunnigan design criteria for 
soil group 2 base soils (DF15 s; 0.7mm). The 
coarsr ',t gradings are only slightly coarser than this 
(DFl> up to 1.5mm). 

Darns with poor filter performance have filters with 
an average DF15 > I.Omm 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 Darn has the 
finest coarse limit grading of the filter (DF15 = 
7mm) and this is 10 times coarser than the 
recommended design criteria. The DF15 for the 
coarsest gradings is typically greater than or equal to 
about the l.Og!cm' contour. 

One notable exception is Songa Darn which has a 
range of DFlS of 0.4-1.5mm and this is 
considerably lower than the other darns 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 panicularly 
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 DFI5 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 DF15 which

yields an erosion Joss of 0.25glcm' in the CEF 
test, as represented by the 0.25glcm' contour 
line in Figure 6, and/or 

(ii) an upper limit DF15 greater than the DF15 
which yields an erosion loss of I.Og!cm' in the
CEF test, as represented by the l.Og!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 > I OOg base material loss) 
occurred for DFI5/DB85 > 9. For soil group 4 soils, 
with fines content of 15-35%, the descriptions of the 
unsuccessful NEF tests suggest the erosion losses 
are significant for filters with DFI5 slightly coarser 
than the no erosion boundary. Therefore, the 
proposed criteria is based on the upper limit of the 
no erosion boundary given by: · 

DFI5 > 2.5DFI5design, 
where DF IS design is given by: 
DFI5design = (35-pp%75~m)(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. 	
(i) Design offilters for dispersive soils 
Sherard and Dunnigan recommended the same 
DFI5 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 	

recommended that NEF tests be carried out to 
confirm the DF15 for no erosion. 
(ii) 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 soils with 35­
40% fines content indicated the no erosion boundary 
to be as low as DFI5 = 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. 

(ii) 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 anctior 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 ofthe filter performance in the event of a concentrated leak. 

Comparison ofDF15 in the dam to the Likelihood of filter performance in the event of a concentrated leak 
filter test erosion boundaries 

Average DFIS in Coarsest DFIS in the Seals with No Seals with Some Partial or No Seal 
the dam dam Erosion Erosion with Large Erosion 

<NE <NE Highly Likely Unlikely Highly Unlikely 

<NE >NEand<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 Eros1on Boundary, CE Contmumg Eros1on Boundary 
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Characteristics of sand-gravel filters that would tend 
to make them susceptible to segregation are: 
(i) 	 broad grading, with maximum particle sizes > 

75mm, 
(ii) 	 a low percentage of sand sizes (<40% finer 

than 4.75mm), and 
(iii) 	 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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Static Stability Analyses 
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NOTES: 

l. Factor of safety values computed using an undrained 

shear strength for the compacted impervious fill layer, 

corresponding to a critical factor of safety equal to 1.1. 

2. Stability analyses performed using UTEXAS3 
program with the Spencer method. 
3. Material strengths obtained from previous SEED report, 

as follows: 

F.S. =1.3 

F.S. =1.2 

--·--·--· ­
Foundation Sandy Silty Gtavcl 

Foundalion Silty and Clayey Sand 

Uncompacted Downstteam Pcnious Berm 

·~·-·----~·-·-·-·-·-·-·-· 

CLEELUMDAM 
YAKIMAPROJECf 

CLEELUM, WASHINGTON . 

Figure: H-14­ UPSTREAM RAPID 
ProjectNo. 68-pQD97287.00 DRAWDOWN 
PreparedBy: KAF1 STABILITY ANALYSIS 

JliiDii.Date: 2119199 ~
.....--------~.~~e 

[ 


r 


r 

r 
{ 

r 
1' 
r 
f 
1 
1 

f 


J 

t. 

r· 

f 

1 

'{. l
. 

1 
 

http:68-pQD97287.00


-

-


-


-
-

-ol 

-

.... 


-


FIGURE 1-1-5 
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HEADING=================================================== 

***** CLE ELUM DAM - Cle Elum, Washington -- Stability Analysis 
WC Project No. 097287 Maximum Section 
File: CE-ROl.IN By: KAF Date: 2/19/99
PROFILE LINES============================================= 
1 1 Impervious upstream blanket 


100 110 

160 130 

560 150 


2 2 Compacted impervious fill 

400 110 

560 150 

660 175 

747.5 200 

897,5 250 

917.5 250 


3 3 Compacted pervious fill 

917.5 250 

932.5 250 

1124.5 186 


4 4 uncompacted pervious berm 

1124.5 186 

1813.8 125 


5 3 Compacted pervious fill 

1124.5 186 

1352.5 110 


6 2 Compacted impervious fill 

917.5 250 

1121. 5 130 

1161.5 130 

1170 125 


7 5 Foundation (coarse) 

0 110 

400 110 

720 110 

745 085 

765 085 

790 110 

1000 130 

1170 125 

1352.5 110 

1650 110 

1813.8 125 

2000 125 


a 6 Foundation (fine) 
0 060 
900 050 
2000 060 

Foundation7 

0 10 

1000 10 

2000 10 


MATERIAL========================= 
1 Impervious upstream blanket 


115 

Conventional Shear 


0 30 

Piezometric Line 
 

 Compacted impervious fill 

137 


Conventional Shear 

2000 0 


Piezometric Line 
 

 Compacted pervious fill 

120 


Conventional Shear 

0 33 


Piezometric Line 

 


4 uncompacted pervious berm 

115 


Conventional Shear 

0 30 


Piezometric Line 

 

 Foundation (coarse) 


115 

Conventional Shear 


0 31 

Piezometric Line 
 


6 Foundation (fine) 
110 

Conventional Shear 


0 30 

Piezometric Line 


 

7 Foundation Soils 

110 

Conventional Shear 


http:CE-ROl.IN
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0 30 

Piezornet~ic Line 
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PIEZOMETRIC LINE DATA============= 
1 	 62.4 


0 110 

100 110 

160 130 

560 150 

660 175 

747.5 200 

867.5 240 

910 230 

968.5 220 

1121.5 130 

1147 115 

1500 115 

1650 115 

1813.8 115 

2000 115 


ANALYSIS========================== 
CIRCULAR search 

750 250 5 0 

TANGENT 

100 


PLOT==============================COMPUTE=========================== 
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Correlated N60 Values from Becker Blowcounts 



Subject: Corrected Blowcounts Project No.: 68-FOD97287 
By: KAF Checked By: Jwf File: N60-correlation.mcd 
Date: 2/2/00 Date: tJ2/o']./oiJ Sheet: 1 of 2 

-


-


-


Problem: 	 Correct Becker closed-bit penetration data from !tie 1998 Cle Elum Dam field 
investigation to the Standard Penetration Test (SPT) N60-values. 

Raw Becker blowcounts and bounce chamber pressures; Pile Drive 
Analyzer (PDA) data from GAL; AP-1 000 drill rig with ICE 180 diesel pile 
hammer; 6.6' O.D. casing. 

Assumptions: 	 (1) As stated. 

Solution: 

(1) HARDER & SEED (1986) METHOD 

I. Elevation Correction for Becker Blowcounts 

• 	 Correct bounce chamber pressures for elevation to sea level 
-at an elevation of 6000 ft, the adjustment would be 3.7 at a bounce chamber pressure 
(BCP) of 6 psi; for a BCP of 20 psi, the correction would be 6.2 

Let: A_(3.7·EL) (Eqn. 1) B-<6·2·EL) (Eqn. 2) 

6000 6000 


where EL is elevation in feet. 

Then, BCP uncorrected- 6 

BCPEI.correcte- ·(B- A)+A+BCP uncorrected 
 (Eqn. 3) 14 

• 	 Correct Becker blowcounts using the corrected BCP and Figure 1-1. 

11. Blowcount Correction for Rig Type 

• 	 Correct to AP-1000 rig values, if using B-180 drill rig: 


(Eqn. 4) 
N bcAPiooo=l.S·N bcBI80 

• 	 Correct Becker blowcounts for rig type by multiplying by rig factor. Because an 

AP-1000 rig was used, the factor is 1. 


Ill. Correlate Corrected Becker Blowcount to SPT N60 

• 	 Use correlation curve, Figure 1·2. P\~ N~~~~ e.Qric..~..,..h,,.,_ c..u..f..\J& \~~e.\"'-&. -e.g o.,.,.~ 
~Nt. ...-o TO lc>C' b\ow~. ~";) c.~,~.rvc. h.t.; be<M £o(..+.'"'-pol6<.~-e.l. +o C:ofrda..+~ 'bc..

10
..... J ~-; {et"~~ 

• 	 Approximate correlation curve is as follows: ' 

2	 3
0.1362+ (!.0621·N be)- (0.0065867 ·N bc ) + ( 0.000030243·N bc )=N 60 (Eqn. 5) 

(obtained from Becker calculation spreadsheet used by Reclamation) 

1-1 	 URS Greiner Woodward Clyde 



Subject: Corrected Blowcounts Project No.: 68-FOD97287 
By: KAF Checked By: Jwf File: N60-correlation.mcd 
Date: 2/2/00 Date: 02/lfi./~ Sheet: 2 of 2 

{2) SY {1997) METHOD 

I. Correct Becker Blowcounts for Energy 

• 	 Correct to 30% of the manufacturer'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 
{Eqn. 6) 

30 
N b3o=N bc"-:-:-'- ­

• 	 Measured ENTHRU obtained from PDA tests. For depths where PDA data were not 
recorded, a constant ENTHRU value of 40% was used. 

II. Shaft Resistance Correction 

• 	 The shaft resistance correction, R5 , is typically obtained from Case Pile Wave Analysis 
Program {CAPWAP) data. 

• 	 In the absence of CAPWAP data, the following generic correlation for gravel sites can be 
used: 

R 5(gravel sites)=Y + 25-¥>5 {in kN) {Eqn. 7) 

where Y = depth {in meters) 

ttl. Correlate Corrected Blowcounts to SPT N60 

• 	 Use Nb3o and R5 values with Sy {1997) correlation to deterrni~e SPT N60 from 
Figure 1~3. Pl~c. IVo+e t. .... >t v.:.<; , ..

' u..p +o N~ :::;(oo b\c:.we-. Th-e;e. C..l.<.e.ve.s 'no..ve b-ee."" ~.,..~~oi"'-o.\-e..d +o 
UtfL\o-~<. b ""I(H\.. J. """t'k\<; V'£Vl.~'€.. I 

"kvt.+ ~ ~((~1,_~·" ...._ c.h..... .\e. ~";...,_.l.,t 

1-2 	 URS Greiner Woodward Clyde 
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BLOW COUNT CORRECTION CURVES 
FOR REDUCED COMBUSTION v . EFFICIENCIES 

'\ 

A 

CONSTANT COMBUSTION CONDITION 
CALIBRATION CURVE, A-A 

o o MEASURED DATA 
• • CORRECTED DATA 

0 50 100 150 200 250 

BOUNCE CHAMBER PRESSURE (kPa) 

Project No. CLE ELUM DAM 
68FOD97287 CLE ELUM, WASHINGTON 

URS Greiner Woodward Clyde 
Constant Combustion Correction Curve 

(Harder & Seed, 1986) 
Figure 

1-1 
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Name of Dam: Cle Elum Dam, WA Drilled by: layne Christensen 
Hole Designation: BDH98-1 Drill Rig: AP1000 drill rig equipped wilh ICE 180 hammer 

By: KAF Checked by: r;4 
N60-981x Da1e: 2/3/00 Da1e:2/~/llf> 1 of2 
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62 2122.94 18 : 
""" ,..~,..., n.o nn 

By: KAF Checked by:~ 
N60-981x Date: 2/3/00 2of2Date:z.;,/flf} 
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Name of Dam: Cle Elum Dam, WA Drilled by: Layne Christensen 
Hole Designation: BDH98-1B Drill Rig: AP1000 drill rig equipped with ICE 180 hammer 

By: KAF Checked by:~ 

N60-981bx Date: 2/3/00 Date:zJ3/«' 1 of2 
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By: KAF Checked by: Y<sf 

N60-981bx Date: 213/00 · Date: g;,jro 2 of 2 




r r r [ { [ [ r I [ [ r [ [ [ r r 
Name of Dam: Cle Elum Dam, WA Drilled by: Layne Christensen 
Hole Designation: BDH98-2 Drill Rig: AP1000 drill rig equipped with ICE 180 hammer 

By: KAF Checked by: ~ 

N60-982x Date: 2/3/00 Date:~~/(!(} 1 of3 
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By: KAF Checked by: '(11ft 

N60·982x Date: 2/3/00 Date:'lf5j11P 2 of 3 
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OPEN BIT DRILLING CONDUCTED FROM 108 TO 122 FEET. 

By: KAF Checked by: ~: {_

N60-982x Date: 213/00 Date: G.1 , p>'Q 3of3 
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Name of Dam: Cle Elum Dam, WA Drilled by: Layne Christensen 
Hole Designation: BDH98-3 Drill Rig: AP1 ooo drill rig equipped with ICE 180 hammer 

By: KAF Checked by:~

N60-983x Date: 213/00 Date:'1{Sjw 1 of3 
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By: KAF Checked by: ~/l
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Beeker Drm ing Program Resu Its 
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BECKF..R AJ\111' LF. UOLE BEENG llRl t.LIED AT CLE ELIJM DAM 
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NOTES: 
1. Legentl and Noles 011 F igure B--9. 
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LEGEND 

lo.J ..,~~-
~~.·~. EMBANKMENT ANDJOR DOWNSTREAM BJ8RM - FILL --OLOSED-BIT DRIUEO INTERVAL•i!';fu.fm 
-;~ 

iupiiip 
--·- - -- OPEN~BIT IJRU ..LEO INTERVALGLACIAL. OUTWASH ( COARSE-GRAIN eD') - SANDY GRAVEL S ; 

COBBLES, BOULDERS 
PRACTICAL Rl(3 REFUSAL" 

I GlAC IAL OUTWASH (FJNE-GR.A~NED) - SAND 
LOVVER SHIEAR WAVE VELOCtTY LA'fER 

~;,' ;: ~~ ~-
Q~. ':'~; LAI<EBED SEDIMENTS- CLIW AREA WHERE LOWER OPEN-BIT 
·:{;' 	 ~. BLOW COUNTS \heRE RECORDEDtit ·~'" 

NOTES 

1. 	GRAPH I C LOGS ARE BASED ON SAMF'UNG. llR ilUNG RESrSTMJCE, AND 

KNO\I\It..EDGE OF' DAM CONSTRUCTION. 


2. 	 BECKER PENETRAnON AND SAMPle TESTS \MiRE DRIL.LE'D IN NOVEMBER 

Of 1998 BY LA YNE CHR ISTENSEN OF TACOMA. WASHINGTON. 


3. 	PRACTICAL RIG R~R.JSAI.. WAS D~ANEO BY 400 6LOIJVS FOR 3 ~NCHES OR 

LESS PENETRAl iON. 


4. 	LOVIJ,ER SHEAR WAVE VELOCITY LAYE:;~S WERE. IDENTIFIED DURENG THE 

1992-eG CROSSHOLE SHEAR WAVE TESTS 


5, 	APPROXIMATE LOCATIONS O F BECKER 'T EST H OLES ARE SHOWN ON FIGURE; B-2 . 

Pt0fec4 No. 1 CLE am.., DAM 
0972B7 CLE El.UM, WASHINGTON Agurn

LEGEND AND NOTES 
I ~FN;)SJ!t' I QJI ~UfJ ..,.,. Woodwa rd-Clyde fit B--9 
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