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1 Introduction

This Groundwater Monitoring Protocol Manual describes monitoring objectives, data and
reporting standards, and monitoring protocols for the Ukiah Valley Groundwater Basin (UVGB)
CASGEM network (Appendix C). The UVGB boundary as defined by the Department of Water
Resources is demonstrated in Appendix B. The UVGB Groundwater Sustainability Agency
(GSA) is a developing local agency permitted to regulate groundwater use in the Ukiah Valley.
The Sustainable Groundwater Management Act (SGMA) mandates the creation of GSAs and
Groundwater Sustainability Plans (GSP) for medium and high priority groundwater basins. The
UVGB has been designated as a medium priority groundwater basin and is required to develop a
GSA and a GSP. One component of a GSP involves the development of a Monitoring Protocol
Manual for groundwater wells. There are currently 39 groundwater monitoring wells in the
UVGB in the California Statewide Groundwater Elevation Monitoring (CASGEM) program.
This document describes the background of the UVGB monitoring network, monitoring
frequency protocols, field methods, data gaps, and reporting guidelines to aid in the
characterization of long-term, short-term, and seasonal trends in both groundwater heads and
surface water-groundwater interactions. Bi-annual monitoring is deemed adequate to

demonstrate short-term, seasonal, and long-term trends.

The UVGB GSA will work with the Mendocino County Water Agency (MCWA) and the
Mendocino County Resource Conservation District (MCRCD) to integrate the updating
processes of California Statewide Groundwater Elevation Monitoring (CASGEM) program,
which is administered by the California Department of Water Resources (DWR), and the GSP
Historical Groundwater Elevation Database. Pursuant to requirements of the CASGEM program
and regulations set forward by SGMA, the developing GSA is submitting this Groundwater
Monitoring Protocol for Ukiah Valley Groundwater Basin, which describes the monitoring well
network and the frequency and methods with which the Agency plans to conduct its monitoring
efforts. Under this Plan, the MCRCD will act as the central clearinghouse for groundwater data

collected by cooperators in the County.



1.1 Groundwater Monitoring Background

The Mendocino County Water Agency (MCWA) began involvement in ground water
resources in 1993 by contracting with the USGS to conduct ground water monitoring in
Redwood Valley as part of a ground water resources reconnaissance project and to ascertain the
possible location of a surface reservoir for the valley. MCWA contacted other water agencies in
the area after SBX 7 6 was passed, seeking collaboration and the Mendocino City Community
Services District (MCCSD) and Redwood Valley Community Water District (RVCWD)

responded favorably.

There has been relatively little focus on ground water resources within Mendocino County
and the County does not have a Ground Water Management Plan prior to the development of this
initial Groundwater Sustainability Plan. The primary groundwater studies or actions are the

following:

e “Dry Year Groundwater Monitoring Program Groundwater Level and Quality
Evaluation, Mendocino County, California”, Department of Water Resources, Division of
Integrated Regional Water Management, Memorandum Report, by Chris Bonds, 2011.

e “Groundwater Monitoring Well Installation Dry Year Groundwater Monitoring Program,
Mendocino County, California”, Department of Water Resources, Division of Planning
and Local Assistance, Central District, Technical Memorandum Report, 2003.

e “Ground-Water Resources in Mendocino County, California”, by C. D. Farrar, U.S.
Geological Survey, Water Resources Report 85-4258, 1986.

o “Water Supply Assessment for the Ukiah Valley Area Plan.” Mendocino County Water
Agency. October 20, 2010.

e California Groundwater Bulletin 118

In October 2014, the MCRCD started integrating wells in the Ukiah Valley into the
CASGEM system under contract with MCWA. Initially, advertisements were placed in local

newspapers that requested homeowners and farmers to contribute their wells to the CASGEM



study. In addition, a cold-call list was developed by MCWA and MCRCD of potential well
owners that would be willing to contribute and they were contacted. Recently, advertisements
have been placed in the Farm Bureau and MCRCD newsletters. Other wells owners have added

to their wells to the CASGEM network after being contacted through word of mouth.

1.2 Monitoring Network Data Gaps

Many of the wells proposed for use in the Ukiah Valley Basin have incomplete well
completion data. The mechanism to identify potential wells was the following. Based on Sonoma
County’s experience, an advertisement was placed in the Ukiah Valley Daily Journal newspaper
seeking volunteer wells. The RCD and or the Mendocino County Water Agency then contacted
the responders and asked for additional information. In most cases, the current owners obtained
the property many years or decades after the well was drilled and simply do not have any other
information about the well. The Department of Water Resources was provided the location
information and asked to check their records for more information. Data gaps are present in the
northern, north central, and southern portions of the Ukiah Valley Basin. Data gaps are present in
the Plumb, Wells, McKee, and McLeod wells in which total depth is known but not the screened
interval. The UVGB GSA will continue to try and identify additional suitable wells for
CASGEM that can be added to fill data gaps. Several thousand well completion reports were
provided by the DWR and have been spatially referenced to provide information on well owners
who can be contacted for integration into the CASGEM system. CASGEM Well data gaps were
analyzed based on proximity to tributaries that contribute flow into the Russian River (Appendix
C).

1.3 Ukiah Valley Groundwater Basin Hydrology and Hydrogeology

The UVGB GSA will monitor wells within the Ukiah Valley Groundwater Basin which
includes the City of Ukiah and extending to Redwood Valley. The UVGB is the largest of the

Mendocino County interior valleys and is located in the south-eastern portion of Mendocino



County. This is the highest priority Basin in Mendocino County as it contains the highest
population density, includes the County seat, the largest city in the County, and contains

significant agricultural operations.

The UVGB is approximately 30 miles long and ranges in width from 4 to 6 miles along
the Russian River. Other population centers in the Basin include the communities of Talmage
and Calpella. All communities are served by municipal and community water systems that obtain
water from wells; surplus water from Lake Mendocino augments the water supply for Redwood
Valley (USGS Water-Resources Investigations Report 35-4258, 1986). Rural residents obtain
their water from private domestic wells or springs and irrigation water is obtained from wells and
direct pumping from the Russian River and its tributaries. The Russian River and its tributaries

are listed as full-appropriated in the summer.

Lake Mendocino stores a maximum of 122,500 acre-feet and is located about 4 miles
northeast of Ukiah. The reservoir was created when Coyote Dam was constructed by the Army
Corps of Engineers in 1958 and captures inflows from the East Fork of the Russian River. Eight
thousand acre-feet of this water is currently appropriated for supply to the Russian River Flood
Control and Water Conservation Improvement District (USGS, 1986). The bulk of Lake
Mendocino water is controlled by the Sonoma County Water Agency for use in that County and

for contract with Marin County.

1.3.1 Geology and Groundwater

The following geologic and groundwater information is obtained from the USGS Water-
Resources Investigations Report 35-4258 from 1986. The valley fill occupies about 70 square
miles in Ukiah Valley. The fill has been subdivided into continental basin deposits, continental

terrace deposits and Holocene alluvium.



1.3.2 Continental Basin Deposits

Continental Basin Deposits crop out over about 20 square miles of the valley floor.
Surface exposures are widespread over the northern part of the valley and along the east side of
the valley from Lake Mendocino to about 5 miles north of Hopland. These deposits underlie
younger valley-fill units and, where not exposed at the surface, may be present at depth
throughout most of the remaining area of valley fill. The thickness of continental basin deposits
ranges from O feet near the valley margins to an estimated maximum of 2,000 feet near the valley
axis. This estimate is based on stratigraphic analysis of outcrops, as the deepest wells in this unit

are about 500 feet deep.

These deposits consist of poorly sorted, heterogeneous mixtures of gravel, sand, silt and
clay, with drillers logs indicating clay to be the most abundant constituent of the unit. The clay
occurs as beds and as interstitial material between coarser grains of sand and gravel. The high
clay content and poor sorting result in low permeability within this unit. However, the small
grain size and lack of cementing provide high porosity. Because permeable materials are

interbedded with impermeable clays, ground water occurs under confined conditions.

1.3.3 Continental Terrace Deposits

The USGS Water-Resources Investigations Report 35-4258 from 1986 states that the
Continental Terrace Deposits occupy about 20 square miles of the Ukiah Valley. These rocks are
subdivided into older and younger units based on topographic expression and degree of
dissection. The older deposits are exposed mostly in the northern part of the valley around
Redwood Valley. These deposit ranges in thickness from zero at the valley margins to roughly
25 feet near the axis of the valley. This thin unit is generally unsaturated in the summer and is
therefore not considered an important source of water. The younger terrace deposits out crop
discontinuously along both sides of the valley from Redwood Valley to near Morrison Creek.
Less affected by erosion, the younger terraces are thicker than the older terraces and their
original topographic form is better preserved. The younger terraces consist of gravel and sand,



with silt and clay filling the intergranular spaces. This unit is of low to moderate permeability.
Maximum thickness is difficult to estimate because the unit is generally difficult to distinguish
from the underlying continental basin deposits on drillers’ logs. Maximum thickness may reach

100 feet or more and generally these units are partially saturated during all or part of the year.

The younger terrace deposits are not considered a major ground-water source because
they are relatively thin and have low permeability. Wells completed in terrace deposits generally
yield 1 to 10 gal/min; yields as high as 100 gal/min have been reported. These values are based
on short-term pump tests that may overestimate the long-term yield. Specific capacities
calculated for 25 wells tapping the terraces range from 0.02 to 7.1 gal/min/ft. Of these wells, 17
had specific capacities of less than 1.0 gal/min/ft and only 4 had specific capacities greater than
2.0 gal/min/ft.

1.3.4 Holocene Alluvium

Holocene-age alluvium deposits cover about 30 square miles of the valley floor according
to the 1986 USGS Water-Resources Investigations Report 35-4258. The alluvium is distributed
as narrow bands along tributaries and along the Russian River north of The Forks. The alluvium
occupies broad areas of the floodplain, as much as 2 miles wide, in the Ukiah-Talmage and
Hopland areas. The alluvium of uncemented gravel, sand, silt and clay varies in thickness, with a
maximum of about 200 feet; however, the thickness is generally less than 100 feet. The thickest

section is along the Russian River.

Porosity and permeability are high because the alluvium is generally uncemented coarse-
grained material. The alluvium is the most productive aquifer in the Ukiah Valley and can
provide sufficient water for sustained pumping from municipal and irrigation wells. Well yields
of 1,000 gal/min or greater have been documented. Groundwater in the alluvium occurs under
unconfined conditions. Because the Russian River and tributary streams generally occupy

channels cut into the alluvial deposits, groundwater and surface water are connected.



The permeable alluvium allows infiltration of considerable precipitation, which recharges the
alluvial aquifer and underlying units. During most river stages, water moves from the alluvium
into the Russian River; during high river stage, water moves from the river into the alluvial

aquifer and is held as bank storage. Bank storage is depleted as river stage drops.

1.3.5 Groundwater Availability

There are four categories of available groundwater in the Ukiah Valley. The Type | area
is the most favorable for groundwater development and is underlain by alluvial deposits that
typically provide year round water for domestic use. The Type | area is generally narrow, except
in the central part of the Ukiah Valley, where it broadens to about 2 miles wide, and near
Hopland, where it is about 1.5 miles wide. The Type | areas have been described as producing
100 to 1,000 gal/min (USGS, 1986).

The Type Il areas, distributed along the valley margins, are generally underlain by terrace
deposits or thin alluvium. Wells completed in this unit may yield less than 10 gal/min. Type Il
areas, underlain by thin terrace deposits and continental basin deposits, cover much of the
northern part of the valley and smaller areas along the eastern side of the valley. Wells
completed in this unit generally provide only a few gallons of water per minute. Type IV areas
include all the mountainous terrain around the valley floor and are underlain by mostly
Franciscan rocks. In general, the prospect for obtaining water in these units is very poor.

1.3.6 Estimated Storage Capacity

1986 USGS Water-Resources Investigations Report 35-4258 estimates the Type |
(alluvial fill) total maximum storage capacity as ranging from 60,000 to 120,000 acre-ft. The
Type 1l total maximum storage capacity is estimated as 45,000 acre-ft. Type Il and Type IV
areas were not assessed for storage capacities as these areas have marginal capacities to yield
water to wells. The groundwater reservoir is estimated to be fully recharged each year, except



when precipitation falls below about 60% of normal. After 2 years of drought, the groundwater
system can be fully recharged by 1 year of normal or above-normal precipitation.

2 Monitoring Well Network Objectives

The objective of obtaining historical groundwater data is to characterize long-term
groundwater trends, provide data for surface water-groundwater interaction analysis, provide
observation points for future groundwater model calibration, and provide information for
evaluating hydrologic conditions that may contribute to salmonid kills or be adverse to salmonid
health. Measureable objectives are required per SGMA to ensure that the groundwater basin
reaches sustainable management within 20 years of acceptance of the GSP by the DWR. In the
case of the UVGB, the sustainability indicator is defined by the following (DWR, 2016):

Depletions of Interconnected Surface Water. Monitor surface water and groundwater, where
interconnected surface water conditions exist, to characterize the spatial and temporal
exchange between surface water and groundwater, and to calibrate and apply the tools and
methods necessary to calculate depletions of surface water caused by groundwater
extractions. The monitoring network shall be able to characterize the following:

(A) Flow conditions including surface water discharge, surface water head, and
baseflow contribution.

(B) Identifying the approximate date and location where ephemeral or intermittent
flowing streams and rivers cease to flow, if applicable.

(C) Temporal change in conditions due to variations in stream discharge and regional
groundwater extraction.

(D) Other factors that may be necessary to identify adverse impacts on beneficial uses of

the surface water.

The affected region in the UVGB is near Talmage due to the large concentration of surface

water and underflow well diversions are permitted to extract water near the Russian River. Frost



protection regulations did not include Russian River or tributary diversions north of Coyote
Dam, so it is assumed that those regions will not be the focus of this GSP. Diversions in
Redwood Valley are predominantly based from ponds near tributaries to the Russian River.
Other sustainability indicators are not included as part of the UVGB GSP due to the complete
recharge of the aquifer systems each year water quality is described as “generally good and
suitable for most uses” (USGS, 1986), the aquifer is not adjacent to the ocean, and existing

CASGEM well hydrographs do not demonstrate hydraulic declines over time.

In April of 2008, salmonids were mortally stranded south of the UVGB boundary near
Hopland. Extensive frost protection extractions were occurring in the vineyard areas near the
Russian River in the Ukiah Valley during this time period (SWRCB, 2011a). According to the
State Water Resources Control Board (SWRCB) Environmental Impact Report, naturally dry
conditions and frost protection diversions were the primary contributors to the low water levels
during the 2008 fish kill. The fish kill triggered a new frost protection regulation (Section 862 as
an amendment to Division 3 of Title 23 of the California Code of Regulations) mandated by the
SWRCB after being recommended by the National Marine Fisheries Service (NMFS) (SWRCB,
2011b). The regulations mandate that any “significant” diversions, either surface water or from
hydrologically connected groundwater in aquifers, “shall be considered unreasonable” between
March 15" and May 15™. Since the 2015 frost protection season, the SWRCB mandates that any
frost protection diverters must participate in a Water Demand Management Program. It is
expected that farmers who are extracting groundwater in compliance with their approved Water
Demand Management Program will not contribute to salmon Kills and that additional regulation

as a part of this GSP is not necessary.

Salmonid stranding and death is the primary concern and groundwater regulations should be
implemented to ensure that groundwater extraction does not negatively affect fish health and
passage. Other issues from surface water depletions, such as limiting supply of Russian River
water for Sonoma and Marin Counties, are not noted in the DWR Groundwater Basin
Prioritization description for the Ukiah Valley (DWR, 2014). In addition, Sonoma County Water
Agency (SCWA) controls the releases from Lake Mendocino through operation of Coyote Dam
to satisfy their downstream demands (SCWA, 2016). If salmonid kills occur, or if diversions

cause a decrease in streamflow that causes a potential risk for stranding mortality, corrective



actions must be taken and a corrective action plan must be added to the Water Demand
Management Program submitted to the SWRCB. If salmonid kills are not occurring, then it can
be assumed that the regulations are adequate if not over-intensive. Additional measurable
objectives can be created based on an Instream Flow Incremental Methodology (IFIM) study.
IFIM studies demonstrate habitat requirements for juvenile, fry, and adult salmonids for a
specific stream segment. This criteria can provide minimum flow and minimum stage
requirements for the West Fork of the Russian River and downstream of Coyote Dam that can be
used to identify measurable objectives for the GSP based on Russian River and tributary flow
rates and stream stages. An IFIM study can determine minimum thresholds for flows and the
effectiveness of groundwater regulation can be demonstrated by comparing the flows to the

minimum thresholds.

3 Description of Monitoring Well Network and Monitoring Frequency

The UVGB GSA will monitor 39 wells in the Ukiah Valley Groundwater Basin on a bi-
annual basis. Additional wells are proposed as part of the GSP and contact with well owners will
be made in an attempt to increase the well density of the UVGB monitoring network. The City of

Ukiah will supply data from two wells on a semi-annual basis.

Long term trends will be evaluated semiannually to evaluate the consistency of surface
water-groundwater fluxes and the magnitude of hydraulic gradients between the groundwater
and surface water environments. It is important to gather monitoring data at all groundwater
monitoring wells within a few days in order to generate accurate and representative hydraulic
gradient contour maps for the entire basin. The frequency of monitoring data acquisition for the
UVGB is semiannual and data should be collected in March for the spring and in October for the
fall. Semiannual frequency is expected to be adequate and has been confirmed by Aaron

Cuthbertson: the DWR manager for the Ukiah Valley Groundwater Sustainability Plan.

According to the draft Best Management Practices for groundwater monitoring protocols,
each well must have a unique well identifier written on the well to avoid confusion (DWR,

2016). A reference point must be established for each well and a mark must be made to obtain



consistent data over time. These reference points must be surveyed to the North American
Vertical Datum of 1988 by a licensed surveyor.

4  Field Methods

The well locations were surveyed by DWR Central District staff using Global Positioning
System equipment. The coordinate system is Universal Transverse Mercator (UTM) Zone 10,
North American Datum (NAD) 1927, in meters. The ground surface elevations at each well site
were estimated based on interpolation between known contours on a U.S. Geological Survey
(USGS) 7.5-minute quadrangle topographic map of each area. All of the wells monitored by
MCWA are observation wells with no pumps installed, so all readings record static conditions.

The procedure is described by the following:

e Open the locked steel casing.

e Remove the 2” PVC cap to access the well.

e Allow adequate time (approximately 10 minutes [DWR, 2016]) for hydraulic equilibrium
to occur prior to taking measurements in wells that have different pressure than the
atmosphere. Variation in hydraulic head in wells can generate suction or positive

pressure.

e Wipe the Solinst Water Level meter with alcohol solution.

e Groundwater level is determined manually in each well by inserting a Solinst Water
Level Meter which emits an audible tone when water is encountered. Each observation

well has a permanent mark where each measurement is taken.

e When three consecutive measurements are identical, record the distance to water and
replace the well cap and close and lock the well casing.



e The Solinst probe is wiped with an alcohol solution prior to obtaining a reading in a

different well.

e All data are collected in the field by the same staff person and entered into an Excel
spreadsheet in the office by the same person and then provided to the DWR.
Groundwater elevation is computed by subtracting the depth to water in the well from the

well reference point.

e Data records should include the well identification number, date, time, depth to water,
reference point, groundwater elevation, and a notes section with pertinent information

regarding data accuracy.

Manuals for use and calibration of field monitoring equipment are presented (Appendix K).
Currently, wells SV-1, SV-2A and SV-2B have In-Situ dataloggers set for 15-minute intervals.
The location of the continuous recording dataloggers has changed over time and may change in
the future. The groundwater depth recorded by the continuous dataloggers is compared to the
manual reading obtained with the Solinst Water Level Meter, and if the results are more than 0.2’
different, the pressure transducer is re-calibrated to match the manual readings. The pressure

transducer manual is located at the RCD office in Ukiah.

It is important to gather monitoring data at all groundwater monitoring wells within a few
days in order to generate accurate and representative hydraulic gradient contour maps for the
entire basin. The frequency of monitoring data acquisition for the UVGB is semiannual and data
should be collected in March for the spring and in October for the fall.

5 Groundwater Monitoring Data Reporting

Groundwater monitoring data is obtained in the field and is input into both the CASGEM
monitoring system and the Historical Groundwater Elevation Database for submission to the
DWR. Russian River stage at nearby gauge locations at the time of groundwater well data

acquisition should be obtained and input into the Historical Groundwater Elevation Database for



future data analysis. The Historical Groundwater Elevation Database will be located with
MCWA. Table 1 demonstrates the nearest gauge and the distance to the gauge from the
CASGEM well. The Historical Groundwater Elevation Database will be submitted as a

component of the annual GSA report to the DWR.

Table 1 - CASGEM Well and Streamflow Gauge Correlation

CASGEM Well ID Distance to Gauge (ft) Gauge Name

NMFS WEST BRANCH RUSSIAN
392606N1232098W001 1,748 RIVER

NMFS WEST BRANCH RUSSIAN
392455N1231977W001-W003 4,927 RIVER

NMFS WEST BRANCH RUSSIAN
392358N1232020W001 8,317 RIVER

USGS 11461000 RUSSIAN R NR
391917N1232000W001 850 UKIAH CA

USGS 11461000 RUSSIAN R NR
391860N1232039W001 3,894 UKIAH CA
391482N1231810W001 4,289 RR-SFG-1 (Russian River)
391334N1231885W001 1,084 RR-SFG-2 (Russian River)
391322N1231929W001 2,305 RR-SFG-2 (Russian River)
391304N1231929W001 2,751 RR-SFG-2 (Russian River)

USGS 11462080 RUSSIAN R NR
391174N1231836W001 3,041 TALMAGE CA
391086N1231710W001 1,509 AG-SFG-1 (Howell Creek)

The proposed streamflow gauges in the Russian River provide four additional data points for
surface water-groundwater interaction analysis. These gauges will also enhance the

understanding of surface water-groundwater fluxes over a given segment of river.



6 Surface Water — Groundwater Interaction Data Reporting

Surface water-groundwater interaction can be characterized by comparing the hydraulic
head in monitoring wells to the stage of the Russian River. Six CASGEM wells are located near
the Russian River and existing streamflow gauges. Five other CASGEM wells are located near
the Russian River and proposed streamflow gauge locations. Most of the wells are near the town
of Talmage in the vineyard and pear orchard areas. The current most useful well for quantifying
surface water-groundwater interaction is 391917N1232000W001, due to its close proximity to
both the river and the streamflow gauge. CASGEM well 391086N1231710WO001 is located near
Howell Creek and can be correlated with the proposed streamflow gauge AG-SFG-1 on Howell
Creek. Table 2 describes the distance between the CASGEM well and the river, as well as the
height above the river of the top of the well casing and the expected surface water-groundwater

correlation at that point.

The surface water-groundwater correlation factor demonstrates the expected response in
change in river stage due to groundwater extraction from underflow wells near the river. Using
an equation relating the radius of influence of a well to the transmissivity, storativity, and time of
pumping, it was found that the radius of influence for a 400 gpm well in the Ukiah Valley is
2,000 feet using a typical transmissivity for the Ukiah Valley (Bear, 1979). This value represents
the distance that it is expected where the drawdown from the well will go to zero. Drawdown has
concave form, and the magnitude decreases quickly as the distance from the center of the well
increases. It is therefore expected that frost protection wells within 500 feet of the River will
generate noticeable variation in the hydraulic contribution or deficit in the river. Frost protection
wells between 500 feet and 1,000 feet from the Russian River or its tributaries are provided with
a medium correlation factor, and frost protection wells greater than 1,000 feet from the Russian

River or its tributaries are provided with a low correlation factor.

Table 2 - CASGEM Well Proximity to Russian River

Distance to | Expected SW-GW | Height Above

CASGEM Well ID River (ft) Correlation River (ft)

392606N1232098W001 1,294 Low 182

392455N1231977wW001-W003 1,005 Low 37




CASGEM WA ID | D0 | el WS gt A
392358N1232020W001 586 Medium 26
391917N1232000W001 271 High 22
391860N1232039W001 945 Low 15
391482N1231810W001 87 High 1
391334N1231885W001 156 High 1
391322N1231929W001 1,228 Low 1
391304N1231929W001 772 Medium 1
391174N1231836W001 832 Low 1
391086N1231710W001 1,509 Low 12

It should be noted that the monitoring wells are not necessarily extraction wells, and that
the locality to underflow pumping centers must be evaluated. CASGEM well
391334N1231885W001 can be used to correlate surface water and groundwater hydrologic
connectivity given that the RR-SFG-2 streamflow gauge is installed. Groundwater discharge to
the river is expected during times when the hydraulic head elevation is greater than the river
stage, and vice versa when the river stage elevation is greater than the well hydraulic head. The
time and date must be recorded during acquisition of CASGEM well monitoring data in order to
correlate the streamflow stage. Both the CASGEM well hydraulic head and the river stage
should be recorded in the Historical Groundwater Elevation Database that manages the

monitoring data.
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8 Appendix B — Overview Map of Ukiah Valley Groundwater Basin



Figure 1 — Ukiah Valley Groundwater Basin Boundary Map
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9 Appendix C — Map of CASGEM Well Locations and Data Gaps



Figure 2 — Ukiah Valley Groundwater Basin CASGEM Well Network Map

There are currently 38 groundwater monitoring wells in
the Ukiah Valley Groundwater Basin (UVGB) in the
California Statewide Groundwater Elevation Monitaring
(CASGEM) program. Data gaps were determined by
identifying locations with close proximity to the Russian
River, close proximity to tributaries to the Russian River,
and low well density per square mile. Surface water
depletion due to groundwater pumping has been
selected as the principal "undesirable result® (per the
Sustainable Groundwater Management Act) in the
UVGB based on concerns that "groundwater” is
underflow from the Russian River and its tributaries
that supports endangered fisheries (DWR Run Version
05262014C). Other undesirable results, such as
saltwater intrusion or chronic lowering of groundwater
levels, are not applicable to the Ukiah Valley
Groundwater Basin because the basin is landlocked
and is fully recharged during normal precipitation years.
Hydraulic head measurements in wells and streamflow
stage measurements are the main data required in
identifying if existing and future conditions are
consistent with sustainable management criteria as
prescribed the in SGMA regulations. Since the
Russian River stage is controlled by releases from
Coyote Dam, special attention should be placed on
evaluating the effects of groundwater pumping on

the tributaries to the Russian River. Therefore, new
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will have the most value in measuring groundwater-
surface water sustainability over time.
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10 Appendix D - CASGEM Well Hydrographs



Figure 3—- CASGEM Well Cluster 391918N1232003W001-004 Hydrograph
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Figure 4 - CASGEM Well Cluster 392455N1231977W001-003 Hydrograph
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Figure 5 - CASGEM Well 391096N1231677W001 Hydrograph
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Figure 6 —- CASGEM Well 392962N1232047W001 Hydrograph

800
795

~
©
o
»
—
-
-

785 2

780 — | —
775
770

|

Hydraulic Head (ft)

765

760 T T T T T
10/3/1954 9/15/1965 8/28/1976 8/11/1987 7/24/1998 7/6/2009

Date




Figure 7— CASGEM Well 392358N1232020W001 Hydrograph
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Figure 8 - CASGEM Well 39717030N1232108W001
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11 Appendix E - CASGEM Well Parameters



Table 3- CASGEM Well Locations, Uses, and Well Completion Report Numbers

Local Well Latitude Longitude . Well Completion
CASGEM Well Number | pegignation: | (NADs3): | (NADs3): | Vel US€ | Raport Number:
301918M1232003W001 | Ukiah Valley1 | 39 191770 | -123.200310 | Observation| 0207604 A-D - N/A
391918N1232003W002 | Ukiah Valley2 | 39.191770 | -123.200310 | Observation] €0207604 A-D - N/A
391918N1232003W003 | Ukiah Valley-3 | 39191770 | -123.200310 |Observation| 0207604 A-D - N/A
391918N1232003W004 | Ukiah Valley-4 | 39 191770 | -123.200310 |Observation| 0207604 A-D - N/A
382645N1231955W001 | Ukiah Valley5 | 39.264460 | -123.195460 | Unknown N/A
390606N1232008W001 | Ukiah Valley-6 | 39.260570 | -123 209810 | Unknown /A
392556N1232312W001 | Ukiah Valley8 | 39 255560 | -123 231160 | Unknown /A
382572N1231906W001 | Ukiah Valley9 | 39.257178 | -123.190578 | Unknown N/A
391302N1231929W001 | UKiah Valley-10a | 39 132200 | -123.192884 | Irrigation N/A
391304N1231929W001 | UKiah Valley-10b | 39.130389 | -123.192880 | Irrigation N/A
391252N1231822W001 | Ukiah Valley11 | 39.125238 | -123.182166 | Unknown N/A
391031N1231649W001 | Ukiah Valley-12a | 39 103106 | -123.164941 | Unknown N/A
391046N1231647W001 | UKiah Valley-12b | 39.104619 | 123164730 | Irrigation /A
392730N1231770W001 | Ukiah Valley-13 | 39.273000 | -123.177000 | Unknown 066664
391860N1232039W001 | Ukiah Valley-15 | 39 185992 | -123 203880 | Unknown 34445
300455N1231977W001 | Ukiah Valley16 | 39245510 | -123.197680 | Observation A
392455N1231977W002 | Ukiah Valley17 | 39.245510 | -123.197680 | Observation N/A
392455123197 7W003 | Ukiah Valley18 | 39 245510 | -123.197680 | Observation N/A
390504N1232129W001 | Ukiah Valley19 | 39.259390 | -123.212880 | Residential N/A
392516N1231610W001 | Ukiah Valley20 | 39.051614 | -123.160997 | Residential N/A
381920N1232273W001 | Ukiah Valley21 | 39.191990 | -123.227260 | Unknown N/A
391236N1231869W001 | Ukiah Valley22 | 391236710 | -123.186870 | Irmigation N/A
391917N1232000W001 | Ukiah Valley23 | 39191747 | -123.200031 | Other 0232792 - NIA
391334N1231885W001 | Ukiah Valley24 | 39.133440 | -123.188470 | Irmigation N/A
361246N1231827WO0T | Ukiah Valley25 | 39124642 | -123.182676 | Irmigation N/A
391225N1231852W001 | Ukiah Valley-26 | 39.122450 | -123.185200 | Irrigation N/A
361086N1231710W001 | Ukiah Valley27 | 39.108600 | 123171010 | Irigation N/A
361174N1231836W001 | Ukiah Valley28 | 39.117440 | -123.183620 | Irmigation N/A
391185N1231747W001 | Ukiah Valley-29a | 39118470 | -123 174690 | Residential /A
361159N1231770W0071 | Ukiah Valley -29b | 39.115860 | -123.176950 | Imigation /A
3911561231 788W001_| Ukiah Valley29c | 39.115600 | -123.178820 | Irrigation /A
382647N1232245W001 | Ukiah Valley-30 | 39.264700 | -123.224520 | Residential N/A
391482N1231610W001 | Ukiah Valley-31 | 39 148150 | -123.181010 | Residential 2071160
300664N1231491W001 | UKiah Valley-32 | 39.066390 | -123.149070 | Residential 17867
391281N1231621W001 | Ukiah Valley-33 | 39.128060 | -123.162140 | Irrigation N/A
391285N1231607W001 | Ukiah Valley-34 | 39.128530 | -123.160680 | Irrigation 511129
391932N1232124W001 | Ukiah Valley-35 | 39193150 | -123.212360 | Unknown N/A
N/A Ukiah Valley-36 | 39.158611 | 123.200278 | N/A 0316347
A Ukiah Valley-37 | 39141111 | -123.198333 | __NIA 0317247




Table 4 - CASGEM Well Elevation Parameters, Depths, and Perforated Intervals

Reference Ground
O Logal W?II Point Sittace Depth | Perforated Inte_rval
Designation | &\ ation (ft) | Elevation 7ty | (™ Bepths (9

391918N1232003W001 Ukiah Valley-1 639 635 160 130-150
391918N1232003W002 [ Ukiah Valley-2 638 635 230 200-220
391918N1232003W003 Ukiah Valley-3 638 635 380 350-370
391918N1232003W004 Ukiah Valley-4 638 635 500 470-490
392645N1231955W001 Ukiah Valley-5 813 812 100 N/A
392606N1232098W001 [ Ukiah Valley-6 848 847 347 N/A
392556N1232312W001 | Ukiah Valley-8 739 738 200 N/A
392572N1231906W001 Ukiah Valley-9 738 oy 133 N/A
391252N1231822W001 | Ukiah Valley-11 583 582 105 30-105

| 392730N1231770W001 | Ukiah Valley-13 927 924 400 186-400

N/A Ukiah Valley-37 601 600 222 | 35-55,75-95,115-135,

391860N1232039W001 [ Ukiah Valley-15 621 620 45 20-45
392455N1231977W001 | Ukiah Valley-16 733 730 95 80-90
392455N1231977W002 | Ukiah Valley-17 733 730 235 190-200, 220-230
392455N1231977W003 | Ukiah Valley-18 732 730 345 280-291, 330-340

| 392084N1232129W001 | Ukiah Valley-19 884 883 N/A N/A
392516N1231610W001 | Ukiah Valley-20 1121 1120 200 80-140, 180-200
391920N1232273W001 | Ukiah Valley-21 669 667 140 20-40, 60-80, 120-140
391236N1231869W001 | Ukiah Valley-22 541 538 100 30-100
391917N1232000W001 | Ukiah Valley-23 626 624 420 120-220
391334N1231885W001 | Ukiah Valley-24 588 584 120 40-120
391246N1231827W001 | Ukiah Valley-25 583 580 80 30-80
391174N1231836W001 | Ukiah Valley-28 578 574 75 26-70
392647N1232245W001 | Ukiah Valley-30 812 811 80 20-80
391482N1231810W001 [ Ukiah Valley-31 638 633 283 60-283
390664N1231491W001 | Ukiah Valley-32 554 553 60 36-56
391281N1231621W001 [ Ukiah Valley-33 650 648 41 13-41
391285N1231607W001 | Ukiah Valley-34 657 655 160 80-160
391932N1232124W001 | Ukiah Valley-35 654 654 N/A Confidential

N/A Ukiah Valley-36 N/A N/A N/A N/A

391225N1231852W001 | Ukiah Valley-26 603 599 60 30-60
391086N1231710W001 | Ukiah Valley-27 582 581 107 30-107
391322N1231929W001 | Ukiah Valley-10a 584 583 60 20-60
391304N1231928W001 [ Ukiah Valley-10b 586 582 200 30-200
391031N1231649W001 [Ukiah Valley-12a 589 588 105 30-105
391046N1231647W001 [Ukiah Valley-12b 591 589 100 30-100
391185N1231747W001 [Ukiah Valley-29a 582 580 170 80-170
391159N1231770W001 [Ukiah Valley -29b o576 574 91 25-85
391156N1231788W001 | Ukiah Valley-29¢ 576 574 100 25-95




12 Appendix F — CASGEM Well Completion Reports
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WATER WELL DRILLERS REPORT
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THE RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

Figure 9 — Well Completion Report for CASGEM Well 390664N1231491W001

LOCATION NoT
FIFLD CQHTCOKER
Do Not Fill In

N? 1Y867

State Well No.

APR 251968,

(1) OWNER;

LA Osuracp

Name

onerwaine 212 "3
(11) WELL LOG:
é?; . Depth of completed well %

Toral depth

Addes 7 R Lox 157

Formation: Describe by color, character, size of material, and structzre

T TALra8DEE (Cac A

fr. o

(2) LOCATION OF WELL: 7 PSHE s
County M&u& o@nif) Owner's number, if any

N gl

O—6L

Tovaship, Range, nd Section <7 SLLN, 212N , Sese 3

o—/ Raci NN CPlAacy

7 %
Distance from cities, rosds, milkoads, eve. Lo Sl LAsT i Luidel2

3) )é OF WORK (check):
New Well Decpening []  Reconditioni
1f destruction, describe material and procedure in Item

]
1.

Destroying []

77—
LD~

DLt Sgrsd /&7 @447

B2peor)  Ofcrgsrryes)

(4) PROPOSED USE (check):
Domestic Industrial 7] Municipal [J
Irrigation [[] Test Well [] Other []

(5) EQUIPMENT:

Rotary %'

Cable
Other (]

SVt ( /)/ﬂﬂ;f/l.

(6) CASING INSTALLED:

EflL:
SINGLE

From
fe.

If gravel packed

OTHER:
DOUBLE [J

Diameter
0
Bore

S

To or
Wall

ft.

_0 |&o

Diam,
Az

Site of shos or well ring:  F TX Lo Size of gravels

CONFIDENTAL LOG

Describe joint ?l.lu fex :\
(7) PERFORATIONS OR SCREEN:

Type of perforation or name of screen

Pater Code Sec. 7080

Perf.
per
oW

Rows
per

fr.

To
ft.

Size
in. x in.

From
f.

3G | SL S | 2 [ 55:X5

7

(8) CONSTRUCTION:

Was a surface sanirary seal provided? Yes No ik fr.

o whit depth SR

Were any strata sealed against pollution? Yes Tt No & If ves, note depth of straca

From fe. to fr,

From fr. 10 1.

/ ya /
ok st /] 2] P E . conplena f///aaw ya4a

Method of sesling

WELL DRILLER'S STATEMENT:

(9) WATER LEVELS:

Depth ar which water was fiest found, if known

w /G

This well was drilled under my jurisdiction and this report is true to the best

of my knowledge apd belief.

Standing fevel before perforating, if knowa fr, T—

NAME

/i ALezron)

Standing level after perforating and developing - it. / ,é

(Person, firsY, or corporation) (7 ybed or printed)

(10) WELL TESTS:

/\.
hrs.

Address

[SiGNED]

cemp test made? Yes [1 NDX If yes, by whom? M 2
[E7D  climinwich [ ote drswdown afeee B
Femperature of water Wit 3 chemical analysis made? Yes O

(Well Driller)

NoK
f

Was electric log made of well? Yes (1 No If yes, astach copy

Y392 s oSS CF

License No.

SKETCH LOCATION OF WELL ON REVERSE SIDE

© DWR 188 (Rev, 9.68)

56391-530 1068 s0M TRIr O A 0sP




Figure 10 — Well Completion Report for CASGEM Well 391096N1231677W001
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Figure 11 — Well Completion Report for CASGEM Well 391285N1231607W001
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Figure 12 — Well Completion Report for CASGEM Well 391285N1231607W001

STATE OF CALIFORNIA
WELL COMPLETION REPORT

OWNER'S WELL No. 6377

DWR USE NOT FILL IN

STATE WELL NO. STATION NO.

No.
Date Work Began 4/2/08 Ended 4/9/08 e071160 AEEEERNIEEEEEEIN
Local Permit Agency MENDOCING LATITUDE LONGITUDE
.ni! No. wwz0974 Permit Date 6-1-2007 APN/ TRS / OTHER
GEOLOGIC LOG WELL OWNER
ORIENTATION  Vertical Degree of Angle ROGINA WATER COMPANY
DESZL';:‘F;gM DEPTH TO FIRST WATER —.(ft.) BELOW SURFACE P.0. BOX 310
TALMAGE CA 95481
Ft. Ft. DESCRIPTION WELL LOCATION
Add 600 RECRFATTON ROAD
0 10 brown clay with cemented gravels ci ress m Coun
MENDQCING
10 110 cemented gravels znﬁk b ty Parcel 01
110 115 cemented gravels with some brown clay ro 181 age 010 - arce
115 180 cemented gravels Towg?hlp Range Section — ld____1/4
180 185 brown clay Latitude — — — NORTH Longitude — — — WEST
Deg. Min. Sec. Deg. Min. Sec.
185 240 cemented gravels LOCATION SKETCH
240 270 harder cemented gravels
270 300 cemented gravels with brown clay
F‘;" * 200 - 400 - gpm
ACTMITY NEW WELL PLANNED USE(S) PUBLIC WATER
DRILLING METHOD ROTARY AIR FLUID
\?vi,:‘-rel?.;\zfnc 30 (Ft)& DATEMEASURED AprB 2008
ESTIMATED YIELD* * (GP.M)& TESTTYPE . Aiclift
rOTAL DEPTH OF BORING 300 (Feet) TESTLENGTH. _2_ (Hrs) TOTAL DRAWDOWN (FT.)
ITOTAL DEPTH OF COMPLETED WELL 280 (Feet) *May not be representative of a well's long-term yleld.
DEPTH ~ poRg. CASING DEPTH ANNULAR MATERIAL
FROM SURFACE HOLE FROM SURFACE Filter Pack
Ft. To Ft. DA TYPE Materlal / Grade Dia. Gauge Slotsize | Ft. To Ft.  Sesl Material (Type / Size)
0 _ 60 .20 _BLANK. SIEEL 4 250 Q 50 __CEMENT
L0 283 20 PERFE STEE| 4. 280, FEactory 50 . .283_ 12yhs .
— EVZS'4 V) S
— wfBRAVEL . e
RTIFICATION STATEMENT
po Geolou?cf?::mms 1, the undersigned, certify that this report igsomple?e ancd) accurate to the best of my knowledge and belief.
’ NAME _________________FISCH BROS DRILIING
o Well Construction Diagram (PERSON, FIRM, OR CORPORATION) (TYPED OR PRINTED)
_rg@i Geophysical Logs i \ _Sebastopol. LA 85472
Soll Water Chemical Analyses | kigned Seat U ¥ 6 l.lr() Q {) 6 209296
=na_ Other t ELLDRILER /A =PRESENTA DATE NUMBER




Figure 13 — Well Completion Report for CASGEM Well 391860N1232039W001

DEPARTMENT OF WATER RESOURCES No. 34445
Notice of Intent No. WATER WELL DRILLERS REPORT State Well NoJSA/S Tokm
Local Permit No. orDate____ = . Other Well No..

(1) OWNER: xumoZf { (12) WELL LOG: ot aepns?S . Depth of compleied et L 4.
Add o R [ - 7 (,(4 c~(-,.,'t; =F from f£ __to  ft Formation (Describe by color, ch size or_material)
ca"/ aA . .J 25797 |y &2~ CAA&J.AOM‘% T frm & tpmanl
T—7 T <
ATION O OF WE WELL (s :
7 g et e P ) M,ow\ ﬂ-‘@x, PN
Well address if different from above, ~a0mas 0, ald 4
Towmshin__ LS A/ renge 12 \AL__section__4f. EE RV RS ARYINY/ S :
Distance from cities, roads, railroads, fences, etc. fd Bm b O V\_’(
MR ICR 3G sean, Vopmras @ 3z~35- 9&- c(\bﬁ Y A= YY)
\ IS . AN ‘\ - S
™~ 75'—4':' N—\A\MJ X {eoghs \ ~’u/
(3) TYPE OF WORK: EANSIEEN Nc) 5 =
New Well | Deepening [] 0\\3/'-/ Pkt A AN oD
Reconstruction a AN <, ]
~€; Reconditioning [ui] “ Y >
1 Horizontal Well oo - A O
o Destruction [ (Deseribe | "\ = N YR NI P
1 procedures in Item N> e N .X\)Y ; I
& (4) PROPOSED PN AN Y o«
Domestc 3 WSS S WAZ RS
5 Irrigatie [ - N0 N p'\\ﬁv—' B
= Tadustrial ol QLY NY F e nerg IR0 Y
bl Well o ) - , i R
~ > AV RERPINCEN
Munie) - N . . by e
WELL LOCATION SKETCH __ N\l Other- A OP A== {1 ald” 28 U [[’J?‘LPS
2 EQUIPMENT: ] + N N4 [N ” s
Reverse- (3 f Oadtiaa o ABasa
Cab P Air a ‘ a r y
Other P Bucket O ’2 X a0 ey Uy

{7} CASING INSTALLED, %.

o e S ,

Steel.J ’ Plastic O ('.é /ﬁ% gh\a (!//L/s]q'k

From | T9 "Dia. -Mr ‘ i A V b

ft. f{(\‘> in, | Wall - \ s ZA0yioX
o | 2N 28 n PNV N
AN, - 4 - 3’ Uf@_ﬁv

fAthgbi ] e ISR VIFLXR - . 7S,
(9) WELL SEAL: S . . - WM&
Was-surface-sanitary seal provided?: ;"sx No O IEyes, to-depth L) ft. -
Were strate: sealed- against. pollution?. Yes (1 No [ Intervale} == ] 2, ft. ~ .
Method- of: seali Work_sta Complet 19,
(10) WATER LEVELS: - ., . S T WELL DRILLER'S STATE\{ENT
Depth ‘of first_ water, i’ known_ ‘I 3 & | This seall was drilled undery my jurisdictian ang. this report is true to the best of my
Standing level after well i 4 Lx ] £t nd belief.
(11) WELL TESTS: i t B - S1GNED. . 7 1AALAA :
Was well test made?.  Yes No D If yes, by mmw . RO i ]
Type of test "= P“ml’g Bailer O | A NAME /KT l-_-l et \r.// lac
Depth to water at start of 54_}(. At end of tL{Q_ﬁ 2 (PEMD, ﬁml..m' Corpomnon (T nr printed)
Discharg {_f.é_‘_gaumm altex_.’_z._xmurs Water u-mperanuece% sddres I Loty
Chemical analyss'made? Yes O No¥g If ves, by whomb__ %&wﬁé&—w&iﬁmﬂ —?v—“—j—(v;
Was electric log made? _ Yes [J NoSg_If yes attach copy to this report License No._2 A3 &2 ] Date of this report_ /2.7,
OWR 188 (REv. 7761 IF ADDITIONAL SPACE 1S NEEDED, USE NEXT CONSECUTIVELY 'NUMBERED FORM  satresso 7.7 o auas @r os»

: e - : : OST-AIR DR AULLING
‘ § R 13500 Tomki Road
Redweod Valley, CA 95470
(707) 485.34648
Tom Cstar . Lie, ‘3“23[4




Figure 14 — Well Completion Report for CASGEM Well 392358N1232020W001

v /(pM/n.uo- (N2
WATER WELL DRILLERS REPORT . DoNot Fill In

(Sections 7079, 7080, 7081, 7082, Wacer Code)
- : N? 15976

THE RESOURCES AGENCY OF CALIFORNIA

State Well No.
DEPARTMENT OF WATER RESOURCES Ocber el N‘MNB N2

(1) OWNER: (11) WELL LOG:

Name Crawford Lumber froduc ts, Inda Total depth ~2) fr._ Depth of completed well

Address P.0, Box C Formation: Describe by calor, character, size of meterial, and stractare
Celpelle, Calif, fe. w0

(2) LOCATION OF WELL: 0 - 1 Grevel £111

Couney Sonoms Owner's number, if any 1 . 10 Brown oley with

Township, Range, and Seetion 10 25 Gngg'l omarent racl

Distance from eities, roads, railroads, etc. In perking lot of 25 50 Brown sandy olay

Calpellm plant 50 _ « 67 _Blue sandy—-oley
(3) TYPE OF WORK (check): 47 Y4 Blue—sandy—el

\N \qusz
oG-

mepbed—sravel

New Well X Deepening [ Reconditioning [] Destroying [] Y4 110 Broawn comnd “;i “WLQMQ&'
If destruction, describe material and procedsre in liem 11. — gravel v i
(4) PROPOSED USE (check): (5) EQUIPMENT: 115 Brown sendy—ol oy—w/—smaty
Domestic [& Industrial [K Municipal [] | Rotary 4 stresks—ofpgravel & sund
Irrigation [7] Test Well ] Other [] | Cable O lag 3 s =
(6) CASING INSTALLED: | 130 1o¢ i

If gravel packed -

Brown—sandy—<clay—w/smatl
sTEEL: X OTHER: Streaics—ofgravel

SINGLE pousLE[] — |
-3 ] —136—e—— 1o Brown sandy oloy

Gage | . Diameter i 2H—Brown sundy Clay W/ cemented
From To or - -
fr. fr. jam. | Wall £ . SiEVOL

0 27k 10 : ' 36—PBro 2 0eT ETave

* 10— Blus Samdy olay
ﬁ 20 —=—24 3 Brownr Zravsl & sand

Size of shoz or well ring: Size of gravel: Pag ay W/ Streaks o
Describe joint Welded bius slay

{7) PERFORATIONS OR SCREEN:
Type of perforation or name of screen Torgh

Pecf, Rows
From To per per Size
R 1 fr. row ft. in. x in,

21k 27k | 1 5 3/16 x 6
94 ok | T g »

roNﬂDEi \ n« a 1'5'752

;aa-av‘ code P~

(8) CONSTRUCTION:

Was a sucface sanitary seal provided? Yes B No [J To what depth Qg fn
=2

Were any strata sealed against pollution? Yes 5 No ) If yes, note depth of strata

From fr. 30 1.

From fe. o fr. Work started J.U/ ?9 /0 s Camplmdlo/15 19 70
Method of sealing Conammbe an Peok WELL DRILLER’S STATEMENT:

This well was drilled under my jurisdiction and this report is frue fo the best
(9) WATER LEVELS: of my knowledge and belief.

Depeh at_which wacsr was first fouad, if known )
Standing level before pecforating, if kaowa . nave  Weeka Drdlling & Pump Company
(Person, firm, or corporation) (Typed or printed)

Swnding level after perforating and developiag .
L derdopos =

(10) WELY, TESTS: . Address 6100 Sebastopol Aves

s pump test made? Yes 0 No B yes, by whom?  m_ g3 Sebastopol, Calif, V7))
b i3
\ 2: 20 gal./min. with 9 a4y ft. drswdown afeer 3 [stexen]  Gerald Ga Thompson [AN 77,

Temperature of water Wis 2 chemical analysis made? Yes [5 No O

Was elecuric log made of well? Yes [J  No (= I yes, aceach copy
£
SKETCH LOCATION OF WELL ON REVERSE SIDE

DWR (8B (REV. 9.63) . - - 26391.550 10-63 501 TRie D A osp




Figure 15 — Well Completion Report for CASGEM Well 392730N1231770W001

QRIG!NAL STATE OF CALIFORNIA DWR USE ONLY _ - DQ__ NOT_ FILL_IN
File with DWR WELL COMPLETION REPORT [\ LN 22U | |
Page 1 of 1 Refer 1o Instruction Pamphlet STATE WELL NOJ STATION NO.
- Owner's Well No, _WELL #1 No. E066664 _L__l || _‘ D ,_1_‘_|_]_1_J D
@ Daiec Work Began _11/29/2007 , Ended9/5/2008 LATITUDE LONGITUDE
. Local Permit Agency Mendacina County Environmental I,
Permit No. WW21078 Permit Date 8/11/2007 \APNTTRSIOTHER
- GEOLOGIC LOG WELL OWNER
ORIENTATION () Dﬁ{_l.n:(E;éTICAL — HORIZONTAL —— ANGLE ___(SPECIFY) | Nam¢ Redwood Valley County Water Dist
berTFRom ] METHOD AR FLuD NIA Mailing Address POB_399,
. DESCRIPTION Redwood Valley CA
Ft. to FL Describe material, grain, size, color, ecic. cIry STATE e
T N T WE . N
9: 3:Damp brown clay Address :2370 Webh Rantn Risd AT
3 14 : Brown clay, some embedded rock City Redwood Valley CA
145‘ 35 Brown clay and embedded rock CountyMendocino
35 i 110 i Blue clay and rock APN Book 161___ Page 300 parcel 06-00
1101 224 Brown clay and rock f : '
. : Township Range Section
224:  235:Blue clay and rock Latitude ) , .
: - o
235 400 Shalee sandstone and shale ‘ DEG. MIN, SEC. DEG. MN. SEC.
; ; LOCATION SKETCH — ACTIVITY (£) —
; : NORTH A
: i TO BE COMPLETED WHEN MODI:\E:T‘I’Z}TJL/;EPAIR
: : WEATHER PERMITS — Deepen
H B . —— Other (Specify)
i i COMPLETED ON 05/05/08 ]
: . _— DESTROY (Descrive
H i Proceduras and Matarials
; : Under “GEOLOGIC LOG|
; : PLANNED USES (v}
i i WATER SUPPLY
H H 'U-) b= | — Domestic — Public
: : E 8| — wrgaion tndustrial
MONITORING —
} ; TEST WELL
: : EATHODIC PROTECTION —
' ! : HEAT EXCHANGE
; ; DIRECT PUSH__
; " INJECTION —_
: + VAPOR EXTRACTION
! : - SPARGING ___
: SOUTH
: " Hilussrate or Describe Distance of Well from Rouads, Buildings, REMEDIATION
j Fencen, Rivers,etc. and attach 3 map. Use additional peper if OTHER (SPECIFY)—
necessary. PLEASE BE ACCURATE & COMPLETE.
WATER ILEVEL & YIELD} OF COMPLETED WELL
pEPTH To FIRsT water-NA__ (riyseLow sURFACE
DEPTH OF STATIC .
i ! WATER LEVEL .J| 0 (F1.)& DATE MEASURED __0/5/2008
- = : 00 estmatep vieLD 15 (epmys tesTTvee AITLIft
TOTAL DEPTH OF BORING 22X (ficet) TEST LENGTH 2 (Hrs.) TOTAL DRAWDOWNZ94 (k1)

TOTAL DEPTH OF COMPLETED WELL306 ___ (Feet) May not be representative of a well's long-term yield. ) )
DEPTH CASING (§) ANNULAR MATERIAL
BCRE - DEPTH
FROMSURFACE | Yigie | TYPE (7] FROM SURFACE TYPE
DIA. x5 2 g a MATERIAL / INTERNAL GAUGE SLOT SIZE CE- | BEN-
. (Inchas) g g5 a GRADE DIAMETER| OR WALL IF ANY MENT| TONITE FILL FILTER OTQE:K
y g alg E E {Inchas) THICKNESS {Inches) Ft. o Ft ) 0 W) | ) (TYPE/SIZE)
0 50| 11 03[ v CONCRETE__
50! 400 8" 3. 805 v
—+257 306 PVC 5| SDR21 505 55 v
1867 306 4 032 55 . 306 ¥ | 318 GRAVEL
3 | .
ATTACHMENTS () - CERTIFICATION STATEMENT

—— Goologic Log |, the undersigned, certify that this report is complete and accurale to the best of my knowledge and belief,

—— Well Construction Diagram NAME _Weeks Drilling & Pump.

—— Geophysical Log(s) (PERSCN, FIRM, OR CORPORATION) (TYPED OR PRINTED)

— Soli’Water Chemical Analysis P.Q. Box176__ /. ~ . ebastopol CA 95473

__ Other ADDRESS cIry STATE ap

Signed 05/07/08 177681

ATTACH ADDITIONAL INFORMATION, IF IT EXISTS, igne C.57 LICENSE NUMBER

DATE SIGNED

DWR 188 REV. 11-57

WELL DRILLERIAUTHORIZED REPREZENTATIVE [ ]/
IF ADDITIONAL SPACE 1S NEEDED, USE NEXT CONS TIVELY NUMBERED FORM




*The free Adobe Reader may be used lo view and complete this form. However, must be purchased to lete, save, and reuse a saved form.
File Original with DWR State of California DWR Use Only — Do Not Fill In
Page 1 of 2 Well EJ?(TMEJ;E:OP&W" Rrepr‘wl - I_s| I ‘w uIN lh .féill | b[ - !
Owner's Well Number mw-9 No. e0316347 —{— “T ST °l””"' ‘:’ —Tw
Date Work Began 05/16/2016 Date Work Ended 5/27/2016 Latitude Longitude
Local Permit Agency Mendocino county I R
Permit Number HZ236625 Permit Date 4/21/16 APN/TRS/Other _
Geologic Log Well Owner
Orientation @ Vertical OHorizontal  OAngle  Specily Name City of Ukiah _
gﬂ“"::‘l‘:::s:r;::: circulation Dasc;:l{::ﬂum Bentonite mud Mailing Address 300 Semi
Feel 1o Feel Describa material, grain size, color, etc city Ukah ____ stateca zjp 95482
0 4 silty sand Well Location
4 9 sandy silt Address 509 Brush st.
9 18 lean clay city Ukiah County Mendocino
18 28 clay silt Latitude 38 9 31  nNlongitude 123 _ 12 1w
28 35 silty sand Dea.  Min.  Sec. Dea.  Min.  Sec.
a5 53 clay gravel Datum Dec. Lat. Dec. Long.
53 75 silt/sand w/ gravel APNBook 002 Page 101 Parcel 27
75 89 fat clay TuwnshlE ._.__Range —____ Section
89 92 clay/sand w/gravel Location Sketch Activity
92 102 well graded gravel w/ sand M“‘W—LM % ax;::ﬁmm )
- —————— alr
102 109 silty sand Brush ok, O Deepen
109 113 sand wigravel \ O Other
Dest
113 137 well graded gravel w/sand 1 t@ o n“:m'lf o
137 140 silty clay S’ h éuia e
140 184 well graded gravels -5l o = Planned Uses
1 187 lean cla: z Water Supply
1:: T I % $ s ClComestc: L]Publka
g grave g 2| Bl Dlirrigation Clindustrial
213 223 lean clay w/sand = oo = u )
| = O cathodic Protection
223 225 well graded gravel & Obp
3 c ewatering
225 230 fat clay Men or £ O Heat Exchange
230 235 lean clay w/sand { well @ g O Injection
235 264 well graded gravel ) fol @ Monitoring
264 270 fat clay i O Remediation
— S REEL = O Sparging
REEE 2| 1 & Test el
e 3 - O VaparE
ol iumemﬁwimm;wmm; O Oth
Ploase be accurate and ™ ) sl
[Water Level and Yield of Completed Well
Depthto firstwater 17 (Feet below surface)
Depth to Static
Water Level 30 (Feet) Date Measured 05/20/2016
Total Depth of Boring 270 Feet Estimated Yield * 100 (GPM) Test Type Constant Rate
Test Length 48.0 (Hours) Total Drawdown 60 (Feet)
2 50
Total Depih of Completed Well 60 Feet *May not be represantative of a well's long term yield.
Casings Annular Material
Depth from Borahale - Material Wall Qutside Screen Slot Size Depth from
Surface Diameter | YP® Thickness Diameter  Type if Any Surface Fill Description
Feet to Feet (Inches) Inches: Inchos’ {Inches) Feel to Feet
0 77 24 Conduclor  |Low Carban Steel 375 14
0 80 12.25 |Blank PVC Sch, 40 .280 6.625
80 120 |12.25 |Screen PVC Sch. 40 280 6.625 |Milled Siots | 0.040
120|150 |12.25 |Blank PG Sch. 40 280 6.625
150 (180  [12.25 |Screen PVC Sch. 40 .280 6.625 |Milled Slots |0.040
180 [230 [12.25 [Blank PVC Sch. 40 .280 6.625
— e =
Attachments T Certification Statement
O Geologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief
[ Well Construction Diagram Name N Lmon ump and Well Drilling
[ Geophysical Leg(s) 1325 Barry rd. ' Yuba Ci CA 95993
[ scilWater Chemical Analyses M iy Stals Zp
O Other Signed ST S N 7/21/2016 908591
Attach additional information, if it axists. C-5T Livansed Water Weil Contractor Date Signed _G-57 License Number

DWR 188 REV. 1/2006 IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM



“The free Adobe Reader may be used to view and complete this form. However, software must be purchased to complete, save, and reuse a saved form.

File Original with DWR State of California DWR Use Only — Do Not Fill In
Page 2 L Well Gompletmn Report T Si] T (a  SETT I
Refer o Inslruction Pemph State Well Number/Site Number
Owner's Well Number _mw-9 No. 300000 N W
Date Work Began Date Work Ended Latitude Longitude
Local Permit Agency Mendocing o U Ty o]
Permit Number Permit Date APNTRS(OWer
Geologic Log Well Owner
Orientation OVertical O Horizontal OAngle  Spacify Name City of Ukiah
Drilling Method Drilling Fluid i n
Mailing Address 300 seminary ave
Depth from Surface Description -
Fest 1o Feel Describe material, grain size, color, et | [city Uklah ____ stateca zjp 95482
Well L ti
Address 509 Brush st.
City Ukiah County Mendocino
Latitude 309 9 3 N Longitude 123 12 1w
Dea. Min. Sec. Deq. Min, Sec.
Datum Dec. Lat. Dec. Long.
APN Book 002 Page 101 Parcel 27
Township _________ Range Section
Location Sketch Activity
(Sketch must be drawn by hand after form s printed.) O New Well
North O Modification/Repair
O Deepen
O Other
O Destroy
PrOCOGUes dod materiat
wnder "GEOLOGIC LOG™
Planned Uses
O Water Supply
- [ Domestic [JPublic
3 &l DOhimigation Cingustrial
O cCathodic Protection
O Dewatering
O Heat Exchange
O Injection
O Monitoring
O Remediation
O Sparging
s O Test Well _
Ihasirate or describe distance of well from roads, hﬁﬂlmkm O Vﬂpﬂr Extrac"un
| rivers, eic. and seach 8 map. Use additional paper if nessssary, O Other
Please be nccurstes and
[Water Level and Yield of Completed Well
Depth to first water (Feet below surface)
Depth to Static
Water Level (Feet) DateM :
Total Depth of Bering Feet Estil Yield * (GPM) Test Type
[ Testlength _____ (Hours) Total Drawdown (Feet)
|_‘Tutal epthailomp xiel Feel *May not be representative of a well's long term yield.
———— —————
Casings =5 Annular Ma_larlal
Depth from Borehole Type Material Wall Outside Screen  Slot Size Depth from
Surface Diameter Thickness Diameter Type if Any Surface Fill Description
Feet to Feel Inches’ (Inches) _({Inches) Inches! Feet 1o Feel
230 (260 |12.25 |Screen PVC Sch. 40 .280 6.625 |Miled Slots |0.040
L — | [—
Attachments Certification Statement
[ Geologic Log I, the undersigned, aertil'y that thls refcrt is complete and accurate to the best of my knowledge and belief
[ Well Construction Diagram Name NOL?:J“ e c“pmm" llin
[ Geophysical Log(s) 1325 Barry rd Yuba gmg ga 95993
[ soilwater Chemical Analyses i w Q \A_,AJ
O Other Signed = S~ C‘\F._,,_ 7/21/2016 908591
Attach additional information, I It exists. C-57 Licensed Water Well Conlractor Date Signed 'G-57 License Number

DWR 188 REV. 1/2008

IF AQDITIONAL SPACE 15 NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM



*The free Adobe Reader may be used to view and complete this form. However,

must be pi

d to , save, and reuse a saved form,

File Original with DWR State of California DWR Use Cnly — Do Not Fill In
Page 1 of 2 Well gngple.ﬂqmnnﬁeport T ] [ [ 4 1
struction State Well Number/Site Number
Owner's Well Number MW-4 No. 0317247 LT 1T 1IN L | | IW
Date Work Began 06/02/2016 Date Work Ended 6/14/2016 Latitude Longitude
Local Permit Agency Mendocing (it N
Permit Number HZ236085  Permit Date 4/21/16 APM/TRSIOther
Geologic Log Well Owner
Orientation ®Vertical O Horizontal OAngle  Specify Name City of Ukiah
[;p:;ih:::nodsi::::: Clrculation Flalxpg Mc::::iﬂu” Bantonile mud Mailing Address 300 Seminary ave
Feat to  Feel Describe matartal, grain size, color, etc City Mkigh ____ Siate La._ZIE 95482
= ———————————————
0 8 clay/sand and gravel Well Location
15 sandy clay Add 56 Lorraing st.
15 22 clay gravel w/sand city Ukiah County Mendocino
22 25 lean clay wisand Latitude 33 8 28  nlongitude 123 11 54
25 32 clay,gravel wisand Dea.  Min.  Sec Dea.  Win.  Bes,
92 34 clay/sand Datum Dec. Lat. Dec. Long,
34 42 clay gravel APN Book 003 Page 572 Parcel 135
42 46 clay sand gravel
46 50 clay gravel
50 53 fat clay
53 57 well graded gravel A T, 1 O Deepen
57 65 clay wisand
65 68 well graded gravel "
] T
68 73 lean clay wisand 4 M"@ll‘" :
73 75 clay gravel J "
75 o7 fat clay % we Produchos O Water Supply
97 100 clay gravel it & O Domestic [JPublic
oo o8 mng S I § Wey Oirrigation [lindustrial
i B il gl O Gtk Fiofecon
we? graded grave O Dewatering
153 157 clay/gravel &)l O Heat Exchange
157 163 well graded gravel Tl O Injection
163 169 clay/gravel &l © Monitoring
169 178 well graded gravel w/sand <|f © Remediation
178|183 |clayloravel - 8 T
183 213 well graded gravel Soutn HOVSE o v:;r Extraction
213|221 fat clay g e U sty || O Other
ater Level and Yield of Completed Well
Depth to first water 14 (Feet balow surface)
Depth to Static
Water Level 50 (Feet) Date Measured 06/14/2016
Total Depth of Boring 221 Feet Esti Yield* 100 (GPM) Test Type _Air Lift
21 TestLength 480 (Hours) Total Drawdawn (Feet)
Total Depth of Completed Well 215 === Fost “May not be Mative of a well's long term yield.
—— —_——— |
Casings Annular Material
Depth from Borehole Type Matarial Wall Qutside Screen  Slot Size Depth from
Surface Diameter Thickness Diameter Type if Any Surface Fill Description
Feet to Feel {Inches) Inches) (Inches) {Inches) Fest to Feet
0 61 24 Conduclor  |Low Carbon Steal a75 14 0 59 Cement 11 sack
0 60 12 Blank PVC Sch. 40 280 6 3 45 Cement 11 sack
60 70 12 Screen PVC Sch. 40 .280 6 Milled Slots _{0.040  |145 55 Bentonite chips
70 100 12 Blank PVC Sch. 40 280 ] 55 75 Filter Pack # 6 sand
100 (140 |12 Screen FVC Sch. 40 .280 [ Milled Slots (0.040 |1 75 95 Bentonite chips
140 170 |12 Blank PVC Sch. 40 .280 6 95 145  |Filter Pack # 6 sand
Attachments Certification Statement
O Geologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief’
[ Well Construction Diagram Name Ngﬁugﬂ! Pump and Well Drilling
Person, Firm or Corporation
[ Geaphysical Log(s) 1325 Barry rd. " Yuba City CA 95003
O soilwater Chemical Analyses Address \ City State Zip
O Other Signed N5 S 7/21/2016_ 908591
Attach additisnal information, it it exists C-57 Licensad Water Well Contractor Date Signed _ C-57 License Number

DWR 188 REV. 1/2006

IF ADDITIONAL SPACE IS NEEDED, USE NEXT COMSECUTIVELY NUMBERED FORM



*The free Adobe Reader may be used to view and complete this form. However, soft must be p to plate, save, and reuse a saved form,
File Original with DWR State of California DWR Use Only — Do Not Fill In
Well Completion Report
2 2 L i [ 1
Pags o Refer to Insiruction Pamphiat Siale Well NomboriSis Mumbar
Owner's Well Number MW-4 NO. 30000(XX i L ; A [ w
Date Work Began 06/02/2016 Date Work Ended 6/14/2016 _ Latilude Longitude
Local Permit Agency Mendocino County | I T T |
Permit Number HZ236085  Permit Date 6/21/16 APNITRSOther
Geologic Log Well Owner
Orientation OVertical O Horizontal OAngle  Speciy Name City of Ukiah
Drilling Method Drilling Fluid i
Add W
Depth from Surface Dascription M_a;lmg iah 300 seminary ave
Feel i Fest Describe matarial, grain size, coler, ate City Al State C8___7ip %.
|——— - ——————————— ————— —————— |
Well Location
Address 56 Lorraine st.
city Ukiah County Mendacine
Latitude 39 8 28 NLlongitude 123 11 54 w
Dea.  Min.  Sec, Dea.  Min.  Sec.
Datum Dec. Lat. Dec. Long.
APN Book 003 Page 572 Parcel 15
Townshi Ran: Section
—_—
Location Sketch Activity
(Sketch must be drawn by hand afler form is prntad.) O New Well
North O Modification/Repair
Q Deepen
O Other
O Destroy
procedun and materials
under ‘GEOLOGIC LOG"
Planned Uses
QO Water Supply
B [JDomestic []JPublic
g EL Oirrigation  Clindustrial
O Cathodic Protection
O Dewatering
O Heat Exchange
O Injection
QO Monitoring
O Remediation
O Sparging
—— 8 TestWell
Iustrate o describe distance of wed from roasds, buildings, lences, \.I’apor Extraction
tivers, el and allich a map, Use additcnal paper i necessary. O Other
Plasso be sccurste snd e o e
hatar Level and Yield of Completed Well
Depth to first water (Feet below surface)
Depth to Static
Water Level (Feet) Date M d
Total Depth of Boring 221 Feet Estimated Yield * {GPM) Test Type
215 Test Length (Hours) Total Drawdown (Fest)
Total Dapth of Completad Well Feet “May not be talive of a well's long term yield.
Casings Annular Material
Depth from Borehole Type Material Wall Qutside Screen  Slot Size Depth from
Surface Diameter Thickness Diameter Type If Any Surface Fill Description
Feet to Feet (Inches) (Inches) (Inches) (Inches) Feal 1o Feet
170|210 |12 Screen PVC Sch. 40 .280 [ Milled Blots [0.040 |[145 [165 |Bentonite chips
210 |215 |12 Blank PVC Sch. 40 .280 6 165 |215  |Fitter Pack #6
215|221 native
I= —
Attachments Certification Statement
[ Geologic Log I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief

[ Well Construction Diagram
[ Geophysical Log(s)

O other

MName Morcal Pump and Well Drilling

rsan, Firm or Corporation

Pei
1325 Barry rd. Yuba City LA 95993
[ soilwater Chemical Analyses “ddres ciy Stals Tip
Signed \&\ = 7/21/15 908591

Attach additional infarmation, if it exists.

C-57 Licensed Water Well Contractor

_ Date Signed _C-57 License Number

DWR 188 REV. 1/2006

IF ADDITIONAL SPACE IS NEEDED, USE NEXT CONSECUTIVELY NUMBERED FORM
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PROJECT: SITEID #

WELL NUMBER DATE DRILLED SUBAREA

BASIN SECTION MAP

LAND

OWNER ADDRESS TOPOGRAPHY

LSD ELEVATION TOP OF CASING ELEV. FT. ABOVE LSD DEPTH-PILOT HOLE
CASING DIAMETER IN. CASING LENGTH FT. FIRST WATER FT BELOW MP
PERFORATIONS

LOCATION

REMARKS

LOCATION SKETCH

WELL SKETCH




14 Appendix H — CASGEM Well Monitoring Protocol



CASGEM Well Monitoring Protocol

Checklist Before Leaving:

Do you have the keys?

Do you have the map, GIS locations, and contact names and numbers for the wells?
Do you have the log book?

Do you need the stainless steel tape and chalk, and if so do you have them?

For County Monitoring Wells:

1.

©oNOU A WN

10.
11.
12.

Write basic data in log book: date, time, weather, name of monitor, other people present,
identification number and location of well

Unlock well cover

Remove well cap

Unlock the sounding tape (lock on the side of the tape canister)
Turn on the sounding tape; test with test button or look for red light
Use rag and alcohol to sterilize the entire metal portion of the probe
Identify the marked spot and insert the tape at that spot

Take three (3) readings

Record readings in the official log book

Turn off tape and re-scroll

Replace cap loosely

Lock up

For Other Wells:

1.

LN U R WN

N el e =
W N RO

Write basic data in log book: date, time, weather, name of monitor, other people present,
identification number and location of well

Unlock well cover

Remove well cap

Unlock the sounding tape (lock on the side of the tape canister)

Turn on the sounding tape; test with test button or look for red light

Use rag and alcohol to sterilize the entire metal portion of the probe

Identify the marked spot, if one, and insert the tape at that spot

If no marked spot, use a Sharpie to establish one

Take three (3) readings

. Record readings in the official log book
. Turn off tape and rescroll

. Replace cap loosely

. Lock up

If the Sounding Tape is Too Large to Fit:

1.
2.

w

Use stainless steel tape with a thin fishing line weight at the end.

Mark the tape with blue carpenter’s chalk at the 10-15 foot interval and slowly insert into the
well.

Raise the tape and see if/where the tape is wet.

If it is dry, repeat by marking at 5 foot intervals until the depth of the well is established.
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Installation of Monitoring Well Access Boxes

1.Top of the well casing shall be 3 to 6 inches below
the bottom of the access box lid.

I~

.The high strength grout apron shall extend 2 feet
below final grade and a minimum 6 inches around
the access box. This is not the well seal. Wells
located in a concrete surface may be set with a
smaller apron.

3.Contact with the well seal shall be free of debris

and the shoulder between the borehole and access
box hole shall be flat.

4.For flush mounted boxes, the top of the access box
shall be even with the existing grade

5.High strength grout shall be mxed with
approximately 4 parts coarse silica sand. 2 parts
cement and 1 part water by volume. The mix
should have the consistency of thick paste.

6. The finished surface shall be smooth and neat.
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STATE OF CALIFORMIA — CALIFORMA MATURAL RESOURCES AGEMCY EDMUND G. BROWN JB., Govemnar

DEPARTMENT OF WATER RESOURCES
1414 RINTH STREET, .00, BOX P4Z834
SACRAMENTO, CA 942340001

[#16) 453-5791

August 7, 2014

Evaluation of the Extent of Monitoring Under the California Statewide
Groundwater Elevation Monitoring (CASGEM) Program

Dear CASGEM Monitering Entity:

To date, 208 groundwater basins and subbasins are either fully or partially monitored
under the CASGEM Program. The Department of Water Resources (DWR) continues
to work with agencies across the State in an effort to establish CASGEM monitoring and
reporting in groundwater basins where they do not currently exist.

The California Water Code directs DWR to:

s Evaluate the extent of menitoring within the State's 515 groundwater basins and
subbasins - Water Code Section 10933(a)

+ Report the extent of monitoring and status of the CASGEM Program, to the
Governor and Legislature every 5 years - Water Code Section 12924(b)

The next CASGEM status report to the Governor and Legislature is due in

January 2015. In addition, the Governor's Drought Proclamation requires DWR to
report the effects of the current drought on groundwater resources. The last such report
was in April 2014, and the next report is due in November 2014. A discussion of the
extent of CASGEM groundwater monitoring will be included in the November 2014
drought report.

DWR staff are evaluating the information submitted to the CASGEM Online System by
the designated Monitoring Entities. Staff are using the data and monitoring plans to
evaluate the extent and adequacy of CASGEM groundwater elevation monitoring
efforts, and documenting data gaps. Specific data gaps identified in the review include:

« Horizontal (areal, or x and y axes) data gaps in the defined monitoring area;

+ \ertical data gaps in groundwater basins having more than one distinct aquifer
zane;

+ Insufficient density of manitoring locations with respect to the areal size of basin
(recommendations range from 2-10 wells per 100 square miles, but high and
medium priority groundwater basins could warrant well densities toward the
upper end);

« Well construction data gaps (CASGEM wells with missing total depth and/or
screened intervals, well completion report said to be available yet well
construction information was not submitted to CASGEM Online System);




CASGEM Monitoring Entity
August 7, 2014
Page 2

¢« Temporal data gaps
o CASGEM wells not menitored on a frequency of at least twice a year since
the Monitoring Entity was designated for the basin/subbasin; or
o Monitoring is occurring twice a year, but not all of the CASGEM wells
identified in the monitering plan are reported;
« Insufficient data gap documentation in the menitoring plans — lack of discussion
of data gaps in the monitoring network,

The results of this assessmeant of the extent of monitoring will be included in the
upcoming reports, which will be available to the public,. DWR recognizes that most
designated monitoring entities made substantial efforts to avoid data gaps in their
monitoring networks. |n cases where data gaps could not be aveided, a description of
them, and the plan to fill them, was expected to be included in the monitoring plan for
the respective designated basin/subbasin/portion,

DWR has completed an initial screening of the data in the CASGEM Online System and
compiled the results for each designated basin, subbasin, and basin portion. The
compilation includes what appears to be data gaps in some designated basins. Before
raleasing this information to the public in the reports, DWR wants to be sure the
information is accurate, and therefore is providing the designated monitoring entities the
opportunity to review the information and submit corrections, if needed.

By August 15, 2014, DWR staff will be contacting each designated monitoring entity to
discuss the results of the data compilation and any data gaps identified for their
basin(s). DWR is requesting all of the designated monitoring entities review the
information, report any errors to their respective DWR contact, and upload correct
datalinformation in the CASGEM online system by September 15, 2014, If there are
any errors in the Online System that the monitoring entity is unable to fix themselves,
DWR Region Office staff are available to work with your staff to make the corrections by
September 15, 2014,

The DWR. Region Office contacts for evaluation of the CASGEM monitoring are the
following:

Northern Region

Bill Ehom

Senior Engineering Gaalogist
2440 Main Street

Red Bluff, CA 98080

(530) 528-7403

Bill. Ehorni@water.ca.gov




CASGEM Monitoring Entity
August 7, 2014
Page 3

Morth Central Region

Erin Smith

Engineering Geolagist

3500 Indusetrial Blvd

West Sacramento, CA 25891
(916) 376-9623
Erin.Smith{@water.ca.gov

South Central Region

Mike Mckanzie

Engineering Geologist

3374 East Shields Avenue
Fresno, CA 93728

{559) 230-3308

Charles. McKenzie@water.ca.gov

Southern Region

Eric Gorman

Enginesring Geologist

770 Fairmont Ave, Ste 102
Glendale, CA 91203

(818) 500-1645 Ext, 338
Eric. Gorman@water.ca.gov

DWR appreciates your cooperation in this effort and your assistance helping ensure that
the accuracy and quality of data in the CASGEM Online System is reported to the public
and is maintained at a high level.

Thank you for your participation in the CASGEM program.

Si:ie:jely'

Mary Scruggs
CASGEM Program Manager
Division of Integrated Regional Water Management

cc:  Paula Landis, Chief
Division of Integrated Regienal Water Management

Brett Wyckoff, HQ-Bonderson

Bill Ehern, Northem Region Office

Chris Bonds, North Cantral Region Offics
Dane Mathis, South Central Region Offica
Tim Ross, Southemn Region Office
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Water Level Meter Operating Instructions

i /

Fromt Fiew

Equipment Check
1. Turn sersitvity dial fully clochkwise.

Motes: 1. Clockwise rotation of sensitvity dial turns meter on and
Incresses sensiiuty.
2. Always sat saifch fo highest sensiterty posttion, then
dacrease If necassary.

2. Dwepress the Battery Test button to test the battery and main
circuitry [does not test the tape ar probel.

3. Submerse the probe in tap water. This completes the circuit
and activates the buzzer and light.

The Tape Guide

ﬁm}aﬂfﬂﬂml Point

Insert Water Level
Meter lag through
nois

;an wll casing

The Tape Guide has been designed to:
# Improve accuracy when reading water levels,
# Easily obtain repeatable messurements,
# Provent tapa being cut by well casing,
# Allow the tape and probe to hang straight from the side
of the well
1. Fitthe small end of the Tape Guide onto the edge of well casing
2" (50 mm) diameter or larger.

2. Forsmall reck only, nsert the leg of the Water Level Mater
inte the hole on Tape Guide and rest the Water Lavel
Mater on the side of the well casing. (See diagram at right).

3. To store the Tape Guide, simply clip it onto the support
bracket located on the back of the Water Lewel Mater,

[0 GetQuoes | Mareinfo

Model 101 P2

Probe Hobdar

Back Fiaw

Water Level Measurements

1. The P2 Probe zero measurement point is the tip of the
needle in the corter of the probe.

2. For ease of operation tha Tape Guide can be used to support
the Water Level Meter, (See diagram helow).

3. Feed the tape into and out of the well wsing the groove in
the top of the Tape Guide. The light and buzzer activate
when the needle tip enters water. To ensure accuracy, lower
and raise the probe a fow times and then record the depth
measurement from the tape at the top of the well.

4, When using the Tape Guide, the messuring point is offset
from the top of casing. To adjust your measurements to the
top of the casing, simply subtract the amount indicated on
the front of the Tape Guide {i.e. 6 cmor 2/10 f).

Tape Gulde:
prevents tags from
scraping the tog
sdge of well casing

Water Level Mater:
anchosed o the wel casing with the
1mps guids for stee operation,
Cniy for small rests. Medium

and larga resils should be

\,m on the ground.
High qualty
poiysinyisns tape:
hangs stralght In the
wall for accurais waksr
level MasELNsMENis.

P2 Probe:
ZBIMD MegsuUrsment
paint locatad hare.

{Pages 1 of )

High Quality Groundwater and Surface Water Monitoring Instrumentation




Routlne Care

1.

3

4

After the depth to water has been recorded, the tape should
be carefully rewound coto the reel, the probe wiped dry and
placed into the probe holder.

The probe, tape and real can be cleaned with phosphate free
[non-abrasive) detergent and warm water. Do not submerge
the reel.

Use of a Water Level Meter Camying Bag adds to the service
lifa of the meter.

Use of the Tape Guide adds to the lfe of the tape

Probe Care and Cleaning

1
2.

3

The PZ Probe should be wiped clean after each use.
Remove any dirt or water from around the central sensor
pin.

If the central sensor pin is corroded or coated, use emery
cloth to polish it

Check the P2 Probe seal/strain relief and replace the black
heat shrink if there is any cracking or other damage.

After deaning, place probe bads in its holder.

Battery Replacement

L

2

Battery type - alkaline, 9 volt.

The battery i housed in a convenient battery drawer located
in the faceplate of the Water Lovel Mater.

To replace the battery, simply press the drawer in, lift then
pudl

The battery drawer should slide out of the faceplate enough
to pull it out

MNote the polarity (positive (+) terminal should be towards
the small notch in the end of the drawer) and place new
hattery in the drawer and slide it back into the faceplate.

Replacement Parts

The following parts can be provided should they become lost
or damaged

oo

Probes and seal kits

Splice kits

Lights. switches. etc.

Reels

Replacement tape with probe {Complete)
Assembled probes on shorter lengths of tape

| Troubleshooting |
SYMPTOM CAUSE REMEDY
Mo soUnd when proce | Dead hattsry. Aspiace with OV Alkaing.
Imemersed in water. Waler Conductivily Is very low. | Increasa sensfiivity swich sating [turn ciockwiss)
or call Solinst for assistancs.

Disconnectsd wires on circull. | Check &l connections inskde hub of reed Tor

Daard. IsDeaddiscOnnectad Wirss - Soslar o reconnact.

Broken wire In taps. Locals break In lap= - splica and seal, of (eplace.

(Conact Soanst)

Disconnecisd wis nskis prose. | Confact Sonst o obtaln pansrssalr Nstructions.
nstrument Waler In probs. Probe maybe | Confact Sofinst for probe seal kit Disassembie,
after being Immersed | the circul connection. KL
In waler.

Printed in Cannin
Jun 6, 2004

[#10045E)
[Page 2ol 2)

For further information contace: Selinst Canada Led.
Firr = {P08) 877002 (R0 16508 Tal: + 1 (S05) BT1-2298; Ry S61-2027
538 Todd Rood, Georgesoin, Omans Canads LN 4RE
Web Sire; www_ssifmsroom  F-mul; insrrusmencnZsofeer. oom

Solinst




*7 Zero Measuremsant Point

| IR - -.______________________________________________________________________________________________|
W

P4 Probs (4 mm diamstar)

| T I R R N B R S S S—

T— Zoro Measurement Point

Routine Care

P10 Probe (10 mm diamater)

1. After the depth to water has been recorded, the cable should

be carefully rewound onto the reel,
placed Into the probe holder.

2. The probe, welghts, cable and reel

the probe wiped drny and

can be wiped clean with

phosphate free (non-abrasive) detergent and wamm water.

Do not submerge the reel.

3. Use of a Water Level Meter Carmving Bag adds to the senvice

Ife of the meter.

Battery Replacement

1

2

Batiery tvpe - alkaline, 9 voli.

The battery 15 housed In a convenlent battery drawer located
In the faceplate of the Water Level Meter.

To replace the battery, simply press the drawer in, hft, then
pull.

. The battery drawer should slide out of the faceplate enough

fo pull 1t out.

4. Note the larity. The sifive (+) terminal should be
4. Use of the Tape Guide adds to the ife of the cable. towards thepgﬂalpnclm Inpt'l?le end DF:[IhE' drawer. Place new
Replacement Parts battery in the drawer and siide It back into the faceplate.
The following parts can be provided should components
become lost or damaged.
1. Splice kiis
2. Lights, dials, etc.
3. Recks and/or faceplates
4 Replacement cable with probe (complete)
5. Assembled probes on 10 ft or 3 m lengths of cable
6. Weighis

| Troubleshooting |
SYMFTOM CAUSE REMEDY
Mo sound when probe | Dead battery. Replace with 8V Alkaline.

immearssad in water

‘Water Conductivity iz very low.

Increase sensitivity dial =etting {tum clockwize) or
call Solinet for assistance.

Disconnectsd wires on circuit
board.

Check all connections inzide hub of reel for
loozaldizconnectsd wires - solder or reconnact.

Broken wirs in cabla.

Locate break in cabls - aplice and ssal. or replace.
(Contact Solinat)

Disconnectsd wire insids proba.

Contact Solinst to obtain partafepair inatructiona.

Instrumant
continuously sounds
aftar baing immerssd
in water.

‘Water in probe. Probe may ba
dirty which could interfere with
tha circuit connection.

Contact Solinst for instructions to clean or replace
tha probe.

Printsd in Cansda For further information contace: Selinst Canada Led.

- 5]
September 1, 2015 Ferc +] (903) 873-1907; (B00) 516-808] Tal: +] (P05} §73-2233; (500} 6612023 Sallnst
(reorgetoe 4R8

{Fage 2 af 2) e Siter www_soifnst com  E-mail- Sustrumaisusolinst com

(10S408) 35 Todd Road,

m, Oriarie Canade L7G
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INTRODUCTION

Thank you for purchasing a RAVENSGATE SONIC WATER LEVEL ME-
TER, Model 300. You will find that it provides fast, accurate measurements of
static water level and draw-down. Furthermore, its small size and light weight
make it very convenient to carry to work sites and other locations where meas-
urements are necessary.

Unlike most other water level measurement
devices, our Sonic method operates by injecting g
sound waves into the well casing. The wave |
reflected from the water surface is then ana- |
lyzed to determine the level and the result dis-
played on the front panel. Thus, down-hole
probes or instrumentation are not necessary, All |
that is required is an access port in the well cap |
5/8 inches (16 mm) or greater in diameter. Sim- |
ply insert the measuring duct through the cap, u L Lo
push the power-on button and the measurement 4 typical meter reading on
is displayed in a few seconds. If the well is un- the Model 300
capped, we supply the meter with an easily

fitted cap for diameters up to 6 inches (150 mm). Larger diameter caps can be
fabricated as needed from plastic or sheet metal.

Model 300 shown with the
duct properly inserted into
the well head.




OPERATING INSTRUCTIONS

MODES OF OPERATION

In all modes, the user should choose either the NORMAL or DEEP setting
according the type of well, Also, for best accuracy the temperature (TEMP)
setting should be adjusted for the climate where the well is. These settings will
be described in more detail in later sections.

The simplest mode, QUICK START MODE, provides “no frills” operation
for basic water level measurements.

For well installations that are more involved measurements are sometimes
more easily obtained by changing some of the Model 300 default parameters.
Making such changes is described in the section titled BASIC CONFIGURA-
TION MENU SETUP.

The DATA LOGGING mode, an optional addition to the Unit, aliows the user
to collect data on a well over a period of time with or without the user having
to remain on site. The Model 300 can retain data on a large pumber of wells.
This mode is described in detail in the DATA LOGGING supplement in-
cluded with the option.

BASIC SETTINGS

Operating the meter requires choasing the NORMAL or DEEP setting. This
can be done with the DEPTH switch on the front of the Unit (See the QuUICK
START section) or through the CONFIGURATION MENU. The NORMAL
setting should be used when the static water level is between 10 and 500 feet (3
and 150 meters) . If the static water level is outside this range, inaccurate read-
ings may occur. Likewise, in the DEEP setting, the static water level must be
deeper than 200 feet (60 meters) to avoid inaccurate readings. However, when
applicable, using this setting can reduce the possibility of false readings from
obstructions in the upper end of the well casing or from the lower end of the
casing in rock wells. The above limits assume the Unit is set to the factory de-
fault settings. The IGNORE DISTANCE, the initial distance the Unit skips
over can be changed. See the CONFIGURATON MENU SETUP section for
more information on this setting.

SETTING THE TEMPERATURE

Accurate measurements are best assured when the temperature setting equals
the average air temperature in the well casing. The effect of an incorrect setting
is approximately one-tenth percent (0.1%) of the depth reading per degree F of

3



error, As an example, if the error is 10°F |
{5.5°C), the measurement will be in error
by 1%.

The map and tables furnished with the
meter facilitate setting the temperature.
For each meter, a map is provided for the
state (USA only) where it is to be used,
The map is divided into geographical re-
gions. To find the setting temperature, \s-det 300 with 6 in. cap installed
simply locate your region in the left hand

column of the map table. Then, follow across this row to the manth column to
find the temperature setting.

It should be recognized that the map table may not be useful in regions of geo-
thermal activity or anomalous subsurface conditions. Also, map tables are not
available for regions outside the USA. In this case, for best accuracy, it is nec-
essary to know the well water temperature and the monthly average surface
temperature, With this information, the look-up table provided gives the ap-
propriate temperature setting. To use it, first locate the well water temperature
in the left hand column. Then, follow across this row to the surface tempera-
ture column to find the seiting temperature. As an example, if the water tem-
perature is 58°F (14°C) and the average surface temperature is 35°F (28°C)
degrees F, the setting will be 62°F (16°C).

QUICK START MODE

Momentarily pushing the red POWER ON button activates the meter. In the
NORMAL depth setting it will remain active for three seconds at one "ping”
per second. In the DEEP setting it will stay active for 9 seconds at one “ping”
every 2.75 seconds. The Unit will remain on for about 20 seconds afier a meas-
urement cycle.

At activation, the display comes alive and the temperature setting will appear.
If necessary, raise or lower the setting by toggling the temperature switch ei-
ther forward or backward to the desired value. The temperature setting will be
retained when the power is off. For more information see the section, SET-
TING THE TEMPERATURE ,

Making a measurement is now very simple, Just insert the measuring duct
through the access port in the well cap. Make sure that the measuring duct ex-
tends all the way through the well cap and seal. Then push the red POWER
ON buiton. The well water level will usually be displayed after the first “ping”.



It may turn out that the initial DEPTH setting was inappropriate. If so, it may
be changed at any time when the meter is activated.. There may be a delay of 2
few “pings” before the unit changes modes.

If the well is uncapped and the depth to water is over 100 feet (30 meters), the
cap cover fumished with the meter should be used. Just slide the cover onto the
duct and place the meter over the casing. It is not necessary to have a tight seal.
However, large gaps due to off-center or tilted placement can reduce the maxi-
mum measurable level.

The cover furnished with the unit is for casing diameters up to six inches (150
mm). For larger diameters, a cover may be easily made from any convenient
material such as plastic or sheet metal.

BASIC CONFIGURATION MENU SETUP

———__—_-_—_—_——_—

CONFIGURATION OPTIONS
The following parameters can be changed in the Configuration Setup Mode:

Units of Measurement - Metric or English/Imperial

T and Type - also settable during operation.

Gain/Sensitivity - Variable or Fixed; factory setting is Variable

Ignore Distance: the initial distance to ignore when a measurement is

taken

a. for Normal Mode the range is 10 to 65 fi(3t020m)inl fi
(0.5m) steps. (factory setting is 10 i 3 m)

b. for Deep Mode the range is 200 to 600 ft (60 to 200 m) in approx
1 ft (0.5 m) steps. (factory setting is 200 ft (60 m)

5. Time - Set the time of the 24 hour clock

CONFIGURATION SETUP
The Configuration Setup Mode is accessed as follows:

While the unit is off and before pressing the POWER button, hold the
Temp switch in either the up or down position.

Prgi b o=

While holding the Temp Switch in either position press the power button.

The unit will come on in Setup Mode. The POWER button and Temp
switch may be released at this time and the unit will stay on until setup is
complete.



Changing the settings:

1. The first parameter that can be set will be displayed. This will be the
choice of "Units" of measurement.

Use the Temp switch to change between “Metric” or “English”,
whichever is preferred.

2. To change to the next parameter, press the POWER switch.

The display will change to “Temp & Type”. The temperature setting
can be changed up or down with the Temp switch and the type, Nor-
mal or Deep, with the Depth switch. Both parameters can also be
changed when the unit is in normal operation.

3. Press the POWER switch again to go to the next option.

The display will change to "Gain Mode". The choices are “Variable” or
“Fixed"”. Use the Temp switch to make your choice. The information
in the section "Which Gain Setting to Use?" will help you decide
which to choose under different circumstances.

4. Press the POWER switch again. The display will read "Norm: Ignore
Ist" followed by the distance to ignore in Normal Mode, Use the
Temp switch to change this distance if desired. The range is 10 to 65 ft
(3 to 20 m) in 1 ft (0.5 m ) steps. (factory setting is 10 ft (3 m)).

5. Press the POWER switch again. The display will read "Deep: Ignore
1st" followed by the distance to ignore in Deep Mode. Use the Temp
switch to change this distance if desired. The range is 200 to 600 ft (60
to 200 m) in approx 1 £t {0.5 m) steps. {factory setting is 200 £t (60 m)).

6. The next press of the POWER switch starts the clock setting. Each time
the POWER button is pressed the submenu moves to the next step in
the following sequence. The TEMP switch is used tc make the selec-
tion for each item.

1. Hour: Set the hour in 24 hour mode.
2, Minute: Set the minutes.

3. Year: Set the Jast two digits of the current year.
4, Month: Set the month

5. Day: Set the day.

6. Press the POWER switch once more will terminate the Setup Mode and
the unit will start operation.

The parameters that you have chosen will be retained until they are changed
again by the user.



If you only want to change one of the parameters just enter the Setup Mode
and keep pressing the POWER switch until you get to the item you want to
change . Make your change and then press the POWER switch until you are
out of setup mode.

You can also review the settings by entering Setup Mode and simply cycling
through all of the parameters.

ITEMS THAT INFLUENCE CONFIGURATION CHOICES

in/Sen - "Whi n Vi
Two choices are available - Fixed or Variable

The Variable gain mode provides, in effect, a rising gain or sensitivity with
time. This method gives greater weight to return signals that occur later in the
measurement cycle and is beneficial on deeper wells where the return signal is
more attenuated. This also makes the units less susceptible to unwanted returns
from various surfaces in the well casing that might interfere with a proper
measurement.

The variable gain mode is somewhat more susceptible to interference from
pump noise or other sources of high ambient noise. Also, in some specific con-
figurations it is possible for the unit to favor a secondary return over the pri-
mary one and give a reading that is twice the actual water level.

The Fixed mode is less susceptible to interference from ambient noise and the
secondary return problem. This mode can be used to advantege in such cases.
Some sensitivity is sacrificed so the unit might not read the deepest water lev-
els in this mode.

] istan

The factory defaults values are set at 10 ft { 5 meters) in Normal mode and 200
ft (100 meters) in Deep mode. If problems occur due to reflections from liners
that don't come all the way to the top of the casing or unwanted signal returns
from such things as pitless adaptors and such that interfere with getting a
proper reading the default values can be increased so that returns within that
distance are ignored. Also, if you are making draw-down measurements that
require the use of deep mode but you wish to be able to measure 1o less than
200 ft (60 meters) you can reduce the minimum distance accordingly so that
you don't have to switch modes during the test.



BATTERY REPLACEMENT

The Bsttery Level Icon in the lower right corner of the display indicates the
battery voltage.

The meter comes provided with eight, AA alkaline batteries. Battery
replacement is indicated when the battery icon appears empty rather than solid.
The batteries are located behind the cover plate on the end of the Unit. To
access the holder remove the four screws holding the battery cover plate and
then the cover plate itself.

'I:l;e Eaﬂery Cover Is heid bytha i
G bl e : Batiery Cover Removed

Pull the battery pack out from the housing and unsnap the battery pack connec-
tor The new batteries are then inserted into the battery pack according to the
polarity indications on the holder and batteries. Alkaline batteries should be

Next, snap the connector back on the holder, slide the battery pack into the
housing, and replace the cover plate and the four cover plate screws. Tighten
the screws firmly so thet pressure is put on the gasket that keeps water out of
the battery compartment but do not over tighten or the threads might strip out.



MEASUREMENT PROBLEMS

In older wells, the casing may be highly corroded or rough, causing high
signal attenuation and unreliable water level readings. In this situation, the
higher sensitivity DEEP setting will minimize the problem. However, to use
this setting, the water level must be greater than 200 feet (60 meters).

A measurement error might occur if the casing has a discontinuity cavsing
an erroneous reflection of the sonic pulse. This situation may occur in rock
wells if there are voids or fissures in the rock wall. It may also occur in con-
tinuously cased wells if the casing diameter abruptly changes somewhere down
the well.

Perforations or “slots” in the casing that are above the water surface can
reflect the sonic pulse resulting in a measurement that is shorter than the actual
water level.

Obstructions in the well casing such as torque arresters, wire shields or any-
thing exceeding % the area of the casing may also cause erroneous level read-

ings.

Sleeves in the well casing can sometimes cause a problem depending on
how far down in the casing the top of the steeve is because the sonic pulse can
reflect from the top edge of the sleeve. Loose fitting sleeves can cause an
additional problem because the sonic pulse can divide between the inside and
outside of the steeve which will reduce the signal level.

In some cases the sigral coupling to the well casing may be poor. To avoid
this, be sure that the measuring duct goes all the way through the well cap or
seal. Cover plates should normally be used. Be sure that there is no large gap
between the plate and the well casing.

Gases in the well casing or bore other than air can canse a measurement
error. The amount of error will depend on the air to gas ratio, The water level
measurement depends on knowing the velocity of sound in the well casing.
This parameter is different in different gasses. The unit is calibrated for air
filled casings with a nominal humidity. (For a methane filled casing the differ-
ence can be as much as 30 %).



SPECIFICATIONS

Dimensions:
Length not including duct: 7 inches (180 mm)
Height not including duct: 4 inches (100 mm)
Width: 5 inches (125 mm)

Measuring duct:
Diameter. 5/8 inches (16 mm)
Length. 2 inches (50 mm)

Weight: 4 ibs (1.8 kg)

Power: 8, AA alkaline batteries, Model 300DL has provision for external
power: 12 - 14 Volts DC

Measurement range with factory default settings:
Normal setting: 10 to 500 feet (3 to 150 meters)

Deep setting: 200 to 1200 feet (60 to 350 meters)
{Under ceriain conditions this may be less. See Measurement Problems.}

Display Resolution: 0.1 foot (0.01 meters)

Measurement accuracy *:

{Applics for casing diameters from 2 to 10 inches (50 to 250 mm). Qutside this range accuracy
Ay Vary.)

+/- 0.2 & (+/- 0.06 m) for water level less than 100 £t (30 m);

+/- 0.2% of depth reading for water levels 100 & (30 m) or greater.

Operating temperature range: 30°F to 140°F (0°C to 60°C)
The outside or ambient air temperature does not affect the meter operation
provided the meter and its components remain within the operating tem-
perature range.

*Under certain conditions, measurement accuracy may exceed this limit. See the previous section,
MEASUREMENT PROBLEMS.

OPTIONS - Call for information on these Options
Carrying Case
Data Logger - Model 300DL
External AC Power Adaptor
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WARRANTY

We, The Ravensgate Corporation warrant this product against defects or mal-
functions in materials or workmanship for one year from the date of purchase
by you, the original purchaser. WE MAKE NO OTHER EXPRESS WAR-
RANTY OR REPRESENTATION OF ANY KIND WHATSOEVER CON-
CERNING THIS PRODUCT. If any such defect or malfinction occurs within
one year of the date of your original purchase, the unit will be repaired or re-
placed by us without charge.

This warranty does not apply when: (1) the unit has been opened, repaired or
modified by anyone other than Ravensgate Corporation. (2) any defect or prob-
lem has resulted from accident, misuse, negligence or carelessness.

Return authorization under the warranty or for repair or replacement must be
obtained. Contact the Ravensgate Corporation for shipping and packaging in-
structions. .

Ravensgate Corporation is not responsible for loss or damage due to misuse or
inappropriate application,

DISCLAIMER:

Ravensgate Corporation will not be responsible or liable for con-
sequential damages caused by instrument failure for any reason
whatsoever. Also, Ravensgate Corporation can not be responsible
for spacifications given by dealers, resellers or others that differ
from those given herein.

CONTACT INFORMATION:

THE RAVENSGATE CORPORATION:

telephone: 760-384-1085 fax: 760-384-0044

postal address: 137 W, Drummond Ave. Suite B-2
Ridgecrest, CA 93555

internet: www.ravenscorp.com

e-mail: info@ravenscorp.com

11



Fraquentl K tions about the Performan th Vensg-
gate Model 300 Series Sonic Water Level Meters

Q. Can the meters be used when measuring crooked wells?
A. Yes, you can even measure the length of coifed pips.

Q. Can the meters bs used with wells that have submersible pumps In-
stalled?
A. Yes, you can use our meters on wells that have submersible pumps.

Q. Can the meters be used with capped wells?
A. Yas, our meters can be used on either capped or uncapped wells.

Q. Do pipes, wires, screens, or anything that covers the cross sec-
tional area of the well cause a problem when using the meters?
A. Not usually, as long as the pipes and wires occupy NO MORE THAN one half

of the bore arsa.

Q. Can the metars be used with partially cased rock wells?
A. Yas, our meters can be used with partially cased wells.

Q. Can the meters be usad with irrigation wells?

A. We ususlly do not recommend using our mefters for this purpose becatse
overhead pumps are installed at the fop of the casing which causes accessi-
bility problems; our meter works the bast when reading at the top of the well.

Q. What Is the purpose of the temparature setting on the Ravensgate Sonic
Water Lovel Metars?

A. Accurale measuremenis are best assured when the temperature sefting
aquals the average air temperature in the well casing. The temperaiure setling
corrects for the variation of the velocity of sound with the air temperature in the
walf bore. The error is 0.1% per degree of fempesralure eror.

Q. How can the temparature setting be determined?
A. Ravensgate Corporation provides maps (U.S.A. only) and tables . See
“Setling The Temperalure” on page 3.

Q. Does cascading water affect the accuracy of the meter?
A. No, cascading water usuvally does not affect the accuracy of the readings.

Q. Do gases present in the well casing other than alr affect the accuracy?

A. Yes! The wafer level measurement depsands on knowing the velocily of
sound in the well casing. This parameter Is different in different gasses. The
unit is calibrated for air filled casings with a nominal humidity. (For a8 meth-
ane filled casing the difference can be as much as 30 %.)

Q. Can perforaticns in the casing cause measurement problems?
A. Perforations in the casing that ara above the water surface can reflect the
sonic puise and result in 8 measurement that is less than the true water level.
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Q. Can a reading be made through a small diameter pipe between
the meter and the top of the well casing when access is limited?
A. No, this approach will usually not resuit in a reliable reading.

F ;] k n he

Frequently Asked Questions about the Specifications of the
Ravensgate Model 300 Series Sonic Water Level Meters

Q. What is the measurement accuracy of the meter?
A. Accuracy is +/- 0.2% of the reading, exclusive of temperature sefting errors.

Q. What is the measuremant range of the meter?
A. Measurement range is 10 to 500 ft (3 to 150 m) in the "NORMAL" sefting and
200 to 1200 ft (60 fo 350 m) in the "DEEP" sefting.

Q. What well bore diameter range Is necessary for best accuracy?
A. The meter is specified for a bore diameter range of 1 to 10 in (25 to 250
mm),

Q. What access In the well cap Is necessary to use the meter?
A. A hole that is at least big enough to allow the 58 in (16 mm) diameter
round aluminum duct to pass through.

Ravensg

g nic m rLave eg :

Q. What power source does the Ravensgate Sonic Water Level Meter use?

A. Our meler uses 8 internal AA Alkaline baiteries. Yearly batiery replacement
is recommended. The Data Logger Option includes provision for extermnal
power in addition fo the intermal battery power.

Q. What is the availability of the meter?
A. Your meter can be shipped within two weeks, once a payment or purchase
order is received.

Q. What Is the warranty on the meter?
A. Our warranty for parls and workmanship is one year.

Q. Is there a trial perlod?
A. Yes. Our meters coma with a 30 day frial period. Contact us for details.

13



CARE OF THE UNIT

The Model 300/300DL is water resistant but not guaranteed to be completely
waterproof. Do not submerge the unit in liquid or leave it exposed to precipita-
tion. If it gets wet, wipe it off as soon as possible. If the carrying case gets wet
it should be left open and allowed to dry completely before storing the meter in
it.

Avoid setting the meter down in a way that the measuring duct is in the mud or
dirt, If the measuring duct becomes clogged the unit will not work properly.
Cleaning mud out of the duct can be difficult and care must be taken to avoid
damaging the microphone that is just behind the screen.

NOTES
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Appendix A

Instructions to correcting the temperature distance
measurement setting when required temperature set-
ting is outside the meter's temperature range.

For temperature conditions outside the range or not covered by the Regional
Map or the Temperature Tabie the SET temperature can be calculated as
follows:

Tset = 0.15 X T ground + 0.85 X T water (T ground is the average surface
ground temperature.)

Low-femperature correction:

The lowest temperature that the unit can be sef to is 32 deg F (0 deg. C). If
the required set temperature is lower than this the depth reading can be cor-
rected as follows:

Fahrenheit: WL actual = WL indicated-((32-Tsef) x 0.0008 x WL indicated)
Centigrade: WL actual = WL indicated-((0-Tsef) x 0.00182 x WL indicated)

The step by step procedure for °F is: {for °C substitute 0 for 32 and 0.00182
for 0.0008)

1. Set the temperature to 32 and read the walter level (WL) on the meter,
2. Subtract the needed set temp from 32.

3. Muttiply the number from step 2 by 0.0009.

4. Muitiply the WL reading by the result from step 3.

5. Subtract the value from step 4 from the WL reading.

High-temperature correction:
The highest temperature that the unit can be set to is 100 deg F. (38 deg C)

Fahrenheit: WL actual = WL indicated + {(Tset-100) x 0.0009 x WL indicated)
Centigrade: WL actual = WL indicated + {(Tset -38) x 0.00182 x WL indi-

cated)

The step by stap procedure for °F is: (for °C substitute 38 for 100 and
0.00162 for 0.0009)

1. Set the temperature to 100 and read the water leve {WL) on the me-

ter.

2. Subtract 100 from the needed set tamp.

3. Multiply the number from step 2 by 0.0008.

4. Muttiply the WL reading by the result from step 3.

5. Add the value from stap 4 from the WI_ reading.

© Ravensgate Corporation, Ridgecrest, CA, 93555
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Table of Temperature Control Settings
Ts, degrees C
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INTRODUCTION TO THE CASGEM PROGRAM

On November 4, 2009 the state legislature amended the Water Code with SB 6, which
mandates a statewide, locally-managed groundwater elevation monitoring program to
track seasonal and long-term trends in groundwater elevations in California's
groundwater basins. To achieve that goal the amendment requires collaboration
between local Monitoring Entities and the Department of Water Resources (DWR) to
collect groundwater elevation data. In accordance with the amendment, DWR
developed the California Statewide Groundwater Elevation Monitoring (CASGEM)
program.

If no local entities volunteer to monitor groundwater elevations in a basin or part of a
basin, DWR may be required to develop a monitoring program for that part. If DWR
takes over monitoring of a basin, certain entities in the basin may not be eligible for
water grants or loans administered by the state.

DWR will report findings of the CASGEM program to the Governor and the Legislature
by January 1, 2012 and thereafter in years ending in 5 or 0.

PURPOSE OF GUIDELINES FOR DWR MONITORING

The following Guidelines were developed to assist DWR by establishing criteria for the
selection and measurement of monitoring wells in the event that DWR is required to
perform the groundwater monitoring functions in lieu of a local monitoring agency
pursuant to Water Code Section 10933.5(a).

The primary objective of the CASGEM monitoring program is to define the seasonal and
long-term trends in groundwater elevations in California’s groundwater basins. The
scale for this evaluation should be the static, regional groundwater table or
potentiometric surface. A secondary objective is to provide sufficient data to draw
representative contour maps of the elevations. These maps could be used to estimate
changes in groundwater storage and to evaluate potential areas of overdraft and
subsidence.

Although it is not an objective of the CASGEM program, it would be valuable to include
monitoring wells near localized features that impact more dynamic groundwater
elevations. These features would include wells near aquifer storage and recovery
projects, near high volume pumping wells, and near rivers.
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NETWORK DESIGN CONCEPTS
SELECTION OF MONITORING WELLS FOR MONITORING PLANS

The number of groundwater wells that need to be monitored in a basin to adequately
represent static water levels (and corresponding elevations) depends on several factors,
some of which include: the known hydrogeology of the basin, the slope of the
groundwater table or potentiometric surface, the existence of high volume production
wells and the frequency of their use, and the availability of easily-accessible monitoring
wells. Dedicated groundwater monitoring wells with known construction information are
preferred over production wells to determine static water levels, and monitoring wells
near rivers or aquifer storage and recovery projects should be avoided due to the
potential for rapidly fluctuating water levels and engineered groundwater systems. The
selection of wells should be aquifer-specific and wells which are screened across more
than one aquifer should not be candidates for selection.

Heath (1976) suggested a density of groundwater monitoring wells ranging from 2 wells
per 1,000 square miles (mi?) for a large area in which only major features are to be
mapped, to 100 wells per 1,000 mi° for a complex area to be mapped in considerable
detail. The objective of the Heath (1976) design was to evaluate the status of
groundwater storage and the areal extent of aquifers.

Sophocleous (1983) proposed a redesign of a water-level monitoring program for the
state of Kansas based on efficiency, economics, statistical analysis, comparison of
water-level hydrographs, and consistency across the state. The Sophocleous study
recommended a “square well network” with a density of 1 observation well per 16 mi-.

The Texas Water Development Board proposed varying well network densities for
counties according to the amount of groundwater pumpage. These densities range
from 0.7 wells per 100 mi” for counties with 1,000-2,500 acre-feet per year (AF/yr) of
pumpage to 4 wells per 100 mi® for counties with over 100,000 AF/yr of pumpage
(Hopkins, 1994). These densities were converted to pumpage per 100 mi° area by
dividing by the size of an average county in Texas of about 1,000 mi* (Table 2)

Most designs of water-level monitoring programs rely on a probabilistic approach. Alley
(1993) discussed four probabilistic designs: (1) simple random sampling throughout an
aquifer; (2) stratified random sampling within different strata of an aquifer; (3) systematic
grid sampling (e.g., at the midpoeint of each section within an aquifer); and (4) random
sampling within blocks (e.g., randomly selected wells within each section of an aquifer).
The Sophocleous (1983) program used the third approach, systematic grid sampling.
The guidelines on well density from the programs mentioned above are summarized in
Table 2.

Based on the few referenced studies with specific recommendations, the consensus
appears to fall between 2 and 10 groundwater monitoring wells per 100 mi2. The
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exceptions to this density range include the lower end of the Heath (1976) range and
the low-use counties in Texas.

There will always be a tradeoff between the improved spatial (and temporal)
representation of water levels in an aquifer and the expense of monitoring. A higher-
resolution contour map would be warranted in an area with a greater reliance upon
groundwater in order to anticipate potential problems, such as supply and groundwater
contamination concerns, while a lower-resolution contour map might be sufficient in an
area with few people or a low reliance upon groundwater. Ideally, areas with relatively
steep groundwater gradients or areas of high recharge or discharge would have a
greater density of monitoring wells.

The illustrations in Figure 1 show a local groundwater elevation contour map developed
with different numbers of wells. The examples cover the same area and use the same
dataset, with wells randomly deleted by grid area from the full dataset to create a less
dense network of wells. The resulting range of plotting density is 2 to 20 groundwater
monitoring wells per 100 mi®. The contours in Figure 1 show how the accuracy and
resolution of the contour map increases with the density of wells used for plotting. To
avoid presenting misleading contour maps, only wells with the best possible elevation
accuracies should be used. These accuracies are a combination of the accuracies in
the water-level measurement and the reference point (RP) measurement. Unless the
RP elevation has been surveyed, it will be the limiting factor on elevation accuracy.

Density of monitoring wells

Program and(or) Reference (wells per 100 mi)

Heath (1976) 0.2— 10
Sophocleous {1983) 6.3
Hopkins (1994) 4.0
(a) Basins with >10,000 AF/yr groundwater pumping per 100

mi’ area

(b) Basins with 1,000-10,000 AF/yr groundwater pumping 2.0

per 100 mi® area

(c) Basins with 250-1,000 AF/yr groundwater pumping per 1.0
100 mi* area

{d) Basins with 100--250 AF/yr groundwater pumping per 0.7
100 mi’ area

Table 1. Recommended density of monitoring wells for groundwater-level monitoring
programs.
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Figure 1. Contour maps — Contours of a very high-density well network (about 20 wells
per 100 mi®) compared to a low-density well network (about 2 wells per 100 mi?).
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FREQUENCY OF WATER-LEVEL MEASUREMENTS

To determine and define seasonal and long-term trends in groundwater levels a
consistent measurement frequency must be established. At minimum, semi-annual
monitoring of the designated wells in each basin or subbasin should be conducted to
coincide with the high and low water-level times of year for each basin. However,
quarterly- or monthly-monitoring of wells provides a better understanding of
groundwater fluctuations. The DWR office responsible for monitoring a particular basin
should use independent judgment to determine when the high and low water-level times
occur in a groundwater basin, and to provide a justification for measurement rationale.
The semi-annual frequency is a compromise between more frequent measurements
(continuous, daily, monthly, or quarterly) and less frequent measurements (annual). A
good discussion of water level measurement frequency and other issues related to the
design of water-level monitoring programs can be found in the USGS Circular 1217
(Taylor and Alley, 2001).

An example of the effect of different measurement frequencies on the water-level
hydrographs in a Northern California well is shown in Figure 2. The data shows that
higher-frequency monitoring (e.g., daily or monthly) best captures the seasonal
fluctuations in the groundwater levels, quarterly monitoring identifies some of the
elevation change, but semi-annual measurements often miss the true seasonal highs
and lows.

35,

45,

85,

s Marthly

m— Quarledy

—— Semi-Annual

65,

2004 | 2005 | 2006 | 2007 | 2008 | 2008 | 2010

Figure 2. Groundwater Hydrographs — Groundwater elevation changes in a monitoring
well over time comparing various measurement frequencies.
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The Subcommittee on Ground Water of the Advisory Committee on Water Information
generally recommends more frequent measurements than are being required by the
CASGEM program; quarterly to annually for aquifers with very few groundwater
withdrawals, monthly to quarterly for aquifers with moderate groundwater withdrawals,
and daily to monthly for aquifers with many groundwater withdrawals (Table 2). The
general effect of environmental factors on the recommended measurement frequency is
illustrated in Figure 3.

M t Nearby Long-Term Aquifer Withdrawals
easuremen
Type Aquifer Type Very Few Moderate Many
yP Withdrawals Withdrawals | Withdrawals
Baseline Once per
¥ —— All aquifer types monfh Once per day | Once per hour

All aquifer types:
“low” hydraulic

conductivity Ofice peryear Once per Once per
(<200 ft/d), quarter month
“low” recharge
Surveillance (<5in/yr)
Measurements | All aquifer types:
“high” hydraulic
conductivity Once per Once per
(>200 ft/d), quarter month Qniee per day
“high” recharge
(>5in/yr)
As stored in As stored in As stored in
Data made All aquifer types, local local local
available to throughout range of database, but | database, but | database, but
NGWMN hydraulic conductivity at least at least at least
annually annually annually

Table 2. Information on recommended minimum water-level measurement frequency
from the Subcommittee on Ground Water of the Advisory Committee on Water
Information (2009) (abbreviations: fi/d, feet per day; in/yr, inches per year; NGWMN,
National Ground Water Monitoring Network). NOTE: These are not recommendations of
the CASGEM program.
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Figure 3. Common environmental factors that influence the choice of frequency of

water-level measurements (from Taylor and Alley, 2001).
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FIELD GUIDELINES FOR CASGEM WATER-LEVEL MEASUREMENTS
INTRODUCTION

This document presents guidelines for measuring groundwater levels in wells for the
CASGEM program to ensure consistency between DWR offices. Following these
guidelines will help ensure that groundwater level measurements are accurate and
consistent in both unconfined and confined aquifers. Although a well network comprised
entirely of dedicated monitoring wells (hereafter referred to as monitoring wells) is
preferred, by necessity active production wells used for irrigation or domestic purposes
and abandoned production wells that were used for domestic, irrigation, and public
supply purposes will also need to be included. The portions of these guidelines that
apply to only production wells will be shown in bold throughout. DWR does not
currently plan to include public supply wells in the CASGEM well networks due to
security concerns of the California Department of Public Health.

The main reference used for these guidelines is the United States Geological Survey
(USGS) National Field Manual (NFM) (U.S. Geological Survey, 2006). The final report
of the Subcommittee on Groundwater (SOGW) of the Advisory Committee on Water
Information was also used as a main reference, although in general it relied on the
USGS guidelines (Subcommittee on Ground Water of the Advisory Committee on Water
Information, 2009). The water-level measurement portion of the USGS guidelines were
written for monitoring wells and not for production wells (Taylor and Alley, 2001; U.S.
Geological Survey, 2008). Thus, although the USGS guidelines have been adopted with
only minor modifications for the monitoring well guidelines of the CASGEM program,
additional modifications have been incorporated in the guidelines for production wells.
The most significant changes made to the USGS guidelines for production wells
are: (1) reducing the required precision for consecutive depth to water
measurements, (2) checking for obstructions in the well, and (3) not attaching
weights to the steel tape so as not to hang up on obstructions.

The guidelines presented in this document are for the use of steel tape, electric
sounding tape, sonic water-level meters, or pressure transducers. Although the semi-
annual measurements required by the CASGEM program can be satisfied with the use
of a steel or electric sounding tape or sonic meter, a pressure transducer with a data
logger provides a much better picture of what is happening with water levels over time.
The use of the air-line or flowing-well methods should not be needed in most basins.
However, if they are, guidelines for these methods are available in sections A4-B-4
(pages B17-B20) and A4-B-5 (pages B21-B24), respectively of the NFM (U.S.
Geological Survey, 2006).
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ESTABLISHING THE REFERENCE POINT

Water-level measurements from a given well must be referenced to the same datum
(the reference point, or RP) to ensure data comparability (see Figure 4). For monitoring
wells, the RP should be marked on the top of the well casing. For production wells, the
RP will most likely be the top of the access tube or hole to the well casing. The RP must
be as permanent as possible and be clearly visible and easily located. It can be marked
with a permanent marker, paint, imprinting a mark with a chisel or punch, or by cutting a
slot in the top of the casing. In any case, the location of the RP should be clearly
described on DWR Form 429 (see Table 3). A photograph of the RP, with clear labeling,
should be included in the well folder. In some cases, it may be valuable to establish
multiple RPs for a well, depending on the consistent accessibility of the primary RP. In
this case, each RP should be clearly described on DWR Form 429 and labeled in the
field. The RP should be established with the following coordinate system: horizontal
location (decimal latitude and longitude referenced to the North American Datum of
1983; NAD83) and vertical elevation (referenced to the North American Vertical Datum
of 1988; NAVDASS, in feet).

The land-surface datum (LSD) is established by the person making the initial water-level
measurement at the well. The LSD is chosen to represent the average elevation of the
ground around the well. Because LSD around a well may change over time, the
distance between the RP and LSD should be checked every 3 to S years. If appropriate,
a concrete well pad or well vault may be chosen as the LSD, since they will be more
permanent than the surrounding ground surface.

The elevation of the RP can be determined in several ways: (1) surveying to a
benchmark, (2) using a USGS 7.5’ quadrangle map, (3) using a digital elevation model
(DEM), or (4) using a global positioning system (GPS). While surveying is the most
accurate (x 0.1 ft), it is also the most expensive. Depending on the distance to the
nearest benchmark, the cost can be prohibitive. The latitude and longitude of the well
can be established accurately using a handheld GPS. From this information, the LSD
can be located on a USGS quadrangle and the elevation estimated. However, the
accuracy is only about = one half of the contour interval. Thus, for a contour interval of 5
feet, the accuracy of the elevation estimate would be about £ 2.5 feet. The contour
interval of high quality DEMs is currently about 30 feet. Therefore, the accuracy of using
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Figure 4. Groundwater-level measurements using a graduated steel tape (modified from U.S.
Geological Survey, 2006).

DWR Groundwater Elevation Monitoring Guidelines



State of Calfornia

DEPARTMENT OF WATER RESOURCES

California Natural Rescurces Agency

WELL DATA State No.
District
OWNER STATE NO |
ADDRESS OTHER NO.
TENANT
ADDRESS
TYPE OF WELL [ sPECIAL STUDIES [ monTHLY [ sem annuaL [ waTer quaLTY
LOCATION: COUNTY BASIN NO.
U.5.G.5. QUAD. | auao no.
[[e]m]
f f 5B BASE & MERIDIAN
1y /s SECTION TWP. RGE. HO
COORDINATES X: Y: | source:
TDESCRIPTION
REFERENCE POINT DESCRIPTION
WHICH IS . e E LAND STRFAF:E. GROUND ELEVATION FT.
REFERENCE POINT ELEVATION FT. | DETERMINED FROM !
WELL: USE | connimon DEPTH FT. |
CASING, SIZE IN., | PERFORATIONS
MEASUREMENTSBY:  [owr  [Juscs Cussk  Oeounty ik 05T, CJwater oist.  [JCons. DisT
CHIEF AQUIFER: NAME DEFTH TO TOP AQ DEFTH TO BOT. AQ.
TYPE OF MATERIAL PERM. RATING THICKNESS
GRAVEL PACKED? O ves [ONO | DEPTH TO TOP GR. DEFTH TO BOT GR.
SUPP. AQUIFER DEPTH TO TOP AQ. DEPTH TO BOT. AQ.
DRILLER DATE DRILLED: LOG NUMBER:
EQUIPMENT: PUMP, TYPE MAKE
SERIAL NO. SIZE OF DISCHARGE PIPE IN] WATER ANALYSIS: MIN. (1) SAN. () HM. (3)
POWER, KIND MAKE WATER LEVELS AVAILABLE: YES (1) NO |
HP. MOTOR SERIAL NO PERIOD OF RECORD: BEGIN | END
ELEC. METER NO. TRANSFORMER NO. COLLECTING AGENCY:
YIELD GPM PUMPING LEVEL  FT. | PROD. REC. {1} PUMP TEST (2} [ YIELD (3) I
SKETCH REMARKS
RECORDED BY:
DATE:

DWR 429 (Rev. 1/09)

Table 3. General well data form (DWR Form 429).
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DEMs to determine the elevation of the LSD is about + 15 feet. While a handheld GPS
unit is not very accurate for determining elevation, more expensive units with the Wide
Area Augmentation System can be more accurate. However, GPS readings are subject
to environmental conditions, such as weather conditions, overhead vegetative cover,
topography, interfering structures, and location. Thus, the most common method of
determining the elevation will probably be the use of USGS quadrangles. The method
used needs to be identified on DWR Form 429 (Table 3). The important matter is that all
measurements at a well use the same RP, as the elevation of that point can be more
accurately established at a later date. The equipment and supplies needed for
establishing the RP are shown in Table 4.

If possible, establish a clearly displayed reference mark (RM) in a location near the well;
for example, a lag bolt set into a nearby telephone pole or set in concrete in the ground.
The RM is an arbitrary datum established by permanent marks and is used to check the
RP or to re-establish an RP should the original RP be destroyed or need to be changed.
Clearly locate the RP and RM on a site sketch that goes into the well folder (see Table
3). Include the distance and bearing between the RP and the RM and the height of the
lag bolt above the ground surface. Photograph the site, including the RP and RM
locations; draw an arrow to the RP and RM on the photograph(s) using an indelible
marker, and place the photos in the well file.

Table 4. Equipment and Supply List

Equipment and supplies needed for (a) all measurements, (b) establishing permanent RP, (c) steel tape
method, (d) electric sounding tape method, (&) sonic water-level meter, and (f} automated measurements
with pressure transducer.

(a) All measurements

GPS instrument, digital camera, watch, calculator, and maps

General well data form (DWR Form 429; see Table 3)

Pens, ballpoint with non-erasable blue or black ink, for writing on field forms and equipment log books
Well file with previous measurements

Measuring tape, graduated in feet, tenths, and hundredths of feet

Two wrenches with adjustable jaws and other tools for removing well cap

Key(s) for opening locks and clean rags

(b) Establishing a permanent reference point

Steel tape, graduated in feet, tenths, and hundredths of feet
Calibration and maintenance log book for steel tape
Paint (bright color), permanent marker, chisel, punch, and(or) casing-notching tool
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Table 4. Equipment and Supply List (continued)

{c) Steel tape method

DWR field form 1213 (see Table 5)

Steel tape, graduated in feet, tenths, and hundredths of feet

Calibration and maintenance log book for steel tape

Weight (stainless steel, iron, or other noncontaminating material — do not use lead)

Strong ring and wire, for attaching weight to end of tape. Wire should be strong enough to hold weight securely, but
not as strong as the tape, so that if the weight becomes lodged in the well the tape can still be pulled free.

Carpenters’ chalk (blue) or sidewalk chalk

Disinfectant wipes, and deicnized or tap water for cleaning tape.

(d) Electric sounding tape method

DWR field form 1213 (see Table 5)

Steel tape, graduated in feet, tenths, and hundredths of feet

An electric tape, double-wired and graduated in feet, tenths, and hundredths of feet, accurate to 0.01 ft. Electric
sounding tapes commonly are mounted on a hand-cranked and powered supply reel that contains space for the
batteries and some device (“indicator”) for signaling when the circuit is closed.

Electric-tape calibration and maintenance log book; manufacturer's instructions.

Disinfectant wipes, and deionized or tap water for cleaning tape.

Replacement batteries, charged.

(e) Sonic water-level meter method

DWR field form 1213 (see Table 5)

Temperature probe with readout and cable

Sonic water-level meter with factory cover plate

Custom sized cover plates for larger well diameters

Replacement batteries

(f) Automated measurements with pressure transducer

Transducer field form (see Figures 1 and 2 in Drost, 2005: http:/fpubs.usgs.gov/off2005/1126/pdfiofr20051126 pdf )

Transducer, data logger, cables, suspension system, and power supply.

Data readout device (i.e., laptop computer loaded with correct software) and data storage modules,

Spare desiccant, and replacement batteries.

Well cover or recorder shelter with key.

Steel tape (with blue carpenters’ chalk or sidewalk chalk) or electric sounding tape, both graduated in hundredths of
feet,

Tools, including high-impedance (digital) multimeter, connectors, crimping tool, and contact-burnishing tool or artist's
eraser.
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GUIDELINES FOR MEASURING WATER LEVELS

Monitoring wells typically have a cap on the wellhead. After the cap is removed, the
open top of the well is easily accessible for sampling water levels and water quality. If
the well is to be sampled for water quality in addition to water level, the water-level
measurement should be made before the well is purged. Before discussing the detailed
measurement steps for different methods, some guidance is provided on the common
issues of well caps, recovery time after pumping, and cascading water in a well.

Well caps are commonly used in monitoring wells to prevent the introduction of foreign
materials to the well casing. There are two general types of well caps, vented and
unvented. Vented well caps allow air movement between the atmosphere and the well
casing. Unvented well caps provide an airtight seal between the atmosphere and the
well casing.

In most cases it is preferred to use vented well caps because the movement of air
between the atmosphere and the well casing is necessary for hormal water level
fluctuation in the well. Ifthe cap is not vented the fluctuation of groundwater levels in
the well will cause increased or decreased air pressure in the column of air trapped
above the water in the casing. The trapped air can prevent free movement of the water
in the casing and potentially impact the water level that is measured. Vented caps will
allow both air and liquids into the casing so they should not be used for wells where
flooding with surface water is anticipated or contamination is likely from surface sources
near the well.

Unvented well caps seal the top of the well casing and prevent both air and liquid from
getting into the well. They are necessary in areas where it is anticipated that the well
will be flooded from surface water sources or where contamination is likely if the casing
is not sealed. Because the air above the water in the casing is trapped in the casing
and cannot equalize with the atmospheric pressure, normal water level fluctuation may
be impeded. When measuring a well with an unvented cap it is hecessary to remove
the cap and wait for the water level to stabilize. The wait time will vary with many
different factors, but if several sequential water-level measurements yield the same
value it can be assumed the water level has stabilized.

Unlike monitoring wells, production wells have obstructions in the well unless it
is an abandoned production well and the pump has been removed. In addition,
the wellhead is not always easily accessible for monitoring water levels. Since
pumping from the production wells will create a non-static water level, the water-
level measurement should ideally not be made until the water level has returned
to static level. However, this recovery time will vary from site to site. Some wells
will recover from pumping level to static level within a few hours, while many
wells will take much longer to recover. Some wells will recover from pumping
level to static level within a few hours, while many wells will take much longer to
recover. Thus, as a general recommendation, measurements should not be
collected until 24 hours after pumping has ceased, however, site specific
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conditions may require deviating from this. The time since pumping should be
noted on the field form.

Water may enter a well above the water level, drip or cascade down the inside of the
well, and lead to false water level measurements. Sometimes cascading water can be
heard dripping or flowing down the well and other times it is discovered when water
levels are abnormally shallow and/or difficult to determine. Both steel tapes and electric
sounding tapes can give false readings. A steel tape may be wet from the point where
water is entering the well making it hard to see the water mark where the tape intersects
the water level in the well. An electric sounding tape signal may start and then stop as it
is lowered down the well. Ifthis happens, you can lightly shake the tape. The signal
often becomes intermittent when water is running down the tape, but remains constant
in standing water. On most electric sounding tapes, the sensitivity can be turned down
to minimize false readings. It should be noted when a water level measurement is
taken from a well with cascading water.

(1) Steel Tape Method

The graduated steel-tape (wetted-tape) procedure is considered to be the most
accurate method for measuring water levels in nonflowing wells. A graduated steel tape
is commonly marked to 0.01 foot. When measuring deep water levels (=500 ft), thermal
expansion and stretch of the steel tape starts to become significant (Garber and
Koopman, 1968). The method is most accurate for water levels less than 200 feet below
land surface. The equipment and supplies needed for this method are shown in Table 4.

The following issues should be considered with this method:

« It may be difficult or impossible to get reliable results if water is dripping into the
well or condensing on the well casing.

« |If the well casing is angled, instead of vertical, the depth to water should be
corrected, if possible. This correction should be recorded in the field folder.

« Check that the tape is not hung up on obstructions.

Before making a measurement:
1. Maintain the tape in good working condition by periodically checking the tape for rust,
breaks, kinks, and possible stretch. Record all calibration and maintenance data

associated with the steel tape in a calibration and maintenance log book.

2. If the steel tape is new, be sure that the black sheen on the tape has been dulled so
that the tape will retain the chalk.

3. Prepare the field forms (DWR Form 1213; see Table 5). Place any previous
measured water-level data for the well into the field folder.
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4. Check that the RP is clearly marked on the well and accurately described in the well
file or field folder. If a new RP needs to be established, follow the procedures above.

5. In the field, wipe off the lower 5 to 10 feet of the tape with a disinfectant wipe, rinse
with de-ionized or tap water, and dry the tape.

6. If possible, attach a weight to the tape that is constructed of stainless steel or other
noncontaminating material to protect groundwater quality in the event that the weight is
lost in the well. Do not attach a weight for production wells.

Making a measurement:

1. If the water level was measured previously at the well, use the previous
measurement(s) to estimate the length of tape that should be lowered into the well.
Preferably, use measurements that were obtained during the same season of the year.

2. Chalk the lower few feet of the tape by pulling the tape across a piece of blue
carpenter's chalk or sidewalk chalk (the wetted chalk mark identifies that part of the tape
that was submerged).

3. Slowly lower the weight (for monitoring wells only) and tape into the well to avoid
splashing when the bottom end of the tape reaches the water. Develop a feel for the
weight of the tape as it is being lowered into the well. A change in this weight will
indicate that either the tape is sticking to the side of the casing or has reached the water
surface. Continue to lower the end of the tape into the well until the next graduation (a
whole foot mark) is at the RP and record this number on DWR Form 1213 (Table 5)
next to “Tape at RP" as illustrated on Figure 4.

4. Rapidly bring the tape to the surface before the wetted chalk mark dries and
becomes difficult to read. Record the number to the nearest 0.01 foot in the column
labeled as “Tape at WS.”

5. If an oil layer is present, read the tape at the top of the oil mark to the nearest
0.01 foot and use this value for the “Tape at WS” instead of the wetted chalk
mark. Mark an “8” in the QM column of DWR Form 1213 (see Table 5) to indicate a
questionable measurement due to oil in the well casing. There are methods to
correct for oil, such as the use of a relatively inexpensive water-finding paste. The
paste is applied to the lower end of the steel tape and the top of the oil shows as
a wet line and the top of the water shows as a distinct color change. Since oil
density is about three-quarters that of water, the water level can be estimated by
adding three-quarters of the thickness of the oil layer to the oil-water interface
elevation (U.S. Geological Survey, 2006).
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6. Subtract the “Tape at WS" number from the “Tape at RP" number and record the
difference (to the nearest 0.01 ft) as “RP to WS". This reading is the depth to water
below the RP.

7. Wipe and dry off the tape and re-chalk based on the first measurement.

8. Make a second measurement by repeating steps 3 through 5, recording the time of
the second measurement on the line below the first measurement (Table 5). The
second measurement should be made using a different “Tape at RP” than that used for
the first measurement. If the second measurement does not agree with the original
within 0.02 of a foot (0.2 of a foot for production wells), make a third measurement,
recording this measurement and time on the row below the second measurement with a
new time. If more than two readings are taken, record the average of all reasonable
readings.

After making a measurement:

1. Clean the exposed portion of the tape using a disinfectant wipe, rinse with de-ionized
or tap water, and dry the tape. Do not store a steel tape while dirty or wet.
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Table 5. Groundwater level data form for manual measurements (DWR Form 1213).
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(2) Electric Sounding Tape Method

The electric sounding tape procedure for measuring depth to the water surface is
especially useful in wells with dripping water or condensation, although there are still
precautions needed as noted in the beginning of this section. Other benefits of this
method include:

« Easier and quicker than steel tapes, especially with consecutive measurements
in deeper wells.

« Better than steel tapes for making measurements in the rain.

¢ Less chance for cross-contamination of well water than with steel tapes, as there
is less tape submerged.

The accuracy of electric sounding tape measurements depends on the type of tape
used and whether or not the tape has been stretched out of calibration after use. Tapes
that are marked the entire length with feet, tenths, and hundredths of a foot should be
read to 0.01 ft. Electric sounding tapes are harder to keep calibrated than are steel
tapes. As with steel tapes, electric sounding tapes are most accurate for water levels
less than 200 ft below land surface, and thermal expansion and stretch start to become
significant factors when measuring deep water levels (=500 ft) (see Garber and
Koopman, 1968). Equipment and supplies needed for this method are shown in Table 4.

The following issues should be considered with this method:

« |f the well casing is angled, instead of vertical, the depth to water will have to be
corrected, if possible. This correction should be recorded in the field folder.

« Check that the electric sounding tape is not hung up on an obstruction in
the well.

e The electric sounding tape should be calibrated annually against a steel tape in
the field (using monitoring wells only) as follows: Compare water-level
measurements made with the electric sounding tape to those made with a steel
tape in several wells that span the range of depths to water encountered in the
field. The measurements should agree to within = 0.02 ft. If this accuracy is not
met, a correction factor should be applied. All calibration and maintenance data
should be recorded in a calibration and maintenance log book for the electric
sounding tape.

+ Oil on the surface of the water may interfere with obtaining consistent
readings and could damage the electrode probe. If oil is present, switch to
a steel tape for the water-level measurement.

+ |[f using a repaired/spliced tape: see section A4-B-3(b) (page B16) of the NFM
(U.S. Geological Survey, 2006).

Before making a measurement:

1. Inspect the electric sounding tape and electrode probe before using it in the field.
Check the tape for wear, kinks, frayed electrical connections and possible stretch; the
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cable jacket tends to be subject to wear and tear. Test that the battery and replacement
batteries are fully charged.

2. Check the distance from the electrode probe's sensor to the nearest foot marker on

the tape, to ensure that this distance puts the sensor at the zero foot point for the tape.
If it does not, a correction must be applied to all depth-to-water measurements. Record
this in an equipment log book and on the field form.

3. Prepare the field forms (DWR Form 1213; see Table 5) and place any previous
measured water-level data for the well into the field folder.

4. After reaching the field site, check that the RP is clearly marked on the well and is
accurately described in the well file or field folder. If a new RP needs to be established,
follow the procedures above.

5. Check the circuitry of the electric sounding tape before lowering the electrode probe
into the well. To determine proper functioning of the tape mechanism, dip the electrode
probe into tap water and observe whether the indicator needle, light, and/or beeper
(collectively termed the “indicator” in this document) indicate a closed circuit. For an
electric sounding tape with multiple indicators (sound and light, for instance), confirm
that the indicators operate simultaneously. If they do not operate simultaneously,
determine which is the most accurate and use that one.

6. Wipe off the electrode probe and the lower 5 to 10 feet of the tape with a disinfectant
wipe, rinse with de-ionized or tap water, and dry.

Making a measurement:

1. If the water level was measured previously at the well, use the previous
measurement(s) to estimate the length of tape that should be lowered into the well.
Preferably, use measurements that were obtained during the same season of the year.

2. Lower the electrode probe slowly into the well until the indicator shows that the circuit
is closed and contact with the water surface is made. Avoid letting the tape rub across
the top of the well casing. Place the tip or nail of the index finger on the insulated wire at
the RP and read the depth to water to the nearest 0.01 foot. Record this value in the
column labeled “Tape at RP", with the appropriate measurement method code and the
date and time of the measurement (see Table 5).

3. Lift the electrode probe slowly up a few feet and make a second measurement by
repeating step 2 and record the second measurement with the time in the row below the
first measurement in Table 5. Make all readings using the same deflection point on the
indicator scale, light intensity, or sound so that water levels will be consistent between
measurements. If the second measurement does not agree with the first measurement
within 0.02 of a foot (0.2 of a foot for production wells), make a third measurement,
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recording this measurement with the time in the row below the second measurement. If
more than two readings are taken, record the average of all reasonable readings.

After making a measurement:

1. Wipe down the electrode probe and the section of the tape that was submerged
in the well water, using a disinfectant wipe and rinse thoroughly with de-ionized
or tap water. Dry the tape and probe and rewind the tape onto the tape reel. Do
not rewind or otherwise store a dirty or wet tape.

(3) Sonic Water-Level Meter Method

This meter uses sound waves to measure water levels. It requires an access port that is
5/8 — inch or greater in diameter and measurement of the average air temperature in the
well casing. The meter can be used to quickly measure water levels in both monitoring
wells and production wells. Also, since this method does not involve contact of a probe
with the water, there is no concern over cross contamination between wells. However,
the method is not as accurate as the other methods, with a typical accuracy of 0.2 ft for
water levels less than 100 ft or 0.2% for water levels greater than 100 ft. Equipment and
supplies needed for this method are shown in Table 4.

The following issues should be considered with this method:

e The accuracy of the meter decreases with well diameter and should not be used
with well diameters greater than 10 inches.

« An accurate air temperature inside the well casing is necessary so that the
variation of sound velocity with air temperature can be accounted for.

e Obstructions in the well casing can cause erroneous readings, especially if
the obstruction is close to half the well diameter or more.

Before making a measurement:

1. Check the condition of the meter, especially the batteries. Take extra batteries to the
field.

2. Take a temperature probe with a readout and 50-ft cable.
3. If open wellheads with diameter greater than the factory cover plate and less than 10

inches will be monitored, fabricate appropriately-sized cover plates using plastic or
sheet metal.
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4. Prepare the field forms (DWR Form 1213; see Table 5). Place any previous
measured water-level data for the well into the field folder.

5. Check that the RP is clearly marked on the well and accurately described in the well
file or field folder. If a new RP needs to be established, follow the procedures above.

Making a measurement:

1. If the water level was measured previously at the well, lower the temperature probe to
about half that distance in the well casing. Preferably, use measurements that were
obtained during the same season of the year.

2. Record this temperature in the comments column of DWR form 1213 (see Table 5).
Use this temperature reading to adjust the temperature toggle switch on the sonic
meter.

3. Select the appropriate depth range on the sonic meter.

4, For a covered wellhead, insert the meter duct into the access port and push the
power-on switch. Record the depth from the readout.

5. For an open wellhead, slip the provided cover plate onto the wellhead to provide a
seal. If the cover plate is not large enough, use a fabricated cover plate for diameters up
to 10 inches. Record the depth from the readout.

After making a measurement:

1. Make sure the temperature probe and the sonic meter are turned off and put away in
their cases.

(4) Pressure Transducer Method

Automated water-level measurements can be made with a pressure transducer
attached to a data logger. Care should be taken to choose a pressure transducer that
accurately measures the expected range of groundwater levels in a well. Pressure-
transducer accuracy decreases linearly with increases in the depth range (also known
as pressure rating). A pressure transducer with a depth range of 0to 10 ft (O to 4.3 psi)
has an accuracy of 0.01 ft while a pressure transducer with a depth range of 0 to 100 ft
(O to 43 psi) has an accuracy of 0.1 ft. But if the measurement range exceeds the depth
range of a pressure transducer, it can be damaged. So it is important to have a good
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idea of the expected range of groundwater levels in a well, and then refer to the
manufacturer's specification when selecting a pressure transducer for that well.

Some of the advantages of automated monitoring include:

« No correction is required for angled wells, as pressure transducers only measure
vertical water levels.

« A data logger can be left unattended for prolonged periods until data can be
downloaded in the field.
e Downloaded data can be imported directly into a spreadsheet or database.

Some of the disadvantages of automated monitoring include:

« |t may be necessary to correct the data for instrument drift, hysteresis,
temperature effects, and offsets. Most pressure transducers have temperature
compensation built-in.

¢ Pressure transducers operate only in a limited depth range. The unit must be
installed in a well in which the water level will not fluctuate outside the operable
depth range for the specific pressure transducer selected. Wells with widely
fluctuating water levels may be monitored with reduced resolution or may require
frequent resetting of the depth of the pressure transducer.

+« With some data loggers, previous water-level measurements may be lost if the
power fails.

There are two types of pressure transducers available for measuring groundwater
levels; non-vented (absolute) and vented (gauged). A non-vented pressure transducer
measures absolute pressure, is relative to zero pressure, and responds to atmospheric
pressure plus pressure head in a well (see Figure 5). A vented pressure transducer
measures gauge pressure, is relative to atmospheric pressure, and only responds to
pressure head in a well.

Non-vented pressure transducer data require post processing. Barometric pressure
data must be collected at the same time as the absolute pressure data at the well, and
subtracted from each absolute pressure data record before the data can be used to
calculate groundwater levels. Thus, if a non-vented pressure transducer is used, a
barometric pressure transducer will also be needed near the well. This subject is usually
covered in more detail by the manufacturer of the pressure transducer. In an area with
little topographic relief, a barometer at one site should be sufficient for use by other sites
within a certain radius (9 miles reported by

Schlumberger http://iwww.swstechnology.com/ groundwater-monitoring/groundwater-
dataloggers/baro-diver and 100 miles reported by Global

Water hitp://www.globalw.com/support/barocomp.html). In an area of significant
topographic relief, it would be advisable to have a barometer at each site.
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Vented pressure transducers can be programmed so no post processing of the data is
necessary. The vent is usually a small tube in the communication cable that runs from
the back of the pressure transducer to the top of the well. This vent enables the
pressure transducer to cancel the effect of atmospheric pressure and record
groundwater level as the distance from the RP to the WS (see Figure 5). However, if the
vent is exposed to excessive moisture or submerged in water it can cause failure and
damage to the pressure transducer.

The existing well conditions should be considered when deciding which type of pressure
transducer to use. Non-vented pressure transducers should be used when the top of a
well or its enclosure may at any time be submerged in water. This can happen when
artesian conditions have been observed or are likely, the well is completed at or below
the LSD, or the well or its enclosure are susceptible to periods of high water.
Otherwise, it is advisable to use a vented pressure transducer.

The following guidelines are USGS guidelines from Drost (2005) and Freeman and
others (2004) for the use of pressure transducers. These USGS guidelines have not
been incorporated as yet in the NFM. The equipment and supplies needed for
automated measurements of water level using a pressure transducer are shown in
Table 4.
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Figure 5. Groundwater-level measurements using a pressure transducer (vented or non-vented)

(modified from Drost, 2005).
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Before making a measurement:

1. Keep the pressure transducer packaged in its original shipping container until it is
installed.

2. Fill out the DWR field form (Table 8), including the type, serial number, and range of
measurement device; and what units are being measured (ft, psi).

3. Take a reading from the pressure transducer before placing into the well. For a
vented pressure transducer the reading should be zero. For a non-vented pressure
transducer the reading should be a positive number equivalent to atmospheric pressure.
Configure the units (ft, psi) on a barometric pressure transducer the same as the non-
vented pressure transducer. A reading from the barometric pressure transducer should
be the same as the non-vented pressure transducer reading.

4. Lower the pressure transducer into the well slowly. Conduct a field calibration of the
pressure transducer by raising and lowering it over the anticipated range of water-level
fluctuations. Take two readings at each of five intervals, once during the raising and
once during the lowering of the pressure transducer. Record the data on the DWR field
form (see Table 6). If using a non-vented pressure transducer, take a reading from the
barometric pressure transducer at the same time as the other readings.

5. Lower the pressure transducer to the desired depth below the water level (caution: do
not exceed the depth range of the pressure transducer).

6. Fasten the cable or suspension system to the well head using tie wraps ora
weatherproof strain-relief system. If the vent tube is incorporated in the cable, make
sure not to pinch the cable too tightly or the vent tube may be obstructed.

7. Make a permanent mark on the cable at the hanging point, so future slippage, if any,
can be determined.

8. Measure the static water level in the well with a steel tape or electric sounding tape.
Repeat if measurements are not consistent within 0.02 ft (0.2 ft for production wells).

9. Record the well and RP configuration, with a sketch. Include the RP height above the
LSD, the hanging point, and the hanging depth (see Figure 5).
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Table 6. Groundwater level data form for vented or non-vented pressure transducer with data

logger.
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10. Connect the data logger, power supply, and ancillary equipment. Configure the data
logger to ensure the channel, scan intervals, units, etc., selected are correct. Activate
the data logger. Most data loggers will require a negative slope in order to invert water
levels for ground-water applications (i.e., distance from the RP to the WS). If using a
non-vented pressure transducer the data logger will not require a negative slope, but
atmospheric pressure data will need to be collected by a barometric pressure
transducer.

Making a measurement:

1. Retrieve water-level data (to 0.01 ft) using instrument or data logger software. If using
a non-vented pressure transducer, retrieve barometric pressure data.

2. Measure the water level with a steel tape or electric sounding tape (to 0.01 ft) and
compare the reading with the value recorded by the pressure transducer and data
logger. Record the reading and time in the file folder. If using a non-vented pressure
transducer, subtract the barometric pressure value from the transducer pressure value
to obtain the water level pressure value. The water level pressure can then be multiplied
by 2.3087 to convert from psi of pressure to feet of water (Freeman and others, 2004).
Report the calculated water level to the nearest 0.01 fi.

3. If the tape and pressure transducer readings differ by more than (the greater of 0.2
ft or) two times the accuracy of the specific pressure transducer, raise the pressure
transducer out of the water and take a reading to determine if the cable has slipped, or
whether the difference is due to drift. The accuracy of a pressure transducer is typically
defined as 0.001 times the full scale of the pressure transducer (e.g., a O to 100 ft
pressure transducer has a full scale of 100 ft). The accuracy of a specific pressure
transducer should be specified by the manufacturer's specifications.

4. If drift is significant, recalibrate the pressure transducer as described using a steel
tape. If using a non-vented pressure transducer, keep the pressure transducer out of
the water and calibrate to the barometric pressure transducer value. If field calibration is
not successful, retrieve the transducer and send back to the manufacturer for re-
calibration.

5. Use the multimeter (see Table 4) to check the charge on the battery, and the
charging current supply to the battery. Check connections to the data logger, and
tighten as necessary. Burnish contacts if corrosion is occurring.

6. Replace the desiccant, battery (if necessary), and data module. Verify the data logger
channel and scan intervals, document any changes to the data logger program and
activate the data logger.

7. If possible, wait until data logger has logged a value, and then check for
reasonableness of data.
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(GGLOSSARY OF TERMS

The following terms are used in this document. Although many are commonly used in
the groundwater- and data-management fields, they are defined here to avoid
confusion.

Aquifer — A geologic formation from which useable quantities of groundwater can be
extracted. A confined aquifer is bounded above and below by a confining bed of
distinctly less permeable material. The water level in a well installed in a confined
aquifer stands above the top of the confined aquifer and can be higher or lower than the
water table that may be present in the material above it. In some cases, the water level
can rise above the ground surface, yielding a flowing well. An unconfined aquifer is one
with no confining beds between the saturated zone and the ground surface. The water
level in a well installed in an unconfined aquifer stands at the same level as the
groundwater outside of the well and represents the water table. An alternative and
equivalent definition for an unconfined aquifer is an aquifer in which the groundwater
surface is at atmospheric pressure.

Atmospheric or barometric pressure — The force per unit area exerted against a
surface by the weight of the air above that surface at any given point in the Earth's
atmosphere. At sea level, the atmospheric pressure is 14.7 psi. As elevation increases,
atmospheric pressure decreases as there are fewer air molecules above the ground
surface. The atmospheric pressure is measured by a barometer. This pressure reading
is called the barometric pressure. Weather conditions can increase or decrease
barometric pressure.

Blue carpenter’s chalk — A primarily calcium carbonate chalk with some silica. It is
primarily used to make chalk-lines for long lasting bright marks. Some other
formulations of chalk (e.g., sidewalk chalk) substitute different ingredients such as rice
starch for silica.

Data logger — A microprocessor-based data acquisition system designed specifically to
acquire, process, and store data. Data usually are downloaded from onsite data loggers
for entry into office data systems. The storage device within a data logger is called the
data module. A desiccant, such as, silica gel, calcium sulfate, or calcium chloride, is
used to absorb and keep moisture away from the data module.

Dedicated monitoring well — A well designed for the sole purpose of long-term
monitoring.
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Domestic well — A water well used to supply water for the domestic needs of an
individual residence or systems of four or fewer service connections.

DWR Bulletin 118 — DWR publication on the status of California's groundwater. Prior to
this 2003 update, the latest Bulletin 118 was published in 1980. This publication defines
the 515 basins to be monitored in the SB 6 monitoring program. The report reference is:
California Department of Water Resources, 2003, California’s groundwater: Bulletin
118, 246 p., available online

at: hitp://www water.ca.gov/pubs/groundwater/bulletin_118/california's_groundwater b
ulletin_118 - update_ 2003 /bulletin118_ entire.pdf

Electric sounding tape - This term is used in this document to mean both the electric
tape and the electrode probe attached to the end of the tape. This water-level
measuring device is also known by many other names, including a sounder, an electric
tape, an E tape, an electric sounder, an electric well sounder, a depth sounder, etc.

Electrode probe — This is the electronic sensor in the electronic sounder attached to
the end of the electric tape. It senses water based on the electrical conductivity and
triggers an alert.

GPS - This stands for global positioning system. These devices come in many sizes
and costs. The handheld devices are capable of very accurate locations in the xy plane
(latitude longitude). However, only very expensive and large GPS units are currently
capable of accurate readings for the altitude (z direction).

Groundwater — Water occurring beneath the ground surface in the zone of saturation.

Groundwater basin — An alluvial aquifer or a stacked series of alluvial aquifers with
reasonably well-defined boundaries in a lateral direction and having a definable bottom.

Groundwater elevation — The elevation (generally referenced to mean sea level as the
datum) to which water in a tightly cased well screened at a given location will rise.
Other terms that may be used include groundwater level, hydraulic head, piezometric
head, and potentiometric head.

Groundwater surface — The highest elevation at which groundwater physically occurs
in a given location in an aquifer (i.e., top of aquifer formation in a confined aquifer and
the groundwater level or water table in an unconfined aquifer). Also referred to as a
water surface in this document.

DWR Groundwater Elevation Monitoring Guidelines 30



Groundwater subbasin - A subdivision of a groundwater basin created by dividing the
basin using geologic and hydrologic conditions or institutional boundaries.

Hysteresis — The maximum difference in output, at any measured value within the
specified range, when the value is approached first with an increasing and then a
decreasing measured property. Hysteresis is expressed in percent of the full-scale
output.

Instrument Drift — A change in instrument output over a period of time that is not a
function of the measured property. Drift is normally specified as a change in zero (zero
drift) over time and a change in sensitivity (sensitivity drift) over time.

Irrigation well - A well used to irrigate farmland. The water from the well is not
intended for domestic purposes.

Metadata — “data about data”; it is the data describing context, content and structure of
records and their management through time.

NFM - This stands for National Field Manual. This is a living, online, document of the
USGS. It is the protocol document for USGS methods of surface water, groundwater,
and water quality field activities. The portion of the NFM that related to the field methods
of collecting groundwater levels is in the following reference: U.S. Geological Survey,
2006, Collection of water samples (ver. 2.0): U.S. Geological Survey Techniques of
Water-Resources Investigations, book 9, chap. A4, September, accessed 12/30/09

at: hitp://pubs.water.usgs.gov/twri9A4/

Nonflowing well — A well in which the water level is below the land surface.

Pressure head - The height of a column of groundwater above a point that is
supported by pressure at that point.

Pressure transducer - A type of measurement device that converts pressure-induced
mechanical changes into an electrical signal.

Production well = A well with a pump installed that is used to bring groundwater to the

land surface. This is a general term that can be applied to a domestic well, irrigation
well, or public-supply well.
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Public-supply well — A well that pumps groundwater from a relatively extensive
saturated area and is used as part of a public water system, supplying water for human
consumption to at least 3,300 people.

SOGW - This stands for Subcommittee on Groundwater. This is a subcommittee of the
Advisory Committee on Water Information, which is developing a national framework for
groundwater in the United States. The reference for the SOGW work is: Subcommittee
on Ground Water of the Advisory Committee on Water Information, 2009, A national
framework for ground-water monitoring in the United States: final version approved by
the Advisory Committee on Water Information, June 2009, 78 p., accessed 1/11/10

at: http:/facwi.gov/sogw/pubsi/triindex.html

Static water level — Groundwater level in a well during non-pumping conditions.

Vent tube - A tube in the cable which connects to the pressure transducer, allowing
atmospheric pressure to be in contact with one side of the strain gauge in the pressure
sensor. It cancels out the barometric effects in the readings.

Well casing — The metal or plastic pipe separating the well from the surrounding
geologic material.

Wellhead - The top of the well containing the casing hanger and the point at which the
motor is attached for a vertical line shaft turbine pump or where the seal is secured for a
submersible pump.

Well purging — Pumping out standing groundwater from a monitoring well. This is done
prior to water quality sampling of wells, but not before taking a water-level
measurement.
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