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Purpose of Report

The purpose of this report is to identify possible downward ground movement over
the main groundwater basin of the Livermore-Amador Valley by investigating the
history of published elevations of iocalized bench marks established and monitored
by Federal and Local Government agencies.

The main groundwater basin is that part of the Livermore-Amador Valley located
essentially within the valley-floor section of the Castle, Bernal, Amador, and Mocho
(I) Subbasins as defined in Bulletin No. 118-2, "Evaluation of Groundwater
Resources: Livermore and Sunol Valleys, State of California, Department of Water
Resources," and shown in Exhibit A, attached.

This report only presents the compilation of available record data. No attempt has
been made to draw any conclusions as to the physical reasons nor was any
geologic analysis prepared explaining any noted changes in elevations reported.
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History of Levelling
Bench Marks and Adjustments

Levelling is the operation in surveying performed to determine and estabhsh
elevations of points, to determine differences in elevation between points...!

Levelling in the United States is based upon an interconnecting network of levelling
circuits tied to 26 tidal bench marks established along the Pacific, Gulf, and Atlantic
Coasts. This network is referred to as the National Geodetic Vertical Datum of
1929 (NGVD 1929) and is based on an elevation of mean sea level. This network
was established by the National Geodetic Survey (NGS) at which time they set
bench marks, permanent points or marks, along the levelling circuits using state-
of-the-art equipment and procedures to obtain a high order of accuracy in which
to define the NGVD 1929.

Unfortunately, bench marks are not static and their actual elevations can, and often
do, change after the establishment of initial elevations. Natural forces such as
earthgquakes, crustal movements, and local disturbances can affect bench mark
elevations. Sinking and swelling of the ground surface caused by the removal of,
and in some cases by the introduction of, subsurface materials such as water, oil
and hydrocarbons, steam, and other mining operation materials can also affect the
actual elevations of established bench marks. Afthough these changes to the
bench mark elevations are generally minor in nature, over time these changes can
accumulate to represent significant vertical displacements.

in order to maintain an accurate network of bench marks, NGS periodically runs
new level circuits over previously established bench marks. In this manner, they
can replace destroyed bench marks and either verify previous elevations or
establish new elevations on those bench marks which are found intact.

During the course of running a level circuit, regardless of whether it is for the
establishment of initial elevations or for checking existing elevations, negligible
systematic or random errors occur in the measurement observations. In practice,
these errors are assumed to be uniform in nature, and therefore, any misclosure
into the final checking point is distributed evenly throughout the leve! circuit with
each bench mark elevation being adjusted accordingly prior to publication.

Moffit, Francis H. and Bouchard, Harry, Surveying, 7th ed., Harper and Row, New
York, 1982, Chapter 3, 19.
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Consequently, the final published elevation of each bench mark is merely a
calculated estimate of the true elevation, albeit a very accurate one. In some
cases a change in the published elevations of a particular bench mark may simply
be the result of the adjustment of the closure errors in the respective level circuits
and may not have been the result of actual physical movement of the monument
itself or even a re-observation of the monument. However, if the change in
elevation between publications of {evel circuits is significant, say more than 0.05+
ft., or if after several level circuit publications a definite trend is identified, it is more
than likely that a physical change in elevation has occurred.

There is no mandated schedule which dictates when or how often an established
level circuit is to be redone or checked. These seem to be performed simply at
the discretion and funding availability of a governing agency.
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V.

Sources of Bench Mark Elevation Data

Suppliers of bench mark elevation data include but are not limited to the following
sources:

1. National Gecdetic Survey (NGS)

2. United States Geological Survey (USGS)
3. State, County, and City Agencies

4, Public and Private Companies

Collection of Bench Mark Data

Research was conducted and inquiries were made to identify and obtain data to
compile a history of continuous vertical observations of bench marks within a
known level circuit running through the study area. Sources contacted included
the National Geodetic Survey, the United States Geological Survey, the County of
Alameda, and the City of Pleasanton. Information was obtained both verbally and
in written or computer generated form from all of the agencies listed above. It was
determined that the United States Geological Survey information did not contain
any repetition of levelling through the study area and that the City of Pleasanton
information did not extend sufficiently back in time to be of value.

The National Geodetic Survey information was relatively complete and organized
and a brief tabulation could be compiled which might indicate to some degree what
the ground surface over the basin was doing. This level circuit follows the former
Southern Pacific Railroad right-of-way between Sunol and Livermore. The data
provided covers the period from 1947 to 1965.

The County of Alameda information represents the most concentrated data with
the longest history available in the study area. The data was compiled from
"Vertical Control Data" adjusted elevation summary sheets published by the Coast
and Geodetic Survey in 1966 and from individual bench mark sheets on file with
the Alameda County Public Works Agency. This level information follows the same
level circuit alignment as the National Geodetic Survey as well as other level circuit
alignments. Portions of these level circuits follow the above referenced former
Southern Pacific Railroad right-of-way between Sunol and Livermore, Bernal
Avenue from Sunol Boulevard to Foothill Boulevard, Foothill Boulevard from Bernal
Avenue to Dublin Boulevard in Dublin, Hopyard Road from the Arroyo Mocho
crossing to the Arroyo Del Valle crossing, and Vineyard Avenue from Clara Lane
to East Vallecitos Road. The data collected covers various periods of time from
1912 to 1974, 1947 to 1974, 1964 to 1980, 1964 to 1974, and 1938 to 1974.




REPORT
HISTORY OF ADJUSTED VALUES OF BENCH MARKS
MAIN GROUNDWATER BASIN, LIVERMORE-AMADOR VALLEY

Analysis of Data supplied by the National Geodetic Survey

The information provided by the National Geodetic Survey (NGS) was presented
in a computer generated format (see Appendix "A"). The method used by NGS to
present this information is shown on page A-4 of Appendix "A" and reads as
follows.

"Each of the level lines listed below has bench marks common to the base line
L 12201 and the first common mark is considered equivalent to the elevation of the
base line. Therefore the difference is 0.00. Each subsequent common mark is the
difference of the elevation from the first common mark, minus the equivalent
difference on the base line, in millimeters."

The base line L12201 was run in 1947 which is the year that the subject line
through the study area was established. Subsequent level runs or adjustments
were made in 1958, 1960, 1964, and 1965. No further runs after 1965 were

provided by NGS.

The data, which was published in meters and/or millimeters, was converted to
elevations in feet relative to the common mark (Y7) on the base line. To convert
meters into feet multiply meters by 3.280833; to convert millimeters into feet
multiply millimeters by 0.003208. The relative elevation change in feet was
tabulated between the subsequent level runs and for each time interval spanning
the study period (i.e. 1947 to 1965).

The data obtained from the National Geodetic Survey (NGS) indicates that relative
to base point bench mark Y7 some downward ground movement has occurred
along their base line 103 (including a spur line to the former Livermore Sky Ranch
Airport) within the study area for the 18 year period since it was initially established
in 1847, The magnitude of this movement through 1965 (the year of their last ievel
run) is -0.4 ft. or less according to their records.

The data set used for this analysis was compiled from the correction sheet
supplied by NGS listed on page A-6 of Appendix "A".

The following paragraphs present an analysis of the individual periods between
level run adjustments.

1947-1965

All but three of the initial 19 stations were recovered and measured during this 18
year period. A maximum change in elevation of -0.4 ft. or less was recorded since
the 1947 initial measurements on these stations. The average change in elevation
is -0.2 ft. The median change in elevation over this same period is also -0.2 ft.
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1947-1958  All initial stations were recovered and measured resulting in a
maximum change in elevation of -0.2 ft. or less with an average change of -0.1 ft.
and median change also of -0.1 ft. along the entire line. The majority of the higher
magnitude changes (-0.2) appear to lie within the central portion of the main
groundwater basin.

1958-1960  All but eight of the initial stations were recovered and measured. A
maximum change in elevation of -0.1 ft. or less was recorded since the 1958
measurement; however, the bench marks were predominately static during this two
year period with the average and median change resulting in 0.0 ft.

1960-1964 In 1964 a partial ievel circuit was run which included only the first five
stations. Only the last two stations are within the main groundwater basin
boundary. The results of this run indicated that these stations had actually risen
an average of 0.2 ft. or less in the four year period since 1960. However, when
these same stations were measured one year later, for the most part they
apparently had returned to the elevations previously published in 1960.

1964-1965 The 1965 level circuit was run along the entire initial line, with all but
three of the initial stations recovered. As noted above, this included the five
stations which were measured in 1964, In comparing the measurements of these
five stations, a negative change in elevation over the one year period was detected
which was essentially comparable to the positive change in elevation of the same
five stations over the previous four year period. Although the data suggests that
the ground may have risen 0.2 ft. between 1960 and 1964, and then receded or
lowered the same 0.2 ft. by 1965, one could question the validity of the 1965 data
since it is tabulated out of sequence on both of the data sheets provided by NGS
(see pages 11d through 11f). Also, it is unclear why the 1965 level circuit run was
only partially completed.

1958-1965 The eight stations which had not been recovered since 1958 were
recovered and measured in 1965, resulting in an average change in elevation of
-0.2 ft. or less with the median elevation change of -0.2 ft. The maximum elevation
change noted was -0.3 ft.

1960-1965 Disregarding the 1964 measurements, an analysis of the five year
period between 1960 and 1965 indicates an average and median change in
elevation of -0.1 feet. A maximum change of -0.2 ft. was observed at two stations
(LVRM WB RM and Q832) with all other stations showing -0.1 ft. change, or in a
few cases, no change since 1960.
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PORTION OF NGS LINE 103 - NILES TO MIDWAY

FROM 2.7 MILES NORTH OF SUNOL (88) TO

3.7 MILES WEST OF LIVERMORE (V832)
ALONG THE SOUTHERN PACIFIC RAILROAD
(INCLUDING SPUR LINE TO LIVERMORE SKY RANCH AIRPORT)

YEAR 1947 1958

LINE L12201 L16636/A
BM DESIGNATION
Y7 COMMON MARK *
Bg 302.5 302.6
F832 ~ 3329 332.7
G832 ~ 337.3 337.2
cs 337.1 337.0
H832 352.2 352.1
LVRM WB RM 359.9 350.7
LVRM WB 359.6 359.4
D8 367.3 367.2
LVRM WB AZ 3705 370.3
Ke32 414.7 4146
LVRM E8 AZ 436.6 4365
LVRM EB 459.8 459.8
E8 1940 ' 460.7 480.7
Q832 467.3 467.2
5832 439.2 439.2
T832 447.6 4476
486.213B USGS 486.1 486.0
M832 491.9 491.8
P83z ~ 533.6 533.5
N832 ~ 536.8 536.7
vg3z ~ 562.3 562.3

(1) Elevations are detived from data supplied by the National Geodetic Survey,

Rockville, Maryland, January 7, 1993.

(2) Distance is along the baseline from the start of Line 103 at Niles

- Data not available

~  Station outside main groundwater basin boundary

7a

1960
L18119/21

(1) Elevation (Feet)

302.6
332.6
337.1
337.0
352.1
358.7
359.3
367.1
370.3
414.6
436.5
458.8

467.2
486.0

1964
L19618/1

1965
L20139

302.5
332.5
3371
337.0
as52.1
359.5
359.2
367.0

4145
459.7

467.0
439.1
447.4
485.8
491.6
533.4
533.4
562.3

(2) Baseline
Distance {Km}

3.05
14.92
16.37
17.52
18.58
19.08

120,89
20.90
21.25
21.42
25.58
26.52
26.95
27.03
29.40
30.91
31.55
28.82
29.23
31.00
32.31
34.86
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PORTION OF NGS LINE 103 - NILES TO MIDWAY
FROM 2.7 MILES NORTH OF SUNOL (B8) TO
3.7 MILES WEST OF LIVERMORE (V832)
ALONG THE SOUTHERN PACIFIC RAILROAD
(INCLUDING SPUR LINE TO LIVERMORE SKY RANCH AIRPORT)

ADJUSTMENT PERIOD (EPOCH)

Total

Change
1947 47-58 58-60 60-64 64-85 1947-1965
Base (60-65)  (1947-1960)
[58-65]
BM DESIGNATION Relative Elevation Change {Feet) Year to Year
B8 © * 0.1 0.0 0.0 -0.1 0.0
Fg32 * 0.2 0.1 0.1 0.2 0.4
Gg3z ~ * 0.1 0.1 0.2 0.2 0.2
cs * 0.1 00 0.2 0.2 0.1
Hg32 * 0.1 0.0 0.2 0.2 0.1
LVRM WB RM * 0.2 0.0 - (-0.2) 0.4
LVEM WB * 0.2 0.1 - (-0.1) 0.4
D8 * 0.1 0.1 - (-0.1) 0.3
LVRM WB AZ - * 0.2 0.0 - - (-0.2)
K832 * 0.1 0.0 - (0.1} 0.2
LVRM EB AZ * 0.1 0.0 - - (-0.1)
LVRM EB * 0.0 0.0 - (-0.1) 0.1
E8 1940 * 0.0 - - - 0.0
Qa32 * 0.1 0.0 - (-0.2) 0.3
$832 * 0.0 - - [-0.1] 0.1
T832 * 0.0 - - [-0.2] 02
486.213B USGS * 0.1 0.0 - [-0.2] 0.3
M832 * 0.1 - - [-0.2] 0.3
Pg32 ~ * 0.1 - - [-0.1] 0.2
N832 * 0.1 - - [0.3] 0.4
vaaz © * 0.0 -- - [0.0] 0.0
AVERAGE/MEDIAN 0.1/0.1 0.0/0.0 0.1/0.2 -0.2/-0.2 0.2/-0.2
(0.1)/¢0.1)  (0.2)/(0.2)
{0.2)/{-0.2]

* Base year for bench mark
- Data not available

- Station outside main groundwater basin boundary

7b
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VL.

Analysis of Data compiled from records of
Alameda County Public Works Agency

The information collected from Alameda County Public Works Agency files include
data from Coast and Geodetic Survey, "Vertical Control Data" Summary Sheets
dated November 1966 (See Appendix "B"). The 1957, 1961, 1974 and 1980
elevation values were taken from individual bench mark sheets on file with Alameda
County Public Works Agency. The individual bench mark sheets on file at the
County office show the last available adjusted elevation for the bench mark, the
adjustment date, and the datum which the elevation is based upon. Each
individual bench mark sheet also includes past adjusted elevations and past
adjustment dates for the bench mark. The sources of the past adjusted elevations
are not shown. A comparison of the adjusted elevations and adjustment dates
confirms that all of these sources are on the same datum. No explanation for the
elevation changes is given. The last levels run and adjustments made by the
Alameda County Public Works Agency in the Livermore Valley were in 1974.

The data compiled from the Coast and Geodetic Survey (CGS) and Alameda
County Public Works Agency (ACPWA) records generally support the National
Geodetic Survey (NGS) results indicating a mostly minor negative change in
elevation of bench marks within the valley. The maximum change in elevation
according to the CGS, and ACPWA data is -0.4 ft. or less along that portion of Line
103 within the study area.

As indicated earlier by the NGS data, the majority of the larger magnitude
downward ground movement appears to be located in the middle of the run and
lying within the central portion of the main groundwater basin. It is also apparent
from the data presented on page 11b that the largest change was observed in
1958 with a maximum change in elevation of -0.3 ft. and an average of -0.1 ft. and
a median change of -0.1 ft. Subsequent level run adjustments resuited in virtually
no change in elevation for the years of 1960, 1961 and 1964, based on each year’s
average readings, and only a slight downward ground movement (less than -0.1
ft) in 1965. However, the level adjustment made in 1974 identified a positive
change in elevation of 0.1 ft. over the previous nine year period since 1965.

In addition to Line 103, which was the same level run provided by NGS, ACPWA
records also contained data on several intermediate level runs within the study
area. This data is tabulated on pages 11c through 11h and is summarized as
follows:
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Spur Line to Former Livermore Sky Ranch Airport

Four bench marks were established along North L Street, Junction Avenue and at
the former Livermore Sky Ranch Airport. These stations were established in 1947
and 1958 as shown on Page 11c. The data indicates that an average change in
elevation (in a ten year period) of +0.1 ft. was observed in 1957 with an average
change of -0.1 ft. observed in the following year (1958). The two periods of three
years (1958 to 1961) and four years (1961 to 1965) following 1958 indicate an
observed average change in elevation of -0.1 ft. for each period. The last
observed elevation in 1965 shows an average elevation change of -0.1 ft. with two
stations returning to their initial elevations and two stations showing downward
ground movement of -0.2 feet. Three of the stations were reported to be
destroyed in 1974. No additional elevation data was found for the remaining
station (T832) past 1965.

Line "D" Bench marks were established at ten stations along Bernal Avenue
between Sunol Boulevard and Foothill Road. These stations were established at
varying dates between 1947 and 1965 as shown on page 11d. The data indicates
that an average change in elevation of -0.1 ft. was observed in June of 1965 which
for the most part represented a period of six years. Over the next nine years an
average positive change in elevation of 0.2 ft. was observed as indicated by the
1974 adjustment. Overall, it appears that the 1974 measurements were relatively
consistent with the initial readings, most of which were estabiished in 1959.

Line “"E" This level run study which covers a fairly brief period of only ten years
includes three bench marks along Hopyard Road between Arroyo Mocho and
Arroyo Valle. Over the ten year period which culminated in 1974, an average
positive change in elevation of 0.3 ft. was observed. This positive change in
elevation is consistent with the change in Line "D" over the same ten year period.

Line “J* In 1938 five stations were established along Vineyard Avenue between
Clara Lane and East Vallecitos Road and three stations along Arroyo Road from
Wetmore Road to the Arroyo Mocho. These points lie near the foothills along the
southerly and easterly boundary of the main groundwater basin. Three of the
stations are very near the basin boundary, three stations are well within the basin
boundary, and two stations are just outside of the basin boundary (Ala. Co. 123,
Ala. Co. 122). In 1974, thirty-six years later, the first and only found published
check of the stations was made, at which time all initial stations were recovered.
For all intents and purposes, the 1974 readings were identical to the 1938 readings
except for station Ala. Co. 21 which showed a negative elevation change of almost
0.2 ft. indicating that there has been no change in elevation over the thirty-six year
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period except as noted. However, it is important to note that since no intermediate
measurements were made during the thirty-six year hiatus, we cannot be certain
that movermnent has not occurred. As in the case of Line "D, if measurements had
been made in 1958, some movement may have been detected, whereupon
conditions may have returned to the initial state by 1974. This, of course, is only
conjecture on our part.

NGS Line 118 (portion of Aiameda County Line "JJ")

NGS Line 118 begins in Livermore and runs southeasterly along South Livermore
Avenue, southeasterly and easterly along Tesla Road and southeasterly along
Mines Road. Only two stations on this run show any history of elevation
adjustments. The NGS run of Line 118 was run in 1961 but elevations were
obtainable for these stations prior to this date. The initial elevations presented on
Page 11g are assumed to be at the time that the station was established in 1839
and 1940 or shortly thereafter. Station 118 (Ala. Co.) 1939 had an adjusted
elevation during 1959 resulting in an elevation change of -0.1 ft. This station aiong
with Station 163 (Ala. Co.) 1940 also had an adjusted elevation during 1961 as
noted resulting in elevation change of -0.1 ft. for the period of 1959 to 1961 and
1940 to 1961, respectively. Station 118 (Ala. Co.) 1939 shows an elevation change
of -0.2 ft. for the period of 1939 to 1961.

Line "C" As in the case of Line "E", this level circuit’s brief history of only ten
years does not result in significant changes in elevation being observed. This line,
which runs along Foothill Boulevard between Bernal Avenue and Dublin Boulevard,
lies outside the boundaries of the main basin with the exception of Stations FOOT-
BERN and J-972, and is included as a control line. Line "C" includes eight stations
initially established in 1964 and 1965 and was rerun in 1974 with five of the eight
stations being recovered. Virtually no change in elevation was observed at that
time. In 1980 two of the original stations were recovered, and once again, no
change in elevation was observed. '

10
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VII.

Summation of Report

The first point which must be considered in summarizing this report is in the
consistency of the data utilized. In reviewing the year to year changes in each set
of data, it appears that while minor fluctuations exist within the measurements, the
data is consistent and an overall trend is apparent. Beginning at the earlier initial
readings, the data suggest that minor downward ground movement on the order
of magnitudes of an average of -0.2 ft. or less was occurring over the years
through 1965. The maximum change during this period was -0.4 ft. It appears
though that a majority of this downward ground movement was observed by 1958;
however, downward ground movement did continue to occur through the mid
1960’s. The 1974 measurements on the other hand seem to indicate that upward
ground movement had occurred over the last decade (1965-1974) on the order
of magnitudes of an average of 0.2 ft. or less and that the basin floor had returned
to its original elevation observed in the earliest readings. This is apparent in that
the later readings are consistent with the earlier initial readings. The data for Line
"D" supports this with an average negative change between 1959 and 1965 of -0.1
ft., and a stronger positive change in the 1974 average measurements of 0.2 ft.
The data for Line "E" shows the same average positive change of 0.3 ft. or less
over the last ten years, and the Line "J" data shows a consistent elevation for the
initial and ending measurements for most of the stations. NGS Line 118 also
shows an average negative elevation change for the period of 1939/1940 to 1961
of -0.2 feet. Line "C* was not established until 1964/1965 and appears to have
remained static through 1974/1980. Although data presented here dates from
1912 to 1980, a period of 68 years, the bulk of the data dates from the foliowing
periods: 1947 to 1974, 27 years; 1947 to 1965, 18 years; 1959 to 1974, 15 years;
and 1964 to 1974, 10 years. Of the 58 bench mark stations presented, 17 are
outside the main groundwater basin boundary leaving 41 either inside the main
groundwater basin or near the boundary.
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Appendix “A"

Please see following pages (A-1 through A-6)

The following computer printouts were provided by the U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, National Geodetic
Survey N/CG13, Rockville, Maryland. These printouts represent the input
commands (page A-1) and output results (pages A-1 - A-4) for their elevation
reference comparison program "new-minus-old". Page A-6 is a rerun of the
program to correct an input error for bench mark G832 for comparison of years
1965 to 1964. The chart on page A-5 shows a graphic representation of the
movement of these bench marks relative to bench mark "Y7".

The data supplied on page A-6 was used to compile the charts listed on pages 7a
and 7b. The data supplied on page A-4 was not used for this report and is
included here for reference only.
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Rockville, Maryland, January 7, 1993

U.S. Department of Commerce
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REPORT
HISTORY OF ADJUSTED VALUES OF BENCH MARKS
MAIN GROUNDWATER BASIN, LIVERMORE-AMADOR VALLEY

Xl.

Appendix "B"

Please see following pages (B-1 through B-6)

The following listings show the periodic adjustments of bench mark elevations as
compiled by the U.S. Department of Commerce, Environmental Sciences Services
Administration, Coast and Geodetic Survey for selected level lines through the
study area. The adjustment periods range from 1912 to 1966.
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ALTAMONT LAND SURVEYORS, INC.

LICENSED LAND SUﬁéEYOR

MICHAEL J. FOLEY
LICENSE EXPIRES

.

THIS MAF WAS PREPARED BY ME OR UNDER MY DIRECTION. NOTES NUMBER 1,
TOPOGRAPHIC BASEMAP AND MAIN GROUNDWATER BASIN BOUNDARY LOCATION
PROVIDED BY ZONE 7, ALAMEDA COUNTY FLODD CONTROL AND WATER
CONSERVATION DISTRICT,

LLS. 5777
8-30-98
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ZONE 7

ALAMEDA COUNTY FLOOD CONTROL

AND

WATER CONSERVATION DISTRICT

mw

—_—
CHMECKED

DEMGHED \\p s3asconT LAND SUNVETORS, INC.

Tha main groundwater basin Is that part of the Livermore-

Amador Valley located essentialty within the valiey-floar section
of the Castle, Bernal, Amador, and Moche (I} Subbasins as
definad in Bulletin No, 118-2, " Evaluation of Groundwater
Resources: Livermors and Sunol Valleys, State of California,
Deparggant of Water Resources,” and shown in Exhibit A,
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