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Appendix A 
Wells in 2005 Monitoring Program 

Wells in 2005 Monitoring Program 

Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

2S/1E 31M 2  Mariposa (31M2)    SA   A   
2S/1E 32E 1  32E1 (T-HAC-1)    SA   A   
2S/1E 32N 1  2S/1E 32N 1 (T-HAC-2)     SA   A   
2S/1E 32Q 1 32Q1 (32Q1)    SA   A   
2S/1E 33L 1 33L1 (33L1)     SA A     
2S/1E 33P 2 33P2 (33P2)    SA A     
2S/1E 33R 1  (T-DUB-1)   M SA A     
2S/1W 15F 1  BOLLINGER     SA A     
2S/1W 26C 2  PINE VALLEY    SA A     
2S/1W 36E 3  KOLB PARK (36E3)     SA A     
2S/1W 36F 1 dublin high shallow    SA A     
2S/1W 36F 2 dublin high mid    SA A     
2S/1W 36F 3 dublin high deep    SA A     
2S/2E 27C 2 2S/2E 27C 2    SA      
2S/2E 27P 2  hartford ave east    SA A     
2S/2E 28D 2  may school (T-MAY-1)    SA A     
2S/2E 28J 2  new f.c.c.     SA      
2S/2E 28Q 1  hartford ave (T-MAY-2)    SA A     
2S/2E 32K 2 jenson’s N liv.  Ave    SA A     
2S/2E 34E 1  mud city (T-MAY-3)     SA A     
2S/2E 34Q 2 (T-SPR-2)     SA A     
3S/1E 1F 2  1F2 (T-AIR-1)     SA A     
3S/1E 1H 3  collier canyon g1 (1H3)    SA A     
3S/1E 1J 3  Triad Vineyard     SA      
3S/1E 1L 1  SMP LOC-1 (T-AIR-2)     SA A     
3S/1E 1N 1  liv inj monitor     SA A     
3S/1E 1P 2  airport gas g5 (T-AIR-3)     SA A     
3S/1E 1P 3  new airport well     SA      
3S/1E 1R 2  3S/1E 1R 2    SA A     
3S/1E 2J 2    M SA A     
3S/1E 2J 3    M SA A     
3S/1E 2K 2  doolan rd (2K2)    SA A     
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Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

3S/1E 2M 3  SMP MW-2 (T-FRI-1)     SA A     
3S/1E 2N 2  molt barn @friesman (T-FRI-2)     SA A     
3S/1E 2N 6  SMP MW-1 (T-FRI-3)     SA   A   
3S/1E 2P 3  friesman    SA   A   
3S/1E 2P 7  Tri-Valley Driving Range     SA   A   
3S/1E 2Q 1    M SA   A   
3S/1E 2R 1  red barron     SA   A   
3S/1E 3G 2  fallon rd    SA   A   
3S/1E 3Q 1  county farm    SA   A   
3S/1E 4A 1  SMP-DUB-2 (T-DUB-2)    M SA   A   
3S/1E 4G 1  northside dr shallow   M SA   A   
3S/1E 4J 4  northside dr deep (4J4)    M SA   A   
3S/1E 4J 5  Pimlico shallow (T-DUB-3)    M SA   A   
3S/1E 4J 6  Pimlico Deep (T-DUB-4)    M SA   A   
3S/1E 4Q 2  gulfstream   M SA   A   
3S/1E 5K 6  rosewood shallow    SA   A   
3S/1E 5K 7  rosewood deep     SA   A   
3S/1E 5L 3  (T-HAC-3)    SA   A   
3S/1E 5P 6  SMP LOC-3 (T-HAC-4)     SA   A   
3S/1E 6F 3  dublin ct    SA   A   
3S/1E 6G 5  nissan repair    SA   A   
3S/1E 6N 2  dsrsd mw-3    SA   A   
3S/1E 7B 2  hopyard rd     SA   A   
3S/1E 7B12  Hacienda Arch (T-CHA-1)     SA   A   
3S/1E 7G 7  Chabot Well (T-CHA-2)     SA   A   
3S/1E 7J 5  7J5 (T-CHA-3)    SA   A   
3S/1E 7M 2  DSRSD Sub (7M2)    SA   A   
3S/1E 7R 8  7R8 (T-CHA-4)    M SA   A   
3S/1E 8B 1  tassajara creek (T-HAC-5)     SA   A   
3S/1E 8G 4  (T-HAC-6)    SA   A   
3S/1E 8H 2  Army Well #1     SA   A  SA 
3S/1E 8H 9  Mocho 4 mw1    M SA   A  SA 
3S/1E 8H10  Mocho 4 mw2    M SA   A   
3S/1E 8H11  Mocho 4 mw3    M SA   A   
3S/1E 8H13  Mocho 3 mon   M SA   A   
3S/1E 8H18  Mocho 4   M SA   A M SA 
3S/1E 8K 1  sutter gate    SA   A  SA 
3S/1E 8N 1  sports park    SA   A   
3S/1E 9B 1  Stoneridge   M SA   A M SA 
3S/1E 9G 1  3775 trenery - Kamp     SA   A   
3S/1E 9M 2  Mocho 1   M SA   A M SA 
3S/1E 9M 3  Mocho 2   M SA   A M SA 
3S/1E 9M 4  Mocho 3   M SA   A M SA 
3S/1E 9P 5  Mohr Key   M M SA   A   
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Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

3S/1E 10A 1  rancho el charro    SA   A   
3S/1E 10A 2  el charro rd    SA   A   
3S/1E 10B 8  Kaiser Rd.    M SA   A   
3S/1E 10B 9  Kaiser Rd.    M SA   A   
3S/1E 10B10  Kaiser Rd.    M SA   A   
3S/1E 10B11  Kaiser Rd.    M SA   A   
3S/1E 10D 2  3S/1E 10D 2   M SA   A   
3S/1E 10D 3  3S/1E 10D 3   M SA   A   
3S/1E 10D 4  3S/1E 10D 4   M SA   A   
3S/1E 10D 5  3S/1E 10D 5   M SA   A   
3S/1E 11B 1  liv golf g3    SA   A   
3S/1E 11C 3  3S/1E 11C 3   M SA   A   
3S/1E 11G 1  mw-4   M SA   A   
3S/1E 11G 2  mw-3   M SA   A   
3S/1E 11G 3  mw-2   M SA   A   
3S/1E 11G 4  mw-1   M SA   A   
3S/1E 11P 6  New Jamieson Residence   SA   A   
3S/1E 12A 2  liv stp g7 (12A2)    SA   A   
3S/1E 12F 1  hagemann #6    SA      
3S/1E 12G 1  3S/1E 12G 1    SA   A   
3S/1E 12H 4  LWRP monitor 1   M SA   A   
3S/1E 12H 5  LWRP monitor 2   M SA   A   
3S/1E 12H 6  LWRP monitor 3   M SA   A   
3S/1E 12H 7  LWRP monitor 4   M SA   A   
3S/1E 12P 5  Hagemann Key  R R R   A   
3S/1E 13E 1  hagmn S/W access rd    SA   A   
3S/1E 13G 1  cal rock recorder    SA   A   
3S/1E 13P 1  cal rock    SA   A   
3S/1E 14A 2  randj domestic    SA   A   
3S/1E 14B 1  Industrial Asphalt    SA   A   
3S/1E 14K 2  lone star ind    SA   A   
3S/1E 15F 3  kaiser #8    SA   A   
3S/1E 15J 3  shadow cliff     SA   A   
3S/1E 15M 3  Bush/Valley South    M SA   A   
3S/1E 16A 2  Pleas 8   M SA   A M  
3S/1E 16A 4  Bush/Valley Mid   M SA   A   
3S/1E 16B 1  Bush/Valley North    M SA   A   
3S/1E 16E 4  black ave - cultural    SA   A   
3S/1E 16L 2  Pleas 3    SA   A   
3S/1E 16L 5  Pleas 5   M SA   A M  
3S/1E 16L 7  Pleas 6   M SA   A M  
3S/1E 16P 5  Vervais Monitor  R R R SA  A   
3S/1E 16R 1  Stanley Berry Farm     SA      
3S/1E 17B 4  Casterson    SA   A   
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Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

3S/1E 17D 3  HOP7_Mon1    M SA   A   
3S/1E 17D 4  HOP7_Mon2    M SA   A  SA 
3S/1E 17D 5  HOP7_Mon3    M SA   A   
3S/1E 17D 6  HOP7_Mon4    M SA   A   
3S/1E 17D 7  HOP7_Mon5    M SA   A   
3S/1E 17D10  Hopyard 7    SA   A   
3S/1E 17D11  Hop 9 mon    SA   A   
3S/1E 17D12 Hopyard 9   M SA   A M SA 
3S/1E 17Q 4  Fairground Key   M M SA M SA A   
3S/1E 18A 5  Pleas 7   M SA   A M  
3S/1E 18A 6  Hopyard 6    M SA   A M SA 
3S/1E 18E 4  Valley Trails II     SA   A   
3S/1E 18J 2  camino segura    SA   A   
3S/1E 18N 1  merritt    SA   A   
3S/1E 19A 3  SFWD O6       A  SA 
3S/1E 19A 5  SFWD O1    SA   A M  
3S/1E 19A11  SFWD new well     SA   A M  
3S/1E 19C 4  del valle and laguna     SA   A   
3S/1E 19K 1  680/bernal    SA   A   
3S/1E 20B 2  fairgrounds potable     SA   A   
3S/1E 20C 3  GWP_3S1E20C3     SA   A   
3S/1E 20C 7  New FG well    R R   A  SA 
3S/1E 20J 4  civic center    SA   A   
3S/1E 20Q 2  (T-PLE-3)     SA   A   
3S/1E 22D 2  vineyard trailer (T-BER-3)    SA   A   
3S/1E 23J 1  1627 vineyard trailer     SA   A   
3S/1E 24Q 1   Ruby Hills     SA   A   
3S/1E 25C 2  stoney ridge (T-RH-2)    SA   A   
3S/1E 25H 1  Ruby Hills     SA   A   
3S/1E 29E 4  castlewood north    SA   A   
3S/1E 29M 4  f.c.  channel   M SA M  A  SA 
3S/1E 29P 2  castlewood dr    SA   A   
3S/1W 1B 5  maple dr.  #2    SA   A   
3S/1W 1B 9  dsrsd garden shallow   M SA   A   
3S/1W 1B10  dsrsd garden mid    M SA   A   
3S/1W 1B11  dsrsd garden deep (1B11)   M SA   A   
3S/1W 2A 2  McNamara’s (2A2)    SA   A   
3S/1W 12B 2  MW-1    SA   A   
3S/1W 12J 1  DSRSD South    SA   A   
3S/1W 13J 1  muirwood dr    SA   A   
3S/2E 1F 2  down barn     SA   A   
3S/2E 2B 2  south front rd    SA   A   
3S/2E 3A 1  Bluebell (T-SPR-1)    SA   A   
3S/2E 3K 3  first and S.  front rd (3K3)     SA   A   
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Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

3S/2E 5J 1  N.  liv and las positas    SA   A   
3S/2E 5N 1  1037 portola -trailer    SA   A   
3S/2E 6P 1  portola ave    SA   A   
3S/2E 7C 2  york way - jaws -G4     SA   A   
3S/2E 7H 2  dakota    SA   A   
3S/2E 7N 1  kittyhawk south    SA   A   
3S/2E 7P 3  CWS STA 24   M SA   A M  
3S/2E 7R 3  CWS STA 31   M SA   A M  
3S/2E 8F 1  CWS STA 10   M SA   A M  
3S/2E 8G 1  CWS STA 19   M SA   A M  
3S/2E 8H 1  CWS STA 4   M SA   A M  
3S/2E 8H 2  North k    SA   A   
3S/2E 8K 2  Livermore Key Well   R R R   A   
3S/2E 8N 2  CWS STA 14   M SA   A M  
3S/2E 8N 5  olivina and rincon    SA   A   
3S/2E 8P 1  CWS STA 8   M SA   A M  
3S/2E 9L 1  CWS STA 17   M SA   A M  
3S/2E 9P 1  CWS STA 12   M SA   A M  
3S/2E 9Q 1   CWS STA 9   M SA   A M  
3S/2E 9Q 4  school st    SA   A   
3S/2E 10C 4  250 mines rd    SA   A   
3S/2E 10F 1     SA   A   
3S/2E 10F 3  hexcel    SA   A   
3S/2E 10Q 1  almond    SA   A   
3S/2E 10Q 2  llnl p-703    SA   A   
3S/2E 11C 1  joan way (11C1)    SA   A   
3S/2E 11J 2  vasco rd pat pass    SA   A   
3S/2E 14A 3  S.  vasco @east ave    SA   A   
3S/2E 14B 1  5763 east ave    SA   A   
3S/2E 14C 3  14C3 (14C3)     SA   A   
3S/2E 14D 1  Big Tree Well - New Wente     SA   A   
3S/2E 14H 1  2480 S.  vasco    SA   A   
3S/2E 15B 4  4565 East avenue     SA   A   
3S/2E 15E 2  1356 S.  Livermore     SA   A   
3S/2E 15J 2  1912 buena vista    SA   A   
3S/2E 15Q 6  Concannon    SA   A   
3S/2E 15R 6  2383 buena vista    SA   A   
3S/2E 16A 3  Memory Gardens     SA   A   
3S/2E 16B 1  CWS STA 5   M SA   A M  
3S/2E 16C 1  CWS STA 15   M SA   A M  
3S/2E 16E 4  pepper tree     SA   A   
3S/2E 17E 2 3S/2E 17E 2    SA   A   
3S/2E 18A19 MURRIETA   M SA   A   
3S/2E 18B 1  CWS STA 20    SA   A M  
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Objectives (see last page for definitions) 
Water Rights 

Site  Well Name (SMP Name) 
Key 
WL 

Mon 
WL 

SA 
WL WL  WQ 

Qual 
WQ 

Muni 
WQ 

EBDA 
WQ 

3S/2E 18E 1  E.  stanley    SA   A   
3S/2E 19D 7  ISABEL 1   M SA   A   
3S/2E 19D 8  ISABEL 2   M SA   A   
3S/2E 19D 9 ISABEL 3   M SA   A   
3S/2E 19D10 ISABEL 4   M SA   A   
3S/2E 20M 1  Alden Lane    SA     A 
3S/2E 21E 3  Concannon    SA     A 
3S/2E 21L13  3S/2E 21L13    SA     A 
3S/2E 22B 1  grapes   M SA     A 
3S/2E 24A 1  S.  greenville (24A1)    SA     A 
3S/2E 26J 2  mines rd    SA     A 
3S/2E 29F 4  usgs wetmore    M SA M  SA A  
3S/2E 29H 6 Los Vinos    SA    A  
3S/2E 30D 2  vineyard (T-VIN-3)   R R R  SA A  
3S/2E 30G 1  genesis farms    SA      
3S/2E 30H 1  750 vineyard     SA      
3S/2E 33G 1  crohare   M SA M  SA A  
3S/3E 7D 2  7D 2    SA    A  
3S/3E 7M 2  lupin way     SA    A  

February 14, 2005 
Frequency Codes:  R = Recorder; D = Daily; W = Weekly; M = Monthly; Q = Quarterly; SA = SemiAnnual; 
A = Annual.  
Objectives: 
Key = Zone 7’s Index Wells Mon = Zone 7’s Monthly Objective SA = Zone 7’s Semiannual Objective Water 
Rights = Required for Zone 7 Water Rights Qual = Zone 7’s Water Quality Objective Muni = Municipal 
Pumping Wells -includes water quality sampling (frequency as listed) and monthly water level measurements 
EBDA = Required by the East Bay Discharges Authority  
WL = Water level measurements WQ = Water quality sampling  
Salt Management Plan Designations (SMP 2004): 
T-AIR = Airport Transect T-BER = Bernal Transect T-CHA = Chabot Transect T-DUB = East Dublin 
Transect T-FRI = Friesman Transect T-HAC = Hacienda Transect T-HV = Happy Valley Transect T-LIV = 
South Livermore Transect T-MAY = May Transect T-PLE = Pleasanton Transect T-RH = Ruby Hill Transect 
T-SPR = Springtown Transect T-VIN = Vineyard Transect T-WEN = Wente Transect  

 



Appendix B 
Toxic Site Surveillance Program Areas for 
Livermore, Pleasanton, and Dublin Areas 

Figure A, Toxic Site Surveillance, Livermore Area Sites 

Figure B, Toxic Site Surveillance, Pleasanton Area Sites 

Figure C, Toxic Site Surveillance, Dublin Area (North of Main Basin) 
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Appendix C 
Standard Operating Procedures 

C.1 General Procedures 
Standard Operating Procedures (SOPs) are essential in running a successful 
monitoring program to ensure that all data collection procedures for each specific 
type of monitoring remain homogenous.  Zone 7 adheres to such standard 
procedures in all types of monitoring and data collection. 

Appropriate equipment will be brought into the field including appropriate 
sample containers, sampling equipment, container labels, chain of custody sheets, 
and field sheets.  Sample containers are provided by the laboratory with the 
appropriate preservative, if any is required.  Containers are labeled with the site, 
date, time, and sampler.  Sample timing will be coordinated with the laboratory 
so that samples can be analyzed within the specified holding time for that 
analysis.  Zone 7’s laboratory supplies clean sample collection containers 
appropriate for each of the analyses. 

Upon arrival to the site, all on-site equipment is monitored for damage and 
maintained, if necessary.  If maintenance cannot be completed at that time, the 
equipment is either brought back to the office for maintenance or field personnel 
will return with the appropriate equipment/personnel as soon as possible to repair 
the equipment. 

A Chain of custody form is completed for each set of samples and is submitted to 
the laboratory along with the samples.  Samples will be delivered to the 
laboratory within the recommended holding times for the appropriate analysis. 

C.2 Climatological Monitoring 
Each of the daily rain gage stations (excluding the California Irrigation 
Management Information System or CIMIS Station) is equipped with a 10-inch 
Forester rain gage.  Once a day, an observer measures and records the depth of 
rain (to the nearest 0.01 inch) that has fallen in the preceding 24 hours.  If the 
station is operated by a private observer, the observer then mails their monthly 
data to Zone 7 at the end of the month.  The Livermore station, 15E, also reports 
to the National Oceanic and Atmospheric Administration (NOAA) and is 



Zone 7 Water Agency  Standard Operating Procedures

 

 
Groundwater Management Plan  
for Livermore-Amador Valley Groundwater Basin 

 
C-2 

September 2005

J&S 04727.04
 

currently Livermore’s official NOAA station.  The NOAA Livermore record is 
the longest record in our valley, extending back to January 1871.  Station 44, part 
of the Lick Observatory on Mt. Hamilton, has records going back to 1881. 

The recorder stations consist of a 10-inch Forester rain gage and a computerized 
tipping bucket recorder.  These tipping buckets continuously record the amount 
of rain that has fallen at that station. 

The California Irrigation Management Information System (CIMIS) Station was 
installed in 2004 by the California Department of Water Resources (DWR).  This 
station collects 15 minute data sets for precipitation, air temperature, soil 
temperature, wind speed, wind direction, solar radiation and evapotranspiration.  
The data is stored and corrected as necessary by DWR and is made available to 
Zone 7 via DWR’s website: 

<http://wwwcimis.water.ca.gov/cimis/welcome.jsp>. 

The two evaporation stations located at the Livermore Water Reclamation Plant 
(LWRP) and Lake Del Valle Dam are logged daily and record evaporation to the 
nearest 0.01 inches. 

New average precipitation and average pan evaporation are computed at the end 
of each water year for use in the following water year.  The new average monthly 
and annual precipitation values are computed using the entire historic database 
including the current year.  For statistical accuracy, an adjusted average is 
computed by adjusting the monthly totals until the numeric sum of the monthly 
totals, rounded to the nearest 0.01 inch, equals the average of the water year 
totals.  Typically, only a few of the monthly mean values are changed, and only 
by one or two hundredths.  These adjusted means are listed at the bottom of the 
monthly table of precipitation. 

C.3 Groundwater Elevation 
For groundwater level data, Zone 7 measures depth-to-water from a surveyed 
reference point in each well.  Reference point elevations are typically surveyed to 
an accuracy of 0.01 feet.  Mean sea level is used as a common datum for all 
monitoring wells.  Several different devices are used to measure the depth to 
water.  Each device is calibrated routinely to ensure the accuracy of these 
measurements.  Measurements are made to within 0.1 feet and recorded on field 
data sheets.  The elevation of the water surface in the well is computed by 
subtracting the depth to water from the reference point elevation.  The field data 
is then entered into a database and made available to staff for further analysis. 

The California Water Service Company (CWS) and the City of Pleasanton 
provide monthly water level data from their production wells. 

Groundwater levels for all monthly wells are graphed and reviewed monthly.  
Wells with levels that do not correspond to past or other nearby observations are 
re-measured to check the elevation.  Water levels measured by others are 
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received a month or more after the actual measurement, so a check measurement 
is usually not possible.  Unusual water levels are noted as suspect in the database 
and are deleted from the graphs.  Pumping water levels are sometimes obtained 
and are so noted in the database. 

Semiannual groundwater level data are initially compared to previous elevations 
in the field at the time of measurement.  These levels are then graphed and 
contoured to check the general accuracy of the data. 

Municipal wells are turned off prior to water level measurements and turned on 
prior to sampling. 

C.4 Groundwater Quality 
Groundwater samples are collected at least annually from all wells in the 
program provided a suitable sample can be obtained.  Zone 7 municipal wells, 
which are turned on prior to sampling, are sampled quarterly by lab personnel.  
Zone 7 personnel sample other municipal wells annually or analytical results are 
obtained from the respective agency.  Water rights wells are sampled semi-
annually. 

Groundwater quality samples are monitored for electrical conductivity (EC) and 
temperature during pumping to determine stability.  Samples are collected after 
the conductivity and temperature have stabilized.  Typically, several casing 
volumes are pumped before stability has been confirmed, when feasible. 

Depth to water, sample temperature, EC, and pH are measured in the field.  
Samples are filtered in the field through a 0.45-micron filter and are generally 
transported to the laboratory at the Del Valle Water Treatment Plant on the same 
day.  Municipal wells sampled by the lab personnel are not filtered.  Samples not 
analyzed within a few days are preserved by refrigeration.  Analysis of samples is 
limited to major minerals and miscellaneous metals (e.g., arsenic, boron). 

Samples sent to the DWR lab are preserved using industry standards for each 
analytical method.  Split samples are obtained for all of the DWR samples and 
are tested in Zone 7’s lab. 

C.5 Surface Water Flow 
Data loggers have been installed at all surface water recorder sites.  These data 
loggers allow Zone 7 to retrieve 15-minute gage-height data.  Most stations are 
equipped with some type of telemetry capability enabling Zone 7 to download 
the data remotely.  For sites where there is no telemetry capability, data is 
downloaded directly onto laptop computers monthly. 
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In general, the procedures used to operate the Zone 7 recording stations and 
compute streamflow data are in conformance with USGS standards.  Each Zone 
7 station is visited twice each month: at the beginning of the month for a service 
visit, and during the middle of the month for an equipment check (the three 
USGS stations are also visited at this time).  The service visit usually consists of 
a streamflow measurement to verify the station discharge rating, the equipment is 
checked and serviced, and the used A35 recorder paper chart is removed.  The 
middle of the month visit consists of checking of the station equipment for proper 
operation, obtaining an outside gage height, and measuring the EC and 
temperature of the stream.  Streamflow measurements are plotted on the rating 
curve to either confirm the validity of the curve or to make adjustments to the 
curve.  Daily streamflow data are calculated from the A35 recorder chart, or the 
digital data, which serves as record of flow, and the data obtained from the 
servicing visits.  The streamflow records are computed and reviewed monthly 
and are given a final review before the compilation of this annual report. 

Gage-height records and calculated flow data at the recorder stations are 
generally of good to fair quality, usually within about eight percent of actual 
flow.  There may be periods when records are missing or incomplete.  Flow 
records from other stations are used to estimate flows during those periods of 
missing records. 

Metered sites in the surface water program are read monthly by Zone 7 personnel 
or by personnel from other agencies or companies.  Daily flow volumes are 
estimated from the monthly values and meter activity logs.  Staff gage sites in the 
program are visited weekly, when gage-heights are recorded.  Flow data is 
estimated or measured from the gage readings from historical stage-discharge 
curves.  Flow values are then prorated for the previous week.  General stage-
discharge relationships are developed for staff gage sites, but generally do not 
contain the rigorous review given to recorder sites.  For ‘Other’ sites, surface 
water flow is estimated by visual inspection. 

C.6 Surface Water Quality 
Surface water quality sample locations are selected in areas of well-mixed flow, 
away from influent flow sources.  Samples are collected in an intermediate 
container by wading into the stream or at a suitable bank location.  If conditions 
are unsafe, a sample container is attached to the end of a grab pole or by affixing 
a Teflon bailer to a rope for submersion into the creek and then immediately 
emptied into the intermediate container.  Water temperature, specific 
conductance, and pH are measured in the field, by inserting probes into the 
intermediate container. 

While in the field, samples are filtered from the intermediate container into 
designated sample containers through a 0.45-micron filter.  Samples are then 
transported to the laboratory at the Del Valle Water Treatment Plant on the same 
day.  Samples not analyzed within a few days are preserved by refrigeration.  
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Analysis of samples is limited to major minerals plus miscellaneous metals 
(e.g., arsenic and boron). 

C.7 Land Surface Elevation 

C.7.1 Surveying of Benchmark 

C.7.1.1 Overview 

Zone 7 performs seasonal elevation monitoring to evaluate changes in land 
surface elevations across the Livermore-Amador Valley Main Basin.  This 
monitoring is performed by a surveyor licensed by the State of California.  In 
2002 Zone 7 contracted Kier and Wright Civil Engineers and Surveyors of 
Pleasanton, California to set up the circuits and has performed all of the 
surveying events since that time. 

C.7.1.2 Main Circuit (A1) 

The surveyor performs a cross-valley run, as an “open” loop using “multiple 
collection” electronic differential levels.  The circuit: 

� Starts at USC and GS bench mark “G 972 1964” (A1-1.0) located along 
Foothill Boulevard (State Highway 21), 

� Runs east along the Arroyo Mocho to “M1257-1974 reset 1988” (A1-7.0) to 
include bench marks near Zone 7’s Mocho 1 to Mocho 4 pumping stations, 

� Runs north along Santa Rita Rd and Old Santa Rita Rd to “L1257-1974” 
(A1-9.0), 

� Returns south to A1-7.0, 

� Runs southeasterly along the former South Pacific Railroad Right of Way to 
Stanley Boulevard to include Alameda County bench mark “TBM-2, ALA 
Co., 1971” (A1-13.0) and pumping wells 3S/1E 16B1 and 16A 4, 

� Runs east along Stanley Boulevard to USC and GS bench mark “D 8” 
(A1-15.0), 

� Return westerly along Stanley Boulevard to Kottinger Drive to include “V1” 
(A1-16.0), and 

� Runs southeast along Kottinger Drive to Adam Way to close at City of 
Pleasanton bench mark “K2” (A1-17.0). 
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C.7.1.3 Supplemental Circuits 

Circuit B1 (Mocho wells loop): 

The surveyor uses the established elevation on bench mark “M1257-1974 reset 
1988” to run “multiple collection” closed loop electronic differential levels 
through monitoring discs located on the Santa Rita Road and Stoneridge Drive 
bridges over the Arroyo Mocho.  Points in this circuit include: 

Well # Mark/Location 

3S/1E 9M 2 Mocho 1: Fnd. Cut sq. on conc. @pump house door. 

3S/1E 9M 4 Mocho 3: Fnd “PK” nail and KW tag south side door. 

3S/1E 8H18 Mocho 4: Fnd “PK” nail and KW tag south side door. 

3S/1E 8H13 Fnd. Cut mark north side 12" dia. casing. 

3S/1E 8H 2 Fnd. Cut X on conc. @pump house door. 

3S/1E 8H 4 Fnd. Cut X. on conc. @pump house door. 

3S/1E 8H 3 Fnd. Cut X. on conc. @pump house door. 

3S/1E 9M 3 Mocho 3: Set. Cut mark on conc @pump house door. 
 

Circuit B2 (Mocho wells loop): 

The surveyor uses the established elevation on bench mark “TP50” (3" diameter 
brass disc “ACFCandWCD”, “ZONE 7) to run “multiple collection” electronic 
differential levels through monitoring discs along Tassajara Creek.  The circuit: 

� Starts at Arroyo Mocho, 

� Runs north along the west bank of Tassajara Creek, 

� Continues east over the Tassajara Creek at West Las Positas Blvd., 

� Proceeds south along the east bank of Tassajara Creek, and 

� Closes back on “TP50”. 

Circuit B3 (Hopyard wells loop): 

The surveyor uses the established elevation on bench mark “C972 reset 1967” to 
run “multiple collection” closed loop electronic differential levels to tie in Zone 
7’s Hopyard 6 and 9 pumping wells.  The circuit: 

� Runs southeasterly along Hopyard Road through previously established 
monitoring disc “Mocho/Park 2002” located within the Zone 7’s old Parkside 
Drive office complex, 
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� Runs southeasterly along Hopyard Road through Alameda County bench 
mark “1H” located on the westerly concrete bridge abutment over the 
Pleasanton Canal, 

� Runs along the north side of the Pleasanton Canal to Zone 7’s municipal well 
“Hopyard 9” within the Pleasanton Sports Park, and 

� Returns through each point to end back on bench mark “C972 reset 1967”. 

Circuit B4 (Stoneridge wells loop): 

The surveyor uses the established elevation on bench mark “M1257-1974 reset 
1988” to run “multiple collection” closed loop electronic differential levels along 
the Arroyo Mocho to the east of Santa Rita Rd.  The circuit: 

� Runs along the south side of the Arroyo Mocho through two existing district 
brass disc located on the South and North side of the gaging station weir, 

� Continues easterly along the south side of the Arroyo Mocho to Zone 7’s 
Stoneridge Well (3S/1E 9B 1), 

� Continues along the south side of the Arroyo Mocho to include two 
additional points east of the Stoneridge Well (from 2004 to present), and 

� Returns through each point to end back on bench mark “M1257-1974 reset 
1988”. 

If water levels in the Arroyo Mocho prevent safe crossing, the surveyor will only 
run though the south side disc located within the arroyo at the gauging station.  If 
water levels present a danger to the field crew, they will omit running through 
either of the brass discs located within the arroyo at the gaging station. 

Circuit B5 (Tassajara-Rosewood loop): 

This loop, which extends north from the Mocho Municipal Well Field to “L1257-
1974” (A1-9.0), has been incorporated into Circuit A1 (see Section C.7.1.2, 
above). 

Circuit B6 (Verona loop) (Discontinued in 2004) 

The surveyor uses the established elevations on monitoring points at the 
Tassajara Bridge as part of Circuit B2 to run a loop into the Verona subdivision.  
The survey includes elevations on monuments located: 

� On Belleza Drive opposite Verde Court, 

� At the end of Flora Court, 

� At 5606 Belleza Drive, and 

� On a point previously established on Circuit A1. 
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Circuit B7 (Sutter Gate loop) (Discontinued in 2004) 

The surveyor uses the established elevations on monitoring points as part of 
Circuit B1 to extend into the Sutter Gate subdivision area.  The circuit: 

� Runs west from the Mocho Municipal Well field to include elevations on the 
monuments located on Larame Gate Drive and Larame Gate Court, 

� Run along Larame Gate Drive southwesterly to Sutter Gate Avenue, 

� Runs northwesterly along Sutter Gate Avenue to the monument at Sutter 
Gate Avenue and Lin Gate Street, 

� Continues along Sutter Gate Avenue to the monument at Sutter Gate Avenue 
and Jones Gate Court, and 

� Closes on a Circuit A1 point. 

C.7.1.4 Level Loop Misclosure Check 

If the Circuit A1 run fails to close back on to the previously established elevation 
for “K2” by more than +/-0.02 feet, the surveyor will run a closing “multiple 
collection” electronic differential level loop back to “G 972 1964”.  This assures 
that the differences are not in the surveyor’s work, but may be related to vertical 
movement of either “G 972 1964” or “K2” or both. 

C.7.2 Zone 7 Surveying of Wells  
For groundwater elevation reference points, Zone 7 also surveys small circuits to 
some of the Zone 7 wells.  These small circuits branch off of the Kier and Wright 
surveyed circuits.  Due to security and access issues, Zone 7 staff surveys these 
points.  These survey points are listed on Table 1 and include reference point 
elevations for measuring groundwater levels in the following wells: 

� Army Well 1 – 3S/1E 8H 2 

� Army Well 2 – 3S/1E 8H3 

� Army Well 3 – 3S/1E 8H 

� Hopyard 6 – 3S/1E 18A 6 

� Hopyard 9 – 3S/1E 17D12 

� Mocho 1 – 3S/1E 9M 2 

� Mocho 3 – 3S/1E 9M 4 

� Mocho 4 – 3S/1E 8H18 

� Stoneridge – 3S/1E 9B 1 
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Zone 7 uses a theodolite transit (Leitz DT5A or equivalent) for surveying the 
points.  The Zone 7 procedures for using the transit include the following: 

1. Measurements are read to the nearest one half of a hundredth of a foot. 

2. Readings are double-checked to ensure that they have been recorded 
correctly. 

3. After the reading has been recorded, both vials on the transit are double-
checked to ensure that the bubbles are exactly centered between the marks.  
If they are not, the transit is recentered and the reading procedure is repeated. 

4. Field notes are kept in the “Zone 7 Wellhead Survey Field Notes” book. 

5. ‘Back-sights and ‘Fore-sights’ are taken on each ‘Turning Point’ at each 
survey location.  The Back-sights (+) and the Fore-sights (-) should be 
summed and the loop closed to less than 0.015 feet.  If the error is greater 
than 0.015 feet.  The entire survey loop is performed again until it can be 
closed to within the tolerances specified. 

C.8 Land Use/Mining Area 
The land use and mining area data are derived from field observations, aerial 
photography and interviews.  An aerial image of the Livermore-Amador Valley 
provides the basis for the mapping. 

The aerial image, obtained as a color photographic print, is scanned and utilized 
in MapInfo, a geographic information systems (GIS) mapping software.  The 
resulting land use and mining area boundaries are a combination of aerial 
imagery, field observations and, in the case of land use agricultural areas, field 
interviews.  Mining area land use data are compiled from mining area 
observations.  Recycled water use areas are amended using maps and information 
provided by Dublin San Ramon Services District and the City of Livermore. 

Mapping accuracy and efficiency has improved due to the Regional GIS data 
sharing between local agencies.  In the future, developments may be further 
defined to include categories such as detention basins in order to quantify their 
impacts on the groundwater basin. 

The total acreage of unclassified land is computed by subtracting the classified 
land use types from the total nodal area.  It should be noted that beginning in 
2003 the Land Use study includes Node 36 as part of the Main Basin.  Node 36, 
containing approximately three miles of the Arroyo Valle stream channel below 
the dam, was historically deemed insignificant due to limited groundwater 
storage potential and minor impacts on the Main Basin.  The impacts of this node 
on the Main Basin have increased in recent years due to significant urban, 
agricultural and gravel mining developments.  It should also be noted that, 
beginning in 2003, the inclusion of Node 36 in our data tables has changed 
certain totals and historical averages. 



Zone 7 Water Agency  Standard Operating Procedures

 

 
Groundwater Management Plan  
for Livermore-Amador Valley Groundwater Basin 

 
C-10 

September 2005

J&S 04727.04
 

The land use and mining area maps are generated and stored on the computer.  
All tabulated areas are calculated from maps using MapInfo software. 

C.9 Data Management 
The Water Resources section of Zone 7 maintains a number of relational 
databases that track most of the information of importance to Zone 7’s 
groundwater management, including production and distribution parameters, 
climatological data, benchmark elevations, and water quality data.  The data set 
amassed includes more than 100 years of hydrology in the Livermore-Amador 
Valley.  These databases were developed as a direct result of co-operative 
programs with both USGS and DWR. 

Zone 7 breaks up data into different classes:  

� Site Data—typically data about specific monitoring or operational sites (e.g., 
location, capacity, age, and owner). 

� Event Data—is a recording of a specific event and might include a site, a 
date, and a measure of an event.  The water level database is an example of 
an event database. 

� Daily/Monthly/Annual Data—is normally an aggregate total and is fixed 
based on the duration of interest.  An example of daily data is the daily water 
production database. 

� Continuous Recorded Data—can come from a variety of sources such as 
data-loggers with set interviews, or program recorders that record value 
changes. 

Zone 7 has collected data dating back to the early 1900s and earlier.  The 
collected data sets are converted to other data sets so they can be easily reviewed, 
compared, and presented.  The available data sets are dependent on the type of 
measurement device at the site: 

� Recorder—15 minute data sets for gage height, water levels, and or EC are 
recorded and downloaded at least weekly for sites with telemetric capabilities 
or monthly for those without.  Recorder data is stored and compiled using 
proprietary software by ‘Western Hydrologic Systems’ specifically designed 
for storing and manipulating field recorder data.  Gage height values are 
converted (using discharge rating tables for each stream) to daily and 
monthly data values for flow. 

� Wells—Monthly water levels are collected from about 80 wells in the 
program.  Semi-annual water levels are collected from about 225 wells in the 
program. 

� Benchmark—Land surface elevation benchmarks are measured semi-
annually and correspond to times when water levels are expected to be the 
highest and lowest during the water year. 
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� Staff—Weekly data sets for gage height are collected.  In most cases, these 
are compiled and stored as daily and monthly values for flow.  However, in 
some cases only the gage height is stored. 

� Meter—Monthly data sets for flow are collected.  These are compiled and 
stored as daily and monthly values for flow. 

� Calculated—Monthly data sets are calculated from other data.  These are 
compiled and stored as daily and monthly values for flow. 

� Other/None—For sites in the program, weekly data sets are collected by 
visual inspection since there are no devices.  These are compiled and stored 
as daily and monthly values for flow. 

� Mining area lake levels—water levels are monitored monthly from various 
lakes in the mining area. 

All flow data is stored in various relational database files.  All water level data is 
stored in a relational database file and in “GIS\Key”, a proprietary database and 
GIS program specifically designed for storing and presenting environmental data. 

All water quality samples submitted to Zone 7’s laboratory for testing, are 
analyzed for EC, Temperature, pH, minerals, and metals.  Water quality data 
generated by Zone 7’s laboratory is stored in various database files and in 
GIS\Key. 
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Executive Summary 
Zone 7 Salt Management Plan  
 
 

Introduction 

 
The Salt Management Plan (SMP) is a 
cooperative effort developed to address the 
increasing level of total dissolved solids in 
the main groundwater basin.  It was 
developed in partnership by Zone 7 staff 
and consultants, a technical advisory group 
(TAG) composed of local water retailers, 
and a Zone 7 citizens committee—the 
Groundwater Management Advisory 
Committee (GMAC).  In-house data 
compilation work began in 1994, with 
technical analyses and presentations 
continuing through 1999. This SMP report 
provides the technical information and 
analyses that support the August 1999 
Zone 7 Board approved salt management strategy of using increased conjunctive use 
combined with shallow groundwater demineralization in the western portion of the service 
area to fully offset current and future sources of salt loading to the main groundwater basin 
(Main Basin). This strategy was designed to also maintain or improve delivered water 
quality and to facilitate increased use of recycled water using planned Zone 7 facilities to 
offset salt loading. Annual Salt Management decisions are to be made via an adaptive 
management process integrated into Zone 7’s annual water operations plan.   
 
Chapter 1 provides a brief history of the SMP process and the regulatory framework that 
initiated and guided its development. It includes a summary of water recycling 
investigations and proposed projects in the Livermore-Amador Valley and how such 
projects could be implemented under the Master Water Recycling Permit and the SMP.  
 
Chapter 2 provides an overview of both current and future Zone 7 facilities, water 
demands, and operations.  It describes the key role of the annual operations plan in 
maintaining a sustainable water supply. The water system operations computer model 
used to project delivered water quality under alternative operating strategies is also 
described. 
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Chapter 3 provides a condensed summary of historic information and ongoing data 
collection on the hydrogeology of the fringe and main groundwater basins. Connectivity 
and mixing, fringe to Main Basin and upper to lower aquifer are addressed. Supporting 
information is presented from the enhanced Visual Modflow computer groundwater flow 
and MT3D solute transport model developed for the SMP.  
 
Chapter 4 summarizes the extensive database of surface and groundwater quantity and 
quality information collected and maintained by Zone 7 as part of its management of 
water resources in the Livermore-Amador Valley. Issues of seasonal and spatial variability 
are addressed in addition to the major influence that imported South Bay Aqueduct water 
quality has on delivered water quality. 
 
Chapter 5 describes the methodology and extensive data required by Zone 7 to calculate 
the annual and steady state-based water and salt balances for the main groundwater basin. 
Historic and projected year 2010 salt loadings are discussed. Variations of these salt 
balance calculations are used in the SMP to evaluate the impacts of alternative salt 
management strategies. 
 
Chapter 6 presents Zone 7’s existing monitoring programs, as well as additional surface 
and groundwater monitoring implemented to track current and future sources of salt 
loading in the watershed and to address areas of hydrogeological uncertainties. The 
surface and groundwater monitoring networks for each drainage basin are described.  
 
Chapter 7 presents the key salt management plan policy issues and options developed 
through consultation with the TAG and GMAC. Key recommendations include:  (1) fully 
offset current and future net salt loading and (2) maintaining and, where feasible, 
improving delivered water mineral quality. Background information is presented on 
consumer acceptability of varying TDS concentrations of delivered water.  
 
Chapter 8 describes the range of individual and composite salt management strategies that 
are evaluated in more detail in the remaining chapters of the SMP. The focus is on 
strategies that use previously planned and budgeted Zone 7 facilities such as wells and 
groundwater demineralization facilities. Preliminary unit operations and maintenance 
(O&M) costs are also presented. 
 
Chapter 9 presents the results of the salt loading calculations for 20 salt management 
strategies under projected year 2010 conditions. The strategies are based on the policies 
and options described in Chapter 7. Estimated costs and impacts on groundwater and 
delivered water quality TDS are included. A screening process is presented to identify the 
most feasible strategies for further analysis.  
 
Chapter 10 presents the computer modeling results for four of the most promising 
strategies identified in the screening analysis discussed in Chapter 9. Included are 
computer model generated maps and graphics depicting impacts on groundwater, 
individual wells, and retailer turnouts under status quo operations versus SMP strategies. 
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Projected impacts of potential strategies using demineralized recycled water injection also 
are included.  
 
Chapter 11 presents alternatives and recommended approaches for allocating the costs of 
salt management as a function of the salt source: existing municipal and industrial (M&I), 
future M&I, untreated water, or recycled water. TAG recommendations to fund capital 
costs through connection fees and O&M costs through water rates, similar to other Zone 7 
facilities, are summarized.  
 
Chapter 12 presents the SMP near-term implementation plan, including the most feasible 
salt management strategies identified in Chapter 10 scaled down to offset the current 2,200 
tons/year salt loading versus the 5,400 tons/year loading projected for year 2010. These 
strategies include increased conjunctive use, shallow groundwater demineralization, and 
potential future demonstration scale stream recharge with demineralized recycled water. 
Chapter 12 describes the specific near-term (2000-2002) SMP implementation plan that 
was approved by the Zone 7 Board in August 1999 and two implementation options for 
2004-08. The SMP concludes with recommended next steps to address future salt loading 
sources and to further investigate potential lower cost salt management strategies such as 
seasonal groundwater export.  
 
 

Background  

Zone 7 of Alameda County Flood Control and Water Conservation District, locally known 
as Zone 7 Water Agency, serves as the overall water quality management agency for the 
Alameda Creek Watershed above Niles. Zone 7 has the primary responsibility of 
managing the Livermore-Amador Valley surface and groundwater resources. It has 
historically managed the 250,000 acre-foot capacity main groundwater basin (Figure ES-
1) by maximizing lower TDS surface water deliveries, artificially recharging the Main 
Basin with low total dissolved solids (TDS) imported surface water, restricting 
groundwater pumping, and restricting wastewater disposal and water recycling within the 
watershed.  
 
Studies relating to the groundwater supply of the Livermore Amador Valley were first 
conducted in the early 1900’s. Since that time, a number of studies have been completed 
by entities, including the California Department of Water Resources, the U.S. Geological 
Survey, as well as Zone 7. To signify the area of the groundwater basin that had long been 
recognized as containing the majority of usable groundwater storage, the concept of a 
central or “main” basin was developed in the 1980’s. 
 
The Livermore-Amador groundwater basin is located in the heart of the Livermore-
Amador Valley and extends into the hills south of Pleasanton and Livermore. The basin 
includes the areas occupied by both the Livermore Valley and Livermore uplands. The 
principal water-bearing units are the unconsolidated recent alluvium sands and gravels, 
and the tilted, semi-consolidated beds of sandstones and conglomerates of the Livermore 
Formation. Groundwater occurs in the aquifers under unconfined, semi-confined and 
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confined conditions, depending on depth and location in the basin. Several geologic faults 
or linear groundwater anomalies cut across the groundwater basin. Based in large part on 
these fairly linear fault-related groundwater impediments, the basin has been divided into 
13 sub-basins: Altamont, Amador, Bernal, Bishop, Camp, Castle, Cayetano, Dublin, May, 
Mocho I, Mocho II, Spring, and Vasco. Together, portions of the Castle, Bernal, Amador, 
and Mocho II sub-basins overlain by recent alluvium are considered the “main” basin 
because of their large capacity to store and transmit groundwater and their significance to 
the local groundwater supply. The other sub-basins are collectively called the “fringe” 
basins. 
 
Groundwater in the Livermore Valley exists in a multi-layered aquifer system with the 
upper aquifer being unconfined and the subsequent deeper aquifers being semi-confined 
or leaky. Flow generally follows a westerly pattern, like the surface water streams, along 
the structural central axis of the valley. The majority of subsurface inflow, however, 
occurs across the northern boundaries of the Main Basin, in particular from the Dublin and 
western Camp sub-basins, and flows in a southerly direction. These sources of 
groundwater co-mingle in the Bernal and Amador sub-basins and generally flow towards 
groundwater pumping facilities in Pleasanton. 
 
It is a common misconception that the groundwater basin is a “totally closed” basin 
suggesting that minerals or contaminants that enter the groundwater basin have no way of 
leaving the basin. In the late 1800s, pre-development groundwater levels in the basin 
created a gradient causing groundwater to flow from east to west and naturally exit the 
basin as surface flow (rising groundwater) in the Arroyo de la Laguna. In the early to mid-
1900s, groundwater began to be extracted in appreciable amounts causing groundwater 
levels to drop throughout the basin, below the level where it would naturally rise into the 
Arroyo de la Laguna and exit the basin through stream flow. This was the closest the Main 
Basin came to being, by definition, a “closed” basin. At present, the basin cannot be 
considered “totally closed” since water is recharged into and exported from the basin 
through various means. On average, approximately 8% of the total groundwater storage 
exits the basin each year.  
 
Treated water production facilities in the valley include two surface water treatment plants 
owned and operated by Zone 7, as well as groundwater production wells owned and 
operated by Zone 7, the City of Pleasanton, and California Water Service Company 
(CWS). Total surface water treatment design capacity is 55 mgd. Actual capacity can vary 
with South Bay Aqueduct flow (water elevation). Zone 7 has seven existing active 
production wells with a total peak production capacity of 32 million gallons per day 
(mgd). Pleasanton has three existing active wells with a production capacity of 11 mgd 
and CWS has 12 existing active wells with a production capacity of 10 mgd. Total 
combined groundwater capacity for Zone 7 and its retailers is approximately 53 mgd.  
 
Zone 7’s treated water distribution system conveys treated water to retailer turnouts. The 
system includes booster pump stations and distribution pipelines, and 13.5 million gallons 
of total storage capacity in three storage reservoirs that help meet hourly demand 
fluctuations. Water retailers own and operate their own water distribution system to serve 
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their customers. Pleasanton and CWS both pump directly into their distribution systems to 
meet hourly and daily peak demands. Annual total groundwater pumping by Pleasanton 
and CWS is limited to their groundwater pumping quotas.  
 
 

Water Quality and Variability 

The historic management approach implemented by Zone 7 (i.e., maximizing surface 
water deliveries, artificially recharging the Main Basin with low total dissolved solids 
(TDS) imported surface water, restricting groundwater pumping, and restricting 
wastewater disposal and water recycling within the watershed) has been successful in 
maintaining a sustainable and reliable water supply. The valley-wide annual average 
delivered water blend during an average year is about 85% surface water and 15% 
groundwater. TDS is used as an indicator of overall mineral (salt) content in this SMP. 
However, Zone 7 monitors for a large suite of mineral constituents in surface and 
groundwater in addition to TDS. These more detailed data and TDS data are used to track 
sources of water and analyze water quality trends, as well as to calculate salt loading of the 
Main Basin. 
 
The quality of Zone 7 potable deliveries varies seasonally as a function of both source 
water quality and the blend ratio of surface water to groundwater. The TDS concentrations 
of source water from the South Bay Aqueduct (SBA) can vary from 100 to 700 mg/l on an 
annual average basis depending on the wetness of the water year (climatic conditions) and 
seasonally, month to month depending on reservoir releases into the Delta and Delta 
pumping patterns. Groundwater quality changes slowly and is generally more consistent, 
ranging from 400 to 550 mg/L TDS. Hence, actual delivered water TDS varies from 
month to month and year to year. The ratio of groundwater to surface water can vary by 
season, by day, and by turnout depending on demand. Table ES-1 shows typical winter 
and summer source water quality, delivered water blend, and resultant delivered water 
TDS of Zone 7 deliveries under three climatic conditions: dry, average and wet years.  
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Table ES-1 

Typical Delivered Water TDS 
Under Historic Basin Management Strategy 

 

Climatic GW
Conditions Winter Summer TDS
Dry 500 500 450
Average 270 220 450
Wet 170 150 450

Climatic
Conditions Winter Summer

Dry 30% 30%
Average 100% 90%
Wet 100% 90%

Climatic Delivered Water Quality, TDS (mg/L)
Conditions Winter Summer

Dry 470 470
Average 270 240
Wet 170 180

Source water Quality (TDS)

%Surface Water Delivered
Delivered Water Blend

SBA TDS (mg/L)

 
 
 
Delivered water TDS also varies from east to west in the valley. The blend of surface to 
groundwater varies between turnouts because of the locations of the wells relative to the 
turnouts and because of their intermittent use. The Livermore and CWS service areas, 
which are closer to surface water treatment plants, typically receive a higher percentage of 
treated surface water, while Pleasanton and DSRSD service areas, which are closer to 
Zone 7 wells, receive higher percentages of groundwater (see Figure ES-1). CWS and 
Pleasanton also operate their own wells and blend groundwater with their Zone 7 
deliveries, adding to the variability of water quality delivered to their customers. 

 
 

Salt Loading, Sources, and Sinks  

As in other arid areas that rely on imported water for a significant portion (75-85%) of the 
local supply, the historic groundwater management approach has allowed a gradual but 
continual degradation in groundwater mineral (salts) quality. Annual net loadings varied 
from about 11,800 to a negative 4,800 tons, with a 25-year average of about 2,550 
tons/year. The cumulative salt loading to the Main Basin during that time period was 
approximately 63,500 tons and there were only six years in which there was a negative 
salt accumulation in the Main Basin, three of them being 1996-1998.  The net steady state 
salt loading to the Main Basin under 1998 conditions was 2,200 tons. The 2,200 tons per 
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year is equivalent to a TDS increase of about 10 mg/L per year in the groundwater. Figure 
ES-2 presents the groundwater TDS changes with time in the Bernal Sub-basin. 
 
 

Figure ES-2
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The main sources and removal mechanisms of salts from the groundwater basin under 
1998 land use are shown schematically in Figure ES-3. The main salt sources are 
conveyed through natural and artificial surface water flow when the water is percolated or 
recharged into the Main Basin aquifers (48%). Deep percolation of urban irrigation water 
contributes 35% of total salt loading. Subsurface inflow of high salinity (1,000 mg/L TDS) 
fringe basin groundwater contributes about 13% of salt loading. Rainfall does not 
contribute any salt but it dilutes and transports the salts added through urban and 
agricultural irrigation down to the water table. Salts are removed from the Main Basin 
primarily as water is pumped from wells (46%) or from gravel mining pits (49%). Zone 7 
manages the basin levels so that there is little or no loss of water (and salts) via subsurface 
outflow. However, the basin is not truly “closed” since, through recharge and pumpage, 
annually approximately 8% of the total basin storage and more than half of the pumped 
water and associated salts leave the basin.  
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Some of the extracted municipal pumpage and associated salts (25-30%) are returned to 
the basin in areas where irrigation over the Main Basin takes place. The remainder of the 
pumpage and salts is either used inside the home and then exported as wastewater through 
the LAVWMA pipeline or used for irrigation in fringe basin areas where the applied salts 
do not impact the Main Basin. Some of the mining pumpage is returned to the Main Basin 
through stream recharge but most of this water, along with the salts, leaves the basin and 
valley via stream outflow. 
 
The annual salt loading under 2003 land use conditions is 5,000 tons per year, an increase 
of 2,800 tons over the 1998 salt loading. The major cause for the increase in annual salt 
loading is the cessation of the majority of the gravel mining pumpage and associated salt 
export from the valley. Salt loading is projected to increase to 5,400 tons per year by year 
2010.  
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Salt Management Monitoring Plan  

The SMP includes a Salt Management Monitoring Plan (SMMP) designed to help refine 
the baseline salt loading estimates, particularly from new urban and agricultural irrigation 
in the fringe basins. Seventeen additional monitoring wells and upgraded continuous 
recording surface water monitoring facilities have been identified to supplement 
information provided by existing monitoring program sites. Figure ES-4 shows the 
locations of the existing and new Salt Management Monitoring Plan monitoring sites. 
 
 

Salt Loading Calculations  
 
Since 1974, Zone 7 has computed both an annual and a long-term steady state salt balance 
using a fundamental salt balance equation: inflow of salts dissolved in water minus 
outflow of salts dissolved in water equals the change in dissolved salts in the groundwater 
basin. The actual balance in any one year is not indicative of long-term trends since there 
can be significant storage changes due to change in recharge (e.g., rainfall) and extraction 
components in a given year. The steady state salt balance equations are used in this SMP 
to track long-term expected TDS impacts on the Main Basin. They are also adjusted for 
future land use and operational conditions to evaluate the impacts of alternative salt 
management strategies under year 2010 conditions.  
 
Supply and demand components each have associated TDS concentrations based on the 
given year’s monitoring data, some historic data, and a few assumed (immeasurable) 
values. The salt balance calculations include several fundamental and intentionally 
simplifying assumptions as part of the screening level “spreadsheet” model of the Main 
Basin. Perhaps the most important simplifying assumption is that all salts applied through 
irrigation eventually make their way to the underlying groundwater (while in actuality 
vadose zone processes can delay salt transport for decades). Salts removed by plant uptake 
and by the application of fertilizers are considered negligible. Percolate quality is assumed 
to be primarily a function of the differing percentage of applied water that recharges 
throughout the area due to site specific variations in soil characteristics.  
 
The calculations of main basin water quality assume that the main groundwater basin is 
well mixed. Monitoring and modeling information developed for and presented in this 
SMP support the conclusion that there is significant long-term movement from the upper 
to the lower aquifers in the Main Basin. High TDS (700-2,000 mg/L) irrigation percolate 
that accumulates in the upper (0-150 foot) aquifer and then “leaks” and mixes into the 
lower aquifer is a key source of the Main Basin TDS increases. This upper/lower 
connectivity explains in part why extraction and demineralization (or export) of this high 
TDS shallow groundwater can provide significant long-term salt management benefits. 
The same benefits would also result from extraction of high TDS shallow groundwater 
(e.g., Dublin Sub-basin) that would otherwise enter the Main Basin as subsurface inflow. 
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Recycled Water  

Numerous studies of potential recycled water use have been conducted but relatively little 
recycled water has been used directly to date in the valley. This is due in part to concerns 
about potential impacts from the elevated TDS levels in recycled water (versus potable 
water) on groundwater TDS concentrations. Zone 7, Livermore, and Dublin San Ramon 
Services District (DSRSD) conducted a valley-wide water recycling study (Livermore-
Amador Valley Water Recycling Study—May 1992) and found that properly treated 
recycled water can provide a safe and cost effective new source of additional water supply 
and wastewater disposal capacity for the valley. The study also found that use of 
demineralized recycled water could help improve the salt balance and groundwater 
quality. Zone 7 subsequently adopted Resolution No. 1548, which affirmed the 
conclusions of the May 1992 Water Recycling Study and stated Zone 7’s intent to work 
cooperatively with Livermore, DSRSD, and other entities to encourage the proper and 
orderly development of water recycling projects in a manner that would avoid degradation 
of groundwater quality.  
 
In December 1993, the Regional Water Quality Control Board (RWQCB) issued a Master 
Water Recycling Permit (Order No. 93-159) to Zone 7, DSRSD, and Livermore. A key 
permit requirement was the development and implementation of a Salt Management Plan 
to fully offset both current salt loading from natural sources and operations, and any future 
salt loading associated with new recycled water use. The permit, through the SMP, 
provided the framework within which local decisions could thereafter be made 
determining the quality, quantity and location of permitted recycled water use.  
 
Furthermore, the RWQCB 1995 Basin Plan Implementation Plan acknowledged the 
balancing of uses that needs to occur in managing the Livermore-Amador Valley 
groundwater basin:  
 
“... The Regional Board supports efforts to concurrently improve the salt balance in the 
Main Basin, to improve the local water supply, and to reduce the need for wastewater 
export through recycled water irrigation, groundwater recharge, and other basin 
management practices.”  
 
The Basin Plan supported the use of a “mass-balance approach in assessing cumulative 
impacts” for the SMP. This mass-balance approach has more commonly been called the 
“salt bubble” approach and was fundamental to the SMP and its salt management 
strategies. The salt balance calculation is the mass balance calculation that determines the 
long-term impacts. 
 
 

Salt Management Plan Goals  

The SMP was developed during 1994-1999 through a cooperative effort involving Zone 7 
staff, Zone 7 consultants, the Technical Advisory Group (TAG) comprised of local water 
retailers, and the Zone 7 Groundwater Management Advisory Committee (GMAC) 
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comprised of local citizens. In consultation with the above advisory groups, a series of 
policy goals were developed for the SMP to help guide the development and refinement of 
various salt management strategies. The policy goals were also recommended for Zone 7 
adoption and inclusion in the annual operations plan to help guide the use of available 
surface and groundwater supplies and treatment facilities (e.g., demineralization).  
 
The SMP 1999 policy goals are as follows:  
 

• Offset the current (1999) 2,200 tons per year of salt loading plus the 
approximately 50 tons per year of projected annual increase.  

• Maintain or improve groundwater mineral quality.  
• Maintain or improve delivered water quality.  
• Provide comparable delivered water quality to all water retailers.  
• Provide a mechanism for full mitigation of all salt loading associated with 

recycled water use. 
• Minimize total operations and maintenance costs through an adaptive 

management process.  
 
Over several years during which the SMP was being developed, the scope broadened 
beyond that outlined in the Master Permit. The resultant effort and product in many ways 
more closely resemble an overall watershed water resource management plan than simply 
a Main Basin salt management plan. In particular, at the request of the retailers, a 
considerable effort was devoted to evaluating the impacts of the salt management 
strategies on delivered water quality. The Visual Modflow computer groundwater model 
was further refined to compute future water quality at each production well. The water 
system operations model (WRMI) was developed and calibrated to provide better 
estimates of impacts on individual wells and delivered water quality at each Zone 7 
turnout under alternative operational and salt management strategies. The WRMI model 
calculated monthly water quality at each turnout over an extensive 75-year hydrologic 
period. 
 
 

Year 2010 Salt Management Strategies  

Reducing net salt loading requires reducing the import of salts and/or increasing the export 
of salts. The SMP evaluates over twenty alternative individual and composite salt 
management strategies based on their compliance with the SMP policy goals. These 
include their ability to fully offset the projected year 2010 salt loading of 5,400 tons/year, 
operational costs, and impacts on delivered water quality. 
 
The SMP focuses primarily on strategies that would only require use, or increased use of, 
existing and already planned Zone 7 facilities. Among the key individual conceptual salt 
management strategies are:  
 

• Conjunctive use via stream recharge—Contrary to historic basin management, 
this strategy would maximize the amount of groundwater delivered to customers 
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and, to the extent practicable, allocate more local and imported surface water for 
stream recharge, thereby “flushing” the basin with lower TDS water. 

• Conjunctive use with ASR wells—Aquifer storage and recovery (ASR) wells are 
capable of pumping groundwater from and injecting surface water into the 
groundwater basin. Under this strategy, low TDS treated surface water would be 
injected for about six months (winter) and subsequently extracted for six months 
(summer). This strategy would maintain and, in average to wet years, improve 
delivered water quality by creating bubbles of low TDS water around Zone 7’s 
wells. This strategy, however, does not directly impact the salt balance. Zone 7 
testing has identified potential clogging problems that may limit the feasibility of 
ASR operation.  

• Seasonal groundwater export—This strategy consists of pumping high TDS 
shallow groundwater to the creeks during wet season periods if it did not adversely 
impact in-stream and downstream beneficial uses. To implement this strategy, 
various agency approvals and close coordination with Alameda County Water 
District operations would be required. Additional water would need to be procured 
to replace the water “lost” due to export. 

• Wellhead demineralization — This strategy consists of groundwater 
demineralization at the point of extraction. For the SMP, demineralization is 
assumed to include a reverse osmosis membrane-based treatment system 
producing water in the 100 mg/L TDS range. The product water would be blended 
with non-demineralized groundwater and/or surface water prior to delivery to 
achieve a target delivered water TDS or hardness and to reduce aggressiveness to 
distribution pipelines. Demineralizing shallow high TDS water that could 
otherwise migrate vertically over time and degrade the lower aquifer would 
maximize salt removal benefits and minimize costs. 

• Demineralized recycled water injection—This strategy is based on the City of 
Livermore’s and DSRSD’s potential projects as originally designed to inject 
demineralized recyled water into the groundwater basin. Both projects were 
designed to produce product water that meets all drinking water requirements and 
have less than 100 mg/L TDS prior to injection. 

• Conjunctive use with Chain of Lakes (2005)—Similar to conjunctive use via 
stream recharge, this strategy consists of allocating local and imported surface 
water for recharge in the Chain of Lakes. 

• Delta fix (future)—This strategy refers to the  State and Federally sponsored 
CalFed Bay-Delta Program’s proposed projects to solve multiple Bay-Delta water 
quality, quantity, resource, and environmental problems. Of interest for the SMP 
are options which, if implemented, would result in higher quality (lower TDS) 
Delta water being conveyed to the State Water Project and thus to Zone 7 and 
other municipalities throughout California. 

 
A composite strategy that includes more than one strategy offers a more flexible and 
potentially cost-effective approach. For example, a composite strategy could be comprised 
of a blend of seasonal groundwater export, conjunctive use and demineralized recycled 
water recharge. Initially, all SMP strategies included the use of 6 TAF of Reverse Osmosis 
(RO) recycled water injection. Following public concerns in 1998 about the acceptability 
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of RO recycled water injection, an additional subset of strategies was developed without 
RO recycled component. The current recommended strategy does not include RO 
recycled water injection. 
 
Table ES-2 presents the salt management strategies evaluated for projected year 2010 land 
and water use conditions. Baseline conditions are established by Strategy 1A. If 
implemented, Strategy 1A would continue Zone 7’s historical operational practice of 
maximizing surface water deliveries and pumping groundwater only for peaking and 
drought conditions. Under this “status quo” strategy and year 2010 conditions, an average 
salt loading of 5,400 tons/year and delivered water TDS of 275 mg/L would result. 

 
A screening for technical feasibility, timeline, economics, delivered water quality, 
including public and institutional acceptance, showed that only Strategy 15 could 
successfully pass all feasibility screening criteria (Section 9.6). Strategy 15 consists of a 
combination of conjunctive use and 5,000 AF of high TDS shallow groundwater wellhead 
demineralization (WHD). Detailed modeling analyses (Chapter 10) confirmed that 
Strategy 15 would provide the projected benefits to municipal groundwater and delivered 
water quality, and would eliminate the positive net salt loading in the Main Basin. 
Delivered water quality would be maintained at the baseline level of 275 mg/L. 

 
Table ES-3 shows the difference in municipal groundwater quality (TDS) from using 
Strategy 15 versus Strategy 1A. It is clear that after 25 and 50 years of operation under 
Strategy 15, groundwater TDS would be improved at all listed locations except at well 
CWS#10, which is located in the Mocho II Sub-basin. This happens because recharge and 
pumping conditions in the Mocho II Sub-basin remain the same under both strategies. The 
modeled groundwater TDS for the lower aquifer after 25 years of operating under 
strategies 1A and 15 are mapped in figures ES-7 and ES-8, respectively. When comparing 
the figures, it is clear that the area of the basin with groundwater TDS below 500 mg/L 
would be significantly larger under Strategy 15. The Bernal Sub-basin lower aquifer and 
western portion of the Amador aquifer would benefit most under Strategy 15. Most of the 
Main Basin lower aquifer would stabilize near or below 500 mg/L. 

 



Table ES-2
SUMMARY OF SALT BALANCE STUDIES AT 2010 CONDITIONS

LONG TERM AVERAGE

Vadose Demineralized Salt Mgt. Conj. Total Net Net Projected TDS of Incremental Operational
Zone Municipal Use GW Zone 7 GW Salt Increase GW TDS Zone 7 Cost

Study Attenuation Pumpage Pumpage Pumpage Loading In TDS After 10 Deliveries Per year Per Acre-foot
No. Name Credit TAF TAF TAF Tons/Yr mg/l/year Years mg/l of TW Delivery

CURRENT 450
1 Status Quo NONE NONE NONE 12 3100 10 550 300 $0 $0

6 TAF RO RW INJECTION (1)

1A Status Quo
NO RO RW INJECTION NONE NONE NONE 7.5 5400 18 630 275 $0 $0

1B Status Quo
3640 AF RO RW INJECTED NONE NONE NONE 10.4 5000 17 620 270 $0 $0

PLUS 20% MORE GW PUMPED FOR AG

2 DELTA FIX NONE NONE NONE 12 0 0 450 180 $0 $0
100mg/l SBA water quality

3 15% ATTENUATION 15% NONE NONE 12 2000 7 520 300 $0 $0

4 30% ATTENUATION 30% NONE NONE 12 1000 3 480 300 $0 $0

5 INCREASED NONE NONE 16 28 800 3 480 360 $760,000 $10
GW PUMPING FOR
CONJUNCTIVE USE

6 NONE NONE 22 34 0 0 450 390 $1,100,000 $20

7 DEMINERALIZE ZONE 7 NONE 13 NONE 12 1700 6 510 210 $5,473,000 $100
GW PUMPAGE

DEMINERALIZE ZONE 7,
8 CWS & PLEASANTON NONE 20 NONE 12 900 3 480 210 $8,420,000 $160

GW PUMPAGE

9 NONE 19 7 19 100 0 450 212 $8,333,000 $160
COMPOSITE OF

CONJUNCTIVE USE
10 & DEMINERALIZATION NONE 10 16 28 -100 0 450 250 $4,968,000 $90

OF GW PUMPAGE

Table ES-2
 (Page 1 of 2)



Table ES-2
SUMMARY OF SALT BALANCE STUDIES AT 2010 CONDITIONS

LONG TERM AVERAGE

Vadose Demineralized Salt Mgt. Conj. Total Net Net Projected TDS of Incremental Operational
Zone Municipal Use GW Zone 7 GW Salt Increase GW TDS Zone 7 Cost

Study Attenuation Pumpage Pumpage Pumpage Loading In TDS After 10 Deliveries Per year Per Acre-foot
No. Name Credit TAF TAF TAF Tons/Yr mg/l/year Years mg/l of TW Delivery

11 NONE 5 5 17 -2200 -7 380 270 $2,351,000 $40
(Demin 1000 mg/l

COMPOSITE OF GW pumpage
CONJUNCTIVE USE to 100 mg/l)

& DEMINERALIZATION
11A OF SHALLOW GW PUMPAGE NONE 1.5 10 22 0 0 450 320 $1,091,500 $20

(Demin 1000 mg/l
GW pumpage
to 100 mg/l)

11B NONE 3 3 15 0 0 450 277 $1,383,000 $30
(Demin 1000 mg/l

GW pumpage
to 100 mg/l)

12 COMPOSITE OF
ATTENUATION, 15% 1.5 10 22 -1200 -4 410 320 $1,077,500 $20

CONJUNCTIVE USE (Demin 1000 mg/l
& GW DEMINERALIZATION GW pumpage

to 100 mg/l)

ZONE 7 GW (1000TDS) PUMPAGE TO
13 ARROYO MOCHO (EXPORT)  WHEN NONE NONE Average 3.6 TAF 15.6 0 0 450 300 $404,000 $8

GW STORAGE IS ABOVE 200 TAF Seasonal GW
Export

13A ZONE 7 GW (1000TDS) PUMPAGE TO NONE NONE Average 1.5 TAF 13.5 1730 6 510 300 $169,000 $0
ARROYO MOCHO (EXPORT) WHEN Seasonal GW
GW STORAGE IS ABOVE 200 TAF Export

COMPOSITE OF RO RW, NONE 4.6 4 14.3 0 0 450 250 $2,096,600 $40
14 ASR CONJUNCTIVE USE (Demin 1000 mg/l

& DEMINERALIZATION GW pumpage
OF GW PUMPAGE to 100 mg/l)

ASR RO RW PUMPAGE FOR AG USE

14A COMPOSITE OF RO RW NONE 3.8 4 14.3 0 0 450 255 $1,759,800 $30
ASR CONJUNCTIVE USE (Demin 1000 mg/l
& DEMINERALIZATION GW pumpage

OF GW PUMPAGE to 100 mg/l)
ASR RO RW PUMPAGE FOR URBAN IRRI.

15 COMPOSITE OF NONE 5 8.5 16 0 0 450 270 $2,607,000 $50
CONJUNCTIVE USE (Demin 1000 mg/l

& DEMINERALIZATION GW pumpage
OF GW PUMPAGE to 100 mg/l)

NO RECYCLED WATER INJECTION

Assumptions:
1.  All studies incIude 6 TAF/YEAR of RO recycled water (RW) injection except Study 1a & 15  have no RO RW water injection and studies 14 & 14a

 have 3640 af of demineralized RW  injection.
2.  All studies do not include salt loading due to future development outside the main basin or new recycled water irrigation water use.
3.  Incremental operational cost is based upon total  treated water deliveries (45,100 AF Zone 7 plus 7,214 AF GPQ pumpage) .

Table ES-2
(Page 2 of 2)
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Table ES-3: Strategy 15 Versus Strategy 1A Groundwater  Model Simulation Results
Municipal Wellfield Groundwater Quality (TDS) at Select Locations

Wellfield or Well Name After 25 Years Change After 50 Years Change
Zone 7 Hopyard Welfield (Hop-9) 300 -250 260 -410
Zone 7 Mocho Wellfield (Mocho 2) 420 -60 400 -80
Zone 7 Stoneridge Wellfield 570 -10 550 -50
Pleasanton # 5 490 -10 430 -50
Pleasanton # 8 390 -50 390 -60
CWS # 10 570 50 550 10
CWS # 24 380 -20 390 -20
SFWD Wellfield 510 -130 490 -320
Future Bernal Wellfield
(Laguna South - Shallow Aquifer) 720 -160 760 -220

Groundwater TDS and Change from Strategy 1A, mg/L

 
 

 

Cost Allocation   
 
By late 1998, the TAG and GMAC agreed to support the cost allocation approach of 
having Zone 7 fund annual salt management O&M costs via the treated water rates to 
offset the existing 2,200 tons/year salt loading (Section 11.3). The majority recommended 
that it made the most sense economically and administratively to not attempt to 
differentiate between sources of salts and let Zone 7 manage future salt loading by 
expanding the approach adopted to manage current salt loading. A methodology for 
calculating individual project salt loading was developed in the SMP. This provides the 
framework under which future salt loading could be determined on a project-by-project 
basis and/or where salt management projects can be conducted by agencies other than 
Zone 7 and generate salt “credits”. 
 
 

Near-Term Salt Management Strategies  

Zone 7 staff, in consultation with the TAG and GMAC, decided in early 1999 to develop a 
revised set of salt management strategies that could be implemented in the near term (i.e., 
in 2000-2002) rather than in year 2010. These near-term strategies were the strategies 
previously identified and screened for year 2010 conditions (Section 9.6), but scaled down 
for the current 2,200-tons/year loading conditions. Letter suffixes (e.g., 15A) are variations 
of the same basic year 2010 strategy. The near-term salt management strategies and 
implementation plan are detailed in Chapter 12. 

From among the 2010 strategies, seven near-term salt management strategies believed to 
be feasible were identified. These are listed in Table ES-4. The values in the table were 
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calculated as if the strategies were to be implemented under year 2000 loadings, treated 
water deliveries, and costs. The unit O&M costs and salt removal capability assumptions 
used to develop these near-term strategies were the same as described in detail in Section 
8.14. As previously indicated, the TAG and GMAC agreed to support the cost allocation 
approach of having Zone 7 fund annual salt management O&M costs via the treated water 
rates to offset the existing 2,200 tons/year salt loading (Section 11.3). Therefore, 
incremental operational costs in Table ES-4 are also expressed as a percentage increase in 
treated water rates, based on an assumed annual water usage of 1/2 acre-foot per 
household. 

 

 

 

The above (seven) individual and composite year 2000 strategies are compared in figures 
ES-9 and ES-10. Figure ES-9 presents four parallel bar charts. The first (uppermost) bar 
chart series presents the ratio of surface water to total groundwater delivered by Zone 7 
under each of the seven strategies. The second graph presents every strategy’s resultant 
minimum and maximum monthly average TDS (12 month average), and the overall 
annual average TDS of Zone 7 deliveries (i.e., three bars per strategy). The third graph 
presents the annual average salt loading (in tons) remaining after implementation of each 
strategy. The fourth (bottom) graph presents the incremental O&M cost per acre-foot of 



Figure ES-9

COMPARISON OF STRATEGIES FOR 2000-2002 IMPLEMENTATION

CU = CONJUNCTIVE USE,  WHD= WELL HEAD DEMINERALIZATION Most economical that meet
RW RO= RECYCLED WASTE WATER RO, PENDING PUBLIC ACCEPTANCE salt loading and delivered
AF= ACRE-FEET, TAF=THOUSAND ACRE-FEET water TDS goals.
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NOTE:
1) Assuming that 75% of the time the  Stoneridge pumpage will be diverted to East (to CWS & Livermore) by closing rate control valve in X-valley pipeline.
2) Assuming that all the other GW pumpage (GW, WHD & ASR) is delivered to Pleasanton and DSRSD (prorated by delivery amount) . 
3) Assumes Stoneridge pumpage at 400 mg/l and all other Zone 7 pumpage at 450 mg/l, Well Head Demineralization to 100 mg/l.
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Zone 7 deliveries (i.e., increase in treated water rates attributable to salt management). 
Figure ES-10 compares the annual average TDS of Zone 7 deliveries to individual 
retailers between status quo operation (i.e., Strategy 1A) and  two composite strategies.  
 
Comparison of the strategies indicates the following: 
 

• Strategy 1A (Status Quo)—This strategy minimizes operational costs but fails to 
achieve any other SMP goals. Under this strategy, treated water rates would not 
increase.  

• Strategy 5A (Minimum Conjunctive Use)—This reduces salt loading by about 
600 tons/year (28%), but it increases the annual average TDS of Zone 7 delivered 
water by about 3%. Under this strategy, treated water rates would increase by 
0.8%. 

• Strategy 6A (Major Conjunctive Use)—This is minimum cost strategy and is salt 
neutral. However, it would significantly increase the TDS of Zone 7 deliveries, 
particularly to the west side of the valley, which contradict SMP goals.  Under this 
strategy, treated water rates would increase by 3.8%. 

• Strategy 15A (Wellhead Demineralization)—This salt neutral strategy would 
decrease the TDS of blended Zone 7 deliveries, particularly to the west side of the 
valley. However, it is the highest cost near-term salt neutral strategy. Under this 
strategy, treated water rates would increase by 5.5%. 

• Composite of 5A and 15A (Minimum Conjunctive Use and Wellhead 
Demineralization)—This is the most economical near-term strategy that satisfies 
all salt management criteria. Under this strategy, treated water rates would 
increase by 4.4%. 

• Composite 5A, 15A and 17A (Minimum Conjunctive Use, Wellhead 
Demineralization, and RO Recycled Water Stream Recharge)—This strategy 
could satisfy all salt management criteria and would be slightly less expensive 
than the composite 5A/15A strategy. Under this strategy, treated water rates would 
increase by 4%. If the RO recycled water stream recharge component did not 
occur or were postponed, wellhead demineralization would need to be increased, 
and it would effectively make this strategy the same as the composite 5A/15A 
strategy. 

• Composite 6A and 15A (Major Conjunctive Use and Wellhead 
Demineralization)—Groundwater quality would improve most rapidly under this 
strategy but delivered water quality would degrade. This is the highest cost near-
term strategy. Under this strategy, treated water rates would increase by 9.3%. 

 
Several of the 2010 strategies passed the feasibility screens (technical, timeline and water 
quality), except for public and institutional acceptability. If regulatory and/or perception 
barriers are overcome, at least some of these strategies could also potentially be 
implemented before 2010. A select group of what appeared to be the more promising of 
these other strategies were scaled down to current 2,200 tons/year loading and were 
named potential near-term strategies. Eleven potential near-term salt management 
strategies were identified based on a Delta fix, RO recycled water injection, seasonal 
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groundwater export, Lake G recycled water storage and irrigation, and RO recycled water 
stream recharge. These strategies are discussed in Section 12.3. 

Zone 7 staff, in consultation with the TAG and GMAC, developed a recommended near-
term implementation plan (Section 12.4) out of the near-term strategies evaluated. The 
plan included recommended policy goals and a three-year phased implementation of 
increased conjunctive use, wellhead demineralization with brine export, and potential 
demonstration scale RO recycled water stream recharge. The plan also identified how 
annual salt management decisions would be made via an adaptive management process 
and integrated into Zone 7’s annual operations plans. 

 

Adaptive Management  

Zone 7’s annual operations plan has been expanded to incorporate the SMP goals and an 
adaptive management process. This means that when all the facilities are in place to fully 
implement the SMP, each year staff will review the projected water supply forecast, 
retailer water demands and adopted salt management goals to select the most cost-
effective combination of available salt management tools to be used during the upcoming 
year. Annual operational costs will be estimated and allocated as appropriate during the 
annual water rate setting process. Over time, it is expected that additional strategies may 
become available (e.g., seasonal groundwater export) and Zone 7 will re-evaluate the 
optimum combination of strategies for any given year. Figure ES-11 illustrates Zone 7’s 
proposed adaptive management process through which multiple changing variables will 
be balanced annually to arrive at an optimal operational decision.  
 
The adaptive management approach requires input in four major areas: policy directives, 
available resources and demands, salt loading tracking, and available salt management 
strategies.  
 

• Policy directives include items such as Zone 7 Board decisions/guidance that there 
be no long-term average net salt loading to the groundwater basin and that 
delivered water mineral quality be maintained or improved. 

• Available water resources and demands involve assessing the new water supply, 
demand and groundwater storage conditions at the beginning of each year. This 
basically represents the information tracked and processed by the historic 
operations plan. 

• Salt loading tracking involve collection of data and information from the various 
monitoring programs. The existing monitoring program is sufficient for tracking 
salt loading from existing sources and for existing land use conditions. Future land 
use changes and any increased use of recycled water will require additional 
monitoring to track the resultant salt loading. The Salt Management Monitoring 
Program will provide this new salt loading source information, facilitate tracking 
of salt removal, and provide the information needed to calculate the annual salt 
removal targets for inclusion in the annual operations plan. 
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• Available salt management strategies include all the available salt removal 
strategies and their relative removal capacities. The number and type of strategies 
are expected to increase over time with the facilities owned and operated by    
Zone 7 and others (see tables 12.2 and 12.3).   

 
With adaptive management, factors such as current and projected salt loading, relative salt 
removal costs ($/ton removed), impacts on delivered water quality, and water supply 
conditions, will be evaluated together and the best possible solution that balances the 
competing salt management goals will be incorporated into the annual operations plan. In 
some years, the decision-making may require groundwater modeling or other 
sophisticated prediction methods. 
 
An example of a possible outcome of the adaptive management process is a decision to 
not implement any salt removal measures in a given year and to accrue a salt deficit 
recognizing that it would need to be offset in future years. This may be the case in the 
early years of implementing the SMP when there will be few salt management strategies 
to choose from (e.g., conjunctive use). This outcome could also result during a drought 
when demineralization facilities may not be operated to conserve the water that would 
otherwise be lost as salt concentrate. A similar decision to limit or not operate 
demineralization facilities may be made during periods of limited power supply and/or 
high power cost. Conversely, under very favorable water supply and water quality 
conditions, Zone 7 could choose to implement extra salt removal measures and thereby 
accrue salt credits.  
 
 

Zone 7 Board’s Near-Term Implementation Plan Approval  

The above phased near-term implementation plan was presented to and approved by the 
Zone 7 Board of Directors on August 18, 1999 by Resolution No. 99-2068. The tables and 
figures illustrating the plan contained in Chapter 12 (ES 9-12) are essentially the same as 
those presented to the Board. The Resolution stated the Board’s support for the proposed 
Salt Management Program Implementation Plan and for inclusion of the six policy goals 
in the Zone 7 annual operations plan. The Resolution also authorized the Zone 7 General 
Manager to proceed with the recommended year 2000-2002 Salt Management 
Implementation Plan.  

  
Future Salt Loading  

Main Basin salt loading has been projected to increase from the current (1999) 2,200 
tons/year to 5,400 tons/year by year 2010 (Section 8.9). The upper graph in Figure ES-12 
presents projected future annual salt loading from year 2000 through 2010. This graph 
shows the salt load in tons on the left y-axis and incremental annual O&M cost on the 
right y-axis. The costs shown are based on one strategy and reflect the potential annual 
operation and maintenance (O&M) costs to fully offset each year’s loading, assuming the 



NOTE:  1) Salt load calculation does not include:
a) The impacts of increased future subsurface inflows due to increased agricultural irrigation outside the main basin.
b) The incremental increase in salt loading due to recycled water irrigation over the main basin.

2) Salt removal cost is based upon removal by Shallow Well GW Demin (1 - 4 TAF/Y) and Conjunctive use (3 - 7 TAF/Y) . For any other strategy or
     combination of strategies, the cost will change.
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use of shallow well demineralization (1 to 4 TAF/Y) and conjunctive use (3 to 7 TAF/Y). 
Under any other strategy or composite strategies, the costs would differ. 
 
The lower graph shows the incremental O&M cost per acre-foot of Zone 7 treated water 
deliveries on the left y-axis. The right y-axis shows this cost as a percentage over the base 
treated water rate. For years 2000B2002, the incremental cost would increase from about 
$3/AF/year (first bar on lower graph of Figure ES-12) or $1.50/houseold/year to about 
$25/AF/year (left y-axis) or $12.50/household/year. That would be an increase of about 
5% (right y-axis) over the  Zone 7 1998 base treated water rate ($528/AF).  
 
A major change occurred in year 2003 with the cessation of the majority of the water and 
salt exports by the gravel-mining companies. To remain salt neutral, the SMP will have to 
be expanded to offset an additional 2,800 tons/year of salts. This will cause the 
incremental operational costs to increase by about $50/AF of Zone 7 treated water 
deliveries over base treated water rates. After 2003, the increase in salt loading is projected 
to be gradual, about 50 tons/year or 500 tons by 2010 primarily due to increased urban and 
agricultural development-related irrigation.  
 
Zone 7 treated water deliveries are projected to increase each year successively at least 
through year 2010, increasing the base volume over which to distribute the increased 
O&M costs. Therefore, the incremental operational cost for salt management in 2010 
would stabilize at around $45/AF/year. This represents about an 8% incremental cost over 
the Zone 7 1998 base treated water rate. If any of the other lower-cost salt removal 
strategies become feasible in the future, they will be integrated into the annual operations 
plan as part of the SMP adaptive management process and operational costs will be 
reduced.  
 
These future salt loading estimates do not include impacts of potential increased future 
subsurface inflow or surface water runoff due to increased agricultural irrigation outside 
the Main Basin (to be tracked via the Salt Management Monitoring Plan). However, the 
potential loadings due to increases in subsurface flow are believed to be minimal and the 
effects of these impacts would not be seen for many decades due to the various geologic 
barriers between the fringe and the Main Basin (as documented in Chapter 3). The 
estimates shown also do not include any incremental increase in salt loading due to new or 
retrofit recycled water irrigation projects impacting the Main Basin. New and/or expanded 
salt management strategies and facilities will need to be implemented to offset these future 
potential salt sources to comply with the SMP goal of fully offsetting net salt loading.  
 
 

SMP Next Steps  

Zone 7 began implementing the SMP in the year 2000 by increasing conjunctive use 
(Strategy 5A). Zone 7 has wellhead demineralization facilities scheduled within its Capital 
Improvement Program (CIP). Further planning studies have been conducted that verified 
the feasibility of shallow groundwater demineralization as described in this SMP. Those 
studies also investigated, in more detail, alternative sites for the demineralization facilities. 
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A well master plan is being prepared that will in part also evaluate sites for shallow 
groundwater wells. Negotiations are continuing with DSRSD and Livermore on use of the 
LAVWMA facilities for RO concentrate disposal. Zone 7 has completed a Water Quality 
Master Plan. The SMP goals and operations have been integrated into and coordinated 
with the Water Quality Master Plan goals. 
 
Given enough public support, Zone 7 and Livermore could begin exploring in more detail, 
summertime stream recharge with demineralized recycled water in the Arroyo Mocho 
near Isabel Avenue (strategies 17A and 17B). Zone 7 will continue discussions with 
Alameda County Water District on possible operational agreements that would identify 
conditions under which it would be acceptable for Zone 7 to conduct seasonal high TDS 
groundwater export (strategies 13B, 13C, and 13D). Zone 7 will contact the RWQCB to 
determine what type of permit, if any, is required to carry out this activity. 
 
Zone 7’s submittal of this SMP (Reference S) to RWQCB staff documents Zone 7’s long-
term plan and strategy for managing  salts and mineral water quality within the 
Livermore-Amador Valley groundwater basin to promote the wise use of all water 
resources and to protect the long-term sustainable quality of potable water delivered 
within the valley. 
 



ZONE 7 OF ALAMEDA COUNTY FLOOD CONTROL AND WATER CONSERVATION DISTRICT  
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