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PREFACE 

An in situ seismic investigation at Black Butte Dam was author

ized by the U. S. Army Engineer District, Sacramento, under lAO Nos. 

SPKED-F-80-23 and SPKED-F-82-1, dated 3 April 1980 and 14 October 1981, 

respectively. 

The field investigation was performed during the periods 

12-15 May 1980 and 18-22 May 1982. Messrs. Ronald E. Wahl, Jose L. 

Llopis, Donald E. Yule, Donald H. Douglas, Rodney N. Walters, and 

Michael K. Sharp, and LT Stephen G. Sanders of the Field Investigations 

Group, Earthquake Engineering and Geophysics Division (EEGD), Geotech

nical Laborato+y (GL), and Mr. Monroe B. Savage of the Instrumentation 

Services Division (ISD), of the U. S. Army Engineer Waterways Experiment 

Station (WES), were members of the field parties who carried out this 

project. The analysis phase of this study was performed by Messrs. Wahl 

and Llopis under ~he general supervision of Dr. Arley G. Franklin, 

Chief, EEGD, and Dr. William F. Marcuson III, Chief, GL. This report 

was written by Messrs. Llopis and Wahl. 

COL Nelson P. Conover, CE, and COL Tilford C. Creel, CE, were 

Commanders and Directors of WES during the performance of this investi

gation and the preparation of this report. Mr. Fred R. Brown was 

Technical Director. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U. S. customary unit s of measurement used in this report can be convert

ed to metric (SI) units as follows: 

Multiply By To Obtain 

feet 0.3048 metres 

miles (U. s. statute) 1.609347 kilometres 

pounds (force) 4.448222 newtons 

pounds (mass) 0.4535924 kilograms 
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IN SITU SEISMIC INVESTIGATION OF BLACK BUTTE DAM 

PART I: INTRODUCTION 

Background, Purpose, and Scope of Study 

1. Current computerized seismic wave propagation analysis proce

dures for earth dams and foundations require that values of compression

and shear-wave (P- and S-wave) propagation velocities as a function of 

depth be determined. These seismic velocities are used ~n conjunction 

with conventional field sampling and laboratory testing to provide soil 

property information for a dynamic analysis of the dam and its 

foundation . 

2. A geophysical investigation was conducted at Black Butte Dam, 

which is located on Stony Creek approximately nine miles* west of the 

town of Orland, Calif., as shown in Figure 1. The investigation was 

performed to determine P- and S-wave velocities as a function of depth 

within the dam and its underlying foundation materials. A suite of 

seismic test methods was used in order to determine an optimal P- and 

S-wave velocity zonation of the dam and foundation for use in a dynamic 

analysis . 

Site Description 

3. The Black Butte Dam is a zoned earth-fill structure with a 

crest length of 2970 ft, a maximum width of about 700 ft, and a maximum 

height of 150 ft; construction was completed in 1963. The zones consist 

of a central impervious core and a random-fill shell. The impervious 

core trench was founded on rock (basalt) on the abutments and mudstone 

in the valley section. Depths of excavation for the core trench ranged 

from approximately 1 to 60 ft. The foundation for the embankment con-

sists of the Chico Formation, the Black Butte Series, and alluvium. 

* A table for converting U. S. customary units of measurement to metric 
(SI) units is presented on page 3. 
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4. The Chico Formation consists of sandstone, sandy shales, con

glomerates, and a minor amount of limestone. The sediments overlying 

the Chico Formation are referred to as the Black Butte Series . The basal 

member is a conglomerate with an average thickness of 25 ft; it is 

overlain by materials grading upward from a clayey sandstone through a 

pseudosandstone (i.e., has the appearance of fine-grained sandstone, but 

is composed of clay to an arenaceous claystone). This material has been 

grouped under the general heading of mudstone.* 

5. The majority of the alluvium upon which the dam is founded 

consists chiefly of floodplain and stream deposits. The floodplain 

deposits consist of lenticular deposits of clay, silt, sand, and gravel. 

These deposits are gray in color, unconsolidated, and have been depos

ited in such a manner that fines predominately occupy the upper limits 

with the gravels largely confined to the lower two-thirds. The vertical 

thickness of this deposit averages 8 ft . The Recent stream deposits are 

chiefly rounded to subrounded rock fragments (gravel) and are composed 

of volcanics with minor amounts of diorite, quartzite, schists, and 

chert . These deposits are porous, loose, and are 17 to 20 ft in verti

cal thickness.* A plan view of the dam is shown in Figure 2 . Trans

verse and longitudinal cross sections are presented in Figure 3. 

Test Program 

6. After a preliminary geophysical test program had been planned 

by personnel of the U. S. Army Engineer District, Sacramento, it was 

submitted to the U. S. Army Engineer Waterways Experiment Station (WES) 

fo r review. Pertinent information relative to the design and construc

tion of the embankment was provided to aid in that review. The finalized 

test program consisted of seismic refraction, crosshole, downhole, and 

surface vibratory tests which would provide the geophysical data neces

sary to complete an analysis of the dam's r esponse to earthquake loadings. 

* Design Memorandum No. 4 , Black Butte Project, Stony Creek, Calif ., 
Dam and Appurtenances, Appendix A, 1 January 1959, U. S. Army Engineer 
District, CE, Sacramento, Calif. 
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The locations of the tests performed during this investigation are 

s hown in Figure 2 . The average pool elevation while conducting surface 

refraction and vibratory tests was 459ft (12-15 May 1980) . During the 

performance of crosshole and downhole tests, the average pool elevation 

was 461ft (18-?2 May 1982). 

7. Seismic refraction tests. Surface seismic refraction tests 

were conducted to determine P-wave velocities, layering (depth to int er

faces having contrasting velocities) , and anomalous conditions (if any). 

These tests consisted of four lines, designated R-1 through R-4 which 

were located and oriented as shown in Figure 2. Forward and reverse 

traverses were run for each line. Line R-1 was run along the toe of the 

dam and had a length of 625 ft . Line R- 2 was located on the dam crest 

and was 900 ft long . Line R-3 was run on the right abutment and had a 

length of 500 ft . Line R-4 was located on the left abutment and had a 

length of 200 ft. 

8. Surface vibratory tests . Ten vibratory lines, designated as 

V-1 through V- 10, were run as shown in the test layou t (Figure 2) . 

These tests were conducted to determine Rayleigh-wave (R-wave) veloci

ties , which are similar in magnitude to S-wave velocities , as a function 

of depth . Lines V- 1 through V- 4 were located on the dam crest while 

lines V-5 through V-8 were located on the toe. Lines V-9 and V-10 were 

run on the right abutment . All the vibratory lines were 200 ft in 

length . 

9 . Crosshole tests . Crosshole tests were conducted in three 

borehole sets (AB , CD, and EF) with each set consisting of two borings . 

Boreholes in each set were spaced approximately 10 ft apart at the loca

tions shown in Figure 2 . 

10. The purpose of the crosshole investigation was to determine 

horizontal P- and S-wave veloci t ies as a function of depth . One advan

tage of cnosshole testing as opposed to surface seismic refraction is 

its ability to detect lower velocity layers underlying or sandwiched 

between layers of higher velocity . The crosshole technique is therefore 

considered to be inherently more definitive and accurate than the sur

face refraction test but has the shortcoming of requiring boreholes and 
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not being able to cover as much areal extent; thus the techniques are 

used in a complementary manner. 

11. Borehole set AB was approximately 45 ft deep and was located 

on the center line of the crest near sta 21+00. These borings were used 

for obtaining velocities of the impervious core. Borehole set CD was 

approxim~tely 135 ft deep and located 32 ft below the crest of the dam 

on the downstream face near sta 21+00; these borings were designed to 

obtain velocities of the pervious zone, alluvium, and Black Butte Series 

(i.e ., the foundation materials). Borehole set EF was approximately 

95 ft deep and located on the downstream toe near sta 21+00; these 

borings passed through the alluvium and into the Black Butte Series. 

12. All borings for the crosshole tests were drilled 8 in. in 

diameter and cased with 4-in. ID polyvinyl chloride (PVC) pipe by WES 

personnel. The annular space between the casing and walls of the 

borings was grou~ed with a mixture of portland cement, bentonite, and 

waLer, which . after setting up, had approximately the consistency of 

soil. A borehole deviation survey was conducted to determine precise 

vertical alignment because accurate reduction of data from the crosshole 

tests r equires knowledge of the drift of each borehole so that a straight

line distance between boreholes at each test depth can be established. 

Since distances and corresponding arrival times were known for each test 

elevation, an analysis of the crosshole data obtained from each of the 

three sets was made with the aid of a computer program developed at WES.* 

13 . Downhole tests. Downhole P- and S-wave tests were conducted 

to complement surface seismic refraction and crosshole tests thereby in

creasing overall confidence in data obtained. Downhole P- and S-wave 

tests were conducted in borings A, C, and E at 5-ft-depth intervals 

with the source located 5 to 9 ft from the mouth of the borehole. In 

addition to the determination of P- and S-wave velocitiess the downhole 

test has the ability to detect inversion layers . However, certain limi

tations must be recognized: 

* Butler, D. K., Skoglund, G. R., and Landers, G. B. 1978. "CROSSHOLE: 
An Interpretative Computer Code for Crosshole Seismic Test Results, 
Documentation, and Examples," Miscellaneous Paper S-78-8, U. S. Army 
Engineer Waterways Experiment Station, CE, Vicksburg, Miss. 
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a. Lower limits of measurable velocity are inherently estab
lis hed by the velocity of the casing or grout which can 
act as a wave guide for the vertically traveling seismic 
waves. 

b. Accuracy of incremental velocities is directly related 
to the preciseness of timing control available on the 
seismograph. In high velocity materials, incremental 
time differences could be on the order of 1 or 2 msec. 
Therefore, an error of 0 . 5 msec in a distance of 10 ft 
or less would be appreciable. In view of these limita
tions, the downhole test must be used with discretion. 

Equipment and Test Procedures 

14. Seismographs. Two different types of seismographs were uti

lised for recording surface refraction, surface vibratory, crosshole, 

and downhole test data. Refraction lines R-1 and R-3, and all surface 

vibratory lines were performed using a portable, battery-powered, 24-

channel seismograph, and an oscillograph. Refraction lines R-2 and R- 4, 

crosshole, and downhole tests were conducted with a portable, battery

powered, 12-channel seismograph which had data-enhancement capability. 

15. Geophones. For seismic refraction and surface vibratory 

tests, material response was detected by vertically oriented geophones. 

For crosshole and downhole tests, the material response was monitored by 

a triaxial array of geophones (two mounted horizontally at 90 deg to 

each other, and one vertically oriented) housed in one container . 

16. Energy sources. For seismic refraction lines R-1 through R-3 

the seismic energy source was 2 to 5 lb of two-component explosive 

charges with the amount of explosives used being dependent on the length 

and location of the line. Charges were buried between 3 and 5 ft depend

ent on the location of the line . For refraction line R-4, the seismic 

source was generated by applying sledgehammer blows to a steel plate 

seated on the ground surface. 

17. The energy source for the surface vibratory lines was a 

4000-lb force (peak) electrohydraulic vibrator with a 10- to 300-Hz 

frequency range. 
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18. For crosshole seismic tests, a downhole vibrator was used as 

a generator of vertically polarized shear (SV) wave s. Exploding bridge

wire detonators were used as a P-wave source. 

19. The energy source for the determination of P-wave velocities 

for the downhole test consisted of striking a steel plate, seated on 

the ground, with a sledgehammer . S-waves for the downhole S-wave test 

were generated by alternately striking each end of a wooden plank lying 

on the ground with a sledgehammer . 

20 . All phases of the geophysical test program with the exception 

of the surface vibratory and crosshole S-wave tests were conducted in 

accordance with procedures outlined in Chapter 3 of EM 1110-1-1802, 

"Geophysical Exploration ," dated 31 May 1979 . In this manual, a de

tailed description of each test technique employed is presented along 

with pertinent background information . The surface vibratory test pro

cedure consisted of positioning the vibrator at a selected location and 

placing the geophones in a straight line (starting at and extending away 

from the vibrator) at selected intervals along the surface of the ground. 

The vibrator was then operated at discrete selected frequencies with the 

surface R-wave being monitored by the transducers (geophone nearest the 

vibrator served as zero time) . The time lag, referenced to the zero time 

geophone, is determined and plotted versus the respective distances that 

the geophones were from the vibrator . The R-wave velocity for the source 

frequency is determined from the slope of the line obtained in the plot . 

When the frequency and R-wave velocity are known , a corresponding wave

length can be computed by dividing the velocity by the frequency. Wave 

velocities thus derived are consider ed t o be average values* for an 

* R-wave velocities that are determined near a high velocity contrast 
interface, such as a soil-rock boundary, will probably be influenced 
by both the higher and lower velocity materi a l s and thus provide 
weighted average velocities dependent on the physical properties of 
two layers. 
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effective depth of one-half the wavelength. As mentioned previously, 

R-wave velocities are numerically close to S-wave velocities. For the 

range of Poisson's ratios commonly found in soil materials, the maximum 

difference between R- and S-wave velocities is less than 10 percent.* 

21. The crosshole S-wave test differed from that described in 

EM 1110-1-1802 in that instead of using a surface-mounted vibrator as 

a seismic source, a downhole vibrator was employed . The procedure con

s isted of lowering the vibrator in the borehole to a selected test eleva

tion and clamping the vibrator firmly to the sidewalls of the PVC casing 

by means of an inflatable rubber bladder. When the vibrator was in 

position, the operator swept the oscillator through a range of frequen

cies (50- to 500-Hz) and selected one that propagated well (one with a 

high amplitude) through the transmitting medium. The time required for 

the transmitted signal to reach the receiver geophone was recorded with 

a seismograph with enhancement capabilities and the corresponding S-wave 

velocity determined. 

* Ballard, R. F., Jr. 1964. "Determination of Soil Shear Moduli at 
Depths by In Situ Vibratory Techniques, " Miscellaneous Paper 4-691, 
U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss. 

10 



PART II: TEST RESULTS 

Surface Seismic Refraction Tests 

22 . Basic data acquired from seismic refraction tests are con

ventionally displayed in time-distance plots. The data from lines R-1 

through R-4 are shown in Figures 4-7, respectively. 

23 . Seismic refraction line R-1 was located on the toe of the 

dam between sta 19+00 and 25+25 . Four P-wave velocity zones were deter

mined as shown in Figure 4 . * The first zone extended to depths of 6 and 

16 ft and had an average velocity of 2150 fps. The underlying second 

zone was encountered to depths of 23 and 42 ft and had a true velocity 

of 4750 fps . Zone 3 had a true velocity of 6750 fps and ranged from 

110 to 115 ft in depth where Zone 4 was encountered with a true velocity 

of 9850 fps. 

24 . Seismic refraction line R-2 was run on the crest of the dam 

appr oximately between sta 19+00 and 28+00. Three P-wave velocity zones 

were indicated as shown in Figur~ 5. The first zone had an average 

velocity of 1625 fps and extended to depths between 10 and 40 ft. The 

underlying zone had a true velocity of 2950 fps and ranged between 132 

and 136 ft in depth where Zone 3 was encountered with a true velocity of 

6875 fps . 

25. S~ismic refraction line R-3 was located on the right abutment 

between the outlet channel and downstream toe (sta 12+00 to 17+00) and 

was oriented in a southeast-northwest direction. Three P-wave velocity 

zones were detected as shown in Figure 6 . The first zone had an average 

velocity of 1225 fps corresponding to the overburden and ranged from 5 to 

lJ ft in thickness. Zone 2, corresponding to thP. Tehama Formatjon (poor

ly cons~lidated, fluvially deposited pebbles, sand , silts, and clays) 

extended to depths ranging from 18 ft on the northwestern end of the 

line to 58 ft on the southeastern end and had a true velocity of 3500 fps. 

* All velocities reported are assumed, based on ciming resolution and 
judgment, to have an accuracy of +12 . 5 fps. 
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Below the above zones , layer 3, which corresponds to the basalt layer, 

had a true velocity of 9825 fps . 

26 . The time-distance plot for seismic line R-4 which was locat

ed on the dam ' s left abutment and oriented in an east-west direction is 

presented in Figure 7. Two velocity zones were determined . The first 

zone which corresponds to talus (basalt rubble) deposits had an average 

velocity of 2375 fps with a thickness varying from 34 ft on the western 

end of the line to 15 ft on the eastern end. The underlying ma terial, 

basalt, had a true velocity of 8225 fps. 

Downhole P- Wave Tests 

27. Downhole test results are pr esented in conventional time 

versus slant distance (slant distance is nearly equal to depth) plots. 

Figures 8-10 show the results of downhole P-wave tests conducted at 

5- ft- depth intervals in borings A, C, and E, r espectively . 

28 . Figure 8 presents the data collected from the downhole test 

conducted in boring A, crest of dam, which was 45 ft deep . Two velocity 

zones were indicated which are tabulated as follows : 

Zone 

1 
2 

Approximate 
Depth to Top 

of Interface. ft 

0 
25 

Velocity, fps 

2165 
2750 

29. Figure 9 presents the data acquired from the downhole P- wave 

test in boring C, downstream face , which was 135 ft deep. Four velocity 

zones were determined as follows: 

Approximate 
Depth to Top 

Zone of Interface, ft Velocity, fps 

1 0 1900 
2 10 3300 
3 105 4000 
4 120 6675 
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----------------------------------------------

30. Figure 10 presents the data collected from the do~vnhole P

wave test conducted in hole E, located on the downstream toe of the dam, 

which was 95 ft deep. The results indicated three velocity zones tabu

lated as follows: 

Approximate 
Depth to Top 

Zone of Interface, ft Velocity, fps 

1 0 1300 
2 12 4375 
3 33 7075 

Downhole S-Wave Tests 

31. Data obtained from downhole S-wave tes ts are conventionally 

shown in arrival time versus slant distance plots. Slant distance is 

almost equal to depth. The results of the downhole S-wave tests con

ducted in boreholes A, C, and E are presented in Figures 11-13, 

respectively. 

32. Only one velocity zone was detected from the downhole S- wave 

test conducted in boring A which was located on the crest, as shown in 

Figure 11. The velocity of this zone was determined to be 925 fps. 

33. Figure 12 presents data acquired from the downhole S-wave 

test conducted in boring C, downstream slope. Two S-wave velocity zones 

were interpreted as follows: 

Zone 

1 
2 

Approximate 
Depth to Top 

of Interface , ft 

0 
20 

Velocity , fps 

1000 
1920 

34. Figure 13 presents results from the downhole S-wave test con

ducted in boring E located on the downstream toe. Two velocity zones 

were indicated as follows: 

Zone 

1 
2 

Approximate 
Depth to Top 

of Interface, ft 

0 
12 

13 

Velocity, fps 

600 
1825 



Surface Vibratory Tests 

35. The results from the ten surface vibratory lines (V-1 through 

V-10) are shown as R-wave velocity versus depth plots which are presented 

in Figures 14- 18 . A best-fit curve was drawn through the points in each 

plot to obtain the velocity profile. 

36. Figure 14 presents the R-wave velocity versus depth data for 

lines V-1 and V-2 which were run on the paved service road on the crest 

of the dam approximately between sta 18+00 and 22+00 . The velocities 

ranged between 700 and 950 fps and were nearly constant at about 900 fps 

between depths of 5 and 10 ft below which the velocity decreased quite 

rapidly to about 700 to 750 fps. Below 15 ft, the velocity gradually 

increased to 950 fps to a depth of 60 ft. The higher velocities encoun

tered near the surface are probably due to a higher shear modulus asso

ciated with the pavement and subgrade materials. 

37 . Figure 15 presents the R-wave velocity versus depth plot for 

vibratory lines V-3 and V-4 which were run on the crest of the dam be

tween sta 24+00 and 28+00. The best- fit curve for these lines showed a 

decrease in velocity from 830 fps at 6 f t to 700 fps at 9 ft. From 9 to 

27 f t, the velocity remained fairly constant at 700 fps. Below 27 ft, 

there is a gradual increase to about 900 fps at a depth of 55 ft. 

38 . Figure 16 presents the R-wave velocity versus depth for lines 

V-5 and V- 6 which were located on the toe of the dam between sta 24+00 

and 28+00. The best-fit curve showed a nearly constant velocity of 

about 700 fps to a depth of 10 ft at which point the velocity increased 

almost linearly with depth to 1000 fps at 27 ft. 

39 . Figure 17 presents the results from vibrat ory lines V- 7 and 

V-8 run on the toe of the dam approximately between sta 19+00 and 23+00. 

The best-fit curve indicated a decrease in velocity from 800 to 750 fps 

in the 6 to 8-ft-depth range. Below 8 ft, the velocity increased al

most linearly to 1000 fps at a depth of 27 ft . 

40 , Figure 18 presents results from vibratory lines V-9 and V-10 

which were run on the right abutment of the dam between sta 13+00 and 

17+00 . Two best-fit lines were drawn for the data . Data from line 
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V-9 exhibited a linear increase in velocity with depth ranging from 640 

fps at approximately 6 ft to 950 fps at about 33 ft. Velocities from 

lines V-9 and V-10 coincided between depths of 6 and 10 ft and appeared 

to correlate with the overburden materials. At a depth of approximately 

10 ft, the velocity from line V-10 indicated a sharp increase to about 

750 fps and then began to increase almost linearly with depth to 

1125 fps at 37 ft. The depth to the higher velocity basalt is less be

low line V-10 than line V-9; therefore, a higher R-wave velocity is ex

hibited by line V-10 because of the R-wave averaging characterisitcs 

near a high-velocity contrast interface. 

Crosshole Tests 

41. The calculated true P- and S-wave velocities as determined by 

the crosshole computer program at each test elevation for the three 

crosshole sets are presented in Figure 19. As noted, test elevations 

were at 5-ft intervals except for crosshole set EF (toe) where no data 

were obtained from the S-wave test in the upper 10 ft. Also shown in 

Figure 19 are P- and S-wave velocity zones and depths to interfaces as 

established by the computer program and judgment. 

42. The P-wave velocities for crosshole set AB representative of 

the core material indicated three velocity zones as follows: 

Depth to Top 
Zone of Interface, ft Velocity, 

1 0 2950 
2 27 5050 
3 33 3450 

43. The S-wave velocity zones for crosshole set AB indicated 

three zones as follows: 

Depth to Top 
Zone of Interface, ft Veloc;ty, 

1 0 825 
2 13 525 
3 23 1050 

15 

fps 

fps 



44. The P-wave velocity zones for crosshole set CD representative 

of the pervious zone and foundation materials are as follows: 

Depth to Top 
Zone of Interface, ft Velocity, 

1 0 1750 
2 10 3150 
3 113 4600 
4 121 6550 

45. The S-wave velocity zones for crosshole set CD are as 

follows: 

Depth to Top 
Zone of Interface , ft Velocity, 

1 0 1200 
2 36 1550 
3 114 1400 
4 121 1700 

fps 

fps 

46 . The P-wave velocity zones for crosshole set EF representa

tive of the dam's foundation materials are as follows: 

Depth to Top 
Zone of Interface, ft Velocity, 

1 0 1275 
2 10 4375 
3 24 6875 

47. The S-wave velocity zones for crosshole set EF are as 

follows: 

Depth to Top 
Zone of Interface, ft Velocity, 

1 0 
2 15 1175 
3 27 1850 

Data Consolidation 

fps 

fps 

48. In order to make a meaningful interpretation of the data 

acquired at various locations along the dam using the four different 

geophysical techniques, it is convenient to present the data in 
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composite form so that a zonal interpretation can be developed using 

all the available data. Such composites were prepared for P- and S-wave 

tests conducted in the vicinity of the cross section near 21+00 and are 

presented in Figures 20 and 21, respectively. 

49. As shown in Figure 20, three zones of the dam were tested: 

core, random (pervious), and foundation beneath and at the toe of the 

dam. Results determined from seismic refraction, downhole, and cross

hole tests are presented for the core and foundation materials at the 

toe, while downhole and crosshole results are depicted for the random 

zone. Comparison of the results from each test for a specific zone are 

generally in good agreement on velocities and depths to interfaces. 

50. As depicted in the S- wave composite (Figure 21) tests were 

conducted in the same three zones shown in the P-wave composite. Re

sults from crosshole, downhole, and surface vibratory tests are present

ed for the dam core and foundation materials at the toe. Results from 

the downhole and crosshole tests are presented for the random zone and 

foundation material beneath the dam. Velocities and depths to inter

faces differ somewhat due to varying limitations between test techniques. 
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PART III: INTERPRETATION 

P-Wave Velocities 

51. The P-wave velocity composite (Figure 20) was analyzed and a 

zonal interpretation made for sta 21+00 using weighted averaging and 

judgment based on data quality and the limitations and advantages of 

each test performed. Since the borings on the crest did not penetrate 

the foundation materials, thus preventing the acquisition of data from 

downhole and crosshole tests, two approaches were used to present values 

for use in this region for the seismic wave propagation analysis. The 

first approach does not involve the extrapolation or interpolation of 

velocities beyond areas in which measurements were made, and is present

ed in Figure 22. The zoning through the core and underlying foundation 

revealed four velocity zones. The first zone had a velocity of 2150 fps 

and extended to a depth of about 25 ft. The second zone had a velocity 

of 5050 fps with a thickness of 8 ft. It will be noted that both the 

seismic refraction and downhole P-wave tests failed to discern this 

layer; however, it was detected by the crosshole P-wave test. Even 

though only one out of three tests distinguished this faster layer, it 

was felt that it should be reported since the boring logs indicated the 

highest blow counts occurred in this zone. Underlying the above zones 

was a 3050-fps layer which extended to approximately 150 ft (the dam

foundation contact). The fourth zone corresponding to the Black Butte 

Series had a velocity of 6875 fps to undetPrmined depths. Four velocity 

zones were interpreted for the random material. The first zone had a 

velocity of 1825 fps and extended to a depth of 10 ft. The underlying 

second zone extended to a depth of about 110 ft with a velocity of 

3225 fps. Underlying the above layers was a third zone having a veloc

ity of 4300 fps which corresponded with the alluvium. At a depth of 

about 122 ft, the Black Butte Series was encountered with a velocity of 

6625 fps to 135 ft. The tests conducted at the downstream toe of the 

dam revPaled four P-wave velocity zones for the foundation material. 

The near-surface layer exhibited a velocity of 1500 fps and had a 
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thickness of 10 ft. The second zone had a velocity of 4500 fps and 

extended to a depth of 27 ft. The first two zones correlated with the 

alluvium. The Black Butte Series was encountered at a depth of 27 ft 

and had a velocity of 6900 fps. The seismic refraction line exhibited 

a fourth zone having a 9850 fps velocity at a depth of about 111 ft. 

It is possible that this zone corresponds to the Chico Formation. 

52. The second approach for interpreting P-wave data was to 

ass1gn zonal velocities according to constructed zones of the dam and 

foundation layering this involves some interpolation and extrapolation 

based on the principle that with other things being equal seismic wave 

velocities increase with effective stress. The results of this method 

are presented in Figure 23 for the cross section through sta 21+00. 

Three velocity zones were interpreted for the core (Figure 23). The 

upper 25 ft of core material had a velocity of 2150 fps while the 

underlying second zone had a velocity of 5050 fps. The lateral extent 

of the second layer cannot be predicted. The core, from a depth of 

33 ft to the dam-foundation contact, had a velocity of 3050 fps. The 

random zone exhibited two velocity zones. The upper 10 ft of random 

zone material had a velocity of 1825 fps. The rest of the random zone 

was assigned a velocity of 3225 fps. Results of testing in the founda

tion materials yielded four velocity zones. The first zone which was 

encountered only at the downstream toe had a thickness of 10 ft and a 

velocity of 1500 fps. The second zone exhibited a velocity of 4400 fps 

and correlated with the alluvial sand and gravel layer. The third zone, 

indicative of the Black Butte Series, had a velocity of 6775 fps. The 

thickness (about 84 ft) of the Black Butte Series was measured only at 

the toe of the dam. Underlying the Black Butte Series, the Chico Forma

tion was encountered with a corresponding velocity of 9850 fps at a depth 

of about 111 ft. 

S-Wave Velocities 

53. S-wave zonal interpretations were made in the same manner 

as employed for P-wave interpretations previously discussed. Figure 24 
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presents the S-wave zonal velocity interpretation through the cross 

section at sta 21+00. Three zones were determined for the core. The 

first zone extended to a depth of 12 ft and had a velocity of 875 fps. 

The underlying zone with a velocity of 650 fps extended to a depth of 

22 ft where the third zone was encountered with a velocity of 975 fps 

to a depth of 45 ft, the limit of testing. The velocity profile 

through the random zone and into the foundation revealed four zones. 

The first zone, 28 ft thick, exhibited a velocity of 1100 fps . The 

second zone which extended to the dam- foundation contact had a velocity 

of 1675 fps . The alluvium directly beneath the dam had a velocity of 

1400 fps and a thickness of about 7 ft. A velocity of 1750 fps was 

detected at 121 ft deep and is pr obably indicative of the Black Butte 

Series. Interpretation of data obtained at the downstream toe of the 

dam revealed three zones. The first zone, corresponding to alluvium, 

had a velocity of 675 fps and a 15-ft thickness. The underlying zone 

also corresponded to alluvium and had a velocity of 1300 fps extending 

to 27 ft in depth where the Black Butte Series was encountered. The 

Black Butte Series in the toe area was determined to have a 1825 fps 

velocity to a depth of 95 ft, the extent of testing. 

54 . The second interpretation approach (based on constructed zones 

of the dam) is presented in Figure 25. The core is divided into three 

zones. The first zone was 12 ft thick with a velocity of 875 fps . 

The second zone which ranged from 12 to 22 ft in depth had a velocity of 

650 fps. The third zone extended from a depth of 22 ft to the dam

foundation contact and exhibited a velocity of 975 fps. The random zone 

of the dam was divided into two velocity layers. The upper 28 ft of 

random material had a velocity of 1100 fps. The rest of the random 

material was interpreted to have a velocity of 1675 fps . The foundation 

materials were divided into three velocity zones. The first zone corres

ponding to the near-surface materials at the toe, had a thickness of 

about 15 ft and a velocity of 675 fps . Underlying the above zone and 

extending laterally to the transition zone was a layer with a velocity 

of 1350 fps and an average thickness of about 10 ft . The above two zones 

corresponded to the alluvial materials . Beneath the alluvium, a velocity 
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of 1800 fps was encountered which correlated with the Black Butte 

Series . 
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PART IV: CONCLUSIONS 

55. The following conclusions were drawn as a result of the in 

situ investigation conducted at Black Butte Dam. 

56. The inteppretation of P-wave data indicated three velocity 

zones in the core and two velocity zones for the random fill. The core 

had velocities of 2150, 5050, and 3050 fps while the random zone had 

velocities of 1825 and 3225 fps. The foundation materials investigated 

consisted of alluvium and materials belonging to the Black Butte Series 

and Chico Formation. The alluvium on which the dam rests had a velocity 

of 4400 fps. At the toe of the dam, the 4400-fps alluvium is overlain 

by alluvium having a velocity of 1500 fps. Underlying the alluvium is 

the Black Butte Series which had a velocity of 6775 fps. The Chico 

Formation had a velocity of 9850 fps and was encountered only by the 

refraction seismic test conducted at the toe. 

57. Results from seismic refraction tests indicated three veloc

ity zones for the right abutment of the dam. The first zone, slope wash, 

had a velocity of 1225 fps. The second zone, corresponding to the 

Tehama Formation, had a velocity of 3500 fps while the third zone, 

basalt flows, had a velocity of 9825 fps. The left abutment had veloc

ities of 2375 and 8225 fps which correlated with slope wash and basalt, 

respectively. 

58. The S-wave velocity profile for Black Butte Dam showed that 

the core had three velocity zones of 875, 650, and 975 fps. The random 

zone was interpreted to have velocities of 1100 and 1675 fps. For the 

foundation, alluvial material in the vicinity of the downstream toe, had 

a 675 fps velocity and a thickness of 15 ft. For the remainder of the 

alluvium at the toe and extending beneath the dam to the transition zone, 

a velocity of 1350 fps was noted. The Black Butte Series, which under

lies the alluvium, was determined to have a velocity of 1800 fps. 

59. Results from surface vibratory tests conducted on the right 

abutment indicated that R-wave velocities ranged from 640 fps near the 

surface to 1125 fps at a depth of 37 ft. 
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APPENDIX A: BORING LOG FIELD DATA 
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BORING LOG 
FIELD DATA 

-;Bc..,TTc Pt2~ Date t;OGT~L Project 6<- ;:;c.&_ Site 
Location O.,e~5-T Job No. 
Drill Rigl!eYS" 2Z. Inspector a:,e;(.) l:.()S)J) Operator 'Fi!»AJ(._ SIEIC)~:gr Surface El Boring No . .SS-l NA" 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF 7 

'rt,l~ ,; CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO F RO~.~ TO SAMPLER .f"" 

lt;oc..r 0 0 /,0 
3 ,, 

lff'«JC. ~,.,- ' ~ 7Hew~!l /i()61/t;"VT /0 
I 

L<:TRL:r Spt, ~~oo~ J)T /, 0 

/.0 /,5 /,1/., 2.)' .Sf~"' rs PtJoJ ~~n. 
~,. 

I I~ ocr t'3 /IR/2.1:> -CfRi~.,.,sJ:J~zH' s;,,l. &J/711 ;" A gr_ 

J,S' ~.0 t.l 

c::iLO 2.s 2.3 

,CX-7 t/,'.i' 
... 

~.~ 4.~" - ... ~ ~-:an-IFI oL 

,, 
'~ -,4.-Dr f' GRRV£1_ 

z. 6,()GT <J.,~ 14.~ s. t) ¢.8 t,,O I <:~t.., TS!-00 J.) I~"Ai- 'f 7,., p o. r /RAJ S'H.LU>Y C!" ~y 
s,~ 

, 
"' 'r-2 -,urJH IJ.? I ~~e. :3aJJPY~ n~(J)tr/f s.o 

" s.~ /.,0 1 tr. ~AUt:n H.zt>\\-'.~ ~\\t=F\.le"SS 
' 

3 ,~, (,,0 t.:: ,,0 ~~~' SI"C.JTS~o,J ~~ll 5' T~a. \ ~ ~ ..... u\;"CS~ob\<?.a...A~ Ht:Asn- ,.. 

' I 
fD,t) ?.0 s 
1.0 1.6 u 

WES ;AoNR~4 819 EDI T ION OF NOV 1971 MAY BE U SED Sheet _ _~..L _ _ of .5"" Sheets 



BORING LOG 
FIELD DATA 

Project '6c....9c..C 'BC-.~rrt: 2>/9H Site Date ~OGT8£ 

Location C.R..~r Job No. 
II A" Drill Rig C'G' Y~ZZ. lnspectora.e-x.> LOYL> Operator F..eJQA(. Sre~.9~r Surface E I Boring No. SS-C. 

7 ~" SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLE R ~p!' tt;'p 

4 I fA OGT 'f,S e.o f-,S -;., 9 gpt., I TS/'00~ JRt.. I- ?A.~ J ;' &q e 56Wor' &,-=><,) Q1T#¥c.~s 
8.0 a. s- 5 }'1c..=: l.:> . s.,,=Fu~ss 

B~s- 9.0 /2J 

9.0 ;o.o - 1-:?oc..c. ~,, t:;;% :JklloSJ G,r;f.J« 4 s9NI't. --
.5 t,()GT J{),i) IO~S' /O~Z.. //,::/ ~~~ rs,(}(J.J jg~ s- 7g..,tJ S_Q,LJ,l) p e._ A Y! l~- . S Tl ~,&,UIITJ , 

/()1 <:; lh0 5 

JJ,O 11~S /~ 

C,OGT //,!) /.3,{) ..J',., ~ ZJ r £%-IJF.NvPGt!_a!'L-JbSHJtP~ 

~ 7DGT 13.0 \~."S 13.2 ;Y.t' ("i:>/ I 'TSJ:to(),(/ J~r2.. 3 JRV-73L~G St9A.Ji>P t!.u-;p&J,rJI/7;~.;. 

13·~ 14.0 4- 6rnv(::;.-z.. Ht=7>. Sr1r-rnt:::~ s-
"" 

14.0 14.~ + 
WES ;.oNR~4 819 EDITIO N OF N OV 197 1 MAY B E USED -Sheet _____.Z _ _ of 5 Sheets 



BORING LOG 
FIELD DATA 

Project 6L1=JGI<. 131..., TIC: ]);;J.( Site Date ZOGr at. 
Location C!.~E:S"f Job No. 
Drill RigC'e:4SZ Z lnspectorOt.W (..() <?i) Operator t=J<HJ.J( ~t)Q.,7 Surface El Boring No. SS-t. ''A'' 

STRATUM DRIVE SAMPLE 
~v 

~'? SAMPLE DATE TYPE OF ri CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER IIJ 0 

FROM TO FROM TO FROM TO ~\I 

-~~,. 10GT 1/~s-- 1~.0 Vl.8 1.&_6 s .E.l_75)t)0.0 lJRE.. a+ 7/IIJ-~ I u:::• ~D..t..v.) s-' e ~ IJ 2rL_rr~ , 
~ l_S.-{ ~ 

Js~ lk_._Q & 

'1t8 7tx:T !Jt,o l&u:( v~.l. 17.~' SPl..LZ.S ~o.c.) IJg£ 4 k,~'- &u~ S.n~RY /k_t;_ _27l_EL~ IC> , 

VtJ,~ 5' 1/7,() ~ 

llU2 lL1. $' II 

~9 l?ocr If?.~ 1~,0 l(l,;f 18.0 ~Rn'S~O~ ~RL. ; 
;e,o /8.~ ...... 7 ~· 8~~.;~ SPJ YXJ (!L ~u k€1?. 5TIF"EP•"'S r-~ , 
1~.~ IYIO g 

#/() ?OGr It; ,_fl J9,s- l'fLL /1,¢ ~~~.ru) ~~\?.. 3 T!ILJ Sl.vJ;~ C'uQp -~11-_Gc_Nu~::-z.. 
/~,S 12o,o .3 ~FT 

20,0 [2(),:) y.. 

WES ;AoNR~• 819 ED I T ION OF NOV 197 1 MAY BE USED Sheet 3 of • 5'" Sheets 



BORING LOG 
FIELD DATA 

Project ?>t..R~K 
~ 

734TT<i' 7:>~¥11 Site Date 7 OC.T 8_/ 

Location c:!z. e-.s -r Job No. t 

Drill RigCE' ':t_S2Z lnspectorOCEV LOYD Operator FeRIJJ( Sn:-Jc.JR~T'Surface E I ''II' Boring No. 55-Z. 

SAMPLE DATE ST RATUM DRIVE SAMPLE TYPE OF .J"' 
NUMBER TAKEN SAMPLER 

0 CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO ~v 

*11 ?OGr Zf/,0 12t/. ~ 2tlo Zt/.Z S_!!_t.l 7$/tXJV ...JM. 10 7R.VS~'l~~ c.~ A~ V,~ {., ~ ~ K ov_K..5_ 

121/. <{" ~6 9 
2~ C> 1.2!-, ~ .... c; 

#I~ 29_d "' .... ~»oov jqR, Cf ·u:~uJ- 'B 1 .• a: SRAJb9 et_Fl,u -IIH£.D 70<:-T rto Z.'i~J' Jtlj ~ 
z t;_L.s_ \30,0 LO 

l3_0, 0 t..:lO,:/ I~ 

-,#13 7oGT ~1/.0 JY..)' ~Y,t 3.$:S S ?l.1TSPt:o~ ~l 4- JRAJ·tie.t~e- ~ J.t>'l ~~~-S,.~ --E~x If 

31./,) 1~,0 ~ r/H2D 
r-3~-,o ,.jS,S 10 

W;t- 7-tx..r :Jtj, D ..39, ~ .... "~9. ? 'f/tJ,J .... SPct~<::¥'~ J/11!. " M..V -B:_u~ 5;9AJ/:JP {].J9F. lln,ep , 

" ~9, r- (.,O. 0 9 
11/J~ 0 ¢(),J- g 

WES .;-AoNR~4 819 EDI TION OF NOV 1971 MA Y BE USED Sheet 1J of ~- Sheets 



BORING LOG 
FIELD DATA 

Project 'Bt:..HGK.. ~uzz•- PRJ-I Site Date '2. OGT Bi 
Loc ation C;z~r Job No. , 
Drill Rig~E""y'S'Z2 lnspectort?Lt::-v LoYD Operator ~ l:~D~ 5[~/dll~r Surface El Boring No. ~s-z 'II' 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF ~ ~'I ~,~ CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER fq,"~ FROM TO FROM TO FROM TO 

iJ; s- l?txr 4'/'.D ¢1. {" '1-t/. 0 1/~z. -~w ;r.s/"())A) Jpl!- s ]/H.F'$t_l/(5' ~l>Y ~t.A.'-' 
'1¢,) 1/~6 - 8 Ht=-D. Sro=-r-A.Jcss 

1/:,---, () 4s-,~~ IL 

-i;r, ?-c>Gr ll/1~0 .Vti', ~ ... ~~0 'If, ~ t;P(.II ... - ~ J R2. J 
,. 

/A~ j- ~I.. u~.- SPIJI:l . .Y (!. L.R fi' 

~~~~- so.o 8 tfeb 5-rtr-FLJI='--SS 

5(),() 5(), ':5' I.S 

-1- Gr-o~ ~ (, ),"t ~ \~ 12-1 ~ ;:: ""' ~ L. rr- 11 ~At2.. r ~ wLArt~ (:;r~c. .. .,,_,~ 1.")~ ~ ..... 11f" 4'' I .'D l'VC.. 
I 

.3~ ,..,.~ lJ CJ 'kJ sa' ~.~5\llg_ (j)~ S•T w IJ C. R4> C >'-'~~ :)!lO ~ "'Ptt>C: c .. ~ tL J!t2. £4, ,,.esr.. I)Jlr Gee~ r/!O..JJI", .. 
' 
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BORING LOG 
FIELD DATA 

Project , ~LRC(_ ~A~1 2 ~ J;::>r-;J-1 Site Date 8 ocr 8/ 
Location C.1Z.esT Job No. 
Drill Rig Ce SIS' lZ. Inspector {)LEiJ L09b Operator F~JJ/( S TEtJP.LT Surface E I Boring No. liS .. z ,, !3. 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

t ecc.T 0 0 t/.0 - -~ B,r~_%'~,:;vJlJi.>ock-A <:.QJ{Pt:.i:E 

J/-,0 

I 8oc.r ¢.D 4.0 ~,~ 1/.2 t,~ s'~,%,.-D_.,_ ll~e.. l¢'trJIE Elu· He"'-I7.D.~L ''f! .::7..,.1,-hSo' t?i.. ~Jir# GP.t:MeL 

z. ~oc. 9.0 itt, 4- 9./ //,I/- s''x fn Ja n..,. J912-~~ [.-' 7#~J- _5£)~JL>Y eL 5-,,r-~ St~cGJJIJPGt. , 

~ 80Gr /1. () IJ~,t/- /t/,0 ;~() S''J. t. . ;{.. ~~2. ~~~ /-~ > -E,.u r-c -.~ 'L>9 eL #t::.-l>. , 

tt eoc.,r 19.0 Y.l.~ /~0 /9,7- ~~t,~lQu,•t~ '~R- s~ · "hu) S"r-u J{)$-1 ~ Ht:-D 

~ ~oc::./ _1_dO V.f:u 4., :td.i, ,?,","- s''.lttJ ~ ~- .J9~ {~,-~ rH/.J-&1./e <'~~J.bYt' 1.. Jl~-p (.., , . 
(, 8ocT ~9 .. () ~,,~, zxo zc;.c, {~ ,;~ ~J"ht..? JnL 5~us. 7};u L2 .1./e <:'A~w.J (!(., /(E/1 f;p.,---.c.... 
• , 

7 l9or-/ 3~0 3~," l3cf. 2 B~.t!-
.II I 

S .. X(,.4 .. ~~DC.7 \~~ Siru& JA~)~L.Uf! C!n~,L>j7 e(_ lle::f...;:~~.A ·• · rt.,.. , 
/ 

6 n-..-( 
I'""''- 1~7:0 t/1, tJ 3Ct,tf llf, i b"1lP/~-aoD.P~-t_ \f\._n ~~ l:>Lqt:. 5n"'/)Y Cl.. H~L> 

WES :AONR~4 819 EDITI O N OF NO V 1971 MAY BE USED Sheet / of Z Sheets 



BORING LOG 
FIELD DATA 

Project ;6~Rc.~ DuTrG ~d.. Site Date <j_(Jc7 8 I 
Location C??Z. .:=::s. 7 Job No. 

"8 11 Drill Rigl?e¥S'"z2. lnspector0l.€Al L()C;'() Operator be"H..U& S""rE~R ll7 Surface E I Boring No.V.S-2 

~~,~~1 SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMAR KS 

NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

9 fl_f.>C.T 1./t/.0 ~(;; ,Sl ¢~i ~ l£_~~~ IJH..L k-].,.D~ 1- .n:U · ~Lt.Jfi'" <;'~·~f e, lia:> ~ ·~ , 
-'-

A:> 9t'Y_.r _4-f~ Sh¢ ~ ~/_,_~ 1.5~[. I .~b ... \.... ... 1s'~ Z><..ue -~JDYet 5i'l~F.fiM;.· '"' / 

-1 _G._~ ~~ TH_{_[" ~.z: t?~ ~C.>r~ L L:>.:l ~ t.J/t-• ·Z ~ l~'...f77.<..t; ~,N.S 7JO..I.JE _H_F~rr. ;,c _I/_~'.!~ 

!'Pvc ~,.L.r. ~ 
_I 

(VInl 3_% .,.srEl!E:l. /~ ~ 7';_ r- i/~ lr_ ~ s ~_,. .... li>AL} ~J'];::- ?vc.1~ .,~ ~~fj .,;;. , ~./( 

IG;eO"f 
·, , 

I c::; 0 (. p ~ ~/, 

WES ~AONR~. 819 EDI T ION OF NOV 1971 MAY BE USED Sheet_~Z..___of L Sheets 



BORING LOG 
FIELD DATA 

Project 21./..../.;C.~ 8 ~ rTG' :D,QH Site Date 2 C. ,(}0\1 ~L 
Location IO fl Saw.,...._ of" S S .3 Dt)w USTQ~=-AH S\o ~e.. Job No. 
Drill Rig ~~,c Inspector ToN. Operator S7c~RR.T Surface El Boring No.UJ' .!II II C ll 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS NUMBER TAKEN SAMPLER FROM TO FROM TO FROM TO 

.;.~NOl ().0 /0,() ,%_" l(o lfoc.J.. 'Bi t C /eQA.J On r /lc>le 

·" (!/eqAJ Our~~ 2,4J.)otJ lo. o /0,0 8 ~oc:K.. Brr 

II 

11?/.ea.V Our w~ -J..c.sr $,f. ZtcJJo'l /0,6 13.0 ~-% 1ocJ:.. 8,1-

AJJb t;LJ,De /10 ~A>- :?ol> S~ti9PPG"b 
l&;<lluP (),.. r '$,'f' ~~/:> l:>/SCtJ'Jie. rec. 
VtJ~t;.., 1/il1D "Due ,4, ;z::/r(.t_ /~ "-f 
1oa_~~ Gr,t;p ~L 'F,eon /~ ~#1'./ • 

Yo1r::> bequ .. ~.~ .\US\ t-\~~ ~ \ ,4~ -4 F+ \~\<-'L c () ..x~ e "" J, Jr.S e 
IL<£P _ll.) t; u/l>e ~cl-e 

J 

l?NOV {-;, rou.'T "d\~ w/~'"~~ G~our 
I 

Z lofof ~ Gr~u.\ US~DI~ ""'F,\\ VO\lJ 

7lD:> ;c:k uP 7V £:?~;(.)~. -,.rc_-·/;Aa 

WES ;,..oNR~ 819 EDITION OF NOV 1971 MAY BE USED Sheet _ ___./'---- of 1- Sheets 
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BORING LOG 
FIELD DATA 

Project l2.Lil?C(;. 73urn!F" D#H Site Date 2. B ~tJV ~I 
Location tO ft ~OU7h' 0~ SS·3 "])~ (...1) JJ~T'RE:~a....t ~LOPC: Job No. 
Drill Rig.St.\'t> Inspector La H Operator.S'ZeA..JNR. r Surface El Boring No. US' ~IJ I G II 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

Z8NoV J/.,0 3S:C 
II 

(,% 'Ke<X ~ 'T ~ u:~u O\.l"l- 1-'o~ ot: 6rnlAT 

rr \-'\<: s.) -:t>.-, \\ -\-c .3 t5 . a ~ 1-

i28NoV G?rouT \-\6 \~ w/sot+- Grn-u.\ 

\ Yz_ blols 
I 

~~0\4.\ tJ. ~~-v 

l5'0NOV l9s.o s:t.o 
;a" 

~ 4 ~OC..L 'i> \T <2LE.~U 0 v...,.. ll -'}\-.e._ 

I {:>t:C. ls"~. (> l!>f..o 
.3 ,, ,4: ~v.. -s,~ C.\ ... e't*JJ 0~'\' ~\-Q_ 

~ ])€<::.. ~1-. D IZ6.fJ .3 II 
r.~ i,..,v 'B•" ~"-E.~ j.) ou\ ~te .. 

'FOu. ~'l:>~""cJ..Y13 £.b~tlG ( (() ~~~ ,(') 1 

r.~ 
..A' ~~S .fob~ ~\\..\S'l'oO£-e k.\~ WL-t 

• 

I~ :_ Ko~L~ ,l) ,~1{\.{~e.~ \o"' a.r\.\\ 
.~ >.e:.c\. I 

' -to \20 '() ~'\ 

l5' .l>C:C. 112().{) 12/.0 
3u c '-~ . .'(:1l.) 6 '-\. 'T' \\ C> \'e 

' "A 'R~"-"B l\ 
WES ;A.oNR~4 819 EDIT ION OF NOV 1971 MAY BE USED Sheet -~.=;___of 4 Sheets 



BORING LOG 
FIELD DATA 

Project :aL~c..~ ~u.\Tt: -, ::>~ ~ Site Date ..3 Z>cGBI 
Location Lo -fl- .5:>~7# "F 55 3 Po~v.srR•771u St-oP~ Job No. 
Drill Rig SK..!l> /tJH Operator S:r..£ A..J17R.I Surface El 

'/l II c_ l\ 
Inspector Boring No. ?J.~.3. 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBE R TAKEN SAMPLER FROM TO FROM TO FROM TO 

I l3~< IIZI.O 123J~ I/ 2'3,0 /23.0 5Xlo~ /V() 91#/'t. I!' 7fe-c.oJ~~::--zt:7>. SeveRNL 

N~'TII oF B, r ~~et:rl>£S7A?.ove-J> 

/IJJl>/tJ.,.. !3rtJL£~ (JJ:;:-, 

3De-c. I123.C 12.{. i) 
3 ,, 

CP ~ 1'ccA:.8,r &_t£~ ~ur A~ <:5' 

z ..3De-c 125.0 12~. tJ /2.5 .. 0 
I 

~c.H~V SIL737f'J.JE -lJRR.J< to L.JoHT 112.~-- 9 sx~l~ /(.1/Jf: 

2A 
I 

l/2~' 5 112,,6 (! Oll.G' ~PI> v ~7.. \~f. ~~~"' ~1-012.- Ve-~y LoHc..:"'S/v~ 
Lrrrl.e-Ntu.5ru£tt'- SoH£IJII/;T Bl!..t !Tt..l:.-

.L~ 

IJ/.Pt:G 12h.t> 1.30.0 ~JIZ«-J(, s,r e.'-€/1,<) ~ur ;¢all'!. 

3 tf Ot!C ~~.a 131.? 130. J, 131.' SX,14 111Bi: C'z..flHrY Stt.rsro.ut=- VN.e~ 4-il!~~ 
311 1:31. ~ !~1.1- l~l&t'£" "81J~2t.1 )~e. Va P Co!I&S ltJ& -L, m.z:-~~.s ru~6 

~ .... "}JV\ew'hd+ Br-, +\-\e. 
I 

~P~C. 11.31.~ 13~:r ~u (i, ,~ t<ot. ~ t·,~ ~ ~ \.-G.f:\ u ~ T \4-o 1-e.. 
WES ::NR~. 819 EDITION O F NOV 1971 MA Y BE USED Sheet ___,., __ 3 __ of 4-. Sheets 
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BORING LOG 
FIELD DATA 

Project K ,_~c.. ~ .... l~ u 'iT~ D~"""' Site Date 41>Ec.. 8 \ 
Location lO~-\- S~u.::t~ ~ S. S~ no c .. l~S..,..ILe:~t..-'\ S~o"P~ Job No. 
Drill Rig£;~\\) lnspecto00 H 0 perator s::re ~~ "R3: Surface El Boring No.U.S3A. 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
• CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

4- '11>~ 11.85,:: /38,0 1.3S, 1- /3 't,-:J sx'~ 1'4&: CL..t-t~"l' ~,\...,.~"'roue:: -"l>RE!.r ~e:-;J 
4A 13'11 1 ll~8, 0 ~v-e!>Pe~e ~" 17~~"' e,)~/tJc;-£/TTL~ H"JI.S.'Tt//2..~ 

1"&/H ~ 

s 1/l>E'C. 11~8 .. 0 l~,o ;.sl,o JIO,¢ sxr:, ~ 7L~~ ~ e AYe:..~ $ .... .7":S7'0,lJE -7:>Bo. G;-eeJJ 

-~A /YO, t/- Was' ~Re- "'Bgrre- 91Z. 11~Y~ '"e.-~\-m....-e. \J .6~\"U~ 
• 

13.--,~\--e. 

¢/)€?:. 4 .. t'f\ t"J(_ Qd~\\.V_ a~:- .!_~~ IJ..)"P~> 
/..) ~ epv-r-e\ \\ ~~r:.. -.IATJ;~ AW.... 

W.o.~' +o l\{pjO' 

rSDtC. <' ~' bT""l\U.\ 31'~. BBL ";:ro~ 
I 

u~.o' +o o.o~+. 

WES ~AONR~4 819 EDITION OF NOV 1971 MAY BE USED Sheet _ 4--=--_of 4 Sheets 



BORING LOG 
FIELD DATA 

Project 8..t.l9 c.l<. ;8~7TG ];)~)-1 Site Date Z./ OG/ 8/ 
Location 12D.!:!JI. 2 5 '11ZI:iB J.A St_oPt!." Job No. 
Drill Rig Inspector 01..&.61. '0~~ Operator FRRJJL STt:J.)R/2 r Surface El Boring No . .ss-3 

II 0 11 

, ~~ 
SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 

I r; CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER FROM TO FROM TO FROM TO 

f?ty.J:.. -a,r 4)17# ~~, 7Nbl s.s-/; ~,pR;I} > 

~I '21 Nov 
.... 

s:~ s:s ~.o ~'PL. \T S?OOIJ J~2 4 7~N-s,t}A)/:)t,/ e L Hti:'l> 

u.o fJJ,S q 
.-

~~~ 7.0 10 

iJ~ ZIJ/otJ /0.0 ""' JO,t JD.~ ;;,~-- c-. \ '"t"~ "POO kl .J~12.. lS' MJ.J - G~9 SR.P.J>'-? CL H~l> 

/0,5' //,0 23 

/hO J/, .s" l.(n 

~3 15. (J 10'.~ 
... 

/,,0 .,2/J./0'1 /~ ,~/· is?&.,\T~ ~c u J~2. !) mN-- G2RY' S....PL ,.l)p eL. 1'7€1:>. 
... 

/5,S ;,,a 9 FL- G/l#ot!:L 

/,,~ /,,~ "' /(p 

#¢. 2./ Nt>V z.o.o z.o,s- ~1.2 
... 

Zl.~ s~~-..n-~ 1>a o iJ j~i._ s 7R,c.J S,-~;~..VDY C'?L ?t(;D . 

20.~ .2,1.0 Cf 

e21.s l.21. 0 2,f I!) J(, . 
WES :A.ONR~. 819 EDITION OF NOV 1971 MAY BE USED Sheet __ / __ of /0 Sheets 



BORING LOG 
FIELD DATA 

Site------------ Date 21 O<.T 8 \ Project Bt..;9<:.1:.. "Burn; :z:>R H 
Location :z:o~.o.s rt2 ~;;,-BH S'-o pr; Job No.------:---

c::-... • . ~ "'::;. II D I\ Dri II Rig Inspector Ot.t.r.J LOYD Operator,::CP.U' ;;) leW"'lt. T Surface El ____ Bonng No.S3l-;::, 
Jt::Y 

SAMPLE 
NUMBER 

DATE STRATUM DRIVE SAMPLE TYPE OF $ .)") 
§ 0 

TAKEN FROM TO FROM TO FROM TO SAMPLER It?' IA'J..; 

• 

50 

WES ;AoNR~4 819 EDI T IO N OF NOV 1971 MAY BE USED 

CLASSIFICATION AND REMARKS 

Sheet_..-l!L.-_of /6 Sheets 



BORING LOG 
FIELD DATA 

Project 3<.-Rc.K &~ Z)c;~ Site Date Z 7 OGT 81 
-~(A )L)..:S 7'12t;r.H--1 Sc_oP~ Location Job No. 

Drill Rig lnspectora.~p GOYP Operator FM~J:... ~:TtrJuRLr S~Jace El ''D" Boring No. SS -3 
..$' • 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF ~"' ~~ 
NUMBER TAKEN SAMPLER lt.Ji 

CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO 4:1" 

IZ1_aT ~oc:. t _&z: ~~ ~ ro_;_ t.Q_ I ~ ~ t!....nc:.~-nr 
-'I. tl"r 

~~T IPb~~ ~ 2LZ: 70_~ ~0 /-,_: ~ bJ.l t!!.~ L.U_ c l2.e:7e' q ~A/1 1-

~1 128 Oc.T vo,o c/0,~ '/0,~ 
,.. 

sl/, ~ ~"Pl.ITSRJoJJ UR.e /9 {!(')n~<E Gqny 519.~~ t..>fEow ~'1 

~oL ~0 33 r:,~Q,,ef- Snr:F 
[{//, 0 -'If,~ 43 

-Ht3 lf>ocl tJS.o CIS,S' t/.)13 ~,j"' .::;yt_/TSPOo.() JAIZ. 
... 

z~ t!oe~~c- 6££E .5/;1.)~ ~E"v £__~alJet. 
• 

l/~,. ~ :t ¢(,~o 33 SnFF"- SJ..-t/1(_£ o. ~.ur oJ:: 

~ ~,{ 45 7RJ.J CL, 

-:llq IZ.8oc:r $/, {) !,5l_S .Shl .5~~ S_E_L.___crs_ ?oo~. J1=1i.. so Cop,esr...- /,,~/61Z.B!.! SRA>l>- Sr11:p: 
~ 

~L~ ~.,g so 

-JI /0 .ss:S ~d_ SG,o ~Pt..J7SPOOJ) ..)~Q.. 
/ r~,-,£S~ "J.D~J!G£NY_S'B~~- Sn~~ 280C1 ss.o z~ 

..ss, S' .-r~~ so L"J_ , 
Sill-It:: r 7J R Vt::"l-

WES ;AoNR~4 819 EDITION oF NOV 1971 MAY BE USED Sheet _ , __ 3..___of 10 Sheets 



BORING LOG 
FIELD DATA 

Project a,RC&' 3trl e VR.H Site Date Z'i oc.r 3/ 
Location:~ ~,~~ 79~; ..S~oP~ Job No. 
Drill Rig Inspector Ct-EJJ C..o Y.l> Operator Fl'R.VI\ STE:JVR£..1 Surface El Boring No. S $- 3 k D" 

AI 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF F J'1 

~I ~0 CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

H II ~~fX.r t,o. o · ~D~.s (,tJIIJ ~/,0 S;p(.!f'SPOOi:J .. n~fl- ~~~ /H,()-!;RPP ~-nLS£"' .5/JA..>l>-Snr-r-

fJJO,!J- (,/, 0 I so 

~IZ. l~OGT ~s:o '~~ ~s;~; l$'.7 SPt..LT~PooJ) ~~~ 3t/ r/Jn -~PDf:> COI//l51E ~~ )l>-STJ~ 

t,S,!) "f. 7 so 

/3 l~f:d'" f01(j ttJ,f t?o.z.. ':1-1 I 1- f;Pl.JTSI'fX)i) ~~ zo y -~l-G04'1' C.ol>f2.Se J.Q.vp-H(C]) 

. ~~~ ri,D 35 L-EM._6t: C-'<19tJel. /LJ ~ffOH 1')/= S $ 

"7}-J,() 71. ,_ so ltS.6o(.;'" "'(2,. ~r -z:.~D,n:;. n!K~ ~f c I -
#!/. .?{'}rJc.1 f~{) .rs:s f.S', ~ 15'.9 SPC.ITSP(J()A) j~Q.. 'fO ~FRP C?~b.<.E _<;pL)£>-Ht:t> 

1S,S' ?5: cr (,0 it..B-I~C:~oel ~-e /6411 'P..e41>11L ~ 
I 

-:!;~ 
, 

8/,3 SPtJTSP{)()U ~f)~ JD ~.t.>-6-ZP'r (71,..~/J.J£"$1'~-SnPF eo ocr 80,0 80. ';) 80,z_ 

~)' $/10 
,, 

so ;::et..J Y2 621=:\\JEL 

g/,0 t!J/,3 t.SlJ 

WES ;AoNR~4 819 EDI T IO N OF NOV 1971 MAY BE USED Sheet _ 4_..___of 10 Sheets 



BORING LOG 
FIELD DATA 

Project '3 a.. J?lo.t. t.. ~u-r-ni Site Date 30 oc:r A I 
Location I :>o\.0~~~\--\ ~'-Oi>e: Job No. 
Drill Rig Inspector ~LE~ l-0~ ~ Operator!R~Ut ~tt~Alt.T Surface El . ss. :5 /1 " Bonng No. -- 0 

STRATUM DRIVE SAMPLE .,,;i ~ SAMPLE DATE TYPE OF ~#~ CLASS IF !CATION AND REMARKS NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

# /(, .JOoc.T gs~ B(S,_ ,s:z 8~0 5ll!_, !'fSI'o o J) U~R. .!>~ .ti""':,.DDy ('!!"'A~.Sc£" <:.n~ll;>-~G:/:>· 

'8s.~ IB,,o so 

~17 3/fX.r 9tJ.6 ?o,~' 90,3 9/, ,. SPl~oA) ~~~ z{ 'i~H~ etJNRSc: VD -H'l:> 

ftO,J" 9/.{) l4lD 
19/,() 9/,f. Sl 

~/8 ~ ... -/_p:J l ~.s~ 0 'l~s" 9J': I 95'.9 ISDLJT.S'}IOD.U j~~ 40 6.-r.h'.£ ~Lt_.i!.Sir ~~P-~TJFI=" -
l9s.s r;s, 9 ~0 

~ J/0~ 1/-tJ.O lL~".o !&.,_ 3 _./( '' '"frr..'£ ~ r ~LrHV t)~r /hk · /tr ~L'fflrJOJJ@ 9f,(J 1 

~19 isAJ(JV ltJo,o j~,9 JIJI)_,_z_ J{)a,_i_ ~~...n-si>OoU J~-e zS [qU_Y >AJJ_I)_'r)_jf_/1-r;J)E"-,Ic ~/)i GUJ9 

Sl ~Jf!'.. .3Jq 
11
H!#.X -l.;rne H01sn11.e~'~ 

lSft.#L ~ 1t:eJ ~Qhr.Je/ ~~7~P 

wAIOY 11~0· 9 lOS:~ 3 II 
Co~ ~e,.-r (!, ·.L) 0 _y_ T J-4/-e_ 

WES ;AoNR~4 819 EDITION OF NOV 1971 MAY BE USED Sheet ~ of ID Sheets 



BORING LOG 
FIELD DATA 

Project :B &.-. ~G ~ ::8'-'~ DaM Site Date u AIOV 8/ 
Location Do!.&~~~)R..G.Rt.-1 9-L...or->4.5 Job No. 

Operator ~,.E ~'A~ T S ..,9 II II Drill Rig ~~\t> Inspector Tot1 Surface El Boring No. S - D 

1 ;yc., SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER ~~ ~" FROM TO FROM TO FROM TO 

-IJ2.0 j, I.)O.J to~:o I/Ov~{ /OS~~- ;tx, 5' SPc,tTS- l.l.) u~ Z7 5J'IJJP -.!i:!J..JJ f;:; AX. " lfct> g 0% 
'f:{ ~e/-G A~u 11/l~k 3/d 11J/J~l( 

/ 
,yl> I~ {!IJVSOl..ID~tJJJ !t#fe#MTU!!!!_ , 

~~tMl $}p iztw_/~,(f/ ~ slhf'f+ 
12c~AI-rie.. /~ 5' J, /hAcruA<.. 
;.} e,.,f/Qe: wh- ~ .J,l. .7 

IJIJ(,,S~ 
,, 

:e.ct:nJ-1 {):,-. !-lo;e 'II. s- riJ /~6,S"f.f it;AJO~ ~/,:> ... ~3At~K. B,r-

21 19 ,A.)()\1 IOl.'~ /01.3 /()~ . !' 10l,3 t3.c:t--.~n:;~ l,),Qe. ,;.o /tJt,.~ ~ /~&.9 ~PY ~/t;,~rAuel 
so 3/4''t#YJp deps~ HOIST 

ttJt,. 9 ~ /6'- 5' .i.tJa>t,JG"Poe/ 
!7ve ,k u..,j _9/~j) a~~.o-;:~ 
Y, '' J..t~x CTL ·y tJ/.;o#G ~£~ .fK J 

~~ ~vsoltdAn()J) /; ## ~~a-1/et.-
I 

9 p(Je/ /0~1 J08,D 3 II ~~·rca. B,r f.'L .--.u 1)/_fr .fkh; 

WES ;AoNR~4 819 ED I T ION O F N OV 1971 MAY BE USED Sheet ____,(,;..___ of I 0 Sheets 



BORING LOG 
FIELD DATA 

Project l3c....oc.<. ~'-l., z:.e- "bn# Site Date 9/VOVBJ 
Location 7)(1 1/J_V.:Sr,ti.£~~ .5'-..al.e:- Job No. 
Drill Rig S£tP Inspector ToH Operator ~-r£"varz.T Surface El Boring No.SS -~ ''p" 

" 
SAMPLE DATE 

STRATUM DRIVE SAMPLE TYPE OF l,l·~.,~" CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

l-1'- zz 9 A)(Jt) JOI,o /09,0 IOA.O talio SPt...l T .SPOOV IJJ:Hl.. .t;"O ICL s .Ol\D Gtl/)tJe.J .. spitb v 
so 1:/,v~ ~~ . c,. -:v.." u'l~ 'A - :rS!PnJl/1 7'1 1 1n 

I(.)/ 61.. ~ ~s // ~~-&> 

~LAY6D$~ very c.01/.-;;JcJ'(!__ , 
-,.,,lt.. Ho1·s rtl!'t:' 

1 9~0, IIJY,O ~- ,. .. 
/UTI~· .-%'' (, ·?-~ B1 r ·(!,_ •v /'.>~ ... · a..,£ 

#2.3 9,Aiov l/0 ~ • .s .. JJI,o /1110 ~/T..SPoo,.<) Jpn. ~ ... Dpt;- y S;:::u 'lb /-~ ru.JiZL- rZJ~~ 
II 

I ICJ,O 20 'f'c! , 

~~ 1!i;. t;,"l!od I ~'' ,U...r.. i)#lre Z4-
2.Z ~~~~r/JP t:;r:Jri)d ~~ 

~ . 'V ' ~ '"I et-AP ) A<~ <;,rAY. h/l/,."~ ·e~1oJ 
It lf/e MOJS~. 

, 

/0 p(J/ I I I.IJ VI 1-. (} {,3/1 "~-J, B, T" c~.. ·R.L) t'ur 1/t,/-e 

WES ~AONR~4 819 EDI T ION OF NOV 1971 MAY BE USED Sheet _ f..___ of 10 Sheets 



BORING LOG 
FIELD DATA 

Project =a, RC.!( '"Bt.tr.nr "Z>aH Site Date 10 A.Jov 8/ 
Location :z>oCo\.M' $7&e;BM St oPt= Job No. 
Drill Rig ~K_/ t> Inspector TOt/_ Operator S7~~R~ r Surface El Boring No . .SS -3 "o'' 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF 17' l-i'"1 CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

fjil ¢ iJo1JoJ I /t/,o /IS~S' //t/.1 1/S,~ ,_ I~) . ·- 11- <~"'l?· HeD * ~.ft~<f& ~..&.,qY .IT JH._,_ 

_g3 /'. ,d I , f IIJ' , lt)/.f/. ~~~-~ l.i.. 1'1. tr£AP< 'TI:: 
• 

2s' IL,7rL.tr Ho1.1~ PIJ ~""Lk *!.lew) 
r 

IJoJJotl II 15.5" ill~.() ~~II I~ ·:p_, ,-r- V??~ -0.1) t!), ~ ,- /L, JJ> 

IJJl. 0 -k //~./) .5i:lt..ID 7rr-J( 

""?, I:Ju-Hu 1:>~ m~ J,..@ 11?-.t>F-f 

If l~' I/o JJ0-1 1118.() l//9. !>'" 11/R, I J/~j I C<ru.J'f5}·- ~j ~., j{, // O~-Jit.~b~70,~h;.-_/"___, "''•·-~~~ 
,,~~ l.t1 lz; ~ ) dcJI ,-.... Jk£~, /, /1.~ 

1~5 
, ~ ;' 

• '"'rS TIJt.r-VIOl 

Jh ~~~ Jr/,!t IZJ.b ~-* H,.,._ ~ I!JIT ~ /) 1.-t.--H".V ~~.,//ol--e 

~ 2.{. !OPbV 12/. 0 Ill. 1 12Lb lll2,t/- - fr$,.-..-/1 J~t.. 11- l/>.7 ~+ v. +.ll,f? s~ .. Jb@ 121 A 
• 

1• 2 ~-r ;;g lt!LJ:)'? J1ur:.:,.~,.-~~ ·&14-x) IIK..u 
sb ~-~.1~~) J,llh"' Hi~TYDI-

WES ;AoNR~4 819 EDITION OF NOV 1971 MAY BE USED Sheet S of /0 Sheets 



BORING LOG 
FIELD DATA 

Project 13> '-~c." '"R"' ' 1 e PHH Site Date II .UOU 81 
Location P6·A>~' ~~A-M SL.o~-::- Job No. 
Drill Rig S~,~ Inspector t o ~ Operator =s I a w ~~\ Surface El Boring No.~ -.J: 11 O" 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER FROM TO FROM TO FROM TO 

II NOV IZ Z ,'I IZ.s: o C~' f!>,r ~ c..t:..~V Our J./o I-€.. 

~2~ 11 potl IZS:fJ /Z..~. (.) /7_ !:,-. () /Z.~.() <;PC,r.SI'OOV J~t. ~~ e._ P.'f- H.v.'l>s \ ~tJ€ (.,~ ·) 

I 

.ro "Pevs-= So1..1(> Iff. P/~e 

/1)/()11 12~. () 124.0 t.~ "z,-r- ~i.e:RAJ ~ .. r .#ole. 

~.z~ 1/1/~V 12910 /'!JC. 0 l/2.9.0 130,() <;;,,,; -·\ l,wt. 2) t!~.A.~ ~b<:ro.nG'. ~~~ 72,.e_,-/. '~ 
153 

/ 
, 

~~rl[ 

•• 
JIJJt>V t..JO.O i /.51,/) '~ ~,/ t!L ~v our 1/olo..e 

~ztt ttJJ~v V.~3.o 13'1-.D 1.33.{) /_3iO $p/Jis;oAAI) J~Q. 32. eL,c/Y Hun '!"" 4-R~ v 
I s-o 7)8)5€ So/Jt:> Iff P1ece. 

WES ;..,oNR~4 819 ED I T IO N OF NOV 197 1 MAY BE USED Sheet q of /0 Sheets 



BORING LOG 
FIELD DATA 

Project BLBGL 13UTT<=:: 1291-1 
Location ?2owN 571Z.e-Ht1 SLOP~ 

Site ____________ Date I "Z A/d v <'51 

Drill Rig SC:::lt> lnspector_ T...__,..,_O....:....H-=----- Operator STE \AI ~R..J' 

SAMPLE DATE 1---S-TR__,A,.....T_U~-~ ------lf---0-R....,.IV_E_-+--SA_M,_P_LE_~ 
NUMBER TAKEN FROM TO FROM TO FROM TO 

12 Nov l.3'lo LSlo 

TYPE OF 
SAMPLER 

• 

Job No. -------=--
Surface El ____ Boring No . .S..S-S: "D'' 

CLASSIFICATION AND REMARKS 

30 IZ)/01/ l_j7.D 1.31. ~ 13'lll/3 ~ B $p(..JTSPOW JA2. .s I eL~ y- flun<::. G J),~;L,~ Gr/lt,) 

S7J So'-'/) Pe.7X€ .511- ~ece 

I' 
~V(. T-'a"Pe.. . -
WR74!/Z. LeveL@ 98.8(1- 1iJ 

' 
WES ;:NR~. 819 E D IT ION O F NOV 1971 M AY BE USED Sheet /tJ of I 0 Sheets 



BORING LOG 
FIELD DATA 

Project"' ;a, f/l.t:. t ·A~,.z • £:>n~( Site Date 18 ScJ~r Sl 
Location _~w~STZ£P# /Otr Job No. 
Drill Rig CG flS'"l.?. Inspector I':JLEJJ t..O -.t> Operator 7iz.IWJ:. Sn;J,JI1/l.T Surface El Boring No. S'.J·/_ ~/E '' 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF ~~· ~,., 

NUMBER TAKEN SAMPLER I 0 CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO ~v ~-

I ' VBSc?'T o,o 1).0 o~.r f),$" l,s ~IT;S.POOV JAR.. ~ GRPfl SPA.Jl> I 6£HtJ•"7.. 

(),s- /,0 .._~ 

/,0 /,~- tl;. 

~ 

z 1/'i.si!Pr ;, )- z.,, 0 f,] .J. 0 SP~tr$,CIAJ J~e t.,.O Gfl/J'I SFIJJI> f _figfzu~::--z. 
t,,o z.~/ 3Z 

..3,{) z.,f d.{) :18 

0 aqSEPT 3.0 3.0 ~~.5* ,3.S" 1/,!) S 71'C.I rsP<:> "AI .)A~ I~ c;eRP S~.Ot) t=JNG , 

~.S' 4,0 J(, 

4.$" 4,0 4.$' I (e. 

if JCt se-rr ~.5" ¥.{' s.o S, I ~,0 :-p~tNPCW JRte. IZ. GrRV SA.Ub eoa. t" .s e. 
s.o s.s- 14 

I 

J-. '.) ~ .o 14 

WES : ... oNR~ 819 EDITION OF NOV 1971 MAY BE USED Sheet_-=-/ __ of 1 Sheets 



BORING LOG . 
FtELD DATA 

Project ~~,¥~.&: 25'-lz:Y~ 2>r.~H Site Date Lt;Se-I'T/ll 
Location .i:>I'\WA~"r/2.e-.oH lo.e Job No. 
Dri II Rig Ct=- 4S:Z..Z Inspector Ol-Et...) L.O'-( ~ Operator ~AK.>t. '5 Jew Rt.T Surface El Boring No. -'S-/ KG_ tl 

SAMPLE 
STRATUM DRI VE SAMPLE ~<Y 

~'1 DATE TYPE OF '~ CLASSIFICATION AND REMARKS • 4';.1 NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER ~' 
s- /tt-.507 lt~,o {#,~ ( .. + 7- .. ~"' ~P'-1~C6N JRJ!. " G~ A"' ~ ~ Nh C."'rl t" se.. 

I 

(.,5" ':J.,o 1 
-:;.,o ?,!:>- q 

~ ~St!Pr ?,':) ~.(} ~.3 9,0 S~!'TSPOfJJ./ J~R.. 4 G \"" ~ 't ~ /') ... J b Co or~&--, 
a.o a.) fJ 
s.~ 19.0 10 

7 JfJEP1' 9,0 9. ~- ~g 10·~' :t:;p/jTSPOON ~~'2. (_, GrA~ SAt-\n Coo..""s-e. 
• 

q,~- ,f), b •o 
/O,'.) /0. 0 l/0, S' \$" 

!" 
s [/fSeP; "'" JO,S 1/o,.s- ,,, 0 II, z· /l,O ~ 1 T:Sflt'OA.) JA2. s GrR';J s.~~.fD c~r:re ~ ~ qR,/;1/1$'{_ 

I 
, 

li.D 11. s t \ 

12.·0 I I ,5 12...0 \4-

WES ;AoNR~4 819 EDI T IO N OF NOV 1971 MAY BE USED Sheet Z of 1- Sheets 



BORING LOG 
FIELD DATA 

Project "BL-Ac.l<... • B'-'I -r• D~ H Site Date 19 SePT 81 
Location .. J:>4~J)I.t5>TDiiiB.I::L lc ~ Job No. 
Drill Rig ~G' t.,--~z lnspectort!l.L<:A/ LOYD Operator~ Szt.:-tJRLT Surface El Boring No.S.S ... / 

1/- II ,_ 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF ~~ l~r:i) CLASSIFICATION AND REMARKS 
NUMBER TAKEN SAMPLER ~· FROM TO FROM TO FROM TO '(,~ 

9 IJ95t£Pi /2,0 IZ.o IZ .~ ... /Z,) 13,!{ Si'GIT.~ ~ WPe 1 I 'SLut:- GrRY <~~.,by- Ct-~Y H.;/) 
I 

I 2. ~c..' 1$.0 /() 

/_~ 0 /36S" jl, 

ltJ IYS£Pi /~J' 1/t/. {) /~.(b /S',O S;t.t T.SF"'O)./ _}pf2 9 "?,1'1'./e ..- (;da«;> ~A./f)p- e,.at) J..I~J:> , 
JiO /~S' /L 
II. ~-- /.s-,o /,() 

II v~.~e;, ., /6-',0 Js,:; J.<.Z. It,'$' 'SPt-1 TS I'OOA./ }I) I!- f3 ~t..tG'-6£PY 51JNP9-~~Y H~o 
15.5"' llP.o /tJ 

/ 

J[,.O 1&.«5 ~(J 

/2 lfS~i v~.b' r;,o j(,,~ j,g" 0 ~r.s; tA (11/1. '::) '':Bt..t.~lr· G12R'? So~'nY-G..Rv fi•P 

~1-.0 
_.. , 

n.~ 8 

'?.~ /~.0 It( 

WES ;AoNR~4 819 EDI T ION OF NOV 1971 MAY BE USED Sheet ~3"---_of 1 Sheets 



BORING LOG 
FIELD DATA 

Project ~LF/C.!:... Z:?wtJt:r :z:>BH Site Date /9~t:l>r lJI 
Location .. OP6~ ~.U~772c,qH /~c Job No. 
Drill Rigt::?cT" "1~-t t Inspector l!JL€N Lo VD Operator Ef{DJJI;, STElU AR. T Surface El Boring No . .>s~ 

'71£ ,, 

SAMPLE DATE 
STRATUM DRIVE SAMPLE TYPE OF #~ ~s CLASSIFICATION AND REMARKS 

NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER ~~ ~"0 

13 l'i$1:-pi 1$.() IJt.~ JB.O /Y· J,.. 
' 

JPtiT.srooN ..)9~ $ ~L 1.16"-G ll../1 ., SANb~- Cc.IJY HE'D. 
I 

lA.!' /y.D Q 

/tf,D Iff,~ !!>' 

lit ~.<:dl zs;o zs,s l.l.s"'. {) l7t.,~ isPc:: I 7S ,Pc:so,\) j~ I'Z. i 'Ru1f5- GrRY SIJA.J'P~ -1': s:J !.1 Jtc:;p , 
2{,$" ;.t-.0 Z?., 

/(_. ('} /(,.,$ Z3 

I~ ilf.J~FPr ..Jo, 0 ..10•J 30,l) ,3/,5' SPUTSr-~ fp~ /0 1?~~~r .. G.en? SAAIW - c L~Y U."?') 
I 

"~ . .; :11.0 zz. 
~/,0 3/.!l,.. ~() 

I(, i?.Jsnt. ,Js,o tr,S l~S: f) ~,/3 1Jt.,Lit::'-
,~-p_ 

1SPI-/ r:5 poi:) AI IS 'I?P ,_ ..... ~-4.1;>~ 

41 w! 
I. , 1 

~s.s 1.'3{. I 0 I h 'Q,~r-1/.TiruL' J.V C"LJI> oPJ;,cu 
• 

3~,L 3(,.C .3fJ.3 .5{) 

WES ;AoNR~ 819 EDITION OF NOV 1971 MAY BE USED Sheet 4l of jl Sheets 



BORING LOG 
FIELD DATA 

Project -BLRGL ~urz E DaJ:i. Site Date~ Se-?r IJI 
Location Awn .s rK.e-:Pu 7o~ Job No. 
Drill Rig C€ iiSZ 2 Inspector t>1 e."V £ l'> Yb Operator 1=RRJJ1 Sn;~~ r Surface El Boring No. 5$-/ 11 ~ \\ 

"""'"" 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
;/'~ ~., 

v 0 CLASSIFICATION AND REMARKS 
NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER ~ 

17 ~/SEPT ~(,.z 4o.o 40.5 l+o .D Ao.s- SPLIT$ PoOIJ jRtz. 50 ~c...u~- .... -"'a'! c~ w,rJJ.Tloct:s HL"T) 

lA I.JJIXET '1-.S: !J 
"'' .s 

'/$:() Jt~:5" SP~IfSPCt:>N ~,1) fl. ,, BLLic- G-r2AP wj2t .... ,< H~D , 
J 

4s...l. s- __!(,_. 0 33 

IM.,_._fl A.,(f'l~ 4-~ 

47,0 
I 'f'lo ~1/.o 

1"- ~'?~ ICc~ I 

If .SO,() 5S:(J s-o,o - rBR-.sHt.r-:f oc.K -l.Ds r I 8t.'itr.l';, ~Y 1!- t3~~12$"l- ~~ 

~. /G~Y 
.I 

.SS'~~ S?-~1 s~o J~~O ~. IJ~UI:."r-
col<= - '""BA~"t..r~c:..ac.- L6~T I. I' ~.D ~ 

~ . . w Gl-~'f' EL~tr-t::.f.b'l 1-167>, 

:bl 5}.1 t>-"8,{ 2-&A~/21:'7... 
t:.~l:' 

BA~r .Ecc:.K. -Los r 0. S' ~ S1,o s:_f.,/ .sox -
&;.,) I c '-~ 'r' '"B '-1.4 ~ - 4 .e.A-Y 1--(e:rr.> • 

S1,o (DtJ.3 S7.fJ i (j, 0,3 
(!oL.:' 

'B~~r 11~"'~ t->Ja~ B'UE'~ H0. ;.;.. ~-BP~~t.~ 7JoY -
, 

,.,..~· 

'8MIIc..T J?oGI<. '%~Sc,.u11t'C,~\{6)). L3 (.,{).3 lut.:r ~0.3 I~J,S 1l-~12.12.t'7.. -Se>X -
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BORING LOG 
FIELD DATA 

Project p 8'-~'< -:f>u."TT~ --:t:>;::u.1 . Site Date ZZ. sGI'rBL 
Location l>o~ &.l~"t12.e::A-H loaa. Job No. 
Drill Rig~ ~s- l.l. Inspector 6'•-V l.. o }'0 Operator 7'iR~' Src..,l'l~r Surface El Boring No.<; S'l "t: \( 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF r~t~~ CLASSIFICATION AND REMARKS NUMBER TAKEN SAMPLER FROM TO FROM TO FROM TO 

24- ~a.St7'l (,/,.J U , / l.?..: (,!{,/ ll-~1!/U::rl.. 
u:>~r - "'BC\~ ~'-T ~--"' - Lo-.-r l , ~ 1 
1Jb)C 

'V/CJ..R't' 1/c,~ll' hlFD. 

,.,!:' ~;l~i 
~ ~,~-./ 1,1,3 (,S/1 (,7,3 "?-4111l.6_ 1::.7... 

GMt C.: 8H-SIIt.r ~OGI<.. -lo~ r tJ, 8' ov -
w / G i-19 ., B (. Ul::r t-"I£T.J. 

02(/) l:~_(&Vi 7-o.o u7.3 ~.0 foG I "3 10.0 t.·~~t-~ ~t: ~/C.~ y 13 ~I./I: Ht:;77, - '1.1kJ1t.r ~oc..( - Lo.s r z. o, 

21 Z4Se-OT "10·0 ":fe,f) "'1{)1S --:}.(). 0 rl.S" ~ PG! rsPt><> A,) )RR- 10 Ht.~v Sr~NG. (zgpv ~7/FF I"!,J:Jv 
• 

7(),) 11,0 Z3 
11.0 ,?/,S 31 

t8 74St!PT f-/,5' 7- .3«0 71,? 1-3.0 13 'TU\Et>_l u i£ 
~~ 

Hu 
;:TTirJW <;A!R~'-

~ - ~"tt\Jb Lt:>~T tJ, z_' 

l,f ZI~"'PT 7t/. z ?5.d 13., 'P,~(."£2.T ~ 
~--0 

H.ur.> ~"ou.; 
qLAY Sri,::F cc.., 

73.() GoAts> - / /f}S,. r If) I (A ( 

tl.--1> K s tJG 'f!!~r 5T/I=e- t::.L1 ,30 ~tlc{LJaf I?JI.l ?-,,z. 7(., ~ fG,. t. p, TCift;7L /t.i~ /!JOIIIJ - lAD m - ..Ds.-r f'),q.' 
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BORING LOG 
FIELD DATA 

Project 13t-R~& 11urre 7:::> 1=1"f Site Date Z.t-St::.-pr dl 
Location 7Pa{!JJ.lS7/Z.c::RJ4 I o4£ Job No. 

"G ,\ Drill RigCe f/SZ. '2 lnspectorO~t:AJ LOY t:> Operator -,::;?I}JJ( s_ll;;:_-vt;t_( Surface El Bor ing No. SS. .. l 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
~~ ~"? # CLASSIFICATION AND REMARKS 

NUMBER TAKEN SAMPLER 0 
FROM TO FROM TO FROM TO tv ~" 

3/ 2 ~t,Jc:rr .~~2 .. ~B.z. 1(;.l.. 18.2 'P1Tc.Hen. lll96 
II..) A,.'/. - }f ~ t>'Z..oc.. 1C ~o nv <; r-1 r-F e (.. tTuas 

I 

~7- I,;. I/ SePT ?_&~ l<!O, z, ~.2. so.z ~. '-71JM_ 
W~)f 
ITU~ Mut:>O N..k ~IJfy} ST IF;:' et-, . 

~.:3 l.l~ScP/ ~S':O 187.0 l~S: () le?.O ~1*-12 Tu ti 
IJ~Y. 
iru~;J J1,t>R-~ t;e f £.n,: F ~ t-, 

.JtJ. l?S"~If 9a.o 92.0 9fJI0 lf.Z,O ~ rG t!CE. futJv ~~~~ Hu 1;> /Loc,r.. ~ &, ~v 5ni::J:" ~L , 

1'->AJ JS' ~>".kiC'T ~· (1 97._0 'f~: 0 £]_,0 ~TCII~~f#~ WuoiUJGI<~ 4- Au Sz-/~,e: L1. it. 7ule 

.:;~ R~-xpr 19}.~ 1911_1" 2__!.2 fi_~" b_rc./k-£ ~&6! 
I.JA f. 

l#uo£cc.-r~ 4-£/lY S~,:: CL ru#t 

rJ z ~~~ 
z~e,L. 8/r ~ }3'' 

~P AI~'' [1), X 2FfJ. OdG .. ~~~ ~~ ~ i4>a-H_ /~ -1~ ~· fa. • fu1 Z>.eoP 

I '-rypdu. -x~ ~ le GA ~50 G ~,, I.l >. PV~ 7J£e ) M_t-lc~. '7:6~ n. I 'I ~/'I ~OA fiF"n ~,l, /110 ~~t:~T-~A~-J!.~our~~ 

fit~ ~ s-c'-" "~~I /)r: IPII_. tru-. ~r . .Y,' ~.r 4( ~ilus ~rtQl_ tl~t:TJNl4 ~~~~ sc 1
( 

, ·" 
P4PTII,/Iolt! ~rfCU'~4J/3~ ~tc;.e"/. Z'P.JT. 

-ru~G: 'bC4J~-rt>/fJt:>' • 
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BORING LOG 
FIELD DATA 

Project J3Lt:2C.IS. 3_y:rre 2>...9.14 Site Date Z~ Sa:t.~'T 8J. 
Location ,"7Ja~IA) .~!J"/!1:. £"_~:}~ ~ . / {) e Job No. 
Drill RigC_t£4-s-22 Inspector 01..~~ L"YD. Operator n»u.k. Sr<:Alh)£7 Surface El ll 1 II F ,, Boring No. _S-_ _ 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF CLASSIFICATION AND REMAR KS 
NUMBER TAKEN SAMPLER FROM TO FROM TO FROM TO ,, 
- lctSt"t- o.o ~.o z..o NOJV~ ~cL -:l1r 5¥4, 7"o STIJ27 ~.VISo.4J 

Rrre/1 GEt9'/.Si9N/:>- CoRR.Se 

I 19 SEPt. Z.() 4.0 A/0 vs '/1 .,._ 101s~ 
~ 

Jlo S,o.~JPt.-e Grnt,; $p,~.JIJ- ~or.s~ 
I 

z j ~9S ... -:-, l¢.6 (,,0 A/t)J ve ~'1 ~e-AJAJ!SOJ... ) 
~ 

/Jo -~ ... n,_e.. 6r/Jt; SruJP - eoarse 
/ 

.3 ~?S€Pf !~,0 8,0 ~~~ 8. 0 ID tr l>eJJJ.JISG/... .J~r~ 
, 

" 711/k G'~n v C:.n~ >D - ecars € 

4 l?9.Jtzz J(),() 8.0 /(),0 9.0 j{) I 0 

II I , 
~.sc 

II ~ jQf"' 
c y ~ ., {;,.I 

(. '/)~I..J/..)1;0 ~C"'~'Y s~ub- :oorse SFIHP/et!OA.i1"~~-HA),': . t:r:::" , 

, l*i .. ('- - //),() 12,0 /0,0 l.l' () 10 'c.{ IZ ,o '1/ '/JeJ.JJ.JI .soJJ 1~, 
I I If (!. 

1(- ~y SI}J..Jf)~ Y, flGG. 7uBG" oAJr~UtJJ#! r:::v • . I 

II 

~ z_t; ~PT 12.0 112 I 0 ltt, 0 N£ JJ~ --tl, L_ '$ir 8!.-llnNBJ.:e -k s:~~~PL e 
fr.2hV 7!-oC.~ ~.~Jl:> t:;r~"'€/ 

7 z<iSEPT vt, o 1;(,,0 A}~ ).)6 
3 

2.t>d< ~i~ 8-;;;. -u~~t?>L e ~ S,911-1pL e 
~li!R~ Jt~G~S ;9VD t$-R~Pr!Bf' 

WES ;AoNR~ 819 E DI TIO N OF NOV 197 1 MA Y BE USED -lfl>eaMSOP\ ~"'r-t-e\1 \P,\\~~t 
~~~ -t-\\\~ ~~\.ll> 
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BORING LOG 
FIELD DATA 

Project '13L 1-JG K. 73<.1 +t e 7:>RH Site Date 22 SePT 8/ 
Location~ :DQA..>&.J s~~JQ-Id /o-e Job No. 

I )/ t=" Drill RigCC4S"Z2 lnspectorll'E"..V LO<ID Operator 'FRRJJ I( S TE.W RI2T Surface E I Boring No. tJ5-

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
NUMBER TAKEN SAMPLER 

CLASSIF ICATION AND REMARKS 
FROM TO FROM TO FROM TO 

/1,0 

8 Z95cPt I ~.0 /(,, 0 JS,o If.,:) lg,o (/'~J.)J.J ISO).) .J~'t 
~voy 1 

IBLU_e_ Ct..R£ ~PT I~() l'(et) 

9 w~ rRoc."-. ~\T 8 7 II II 'VT 

~Sc>r 19.0 ll8.0 zo,o NO ~ 11 ,~ 'i3,r 8~ -Blu-e e ~ Y tJJifH lfrar _f._ ~ .,. 
/1,0 

/0 1/ Oci J zo,o 2.2_,_0 Z/,fL _22,12_ ~~~ 'b&.;JJISOtJ J~~ ~Itle. SHA.Jl>Y ~ .... PY ~tZb 

--"' 

II /()Ci 2!), 0 _tt_O N~ Nb. ~ ''t>_e.v ))IS~ - S (!. po - . ~ -- ~, ~ ,,., 
&..uc 1/'MJ/)t,l A.AY- _T~Br:-

_Lif "'., ,_,, S ~ c:,-,. ...,. 1 /) r • __ vr f.'' 

12 I/ ()C..,- 13_0,_{)_ 32.~ JO,/ 32.!1_ l,(" COl!«" ~~~fl.€! s-''r. IIW z~t.l't! H..UOY ~Y-BDrre'l-~ £:-SAW~e 

-LL .L ~~ (/ 

1.3 1 ac:r JS:O 3?.4- 35.8 3~. f/.. 
I~ ~ 1.1' -q 

~0 2G" ~_fl£Rt:. 'l. S"T"4 lf8e' ~'-U~ sAU.l>r' eL..HJ' ~~~ 
_11 liS"' 0 Sr» l,e.n=t> t)e/JU. Vt; WITH ~ ~" Zoe. 1e s,r 

II- I ot..'f" 'lb. D /1.0, 0 J./.(J I:/ 90.0 40, ':) 
5'~ )I (, '/4 ~ 

WnJZP 4ve &~~YtVITJrl ~"-~~s [C_O~& " _ .. ,£:/.. 

40,5 Jf8,o 
3 /1 

f,L 
.._ 

th'JA~Tl:> S~Hrtc~-G>d"" ·-:;rC"" v B, 11\~. 

/~ 20:..1 l:t_8.0 11-9,0 1/-B,l_ ¥~.() ~., ~X" S11
74 r& ue €L/9PMr#7fa:.K.S~_b_ ~. 1- ~~~,., ~ , / 
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BORING LOG 
FIELD DATA 

Project B L.PGL 13yrre P~H Site DateZOGT&L -Location • 'A?t..U.lS..,../2. GRH t~e Job No. 
Drill Rigl!t;"' ¢6Z.2. Inspector Qt.e..J.J LO.'ID Operator F"~.V4 ~TeV;P£7 Surface El Boring No. tiS..- I "F \' 

SAMPLE DATE STRATUM DRIVE SAMPLE TYPE OF 
CLASSIFICATION AND REMARKS NUMBER TAKEN FROM TO FROM TO FROM TO SAMPLER 

I II 

/~ 12oc..r l.5-~o ~~l(l sl~ I ;s~.c/ 
S" X(p~ 

s "7 ~tar B/;.4> ~LJtY 4>17H 'Rtv...JC. <.. Hen torz.G rR12.~~~ .. 
?OJ!J i.S"/.0 'MIO 

I ~epn ~£:" (, 3/f' Zoc.IC.. 1,11' Tl'l~otl<,ll/!lfl~ Ci.# 
• n ir;P.up~OC • LID/1.8l.'e "n> .SHH/>(..'f! 

11 17o~r 176 .() ?o.o "t-2,¢ ?010 1;22,¢ ~,.X (p 'If 
.~17 tlnte f1t..ll> Koc:..t ( r - · ·--:P- ··"'') CL11s.>) srtPF lt-012k "l'!:JAJ2Rct. 

• 

18 ~l)c./ ?-S'. 0 t f-~O t-s,2 ?-1-.0 
~,,X (p lf4-
1... -E iz-. •. -nlfl::r_ S'1n If At! /1t1P ~octr ~-""J- Br~lt).o c., r.;,y) sn ,::,: 

I /J 

I? ~oc..T 8D.o l~l. cj. 80,0 1~/. I ~(,~~ ..i~~ 
5" 

tJfub 1! ~ f ~~IJCI-Br-'"J.J ~ 1~-t) <:TJI::~ T/.1136 .... .. 
I ~ • 

zo ~oGT ~5.' 0 l8r .o ~s:o gf.,O ~~~~(, 'If 
r?noe ~·Q•£1 J~ta 

[J'rr 
ITtJ~~ 11 liP Pot:~ ( 6-.e.l>'l- 1.3n:.~4)J..J tir~r).s rP:F 

I I I 

21 ?Oc.T 9010 921 ~ ~ 9010 l9z, 1/. !'"X f#'/4 
J~P. 

5" 
-. f/tJIJ l?u~( GrJ]u.. ZPJ')v.l) tt t:x.>) sr;r-p .. , & -.ft-.1 7?J~ 

• 
I I~ 

7J2.~ c JOC/ CJ$",0 ,91-. y. 9~2 9t,!/· 
s~,;r G. 

...1112... 
s/t . ~ 1e ~..n Y.)5 11 yj: ::,· c~ rutk ffuPRtJGt ( t;-rJJy-/3 _, 

' ~ , 
? ... ~ . 3{)C/ 9/,!f n, t- ,,.:;,{ 99.:;. .s"X ~ ,._ 

Jft2.. ~~a~ J1,.,D cA" (t;,-,p-&,;,4>A!Cl.tt f)~ 11F';: ~£ 8Dr~1 . 
i-n. 13~ I 3 II 

, 
1/{){) I 0 ll'£{y_Jt.. ,r~/171 c.~ 'fo 100 I 
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