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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS, AND ACRONYMS

Multiply By To obtain
acre 0.4047 square hectometer
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per day (acre-ft/d) 1,233 cubic meter per day
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
foot (ft) .3048 meter
foot per day (ft/d) 3048 meter per day
foot per year (ft/yr) .3048 meter per year
gallon (gal) .00000307  acre foot
gallon (gal) 1337 cubic foot
gallon per day (gal/d) .003785 cubic meter per day
gallon per minute (gal/min) .003785 cubic meter per minute
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the
following equation:
‘F=1.8(°C)+32.

Vertical Datum

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

Abbrevations

h/d hour per day

hp horsepower

ppm parts per million

mg/L milligram per liter

uS/cm microsiemen per centimeter at 25 degrees Celsius
ug/L microgram per liter

Acronyms

CADWR California Department of Water Resources
USGS U.S. Geological Survey

IV Conversion Factors, Vertical Datum, Abbreviations, and Acronyms








































































and Ireland, 1988) that ranged from 0.1 to approxi-
mately 0.5 ft in the vicinity of the study area.

The lack of a land-elevation surveying network
and historical data prompted the establishment of 21
surveying sites as part of this study. These locations,
plus one existing bench mark (labeled A on fig. 3),
were surveyed in March 1994 to establish a baseline for
monitoring future subsidence. Measurements from
these sites, described in table 3, generally agree with
contoured elevations from the USGS 7 1/2-minute
topographic map for the Palo Alto quadrangle (1961,
photo revised 1968, 1973, contour interval 5 ft). How-
ever, because of the +2.5-ft contour interval error of the
topographic map, a determination could not be made as
to whether subsidence less than this error has occurred
since 1961.

Periodic measurements of land-surface elevation
(every 5 years) are necessary to detect potential subsid-
ence that may result from aquifer dewatering and the
compaction of fine-grained sediment beds. Continuous
or at least periodic (semiannual) water-level measure-
ments can serve as a good interim means of monitoring
potential aquifer dewatering between land-elevation
surveying efforts. In addition to the 22 land-elevation
surveying sites, future surveying should include the 9
assumed active institutional wells, which were mostly
inaccessible for the March 1994 survey, but where any
ongoing subsidence would be expected to be most evi-
dent.

SUMMARY AND CONCLUSIONS

Ground-water conditions were assessed for an
area of the San Francisquito cone coinciding with the
boundary of the town of Atherton. This was done using
estimates of annual pumpage, lithologic and geologic
data from well-driller logs and previously published
reports and maps, measured water levels in wells,
chemical analyses from well-water samples, and the
establishment of a network of sites for monitoring land
subsidence. The results were used to assess pumping
effects on ground-water levels and chemistry and to
establish the framework for future monitoring of geo-
hydrologic conditions.

The San Francisquito cone is a semiconfined
aquifer composed of discontinuous lenses of unconsol-
idated coarse- and fine-grained sediments of Pleis-
tocene and Holocene age. Lithologic logs and geologic
literature for the area indicate that coarse-grained
deposits are identified in greatest abundance in upslope

areas closest to the consolidated rock/alluvium bound-
ary and adjacent to both present-day and ancient stream
channels. Sediments become progressively finer
grained toward San Francisco Bay. Because fine-
grained sediments are more compressible than coarse-
grained sediments, downslope areas of the San Francis-
quito cone, including the N subarea and adjacent parts
of the E subarea, are more susceptible to land subsid-
ence. Lowering the water table through pumpage
and(or) drought reduces the water's buoyancy on the
overlying sediments. This results in lowering of land
surface because of sediment compaction and a reduc-
tion in ground-water storage capacity.

Recharge, in conjunction with discharge, gov-
erns the overall condition of the aquifer system.
Recharge to the San Francisquito cone has been
reported to be approximately 3,000 acre-ft/yr, typically
as percolation of storm runoff from upslope areas of the
San Francisquito Creek drainage basin. Additional
sources of recharge include area lakes and reservoirs,
infiltration of precipitation and(or) irrigation water, and
leakage from water mains and sewer pipes. Discharge
typically occurs from ground-water pumping in down-
slope areas, evapotranspiration, and seepage of ground
water to surface-water features.

Mail surveys, site visits, and miscellaneous
reports and paper records indicate that the number of
active wells ranges from 175 to 403. These totals
include residential (394) and institutional (9) wells. If
inactive and destroyed wells also are counted, a total of
503 wells are known to exist or to have existed previ-
ously in the study area. Included in this total are the
more than 100 wells installed during the drought period
of 1987-92.

Estimates of total residential and institutional
ground-water pumpage in the study area were made
using data from wells with inline flowmeters and(or)
time-totalizer and Doppler meter-measured flow rates
during April 1993 through September 1995. Annual
pumpage for 269 assumed active residential wells was
estimated to be about 510 acre-ft/yr versus an esti-
mated total pumpage of about 200 acre-ft/yr by 9
assumed active institutional wells. The combined total
of residential and institutional pumpage (710 acre-ft/
yr) represents 19 percent of the estimated total annual
water supply. Considerable uncertainty in well pump-
ing rates of residential and institutional wells and the
number of active wells limits a more reliable estima-
tion of total annual pumpage for the study area.
Improved estimates of these pumping rates are needed
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to assess the relation between changes in ground-water
storage and pumping from wells in the study area.
Depth-to-water in wells from April 1993 through
September 1995 ranged from less than 20 ft in the N
subarea to more than 70 ft in the E subarea. Seasonal
fluctuations of water levels indicate that the shallowest
depth-to-water levels occur in the spring, and the great-
est depth-to-water levels generally occur in late sum-
mer and early autumn toward the end of the irrigation
season. Mapping water levels with respect to sea level
(hydraulic head) reveals differences in flow direction
between the N, W, and E subareas. In the N subarea,
hydraulic heads range from less than 10 to more than
20 ft above sea level, and hydraulic-head contours indi-
cate that ground-water flow in this subarea is north-
ward toward the bay and away from San Francisquito
Creek. In the W subarea, hydraulic heads range from
20 to more than 45 ft above sea level and show the
ground-water flow to be from the S subarea toward the
northeast. All measured hydraulic heads within the
study area from April 1993 through September 1995
were above sea level; this head distribution indicates
that saltwater intrusion was unlikely during this period.
Most well-water samples are classified as cal-
cium magnesium carbonate bicarbonate waters. A tri-
linear diagram indicates that calcium and magnesium
constitute more than 50 percent of the cations in 13 of
the 20 samples; carbonate and bicarbonate constitute
the greatest proportion of anions in 17 of the 20 sam-
ples. Ground water in most of the study area has dis-
solved-solids concentrations greater than 600 mg/L.
Dissolved-solids concentrations were less than 600
mg/L in samples from two wells in the E subarea and
from three wells in the southern part of the N subarea.
Two areas of dissolved-solids concentrations exceed-
ing 1,000 mg/L were defined by several wells at oppo-
site ends of the study area. One well each in the W and
E subareas indicates the presence of slightly saline
ground water in areas near the S subarea. This saline
water may be the result of upconing connate water
associated with marine deposits of the S subarea. Two
N subarea wells nearest San Francisco Bay also had
dissolved-solids concentrations approaching or greater
than 1,000 mg/L. This salinity level, although far
below dissolved-solids concentrations reported for San
Francisco Bay water (35,000 mg/L) and the shallow
aquifers of the Palo Alto Baylands (less than 10,000 to
more than 82,000 mg/L), indicates that this part of the
study area may have been degraded by saltwater intru-
sion. The high sodium and chloride concentrations

measured in wells 1, 4, 7, 34, and 53 may cause leaf
burn, premature leaf drop, stem dieback, and even
death if ground water from these wells is used for irri-
gation.

Nitrate as nitrate-nitrogen was measured at a
concentration of 12 mg/L at one well, which is in
excess of the 10-mg/L primary MCL for drinking water
and the level where small children may develop meth-
emoglobinemia (blue-baby syndrome). Aesthetic con-
cerns of taste, odor, and appearance were measured to
be in excess of secondary MCL drinking water stan-
dards for total dissolved solids at all wells sampled and
for chloride and sulfate at one well each. Water hard-
ness, which at high levels causes scaling of irrigation
pipes and encrustation of concrete surfaces, averaged
471 mg/L as CaCO; for the 20 wells sampled. This
level is substantially more than the 180-mg/L mini-
mum value for water to be classified as very hard.

Understanding the effects that ground-water
pumping can have on an aquifer system requires exam-
ining both potential land subsidence, as manifested by
land-surface elevation changes, and water-level condi-
tions. The consequences of excessive ground-water
pumping from an aquifer containing compressible,
fine-grained deposits can include serious damage to
surface and underground infrastructure and a reduction
in the quantity of aquifer water. Concern over subsid-
ence has a historical basis in the form of well-
documented damage from ground-water overdraft in
adjacent areas, most notably in the San Jose area,
which experienced nearly 13 ft of subsidence between
1916-67. Limited historical data for the study area
indicate that 0.1 to approximately 0.5 ft of subsidence
occurred during 1934-67. Land-surface elevation
measurements from a network of 22 sites surveyed in
March 1994 could not be used to determine if subsid-
ence is presently occurring, but they do provide a base-
line with which future surveying efforts can be
compared. To determine if subsidence is presently
occurring or will occur in the future requires repetitive
measurements of land-surface elevation, perhaps as
frequently as every 5 years, in combination with at
least periodic ground-water-level monitoring. Future
surveying efforts should include the nine assumed
active institutional wells where any subsidence would
be most evident.
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Appendix A. Site identification, location, construction, and measurements of average depth to water for network wells in
Atherton, California

[Map no.: network well site. Site identification No.: Unique number for each well based on township and range. Latitude/longitude: Well coordinates in
degrees-minutes-seconds. Total depth: Distance below land surface in feet. Depth of perforated interval: Location of well screen with respect to land sur-
face, in feet. Land-surface elevation: Elevation of land surface at well site with respect to sea level determined to an accuracy of +2.5 feet from USGS Palo
Alto 7 1/2 minute quadrangle. Depth to water and hydraulic head measurements are from March 30, 1995. Average depth-to-water: Average depth to water
level in feet during April 1993 to September 1995. na = information not available; ft, foot. Values are shown on figure 5]

Map no. Site Total Depth of Land- Depth  Hydraulic Average
(fig. 3) identifi- Latitude Longitude depth perforated surface to head depth
cation interval elevation water  (rounded) to water
1 5S/3W-22N1 37°28'35" 122°11'00" lna na 23 16.06 7 16.23
2 -27B2 37°2825" 122°10'31" 130 20-110 28 18.58 9 21.94
3 -27B3 37°28'30" 122°1026" 182 40-180 22 na na na
4 -27G1 37°28'09" 122°1021" 65 38-58 35 22.40 13 24.49
5 -27G4 37°28'11" 122°10'34" 140 60-120 39 28.65 10 31.00
6 -27HS 37°28'16" 122°10'05" 115 60-100 30 16.49 13 19.69
7 -27K2 37°27'56" 122°1025" 300 145-280 45 29.25 16 33.59
8 -27L3 37°28'03" 122°10'50" 180 60-180 42 26.56 15 29.37
9 -27L4 37°28'06" 122°10'45" 140 60-120 42 28.84 14 30.90
10 -27L6 37°27'56" 122°10'41" 180 50-180 46 30.02 16 32.10
1 2270 37°2805"  122°10'44" na na 43 na na na
12 -27M2 37°27'57" 122°11'07" 200 60-200 42 25.20 16 329.66
13 -27N1 37°2745" 122°11'05" 300 70-280 50 32.36 17 37.02
14 -27N2 37°2744" 122°11'07" 300 70-290 51 na na na
15 -27N5S 37°27'43" 122°10'53" 140 50-130 50 30.19 20 32.23
16 -27Q1 37°27'46" 122°1024" 316 163-295 48 na na na
17 -27Q4 37°27'48" 122°1029" 123 20-120 48 na na na
18 -28G1 37°2817" 122°11'39" 75 35-60 32 18.80 13 21.05
19 -2813 37°28'03" 122°11'15" 150 na 37 19.74 17 23.15
20 -28R1 37°27'50" 122°1122" 280 240-280 48 30.83 17 35.45
21 -29K3 37°27'54" 122°12'47" 200 100-180 46 26.24 20 3091
22 -29R2 37°27'46" 122°1222" 250 145-205 50 29.22 21 3391
23 -29R3 37°27'42" 122°12'31" 214 103-209 50 25.92 25 29.48
24 -32A2 37°2730" 122°1229" 220 60-220 56 33.72 23 39.08
25 -32B2 37°2730" 122°12'40" “na na 58 31.78 26 34.34
26 -32C4 37°27'36" 122°12'49" 280 60-280 55 na na 537.36
27 -32D2 37°27'33" 122°13'05" 201 40-180 54 27.54 27 31.98
28 -32F4 37°2720" 122°13'01" 235 40-235 59 32.46 27 37.05
29 -32G2 37°26'16" 122°12'46" 200 20-180 64 36.55 28 37.46
30 -32H5 37°2725" 122°1227" 122 80-120 59 36.87 22 41.76
31 -3211 37°2707" 122°1227" 220 80-200 70 na na 651.86
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Appendix A. Site identification, location, construction, and measurements of average depth to water for network wells in
Atherton, California—Continued

Map no. Site Total Depth of Land- Depth  Hydrauiic Average
(fig. 3) Identifi- Latitude Longitude depth perforated surface to head depth
cation intervai  elevation water  (rounded) to water

32 -32)2 37°27'07" 122°12"21" 200 60-180 7 na na 753.02
33 -32K3 37°27'12" 122°12'36" 208 60-200 66 43.32 23 48.44
34 -32P3 37°26'53" 122°13'01" 200 60-190 83 37.87 45 39.83
35 -32Q4 37°26'56" 122°12'37" 200 60-180 77 52.00 25 57.39
36 58/3W -32Q5 37°26'53" 122°12'46" 200 80-180 80 na na na
37 -32R3 37°27'01" 122°1224" 140 80-140 72 50.18 22 55.16
38 -32R8 37°26'53" 122°12'24" 201 60-200 76 55.24 21 59.38
39 -33D2 37°27'39" 122°12'05" 207 52-198 54 na na na
40 -33D5 37°27'30" 122°12'00" 200 65-160 60 34.05 25 36.69
41 -33D8 37°27'37" 122°12'01" 240 37227 54 28.00 27 £30.32
42 -33G1 37°2722" 122°11'31" 261 na 65 36.55 28 938.70
43 -33K2 37°27'04" 122°11'36" 450 na 76 57.12 18 61.80
44 -33K3 37°2709" 122°1129" 243 na 72 54.35 18 106010
45 -33K6 37°27'11" 122°11'40" 215 90-210 70 na na 1145 .40
46 -33K7 37°27'14" 122°11'39" 195 115-195 68 46.92 21 52.25
47 -33M3 37°27'07" 122°12'06" 200 80-180 71 47.01 24 52.40
48 -33M4 37°27'14" 122°12'02" 200 40-180 68 na na 124534
49 -34H1 37°2722" 122°10'05" 310 180-270 53 35.05 18 39.65
50 6S/3W-04C1 37°26'39" 122°11'54" 195 50-190 84 63.62 21 67.92
51 -04C6 37°26'44" 122°11'45" 190 na 85 61.44 24 65.12
52 -04D1 37°26'48" 122°12'14" 202 60-160 77 51.00 26 54.94
53 -05A1 37°26'39" 122°12"26" 240 60-200 84 62.67 21 67.77
54 -05A3 37°26'46" 122°1220" na na 80 56.00 24 60.52
55 -05B2 37°26'45" 122°12'39" 170 70-150 86 68.15 18 71.42
56 -05C3 37°26'39" 122°12'55" 160 79-139 98 37.45 61 1354.87

Well pump believed to be located at depth of about 50 ft from land surface.
2Well not assigned an official state/site identification.
3Spring 1994-summer 1995.

“Total well depth believed to be about 75 ft.

3Spring 1993-spring 1994 and September 1995.
6Autumn 1993-spring 1994.

TSpring 1993-summer 1994.

8April 1993 and summer 1994-summer 1995.
9Summer 1994-summer 1995.

10Summer 1994-summer 1995.

Qctober 1993-January 1994,

128ummer 1993-summer 1994,

138pring 1994-summer 1995.
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Appendix B. Ground-water quality analysis for major ions, boron, and nutrients, in Atherton, California, October 18-22, 1993
[uS/cm, microsiemen per centimeter at 25°Celsius; °C, degrees Celsius; mg/L, milligram per liter; pg/L, microgram per liter]

Specific H Temperature, Total Calcium, Magnesium,
Iv(lgg r;c)» Date conmance (sta?'ldard v?fater I(\;r:;:eas: dissolved digsolved zz::ﬁ:‘t
{(nS/cm) units) (°C) CaCO,) (mg/L.) (mglL)
1 10-19-93 1,640 7.0 18.0 630 160 55 32
4 10-18-93 1,630 7.0 18.0 670 170 60 27
5 10-19-93 910 7.7 19.0 360 110 21 27
7 10-18-93 1,120 7.7 20.5 290 83 19 48
13 10-18-93 937 7.6 20.5 300 82 23 37
18 10-19-93 1,480 7.0 17.0 610 160 51 25
19 10-19-93 1,300 7.2 18.0 590 170 39 22
20 10-18-93 838 7.6 19.5 320 91 22 28
21 10-20-93 1,120 7.4 19.0 460 130 34 25
22 10-20-93 1,160 7.4 20.0 470 130 35 27
27 10-22-93 1,070 72 17.0 430 120 31 28
29 10-21-93 1,260 6.8 17.5 480 110 49 32
30 10-20-93 1,050 71 18.0 450 120 37 19
34 10-20-93 1,950 7.8 19.5 600 130 68 42
37 10-21-93 980 6.8 17.5 410 110 32 24
40 10-21-93 1,380 7.0 17.0 590 160 46 20
45 10-22-93 1,190 7.5 19.0 530 150 37 21
47 10-21-93 964 7.6 18.0 400 110 31 20
50 10-20-93 936 73 18.0 400 110 30 21
53 10-22-93 1,530 6.9 18.0 420 110 36 44
Map no. Sodium Sodium Pqtassium, Bicarbonate Alkallnity Sulfate, Chiloride,
(fig. 3) Date absorption- dissolved dissolved (mg/L as (mg/L as dissolved dissolved,
ratio (mg)  (mgl)  HCO)  CaCO)  (mgh)  (moh)
1 10-19-93 2 130 0.4 700 574 120 160
4 10-18-93 2 110 5 669 548 130 130
5 10-19-93 1 59 1.8 398 326 66 68
7 10-18-93 3 120 2.3 303 248 55 160
13 10-18-93 2 79 2.0 303 248 53 120
18 10-19-93 2 89 .8 634 520 91 110
19 10-19-93 1 72 22 578 474 86 110
20 10-18-93 1 57 1.8 307 252 55 90
21 10-20-93 1 68 19 403 330 62 140
22 10-20-93 2 77 2.0 390 320 67 150
27 10-22-93 2 75 v 554 454 63 63
29 10-21-93 2 100 .5 583 478 91 82
30 10-20-93 1 48 1.2 473 388 50 92
34 10-20-93 4 200 1.5 290 238 270 330
37 10-21-93 1 58 1.5 407 334 79 75
40 10-21-93 1 64 1.9 529 434 81 150
45 10-22-93 1 63 2.3 586 480 57 95
47 10-21-93 1 46 1.6 383 314 43 100
50 10-20-93 1 47 1.8 425 348 43 62
53 10-22-93 3 150 9 256 210 190 240
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Appendix B. Ground-water quality analysis for major ions, boron, and nutrients, in Atherton, California, October 18-22,

1993—Continued
Map no. F_Iuoride, Silica Dissqlved NO; +NO3, Nitrite, Boron,
(fig. 3) Date dissolved dissolved solids dissolved as N dissolved as N dissolved
(mg/L) (mg/L) (mg/L) (mg/L) (mglL) (ugh)

1 10-19-93 03 31 1,020 5.1 0.01 580

4 10-18-93 3 31 987 5.9 .01 500

5 10-19-93 1 29 551 .06 .01 250

7 10-18-93 3 28 623 13 .01 780
13 10-18-93 2 27 540 1.1 .01 200
18 10-19-93 3 31 898 12.0 01 370
19 10-19-93 2 32 818 49 .01 330
20 10-18-93 2 28 496 07 .01 200
21 10-20-93 2 31 671 1.3 .01 130
22 10-20-93 3 29 697 33 .01 130
27 10-22-93 3 32 669 25 .01 200
29 10-21-93 3 32 778 6.0 01 260
30 10-20-93 2 33 630 37 01 110
34 10-20-93 3 31 1,170 17 .01 150
37 10-21-93 2 36 619 6.1 .01 130
40 10-21-93 2 31 811 38 01 200
45 10-22-93 2 28 726 1.1 .03 240
47 10-21-93 2 32 566 32 01 120
50 10-20-93 2 29 564 73 .01 130
53 10-22-93 2 36 927 8.5 .01 180
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