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Abstract

Water-level measurements have been read in 52 cased boreholes in the 

San Francisco bay region. These measurements are compared to water-table 

depths determined by P-wave velocity. A velocity in excess of 1200 m/s 

is taken as the depth of the upper surface of the water table. This 

method works best in saturated alluvium, and fails in dry rock because of 

P-wave velocities greater than 1200 m/s.



Water Level Measurements in 52 Shallow Bore Holes in the 

San Francisco Bay Region 

by Edward F. Roth

Introduction

This report discusses the results from two different methods of 

measuring water table depths in different geologic units surrounding San 

Francisco Bay. The first method used in measuring water table depth is 

by compressional (P-wave) velocity determination. The second method is 

by measuring with a steel tape the standing water level in the bore hole. 

Through these measurements information is gained about the relative 

position of water level and water table in a group of cased bore holes. 

The water level measurements by these two methods have been made at 52 

bore holes in the San Francisco Bay region. These holes were part of a 

group of 59 holes which were used originally for measurement of shear and 

compressional wave velocities and were drilled to 30 meters and cased 

(Gibbs et al., 1975, 1976, 1977).

In October, 1976 the author measured the water levels by steel tape 

and compared these measurements with the depths determined by the P-wave 

velocity method. This latter method is described in the section of this 

report entitled Water-Table Data Collection. 

Geology and Hole Locations

The classification of the geologic units in which the holes were 

drilled is identified in Professional Paper 941-A, Borcherdt (Editor), 1975. 

The 52 holes have been grouped into three of these units: 1) Bay Muds, 

2) Alluvium, 3) Bedrock (see Table A, this report, for site name and number)

Each hole has been surveyed by Brunton compass, hand level and tied 

to local fixed reference points. Sketch maps are prepared for access and



relocating purposes. Holes No. 1, 15, 18 and 22 were not surveyed in detail, 

but instead those portions of the identifying 7 1/2' quadrangles are substi­ 

tuted. 

Field Procedures

Drilling. Rotary drilling was used to establish the 59 vertical holes 

for shear wave analysis over a three year period. The holes were drilled to 

a full 30 meters and flushed with clear water. Solid plastic casing was 

set and pea gravel was used to backfill around the casing. The holes are 

identified by number and name (see Table A) and are tabulated below by drill­ 

ing number and completion dates:

Holes by Number Drilling Completed

1-12 11-13-1974 

13-35 5- 1-1975 

36-59 1-12-1976

Several field procedures are routinely performed during the drilling 

operation. Geologic samples are taken by:

1. She!by tube and "Pitcher" core barrel.

2. Standard penetration tests are made in soils and weathered 

bedrock.

3. Drill cuttings are continuously monitored by on site 

geologist.

4. When possible, a notation of water table contact is 

made, usually measured in upper levels of hand augered 

starter holes, e.g., site No. 41, Southern Pacific (rarely 

deeper than 4 meters when rotary drilling commences). 

Water Level Measuring Techniques. Measurements to water level are 

made at each site by using two different tapes. At first a weighted cloth 

tape is used to identify the water surface by lowering it into the hole



and listening for water contact. This provides a rough calibration measure­ 

ment to determine the hole depth to which the chalked end of the steel tape 

should be lowered. The weighted and chalked steel tape, graduated into 

hundredths of a foot, is gradually lowered into the premeasured water zone 

and a precise reading is taken, using the casing lip at the ground surface 

as a reference point (see Figure 2). The same weight is used on the tape to 

insure identical volume displacement, and each hole is allowed to reach 

"equilibrium" from surface ripples, before attempting the final reading. 

General Discussion

Water level measurements have been made in 52 widely dispersed, non- 

perforated, cased holes in the San Francisco region. All the holes are 

located in a region (see Plate 1, in pocket) approximately 2,000 square 

kilometers in area, and ranging in altitude from sea level to 810 meters. 

Webster's, D. A., 1973, Mao 530-F in pocket is introduced as the base map for 

locating the 52 holes. The depth zones (A-D) on Webster's map of water table 

depth were determined from data obtained from more than one thousand shallow 

bore holes drilled in the San Francisco region to accommodate foundation 

engineering studies. Over 70% of the shear-wave sites were beyond these 

zones on Webster's map, and thus water table data were not compared. Water 

level depths determined by taping were not expected to be equal to water 

table depths determined by P-wave velocity method, for reasons discussed later 

in this report. 

Bedrock and Alluvium

In interpreting P-wave velocity change as an indicator of water table 

depth, the geologic unit in which the velocity is measured is a very important 

consideration. It appears that a velocity in the range of 1350-1600 M/S is 

optimum for recognizing a water table horizon in saturated alluvium (see Table 

A). The same P-wave boundary denoting a water table in bedrock is more
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200-foot steel tape, hand held

Ground Level (G.L.) lip and edge of casing

Readings (1 and 2)

pea gravel

weight

casing

cm

Ground Level (G.L.) minus Water
Level (W.L.) 

  Depth to Water
G.L. - W.L. « Depth to Water

Example: Hole No. 21

1. G.L.   51.50 ft (uphole tape reading)
2. W.L. - 2.00 (downhole, chalk/W.L.)

49.50 ft, or 15.1 meters

Surface reading made on steel tape, 
graduated to hundredths of a foot. 
Reading taken only when tape is 
stabilized.. Tape is read at 
uphole end, then rewound and read 
at chalk/water contact "line."

To reel

51.50 ft (G.L.)

residual chalk 

2.0 ft (W.L.)

chalked zone: dissolves when 
in contact with water

Figure Water Level Measuring Technique 
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difficult to observe, because even dry rock may have a high P-wave velocity. 

At 20 bedrock sites, P-wave depths and taped water levels were compared (see 

Table B). The average velocity was 2085 M/S (6840 feet/second). The average 

P-wave velocity in saturated alluvium holes was 1545 M/S (5070 feet/second). 

(See Table C.)

Fetid waters were noted when making water level measurements in Hole No. 

59, Carmichael School, and No. 41, Southern Pacific. These foul waters appear 

to have entered the upper levels of the cased holes, and may have originated 

in surrounding zones of water leaking from cracked or broken sewer lines. 

Both of these holes are located in the "South of Market" district of the city 

and county of San Francisco. Two additional holes (Nos. 44 and 45) were 

drilled Into the same geologic unit, alluvium of the Merced formation. The 

water column heights rose in both of these holes between the time of P-wave 

logging and water-level measurement by taping. Whether or not these water 

column height increases are from artesian pressure is unknown. The water in 

Hole No. 44 was extremely brackish although its altitude is above any tidal 

influence. 

Mater Table Data Collection

Collectively, the three methods of obtaining water table information 

used in this report are:

1. Depths to water table measured during shear-wave logging. (See 

Table A.)

2. Seismic P-wave velocity interpretation (Gibbs et al., 1975, 1976, 

1977).

3. Direct water level taping by chalked steel tape to water level in 

non-perforated cased holes. (See Table A and Fig. 2, this report.)

Shown graphically (Fig. 2) are travel-time curves from a typical
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Table B

Bedrock Sites: Average P-wave Velocity 2085 M/S

Depths

Site

North Peak

Sawyer Ridge

Mission Peak

Cal State Hayward

Corte Madera

Foothill Park

Pulgas Tunnel

Vista Grande

Morrison Canyon

Prayerbook Cross

San Bruno Mt.

Mary Knoll

El Granada

Black Mt.

Pise Lookout

Pulgas Water Temple

Spring Valley Ridge

Merritt College

College of San Mateo

Peninsula Country Club

No

11

12

20

23

26

28

30

33

34

39

47

3

4

5

7

8

9

57

52

53

P-Wave Velocity

1260 M/S

3350

1940

1380

1530

2640

2470

1610

1740

2650

1290

1780

3850

1880

1790

1650

2360

1690

3160

1670

P-Wave

5.0 M

10.0

2.5

10.0

16.0

15.0

22.5

12.5

5.0

11.0

8.0

10.0

10.0

7.5

5.0

2.5

7.5

15.0

17.5

2.5

Taped Oct. 1976

12.6 M

10.8

8.2

19.0

4.9

16.9

25.4

16.7

0.9

18.6

8.0

9.7

10.2

12.2

7.3

6.2

8.2

9.6

15.6

5.9
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Table C

Alluvium Sites: Average P-wave velocity 1545 M/S

Depths

Site
V

Mitchell Park

Frenchmans Cr.

Half Moon Bay Terrace

Sta. Clara Fairgrounds

Montgomery School

Windmill

Chain of Lakes

Southern Pacific

Quintara

Hillview

Aval on

Skyline

Merritt Sand

Carmichael School

Blackberry Farm

Palo Alto Square

Oliver Salt Works

Cozzolino

No.

27

31

32

54

21

37

39

41

43

44

45

48

56

59

14

19

25

2

P-Wave Velocity

1530 M/S

2260

1650

1690

1830

1610

1260

1700

1280

1210

1690

1210

1830

1220

1400

1410

1570

1500

P-Wave

Depths

2.6 M

10.0

5.0

18.5

17.5

7.5

17.5

7.0

10.0

10.0

20.0

4.0

17.0

11.0

7.5

10.0

8.0

2.0

Taped Oct. 1976

2.8 M

9.2

5.8

4.3

15.0

3.2

14.5

2.0

12.5

5.1

13.8

3.8

0.5

0.1

7.5

20.5

2.5

1.1

17



coarse-gratned alluvium site; Frenchman's Creek, No. 31. The approximate depth 

of the water table at this site (10 meters) ts shown on both the travel-time 

curve and the corresponding geologic section. The P-waves were generated from 

two sources at the ground surface, a vertical hammer blow, or a blasting cap 

(Gibbs et al., 1976). These P-wave arrival times are plotted on travel-time 

curves and a velocity is determined from the inverse slope of a least squares 

fit to the data points. The depth to the water-table in alluvium and bay mud 

is taken as the shallowest depth at which a P-wave velocity greater than 1200 

M/S occurs. This water-table depth selection method has been used throughout 

the report, and is compared with the taped depths referred to and tabulated in 

Table A. 

Water Table Measurement Problems

Several problems are inherent in the process of collecting water table 

data. A few variables which can affect a water-table measurement are listed 

below.

1. It is not always known if the water table measurement is related 

to a confined or unconfined aquifer.

a) Confined aquifer. Ground water in a confined aquifer is 

overlain by a confining bed isolating it from other 

aquifers. This ground water is under pressure which 

forces the well water to rise above the top of the aquifer. 

Problem: Probably an extra high (toward ground level) 

measurement.

b) Unconfined aquifer. Unconfined ground water moves down- 

slope toward area of lowest water-table elevations. 

Problem: Has water in casing reached equilibrium?

2. A column of water standing in nonperforated casing may be held in 

the casing by a plug caused by drilling mud settling to the bottom of the 

hole or by side wall shards knocked off during casing placement.

18
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If this were to occur, a water level reading, no matter how pre­ 

cisely measured, could be incorrectly Interpreted as one which relates to the 

water table. In reality, an observer would be measuring an isolated column 

of water, captured shortly after the hole flushing, and now temporarily 

contained by the nonperforated plastic casing.

3. Are cultural (man-made) stresses affecting the measured depth? 

Examples: A refuse dump nearby could create new hydraulic 

gradients. Have sewage lines been broken? Has urban/suburban 

development created new drainage patterns? Does nearby well- 

pumping over exceed the sustained yield of a ground water basin?

4. How much does the tide influence the water levels in bay mud holes?

5. Has the weather affected the reading?

6. How does the geologic unit in which the hole was drilled affect 

the water column's equilibrium rate?

7. Have recent rains (Winter 1978) recharged the water table and what 

are the new water level heights?

8. Are locally occurring artesian pressure systems causing water column 

height rises? 

P-Wave Breaks vs. Taped Depths and Hole Equilibrium History

Comparisons of measured depth to water level by taping and P-wave 

velocity pick to water table are plotted in Figure 3. , The ratios are shown by 

dividing the graph into eight regions. The ratio values are shown at the end 

of the line segments, and range from 1:1 (identical measurements, i.e., taped 

depth equal to P-wave pick) to °° . Example: 1975 plot, taped depth = 0, P- 

wave pick = 2 meters. Accompanying this data is another parameter, hole 

equilibrium history. Based upon the following facts, the data from thirteen 

holes were excluded from Fig. 3 and the standard deviation section; six holes 

could not be relocated, three holes were dry in October, 1976; one hole was
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blocked due to cracked or broken casing. At two locations the P-wave velocity 

data was uninterpretable. For additional individual hole data the reader is 

referred to Table A.

By dates it appears that the younger the hole, the more widely scattered 

the two compared depths. This is shown by the following standard deviation 

(Sx) data.

-VIM
v N

U
«i f\ ^.\& 

S i A,-
From S.

We have:

X. = taped measurement (meters) minus P-wave pick to water level, 

x = mean of x.'s 

N = number of points, by years. 

Standard Deviation Results:

N. Sx

1974 9 3.1

1975 20 4.8

1976 17 10.9

These results suggest that the P-wave estimates represent an equilibrium level 

toward which the water levels in the holes are trending. 

Bay Mud Sites

Three Bay Mud Sites were selected for shear wave studies out of a total 

of 59 holes. These three holes are also classified as saturated, i.e., virtually 

all interstitial spaces have been filled by liquid. A discussion of their water 

table measurements follows:

The historic estuarine environment in which the three Bay Mud Sites 

were drilled creates a natural depositional zone, rich enough in organic
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material to form methane gas in the mud (see Whalen et al., 1976). Slow P 

and S velocities were recorded at the three holes. P-wave values of 770 M/S 

in the upper 10 to 20 meters, and S wave values of 108 M/S were recorded.

When sediments contain gas, the velocity of the P-wave is reduced so 

that the P-wave method of picking a depth to water table cannot be used. 

Hole No. 58 - Audubon

Initially, the P-wave velocity at this hole is 1070 M/S, and does not 

attain a velocity denoting water table until it reaches a depth of 15 to 20 

meters and a velocity of 1500 M/S. The water level was taped in October 1976 

at 4.2 meters, which is 1.7 meters deeper than it was when logged for shear wave 

velocities in December, 1975. Based on the probability that daily tide fluctua­ 

tions can affect the taped water column height, future measurements taken over at 

least one, 24 hour, period should be made to resolve the extent of these changes. 

At the Audubon hole there is an upper depositional zone of 10 to 15 meters of 

oyster shells which may contribute to a more rapid water column equilibrium than 

at either KGEI or Bridgeway Park. 

Hole No. 50 - KGEI

Geographically located approximately 4 kms. southeast of Audubon, the 

KGEI hole has a similar water level to Audubon, but the P-wave velocity does not 

reach saturated velocity until a depth of 20 meters (see Fig. 4 for these 

comparisons). 

Hole No. 36 - Bridgeway Park

In comparison with the two previous Bay Mud Sites, Bridgeway Park shows 

the most striking velocity contrast. The velocities (P-wave 427 M/S S-wave 

54 M/S) are lower in the upper 11 meters than all the other velocities measured 

in this survey. The top two meters of this site are artificially filled, 

which is not enough section to account for the low P & S velocities 

observed. A probable cause for the low velocities from near surface to
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eleven meters is the presence of gas (methane CH^, Brandt, 1960). It appears 

(see Fig. 4 ) that the P-wave velocity break to identify a water table contact 

should be closer to the surface and faster than was recorded. With gas present, 

one conclusion reached is that gas mixed with water in a saturated sediment, 

such as was found at Bridgeway Park, produces lower P & S wave velocities, 

than are measured in water-saturated, homogenous-sediments, which are free of 

gas. 

Water Level Changes

In Figure 4, the water levels are shown graphically with a solid line 

representing the level at the time of S-wave measurement and the dashed line 

representing the level in October 1976. Those bottoms that could not be 

recovered, as a result of casing obstacles encountered during taping, are 

left as blank columns. The seismic velocity data at Site No. 42, Mar Vista, 

were uninterpretable, and were therefore excluded from Table A. For the 

record, the water level depth in this hole measured 12.9 meters in October, 

1976. 

Conclusions

Water level measurements have been made tn 52 holes in the San 

Francisco Bay area, and their relations to the water-table have been studied. 

The data compiled from the different types of measurements represents new 

water-table data from three geologic units , 1) alluvium, 2) bedrock, 

3) bay muds. The P-wave velocity data obtained from saturated alluvium sites 

most clearly describe a water boundary with a range of velocities from 

1200 m/s to 160Q(+) m/s. The P-wave velocity method of obtaining a depth to 

water-table will not work in most bed rock because the initial velocity of the 

rock in most cases exceeds 1200 m/s.

A unique pattern of low P and S wave velocities describe the character
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of all three bay mud sites . Based on similar seismic signatures in estuarine 

localities (Whelan, 1976), a likely reason for the low velocities is the 

presence of methane gas.

Probable plans and suggestions for future water-table measurements are: 

When the hole is drilled, the water-table measurement should be recorded. 

Water levels at all holes under study should be repeated by taping in order 

to evaluate the significance of two years of drought followed by a wet winter 

in 1978. Water levels in the bay margins should be retaped during flooding 

and ebbing tides to see if the change in the altitude of the bay affects the 

water-table. 
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OQive. SOUTH AB&UT 3."Z HILES To DtRT ORIVG WAV o/v L£ F=-T 

2O FT. OFF- GOAD). usvAui-Y uK/-oc<£Z>. TH/S
O»t n'l-E. F&OM A CHR/^T^AS TRG.E. f=ARt* OA/ OPPOSITE SIDE Or
S/re /s G&YOMD A GROUP OF 3 t-AR&e FJR T-GS-GSGH T«&

&£ &. 5K&TCM 8&LOW. '
"^ /vOT TO BE. Co/V^A/SSO W/TH

P/se LOOKOUT (BY m*p HAne), 
WHICH 's o/v orPo&iTG S/DH OF

\lo7

45
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APOINT S/TH /WO./O / '\ WOODS/DE

NORTH ON HWY: £SO ^ /«7 /V/LES BEYOND £DG>EWOOD RO.

THE. Vl&TA (Z^One /VoRT/y OF HDG-EWOOSO ^^^ /?A/^p

G-o O.35" /^7/LES TO

B6Yort& &MA SHACK. 3 BE SKETCH BELOW. 

TO LOCKED O-ATE. :

DATE OF SURVEY

.^. ROTH



/s//v ^CT:25

ACCESS : ACE y opens 
AT

/V- W-, (V?PrHK

+T <S*K AHVRE.AS *-*XB PAH. PROCEE.DTO 
H TAKG.. /=&#*: TO X/G-HT. D#o *>/>/#&-
tJ-ARCtToS +AXZ. PfiOCE.£[> TO 

SHARP I&O* BEADS /// ROAD)

TO

THE HOLG. A& PEP/CTED Iff

THE CASED HOLE. /S CAPPEb AND COV£X£J> W/TH A 25 X 25 CM.

: / OCT.

74-5 M  I
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ALV150 SITE. /vo. 13 A

SOUTH ON BAYSHORE, (Vwyr/o/) TO x/wy: 237, (FIRST

SOUTH of= MOFFETT F/ELD). TAKE H\NY. 237 TOWARD MILPJTAS A&OUT«** »
3 A///.ES TO -SANTA. CLARA AVE.. TURK LEFT ON &A/VTA CLARA J 

C/*OSS/>Y£ SLOUCrH &OAD NAME. CHANO-e.^ TO G-OLD STREET- 

TO CATHERINE. ST. AND TURN RlCrHT TO JUNCTION O/= STATE ST.y

PROCEED NORTHEASTERLY ON -STATE ST. ABOUT /* MILE f OR 3 

BLOCKS. AT THIRD BLOCK, (PACIFIC AVE.\ TURN LEFT ON DJRT ROf\D 

SEE SKETCH BELOW FOR DETAILS.

CONTACT: G-ENE PZLLEG-RINI 

PHONE :

HOLE

&
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LOWRY A
/SAS7- FROM M£Ht-0 PARK OA/ 

6RtOG-/=)   C /eoSS/A/G* BRIDGE. 
ffb. TO^ARV^/S J?O. y TU&M LEFT ON 
ABOUT Z*5 Af/±£S TO 

A*JO PROO^St> UORTH AQOUT 3.O 
TO 4-OWRY RD;(f-OY*RY PA*

60 ABOUT o*45 Mi^e-s TO ^S'zn JLOASE a* 'STORY 
s/verc/v FOR DETAILS.

ROAD,
TOt-L. Pj.A'Z.A O/V 

ANO CONT/NU&
J.&FT OA/ 

COYOTE. H/L.LS 
RT. ON

f
|V ^- _^

iv c ° YOT
\ t^-^

* "; ////.L.5 ':  s/.oc/(?// ;  
<^*fc  !"" ^ -_ .«-"-«»^ *-fc

r o
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'<3A-7ayvo/vo//v/7
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s/ox
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-ON axis >tN;s
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s-aaxj. 
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5&zr>1&L^^v^

ass 
/vc/55/lv /vo J.H-VI&

t* oJ- 
-(s-7-7/*
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SCHOOL sir a .vc. A SAN

.,,,.£ SOUTH O/Y HWY. IOI,(BAYSHO'*&) To
&1G-HT. (SOUTH) A HO CortT/Mi*H= FOR ABOUT 'Z* 5 Mlt-f=-S, To 

Li=FT OAV HDMB.'STIZAD FOR ABOUT O.5 Mt^&S TO 
TAKE A LiZFT To PZfP&KTK&G. COc/ffT. TH£-^

> Me-tv* BY . W&T&* : SCHOOL.
A&ULT -

TO
12.0 TO

/A/
"

CT.

, Sfre.
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CAL. STATE. MVTWARD S/TE NO. 2. S

FOR Access ROUTE A/VD S/TJE /.OCAT/OA/.

,-    ;S;.'f^> Building -.^ 
'^rt;**-* T   V^i^iT -*

r̂  - --^*^S52n' " "'v

 rr7 - . -Vx;^^^
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SCHOOL- , 2.-4- A
TRAv&L. 5e>uTHeAsTeRt-Y ON/ HW/y. 101, ('BAY'SNORe.} TO MATHILDA AY 

IN SuNfKryvAi-e. TV KM OFF OH M*TH/L.OA To THG. RIG-HT, (SOUTH) 
ABOUT %  t» tnii-rz'S' TO A7£^o«* OF A/AT/V//.DA vv/r/v
p^^P DKlVg ABOUT -S.SM/t-I^S, TO &e>Z.^//*S6-&&

6>t X580UT T^S^-OC^S TOMIL^L.^^ AiV&.jTURM RICrHT 
TO <?tf/A//30W AVe;T^/?A/ JLj=f=r />A/D DRlVB TO ATt

/A/ >*/R/=XI X^OJ-OIA/X/VOT SHOT-PUT

A/

««..t

^ ^ 
\

X«^\A:^

\\
SHOT

P/mcr/ae 
/°/rs

. 1

6-A.-re_
 y  e        r^ai

^ \ ^^v^^

<9r4i^
CD ~~y ^^^̂

 fT"S

fl STfi f A ' .0 . /*«

/
/ BALL.

9

>JL
<s

^ c fr,

-F-A&Csg.

DlAMONO

 ^\Q -\
/ JO

v e A/
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&L/V&R, SALT" WORK'S &IT& MO.ZS

NORTH ON HWY /o* (8 AY SHORE?) TO
BKto&e. &OUTE ACROSS SAY. JUST

A Ri&HT O/V £Z>£N^ Z.AA/& VG ROA&j
wAyy (BACK TOWARD BAY) TO /T^ HA/D. SA<-T

2.OCAT&D

Pr.

j TAKE. 9*,
To^i.

TO

B*/t>Ge

'/V

4

/y t-v y "* ^,2

S A 2.T V*A Y

To
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PARK HO. PS MlHDBG-O HILL

DRIVE 5O(JTH ON jUniPERo S£*£.A JEXpRB*>S>WAy TO PAGE.
TURN RT. A/VO STAY o/v ^A^e MILL, PAss/A/6- 8ert&ArH Hwy. ZBo

MILL TO f*tAti>f Grt Tff Af

/vr^Ars/ce. To Access £OAD AHO
A5"
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Tt/AV/V£.I- SlTg NO. A l/VOODSIDE.

(JHOBR HWY 28o OA/ WOODS/OS. «OAD To 
wooZ>s/r»£. CoA/Ttrtue. NORTH MS K. CANADA

S>O Af/LSS

To

TO TH 6 -j (O*/5'W-')j PKOCGat* UP Hlt-L. A*/OTH£P~ O . Z f*\tL.&S. Tb

TO A

UP A
. £>iM*-Y MAr 1Z tc&£> CAR 

2. SY<S-A/,s ^

B. PtP6 AS

N 
\

65



FREN
C m to to (X
I o o to



.F- A700/V BAY TE.RRACE. S/T£ NO. 32 /\ WQNTARA AIT.
/ 7!/' 

DRIVE TO M(VY. ij COAS-T H\A/Y~ V/A HWY. 2&o ^ qz. TURN RT. '*

ON HWY 1 ANO PROCEED ABOUT 4.7 A///.es TO HAL.T=- MOON BAY 

AIRPORT TURNOFF- (CAUTION, TRICKY, ^HORT IA/A/^A//A/G A/VD HOLD 

/A/G- £AA/£.J. TURN LEFT AND RIGHT UPo/W ENTRY INTO AIRPORT^ #OAD

bLELl-S HWY 1 TO THE NORTH. S&E. SKETCH f=OR

67



V/STA G-RA,ND£
C/TY

>vo. 33 SAMFMMCIsco, SOUTH
A

AT T//H /rtTZRS&CTIDM OF 77//£/?5 5TI /)^Z> FLORENCE, 

T///££S WW/CA/ TUKHS INTO A D/#T Kt). KE£PMGr TOTtfZ. RIGHT, G-O To A 

FO/HT /N PROMT OF A LAQ6B Kes&£VOtK. A Ft-AT 

JLOT

OH

. £rCHED //V

7W£ BOTTOM 07=
\/0|/? -J-H&8Z IS A SHEET H&mL BAA/0 

A SYHQOL. A VV/LL SE F<?o"VD

/'V. J METeRTO THE HOLE. /.'75'r7ere«S /3EYOMDTH£ HOLS

T- TO THE. «(3£- 

HCi.£ 15 CAPPED AMD

T. Se£ M/iP S& 

\NfTH f> /0"X.JO"

FURTHER £>cTfHl£

CAPP£O HOL.&

« A,



AMH

-£/ 'JL=/37

o/vt/ ""/vvnj. 
0-9



/\ ($<* )

ONTO

S1£RC£D G-oLf=- 8 COUNTRY CLUB^ S/T£. 

OALV c/ry^ ZZOo JUNIPBRO SERRA BLVD.

TRf\\/ELL,lNGr /VO/?T/-/ ON HWV< 2QO //Sf DALY

BLVD. STAY ON THE. WEST -s/oa or=- H\A/Y 2&o ̂  ^^D ^o TWO BLOCKS

-SCHOOL ST. "TURN LEFT OFF OF JuNlPERO SBRRA INTO 

&OLF £ COUNTRY CLUB. KEEPTOTH& R/&HT AHO PROCEED 

ENTRANCE WAV. CONTINUE O/V INTO PARKING- LOT TO THE RIGHT,

BREAK /AV HEDG-E). LE AVH PACKING. LOT ON DIRT ROAD TOWARD CEMENT

BLOCK BUILDING^ PARALLEL TO **IO FAIR WAT. START Mlt-BAOE CHECK AT 

WEST END Of= BLOCK &V1LDIN&. IT IS 0.0? M/Le-Sf C/45 DETERS) TO HOLE 

THIS DIRT ROAD PARALLELS A STGEJ- LtNK FE NCE - A T O. O9 MIL E Af**?Ac 

9.Q *1ETERS TO HOLB.. CAPPED AHO CQVE££D WITH STEEL PLATE.

DATE: OCT. 2O, /975

^*

0 Q

House

0
"/T5^l'('09f1JL£) _o     o    

70



SA/V MATE.C*PARK "S/T^ WO. 36 £\>

DRIVE /VO/TTA/ o,v //wy
£>/=/% (ft ALSTON /AV£.J /A' BELfabrtT; CONTINUE. O/4

WORLb EM-rKANCE . C/<?OSS SLOUG-H O/V 3ff/P&£
 ' DR) TO LANYAR&J &R/VE. TO LEFT CUKVZ, 

HGKB). SEE SKETCH BELOVS FO& DETAILS.

/oi, (BAYSHORE. FWY.} To WORLD TURH

To

FROM

 ;x^ AvvA V
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CHAIH OP Z-A/c-^S $>ITE. NO.^>& f\

r/ORTH ON HWY.**£QO TO VICINITY OF SAN ANDRE.A S LAKE.

ONTO SKYLINE- BLVD. AND DRtVEi NORTH TO THE. GRBAT

IN SAN FRAMC/SCO. TAKE R/G-HT TURN ONTO 

FULTTON -ST. 6-0 TO 43-J AVg.^ TURN R/C^HT^ /)/vo 4G-4//V T/IKZ A

TREB^> TO 

BD TO ?O FT.

(8-

73



CROSS 

NOKTH ON 

CONTINUE. ON /9  TO

<S/T£ /VO. 39 SAN /=&AAvC/SCO

TO £4LV C/TX; KEJZG-E ONTO IJ~TH . AV£. AND 

GATE. PARK; A/^D /NTO PARK^ TAK/rtG- A

AT NORTH PART OF PAR< OA/ KBNMEDY DR. (MAIN DK^. DRIVE.

ABOUT O.I MIL.& AWD C#OS>S THB. DRlVe. TO OPPOS/T&

DRIVEWAY,

/)//?5CT/OA/ TO H/L.L.TOP

/A/ PROCEED /A/ A

74



MILL S/TE No.4~O A PALO ALTO

DRIVE -SOUTHEASTERLY ON TUNlPERO SERKA Bt-VD. F#Of*l INTERSECTION 

AT ALP1HE. RoAD ABOUT J.t>5 Mlt-ES> To RoAD ON R/&HT S/DE

QF JUMIPERO &BRRA; #&A£> /5 A'HXT TO /.As>r HOUSE. BEFORE: LAQGE.
 

. tr (POAD) /s ABOUT o.&s MILES FROM &OAD TO PA&E. 

. PROCEED UP RoAO TO LOCKEO &AT£

KEY WITH Et> /?OT/Y . IT />5 A SO 1/7- O. £>4-5 A7/Z.5S 

&ATB TO /-/OLE. OA/ MODERATELY PAVES ROAD.

-SEE SKETCH BELOW.

TO

(POST) to 

3 to A.

75



PAC/^/C -S/TH //0

KOPTH ON //ivy. **/o/, (BAYSHORE
RAMP. CoNT/MUe. O//

SA N FRA NCJSCO (NO) 7 '/!'

AMD MERGE. OFF 101 AT
7& STREET //WK <*80 RAMP. CoNT/MUe. O// %BO TO 3*2 ST^EETj TURN

o/v£ Stfo&T BLOCK TO xoiv<vs£/v£> sr/?£"fiTy TC/R/y RIGHT o//
TO S"£C7VO<V OF S*7~/?£ET HSHGRE /?. R. TRA CXTS

QWZLY JNTO X7/?<?/Q OP KELLY STREET. S/T£ /S //V JLAR&E YACAHT J-OT 
BRICK V/A RE HOUSE. W   OtREcT/Otf OF COHT/rtU/rtG- TRAC.K FOOTAGE. 
SEE SKETCH BELOW.

T OBL I- 
f$

DEC. fj

COP!PASS BR6S.

E COR*e. 
TO A S.7

MOTE: \\± 

7.5 HE.TERS

76



1//STA SITE. SA.V FR/\MC!SCO, (SO.)

CW/VWX <?SO 7*C? WC//V/TV O^ SAA/ A/VO/?HAS /.AKH
BLVD. 

>. STAV / 
OLYMPIC KAV (CUL. c/e SAcJ //V FR&rtT O. .

^ (SOUTH£:RLY^ TO DlKT rt&AD.

O/V SKYLlrtE TO

j 
r

s~/re

S/C-i

77
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NO. 43 A SAN FRANCISCO (SO.)

DA/TO
DRIVE WORTH OA HWY- 2QO TO V/C//Y/7T ^^ ^5A/V ANDREAS LAKE, MERGE.

a^xo. /A/VD DRIVG. MORTH ON SKYUHE TO &RE.AT HIGH WAY, 
/A/ s/\/v FRANC/SCO. I^IMED/ATELY AFTE.R TGAFF/C UG-HT

^ AT GREAT HIGHWAY ^ SLOAT BLVD. TURN RIGHT (STOP S/G-A/^ THEN 
PARALZl-L./HG' "Gr.H-" UNTIL QU/syrARA^ (Q 3AOC/TS). 7~A K E RIGHT 
ON QU/A/TA/?A AND DRIVE. UPHILL TO 4- O ^ AV£.^ ^9 S^oCA's). SEE SKETCH

tr>
T

\

QUIMTARA ST.

in

onon
M3

to

I 
m

t

BALL 
PARK

SAN0 
£><y/V£S

e

& L.
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A .SAN

(So.)
AVAi-O/V 

DAL-Y CITY; CA.

NORTH O<\J HWV. <? 8 O , TA /C/NO THE. P&CJF/CA ^KY^tNE. BLVD. OFF-

y /!AK£ SA/V A/VD^EAS VICINITY}. CONTINUE. ON S^YUNE. BLVD. TO 

W£STMOO/? A\/£. WTE^S£.CT/OA^ &4LV C/TY. TURN LE.FT , &o TWO BLOCKS

TO AVALON DRIVE. j TURN LEFT, &O PAS>T CHURCH AND STOP AT GATE /^ 

LlMK F£rfC£.j (ABOUT O./S M/LE FffOM U/BST MOOZ AMD AYALO*/ 

MAP 8ZLOW FOR DETAILS.

BO «EY TO GATE--

UJ 
^
X.

-4 
UJ
* 
O

* 5

Br £0 ROTH



A S A rv rftA N C / s C O
"7 /

E MO&TH 
CITY).

/A/ ABOUT

HWY. g&o "To /ftf AVE. GOLDE /v G*\-re= &RJDG-E OFF 
AND ro/vj//vt/£ ov iV-^ AVIS.. ~ro SLOAT BJ.VD.

OA/ rev/A/
To THV/V PEAKS

'. ~7"0 FfftST- R

/  3 5 . TURN LEFT Al^D

/s IN QUARRY AT r/v/s



MT. S/TE

DRIVE. MORTtf ON HU/Y. IOI 
TAKE TVV/S (OV^RHZAD) TO 2'Z

FR&n OVeKHEAD, TURN LE.FT 
TO rt£SA ARE. A WHE.R& FWY-

OKTH) OV£B. 
D/GT}

. 47 A A=/R/wc/sro (so.) 7V

To B#AS8A/V£. X COlv PALACE. 
/syr&#s&<'T/(?'v /s -^ A

/6A/Z) CJ-lf*lQ ABOUT £.O 
WITH

EUCALYPTUS G-GOVG ~ 0.3 TO

82
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SAN FRANC/SCO

SOUTH

SKYLINE. AT WZSTHOOP AV&. W&STLAK& PALISADE.
S/T£. A/o. 49 /\DALY CITY L^

DRIVE NORTH OM HWY. 2&O, TAKING- THE. PACIFICA SKYLlHB BLVD. OFF

TO

HOLE 75 //V Z.OIV CHAPARRAL O/V THE /V. VV. QUAOPANT OF THIS LARG-E IHTE.R-

. SS.E SKETCH MAP 8HLOW FOR OBTAILS.
-* 

TO WAKD 

OH A LINE PE.RP&HDICULAR To REAR

Z/A/£ 3EH I NO THIRD 

PROPERTY FGHC& LtHE, AT

AND FOURTH

OF SVRV6Y

. 4.

BY: ED
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/Vo. So A PT.

DR/V£ rtORTH ON HWY **IOI , (BAYSHORE F'/VY) TO RAJL^TON 
VSOQL.D TURN OFF. PROC.££.D 'T&WARD BAY O/V /^AZ-SroA/ /°A^T

o/v BRIDGE. PARKWAY ABOUT 0.325 MILES TO
OF /FOR 

f=

£. AT £*/&&u&±.

/VOT£: Do HOT t/sa ELECTRIC
A T TH/S HOLE, j TOO G- R£A T 

&.F. ^/G./V/ALS.

THIS ROAD

CAPS
\HlTH

3K£T<-H

WET. DOA/T IT !!

N
}
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CREST ROAD Srf£ No.5/ A

LE.FT

RAMP

/.£ 7- jr

TO

<Ji'OODS/DE. . G-o

AT/T

2.7S
6-0 O 

TO WVOO D'sS/ £>£
>, 7-^/^A/ RIG-HT 

G-HT TURN t T.

£S

COA/T-//V(/£ xi BOUT
c 

ABOUT too F'

E 
S
T

*<?'£>.)
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OF- SAN MATSO SITE. NO. 52 A MATEO

DRIVE fiORTfi ON A/VYV. 280 TO HWY. H, ARTHUR YOUNGER FKE£H*Y; TAKE OP* KAMP O// 
AHO GO A&OUT 3.0 M/L£S TO HtLLSDALE BLVD. TAKE. LEFT OH H/*-£S>£>ALE To CSM. 
TAKE. FIRST RIGHT /NTO CAMPUS AND F/RST RI&HT A&AIN, (SHIPPING-
CO'V7VA'6/£: QV &OAO,&OWN '"CLlNE PAST TEW/AS COI/&TS, ABoVG TJ?Ac.K , THROVE H 

CI/RV//VG- ABOVE. AND AROUNO 8ASE.BALL DiAMortD TO OV/fR/=£OW PARKIN&
SEE SX&TCH BELOW ;

A/
VJ N E

oooo PARKING- 
<+ LOT

(OlRf)

NOTE: /r/5 TL.

HOLE /s COVERED

SIGNAL LIGHTS

BASE'8 ALL 

0/AMONQ
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P£NIHSUI-A COUNTRY CLVB S/T£ NO. 53 A MATEO

ON H WY* *Vo/, (BAYSHOREj TO HWY 

BAY DIRECTION) ABOUT /-5oA?/^ES To AL.Afie.PA etc. las

Al-AMEDA, (<$ £.) O.2.S &/*.£* To P£H/H^uL.A COUNTRY CLUB 

, (MADERA ' DR\V6) / C7/V R/G-HT -5/DE. O<= 

PARKING- AZEA . 3&E. SKETCH BELOW.

P/ STANCES 8&A 

OAKTREZ TO : /6.7 

TO HOLB I 8.7



5ANTA CLARA COuiM-Tr FAIRGROUNDS /A

SlTt NO. 54 344 TULLY

DRIVE SOUTH FROM MEMLO PAKK o/v HVSY. to/

fiS KlCrHT A*SQ &O /  9 

X\As/O CSrO O. 5* Af/i.£3 7"O

SAW ZTOSE ^AST 7 

TOS£.

TO TULL)

71O

  O.4-5 M/LES TO GATE //O, % ^ (SOUTH £"/V

89



OAK Ay£NU£ S/7-£ NO. 55 

'SOUTH /^/SOAl H1E.NLO

'. TURN LE.FT OFF

TO OAK

ON OAK AVE..; SCHOOL 

SEE &KE.TCH FOR DETAILS.

CUP&RT/NO

TO Z.OS AL.TOS ON 

OOTH/^I^ ONTO CrRANT /?O, AND 

TURN RlCrHT AND COWrfNUB O. 

ON J-E.F-T S>lOE. O/= /?OAD.
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-SA/VD SITE. 56 /\

WORTH ON HWY. 101, (BAYSHORB FWY), c/?o^s//v6- TO 
' BRtDG-e.: AFTER PASS/SSG- TOLL. G-AT-E.^ #££& TO &/&HT AM

IT, (H/MtTZ FH/y.^ tf&ADirtGr SOUTH TO /4 r- STRE.&T, (A&OUT /  
TWE. /4r-& ^T#Ee.T BA^TeRLY To rtARKBT ST., TUKN LJEf=T O/v HARK&T,

Go OH'E BLOCK TO 15  ST. TURN~I?T. A/VD G-O OHS-HALF BJLOCK TO ARE.* at= HOLE.
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S/TE A/0. 57 A
NORTH

- 580 TO

OAKLAND EA-ST 7 

TH& SAV CW TUB.

TO 
'£P 

MAPS #£XOIV.
TO



SCHOOL -S/TH A/O- SB A SAN MATEO

*/O/ (BXYSHoKE t=*Y) To H/^5>DALB BLVD.,

SCHOOL
BL&&S.



SCHOOL- A/a 59

ON
£/f/ss J3£YO»D

7^ 6-0 
r*i« 

HAXX/SO*. SEE

(0

AKEA

OVE.G.M/GHT

PLAYGROUND

TO
PARK

LEFT

(NO)

. TAKE 

«T.
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