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Executive Summary

This report presents the results and recommendatiba technical study undertaken by the
Mojave Water Agency (MWA), Lahontan Regional Wat@uality Control Board
(LRWQCB), a water quality technical advisory contest (WQTAC) made up of local
stakeholders/water management professionals anfiésgional staff from Schlumberger
Water Services (SWS). The purpose of the study twallect all of the viable historic
water quality data for the MWA service area, detaamnthe current native water quality
within the many groundwater basins within the stadya and develop a tool to forecast the
regional effects of land use and water managenmttipes within the groundwater basins
with respect to salt concentrations or total diesdlsolids (TDS). Over time, the use of
water results in the introduction and concentratbsalts within a groundwater basin. This
is commonly referred to as “salt loading”. Exangpl# sources of TDS introduction and
concentration include wastewater, agriculture retfiow and industrial uses. Imported
water can also introduce salt mass into a groureiwasin because a certain amount of salt
is dissolved in all natural waters. Therefore, amater brought into a basin from either the
natural watershed or imported sources will intradsome salt mass into that basin.

One of the primary objectives of the study was tilect and assimilate all historic,
reasonably available, water quality data for thgiae into one comprehensive relational
database. The data collection effort resulted 956,800 records spanning 1908 through
October 2004. Data sources included MWA, Unitedtedt Geological Survey (USGS),
California Department of Water Resources, Califamepartment of Health Services and the
Environmental Protection Agency. These data wewewed for quality assurance/quality
control and carefully screened using both staabtend geochemical screening criteria.
Following screening, approximately 474,000 recofdpproximately 23,700 individual
samples) were accepted into the database. Agpéne study, protocols were established
with entities who continue to collect contemporamgter quality data in the region and the
MWA has developed a program to request and assertiteese data into the water quality

database on a scheduled reoccurring basis.
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The MWA, Lahontan and the WQTAC consulted otherewahanagement organizations
who had undertaken similar regional water qualggessment programs. Based on a review
of similar projects and the advice from other wa=mource management entities, the group
chose the ISEE Systems Stella (Stella) modeling@mwent as the modeling platform. The
Stella modeling platform was used during the MW£AEgional water management planning
process to predict the effectiveness of water mamagt scenarios with regards to water
supply. The hydraulic relationships in MWA'’s exigf Stella model were built upon the
calibrated USGS regional MODFLOW model and the I&telodel could be expanded to
accommodate regional water quality scenarios. oelel was divided into 22 distinct
management zones (aquifer sub-units). Each ddqéer sub-units carried all of the natural
water balance elements such as groundwater legetsjndwater flow direction and
interbasin flow. Land and water use practices gl during the RWMP process such as
population, land use, waste water management, dveater pumping, water imports and

conservation predictions were also included innttoelel.

All screened water quality records in the databasee relegated to particular aquifer sub-
units based on geographic location. The distrdruind concentrations of TDS or total salt
in groundwater was reviewed to determine the natmgcentration of TDS in groundwater
within each of the sub-units. Of the 22 totaldaled sub-units within the study area, 9 sub-
units had average TDS values greater than the Retemmended Secondary Standard of
500 mg/L and 2 sub-units had average TDS valueat@rehan the Upper Secondary
Standard of 1,000 mg/L. In general, sub-units searces of recharge such as the Mojave
River or the San Bernardino and San Gabriel Moustéiave average TDS concentrations
lower that those basins located away from sourtapmreciable natural recharge.

Once the Stella model was modified to accept wetality and aquifer sub-unit water
guality baselines were established, MWA, Lahontad the WQTAC developed distinct
water management scenarios to test long term ragibDS changes and their relation to
specific water management practices. The scenamwe chosen in order to estimate the

effects of water use/water management actions &ett tassociated TDS changes in
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individual basins. Each of the model scenariosduakt of the land use, population,

wastewater and other associated management assamgéveloped in the MWA’'s RWMP.

A total of five scenarios were developed by MWAhbatan and the WQTAC and tested
with the model. The five scenarios consisted nb&WP import case along with four other
water management scenarios which included the iapon of SWP water. The four

scenarios that included SWP imports modeled a aoatibn of power plant, centralized and
satellite wastewater treatment plants, water reateam and focused recharge and pumping.
Each of the tested scenarios was run for 25, 507@ngkars. All of the scenarios, with the
exception of the no SWP scenario, were developeddan projects that were either in the
conceptual phase or design phase and had a stodegtipl of being implemented at some
future date. All of the modeled scenarios mairgdipopulation projections and land use
assumptions as outlined in the RWMP. These assongptvere modified and carried

forward for the 50 and 70 year modeled scenarios

Modeled results of the scenario testing indicat® tinost sub-aquifer units maintained a
steady TDS trend over time (continuous increaséegrease in TDS). TDS concentrations
generally increased over time in the sub-aquifetswwhich is to be expected. Man made
sources/concentrations of TDS (domestic use, ségic discharges, industrial discharges,
agricultural return flow, etc.) are the primary tiazs for water quality degradation and
increases in TDS concentration. As water is usedraused, salts are added or concentrated
in the water and these salts will accumulate inlihein as wastewater and return flow is
recharged back into the aquifer sub-units. Modslits showed that SWP generally acts a
diluting agent which slows the TDS increases in ghb-aquifer units. In general, without
the importation of SWP, the majority of sub-aquifenits would increase in TDS
concentration at a faster rate. TDS concentrationgroundwater basins are expected to
change over time. The assimilative capacity ofhemdividual basin "the ability of the
surface and groundwater system to sustain long feflax of TDS from internal and
external anthropogenic sources” will vary dependamgthe native water quality of each
basin, the degree of utilization of the basin aatity be determined regulatory policy. This

model will be important in assisting with the detaration of the assimilative capacity of
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each basin. Model findings would suggest that rifakiassimilative capacity may be
managed through monitoring, modeling and manageawituns. The results of all modeled

scenarios are presented and discussed in Sectamms 3 of Task 4.

More extensive modeling can be performed in thar&uts regional resource management
entities coordinate long term data collection dffor The purpose of the model as it is
currently configured is to be used as a regional to predict long term changes based on
large scale and long term resource managemenmnactidore refined and project specific
modeling would benefit from continued collection whter quality data from multiple
sources into one data repository. Furthermorertsfishould first be made to fill data gap
areas identified during the modeling process wibprapriate monitoring wells. A more
formal and robust centralized data collection paogrsupported by multiple regional
resource management entities will facilitate mammprehensive and discrete potential future

modeling efforts.
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Introduction

This draft technical memorandum fulfills Task 1gRifiase 1 of the Mojave Water Agency
(MWA) Groundwater Quality Analysis project. Thejettives of project Phase 1 are:

» To assess and characterize the current and hataramcentration of salinity in
groundwater throughout the basin.

» |dentify and describe areas of historically pooalgy and areas exhibiting notable
changes in salinity concentrations over time.

»= Analysis of the overall sufficiency of availabletaaowards the development of
water quality planning model.

= Make recommendations for data collection procedun@ identify sources of water

quality data for ongoing data collection.

This memorandum documents the process undertakeactmcile and compile all water
guality data in the MWA service area, discusse®hal water quality trends, and assesses
the overall sufficiency of available data towarls tlevelopment of a water quality planning
model. Specific objectives, deliverables, and ltedor each project sub-task are described
in the following sections. Section 7 of this meammum contains our overall findings with
regard to the suitability of the current databaee dalt balance analysis, as well as
recommended procedures for further data collection.
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Task la: Potential Sources of
Water Quality Data

2.1 Objectives

Identify and investigate potential sources of wajaality data Identify a list of potential
sources that may possess water quality data pettinodhe MWA service area. Investigate
each potential source of water quality data andrdehe the usefulness of the data provided

by each potential source.

2.2 Deliverable

A list of regulatory agencies and contacts withliggple water quality data in the MWA

service area.

2.3 Results

This task was accomplished through a combinatich@following methods:

* Review of existing datasets.
« Web based search.

* Email queries and phone communication with releagancies.

We believe that the resulting compilation of dadarses represents the vast bulk of water
quality data resources currently available. Somae ot all of these data resources are
periodically updated. Some resources are accessitline, facilitating easy update of a
consolidated Mojave Water Agency database. IncHse of data from the Department of
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Health Services, geo-referencing information isaatilable to the general public. Efforts to

obtain this information are ongoing.

USGS
Online System: NWIS information server
Link http://waterdata.usgs.gov/nwis
Contact:

Tom Haltom — Public Relations Officer (Sacramento)

Julia Huff = San Diego office

Ph: (858) 637-6823
Email: jahuff@usgs.gov

Comments:

CalEPA

Online NWIS data only current to beginning of year.

Up-to-date data in electronic format may be reqeeeiiom the USGS.
Special data requests will receive newer data Ypiteliminary” status.
Cooperating agencies will get more data than aviailto the public.

Future data updates in electronic format may baestgd from Julia Huff at
the USGS San Diego office.

The State Regional Water Quality Control Boards #mel Department of Toxic

Substance Control fall within the purview of CalEPAhe CalEPA also administers

the GeoTracker system, an on-line database of L(EBky Underground Fuel

Tank) and LUST (Leaky Underground Storage Tank) itoang data.

Lahontan Region Water Quality Control Board (Region6b)

Primary URL: http://www.swrcb.ca.gov/rwgch6/

Online System: None
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Contact:
California Regional Water Quality Control Board homtan Region
15428 Civic Dr., Suite 100
Victorville, CA 92392
Phone: (760) 241-6583
Fax: (760) 241-7308
Attn: Hisam Baqai, (760) 241-7325
Mike Plaziak, (760) 241-7404

mplaziak@waterbaords.ca.gov

Comments:
= Lahontan RWQCB database developed as part of thavd&Vatershed water
quality study.
= No samples or database updates after November 2001.
= No further water quality data available and no entlly ongoing sampling

program.

Colorado River Water Quality Control Board (Region 7)

Primary URL: http://www.swrcb.ca.gov/rwacb7/
Online System: None
Contact:

California Water Quality Control Board, Coloradov& Region
73-720 Fred Waring Drive, Suite 100
Palm Desert, CA 92260
(760) 346-7491
fax (760) 341-6820
Attn:  Sheila Ault (760) 776-8960
Leanne Chavez (760) 776-8945
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Comments:
= Colorado River RWQCB does not have any formal omgoevater quality
sampling program.
= Landfill sites are monitored. Contact Leanne Chkave

= Obtained 20 paper record water quality analysisndcfrom Leanne Chavez.

GeoTracker

http://www.geotracker.swrcb.ca.gov/

Comments:
= Public wells removed from public access.
= Contains many MTBE’s as well as TDS, Hardness,saamde other inorganic
constituents.

= Does not contain state well numbers. Need to bssereferenced.

Department of Toxic Substances Control

No water quality monitoring.

Department of Water Resources (DWR)

Online System: Water Data Library
Link: http://wdl.water.ca.gov/wag/gst/water_qugliteportl gst.asp
Contact:

State Water Project Water Quality Program
P.O. Box 942836

Sacramento, CA 91236

(916) 653-9978

Attn: Dan Peterson — Chief, email: danp@water.ca.go

Bruce Agee — On-line database support
(916) 375-6008
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Eric Senter — WDIS database support
(916) 651-9648
esenter@water.ca.gov

Bob Pierotti — Southern Region
(818) 543-4621

Comments:
* Online data is approximately 1 month old, focusedorface water.
» Legacy DWR dataset is WDIS (Water Data Informat8ystem). No on-line
link available. WDIS database for San Bernadinar@yp received on CD
ROM from Eric Senter, free of charge.
= No ongoing Mojave ground water quality samplinggreon according to Bob
Pierotti.

California Health and Human Services Agency (DHS)

Contact:

Department of Health Services (DOHS)

Division of Drinking Water and Environmental Managent
Drinking Water Program

PO Box 997413, MS 7416

Sacramento, CA 95899-7413

Dr. Steven Book (916) 449-5556
Anthony Meeks (916) 449-5568
Leah Walker (707) 576-2295

Comments:

»= Water Quality Monitoring Database available on CONR Cost: $100.00.
= Data available from 1980s to current (2 weeks old).
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= Water agencies’ data. Drinking water only.

= No coordinates or Township/Range indicators fosoea of public safety and
security, per A. Meeks.

= Data set through 10/2004 received from DHS. Mahyhe records in this
dump were usable through cross-indexing againsi Z@@tion list received
from DHS prior to moratorium on distributing staticnformation. Refer to
section 3 of this memorandum for details.

United States EPA

Online System: STORET
Link: http://www.epa.gov/storet/dbtop.html

Eric Wilson (415) 972-3454
wilson.eric@epa.gov
Comments:
= Batch downloads using flexible query engine.
= Mutually exclusive with USGS.
= Common code conventions with USGS.
= “Legacy” database contains data through 1999
= “Modernized” database contains data after 1999
» Legacy database has extensive WQ data for Mojaxteyithout sample
depths.
= Modernized database has no data from the Mojawe aie agencies
contributing data in this area.
= District 9 (including California) STORET Coordinatis Eric Wilson.
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Task 1b: Data Compilation

3.1 Objectives
Compile available existing water quality ddtam agencies possessing relevant data that is
not currently in the possession of SWS or MWA.

3.2 Deliverable
N/A

3.3 Results

Database Software- Raw water quality data files from contributing ages were pre-
processed using Microsoft Access, and then stareani SQL database. Preprocessing of
input datasets included the outlier exclusion aedundancy checks described in the
following sections. Access was selected as thewsoé platform for data pre-processing
because of its flexibility in editing and modifyimtatabases. However, the final water quality
data table was very large, resulting in performapieblems for Access. Further, once the
water quality table was constructed, the editingatdlities of Access were not required on a
routine basis. Microsoft SQL Server was selectedhasfinal database platform for the

following reasons:

= Schlumberger-Waterloo Hydrogeologic has developspezialized interface to SQL
Server for hydrogeologic and water quality applmas. This interface has extensive
qguerying and mapping capabilities which will be weiseful during Task 2 of this

study.
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Other hydrogeological data compilation efforts eutty being conducted for MWA
are based on SQL Server. The use of SQL Servehéowater quality database will

greatly facilitate future integration of these effo

Raw Input Data Summary The following datasets were compiled into the wafeality

database:

DHS — A recent comprehensive collection of watealidy data through October 2004
was obtained from DHS. No associated georeferendatg or state well numbers
were provided, nor is such information forthcomifipe only station reference field
available with this data is the DHS internal statieference code (FDRS). However,
in 2001 Schlumberger Water Services (SWS) receavsnilar data set from DHS.
Since this earlier data set was received beforectineent moratorium on providing
georeferencing information, that data set bothDkS FDRS number and state well
numbers. This 2001 information was used to deval@poss index between FDRS
and state well number which was applied to the 208taset. In this way it was
possible to extract data through October 2004 llowells that were in existence at
the time of the 2001 data set. This results indhmession of only data from wells
brought into operation after that time.

NWIS — A dataset was received from the USGS Sagdddfice in January of 2005
and incorporated into the water quality database.

STORET - Data were downloaded from the legacy ne-8TORET database using a
latitude-longitude limited geographic query. Theaused was slightly larger than
the maximum extents of the MWA area. Wells outsideMWA area are filtered out
prior to database analysis. As discussed aboSedtion 2, the post-2000 “modified”
STORET system has no water quality data for the Mava.

WDIS — Legacy data received from DWR for all of Sa@rnadino County. Wells
outside the MWA area are filtered out prior to thaise analysis. No more current

groundwater quality data is available from DWR.
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Input Dataset File Structures- All data sets were received in ASCII text filerftat. The
term “record” is used here to describe one lin@ ofata file. A record of an input data file
may contain station or sample descriptive inforomgtior the result of the laboratory analysis
or computation for an individual constituent. Atlata sources conformed to the
USGS/STORET standard five digit numerical parametete convention. Most parameter
codes correspond to constituents, although somresnd to sampling event parameters or
well descriptive information. Each record of eagput dataset has an associated parameter
code. Approximately 400 parameter codes are indunléhe combined dataset. A complete

list of parameter codes and their descriptionegated in Attachment 1.

A single water quality sampling event may provideultiple water quality records
corresponding to multiple water quality constiteeanhd associated sample event and well
description information. Multiple records for angie sampling event were correlated
through a unique sample event code in each recéitlinput records also contained the

sample time and date.

Quality Assessment Data The input datasets contained various types andtigies of

guality assessment information associated with pacameter code record. These are:

= Constituent analysisemarks, available for NWIS, DHS, and STORET data and
which follow common conventions. This field senssa modifier to the analytical
or computational result for the constituent. Th@&/IS, DHS, and STORET and
STORET remark field conventions have many simiksitbut not entirely identical.

= Composite sampling statistic code, available as@amte field in the STORET
dataset and included in the cumulative water qualdtabase as a separate field.
However, this field is only populated for the red®rinput from the STORET data
source.

= Selected non-constituent parameter codes such mplisg agency, sampling
method, QA method. These are present to diffedegrees in all input datasets.
These parameter codes are included as separatelgeoothe database with the

appropriate associated parameter codes. These amdgrluded in Attachment 1.
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The cumulative water quality database containsftelds for quality control indicators. One
field carries the remark field which is common t@Vks, DHS, and STORET databases. The
second field carries the composite statistic figldch is unique to STORET data.

Data Import - All data from all sources were imported into Misoft Access using standard
external data import functions. Once imported ikteess, all individual water quality tables
were reformatted to a common format with State Weiinber as the primary key. As part
of this reformat, an additional field was addeceszh table for use in later data redundancy
elimination steps. This field carried informatiosed to rank the quality control information
contained in each input dataset. The value of field was determined by the number of
quality control fields in each input data sourc&/R data, having no data quality fields, was
ranked 3. DHS data having 1 data quality field, wesked 2. USGS and STORET data,
having 2 data quality fields, were ranked 1. The af this field in redundancy elimination

will be described in a later section.

After standardization of format, all input tableger& appended together into a single table.
This appended table contained some wells outsel®WA operational boundary resulting

from limitations in the source dataset query cdpeds, and redundant instances of water
quality constituent result values caused by dupboabetween the input datasets from
contributing agencies. These extra and redundatat \dare filtered out using the methods

described in the following sections.

Elimination of Data Outside of the MWA Operation&doundary— Wells outside the MWA

operational boundary were eliminated on the basievanship, range, and section. A master
table of all township, range, and section numbeatkinvthe MWA operational area, plus a
five mile surrounding buffer, was created using ephical Information System (GIS).

Within the appended water quality table, townshgmge, and section were extracted from
the state well number field and fields createdtfi@se values. An SQL query was performed
on the water quality database to select only recdwaving township, range, and sections

found in the master table. This method did not aigge-determined station list and did not
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presume any prior knowledge of stations in the M¥f8a. Prior to elimination of redundant

samples, the resulting water quality data tablg¢ainad approximately 595,000 records.

Redundancy Check- Manual inspection revealed that redundancies exibetween raw
input datasets resulting in multiple instancesh&f same data sample. In light of the vast
amount of data at hand, manual elimination of gedundancies was impractical. A scheme
was devised in which a unique identifier field veasated for each record in the water quality
database. This field was created by appendinghegstate well number, sample date, and
parameter code for each record. Using this identiinstances in which two separate
records existed for the same parameter code atame well on the same date were easily
identified using the “find duplicate” query capatyilin Access. This facilitated the creation
of a unique water quality sample table. The finglohate query was further constrained to
select the record with the best quality indicati@df as described in an earlier section,
resulting in selection of the record containing ¢neatest amount of information in the data
quality fields. Table 3.1 lists the contributionisthe different data sources to the final water

guality data table.

Table 3.1- Raw input data summary after elimination of stadi outside
the MWA area and redundant records.

Data Source Approx. Total Records
DHS 193,000
NWIS 163,000
STORET 38,000
WDIS 80,000
TOTAL 474,000
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Task 1c: Data QA/QC

4.1 Objectives

Perform QA/QC and reconcile to promote data intggriAfter the compilation of all water
quality data received, conduct a rigorous qualisuaance/quality control of all water quality
data received pertaining to the MWA service ar€his primarily entails the removal of data
that is duplicated, erroneous, and questionablevie®v water quality naming conventions

and reporting units to identify inconsistencies.

4.2 Deliverable

Documentation of the QA/QC process including alsussptions and methods used to
evaluate the water quality data received, and recendation of a composite list of water

guality parameters with naming conventions anddgehreporting units.

4.3 Results

Global QA/QC was performed using a combination tHtistical and graphical tools.
Statistics were calculated for the total sampleutetpon as well as on subsets of the
population sorted by both data source as well dsahygical sub-area.

Ideal Sampling Characteristics- Global QA/QC was performed on the water quality
database for two primary purposes. First, the (@\/Qrocess was necessary to purge
inconsistent, redundant, and erroneous data asdstatthe task objectives. Second, the
QA/QC process was the first step in defining the@ang characteristics of the dataset with

respect to those required for future predictiveewguality modeling activities. The concept
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of an ideal set of sampling characteristics wamthiced in order to provide a framework for
evaluating the suitability of the database for afiéint types or levels of modeling. The
spectrum of models which might be employed rangmfa simple steady state mass balance
model to a calibrated transient mass transport mod&ater quality data is only one
component of the full dataset required for thesedei® Modeling options and their
respective data requirements will be discussecenti@ 7 of this memorandum. Table 4.1
lists key water quality sampling characteristictested for this assessment along with

respective worst and best case conditions.

Table 4.1- Worst and best case sampling parameter charderis

Parameter Worst Case Best Case

Not surveyed, only

estimated from Township-
Range-Section and centroid
of a sixteenth section

Station Location Exact surveyed location

Systematic repetitive
sampling depending on
Single sample or sampling| variability and seasonality
station Should be adequate to
capture variability for
model calibration

Long duration, including
recent

Known measured sample
depth and perforated
interval

Analysis method, Method
Detection Limit, and
quality remark code
Generally even and widely
distributed, also depth
specific with data adequat
to characterize deep zone
Adequately sampled
hydrographs for all wells.
Sampling frequency
dependent on magnitude
and frequency of water
level fluctuations

Sample Frequency

Period of Record Single, old sample

Depth of hole, no explicit

Sample Depth sample depth

Only sample value, no QC

Sample QC indicators

Spatial Distribution Clustered

(2]

Water Level Non-existent
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Quality Control Data— A realistic expectation for sample quality cohtivould be a report

of analysis method, detection limit, and how notedgon is reported. Quality control data
may be specified for the entire sample, or for vitlial constituent result values. Quality
control data at the sample level is carried inaasispecial parameter codes. These data are
present as individual records in the database aamdelated with the constituent result value
records through the State Well Number and uniquapsa identifier. Quality control
information at the individual constituent resulvég where it exists, is carried in separate
fields of the water quality constituent record le tdatabase. The following is a brief review

of the availability of quality control informatidoy data source:

= WDIS — The WDIS data received from the DWR contaiesords with standard
parameter codes for quality control data at thepdarevel, but has no additional
fields for quality control data at the individuabrestituent level We are advised by
the DWR that this information is not in the WDIStalsase and, if exists at all, is in
hard copy form in laboratory test reports. Collestand manual entry of this large
body of information to the database is beyond theps of this study. The
redundancy check described in Section 3.3 was wedigo minimize the DWR
contribution to the database whenever possibleouttiosing unique sample data.

= NWIS — The USGS NWIS database has records with kamgpality control
parameter codes, and an additiorehark field which carries modifier to the value
in the result field of individual constituent redsr Valid values for theemarkfield
are listed in Table 4.2.

= STORET — The EPA STORET database has records waitiple quality parameter
codes, and two fields with constituent level qyadibntrol data. One of these fields
is a remark sharing a more or less common conventith the NWIS database
remark. The other is a composite statistic code&ah constituent.

» DHS - The DHS dataset carries records with samymdéitgy control parameter codes
and a remark field using a convention in commorhwite NWIS and STORET

datasets.
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Table 4.2- Valid NWIS remark field codes

Code

Description

<

Actual value is known to be less
than the value shown

Actual value is known to be greater

than the value shown.

Average value

Estimated value

Presence of material verified but
not quantified

Presumptive evidence of presenc
of material

11°)

Most probable value

<

Value affected by contamination

Analyzed for, not detected

There are a total of 23,700 unique samples in #habdse. The database may contain several

individual constituent records related to eachhafse samples. Since the database contains

approximately 474,000 individual constituent resiithe average number of constituents per

sample is approximately 16.5. Table 4.3 below dosta summary of key sample quality

control parameter code records in the cumulativeabdse. Note in

Table 4.3 that a

relatively small proportion of samples have quatibntrol parameter codes. The remark and

composite statistic fields are not reported in thlde because the absence of a value in these

field in not in itself indicative of any condition.

Groundwater Quality Analysis
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Table 4.3— Summary of sample quality assurance records

Parameter USGS | No. Records
Code
\Water Level 70019 479
Collecting agency code 000271 4501
'Top of sample interval 72015 27
Bottom of sample interval 72016 36
)Analyzing agency code 00028 2175
Sampling method code 82394 247
Sample depth 00003 17

Well Construction Data— The input datasets contained very limited infation about well
construction other than latitude and longitude.isTdvailable information is summarized in

Table 4.4 below.

Table 4.4— Summary of well construction data

Parameter USGS Code | No. Wells (of 7422)
Georeference N/A 7422
Elevation 72020 12
Depth of Hole 72001 387
Depth of Well 72008 164

Some additional information is available for weilfs the NWIS database available upon
request from the USGS through a separate queryseTaeditional data have been reviewed
and considered for entry to the database. Howetés, felt that the SQL database being
prepared for MWA through other projettsvill be the most reliable source for well
construction information. Linking of the water guinaldatabase with this other source of well
construction will be facilitated by the common usfethe SQL Server platform. In most

! See Section 3.3
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cases it will be necessary to estimate sample degthperforation intervals described in the

well construction database.

Spatial Data Distribution (TDS Only)- Figures 4.1 to 4.3 show the distribution of TDS
samples within the MWA area. The size of the syhib&igures 4.1 to 4.3 are proportional
to average, standard deviation, and average peafocecord respectively for available
samples at each station. Period of record isithe in days from the first to the last TDS
sample inclusive for each station. These figutesasfairly good coverage in the principal
aquifer units with the exception of parts of then€e and Transition Zone sub-areas, and
Morongo Basin. The vast majority of all TDS dagaconcentrated along the Mojave River

and around main population centers.
Drinking Water Standards— The California Department of Public Health has lelsthed

recommended and upper secondary drinking watedatds for TDS of 500 mg/L and 1,000
mg/L respectively.
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Figure 4.1— Well locations with TDS samples. Symbol radiss i
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TDS Sample Population Statistics by Data Souredable 4.5 lists the statistical summary
of raw TDS samples by data source. The STORETcledatabase was the largest single
data source, followed by the NWIS and legacy DHt@alokeses. The WDIS database from the
DWR made only a small contribution, because of ghhidegree of redundancy with the

NWIS database and because of the exclusion of D\&Rrvwguality records in favor of other

sources due to lack of associated quality assurdatze It is notable that the lowest average
TDS level is seen in the DHS samples. This iseetqul as a result of that agency’s
preferential sampling of drinking water wells. Nordé these averages exceeds the

Department of Public Health upper secondary drigkuater standard of 1000 mg/I.

Figure 4.4 shows a TDS exceedance plot for all dataces. Exceedance plots show the
percentage of the dataset (horizontal axis) whideeds a given value (vertical axis). While
both NWIS and DWR datasets exhibit high TDS samatdew exceedance percentages, the
DWR dataset shows persistently high values up tareamalous drop at approximately 35
percent exceedance. Errors in units and datarinfpave been eliminated as potential
reasons for this anomaly. This anomaly may beethby a true sampling bias and further
amplified by the relatively small number of datane in the WDIS dataset. TDS levels in
the NWIS dataset drop off quickly to levels equabther datasets at exceedance of less than
5 percent. This may be interpreted as the efféet kimited number of anomalously high
data points in the NWIS dataset, possibly samptedhe vicinity of dry lakes. These
anomalies will be further investigated during Tasséf this study.

Table 4.5— TDS Sample statistics by data source

Average NG

Source Total First Date Last Date Period of TDSg StDev % Exceeding

Samples Record (mgl/l) 1000 mg/I

(mgl)
(days)

DHS 1,991 7/11/1956 7/19/2004 5,259 305 236 4
NWIS 2,934 7/21/1908 10/18/2004 2,078 709 1,34 15
STORET 4,186 5/7/1951 11/24/1986 2,733 580 510 9
WDIS 113 7/6/1932 1/12/1990 3,842 660 782 15
All 9,224 7/21/1908 10/18/2004 3,087 624 993 13
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Figure 4.4— TDS exceedance plot by data source

TDS Sample Population Statistics by Sub-ared able 4.6 lists the statistical summary of
TDS samples sorted by sub-area. The Alto sub-exkibits the lowest overall average TDS
level and is also closest to recharge sources asighountain fronts and the Mojave River
headwaters. The Este sub-area has the highest TDyre@atest variability. Figure 4.5
shows the exceedance plot for TDS by sub-area. highest isolated levels are observed in
the Baja sub-area, dropping off quickly at lesstb& exceedance. The persistently high
levels are observed in the Este data, while pergisbwest values are observed in the Alto
data. Although the TDS level in Centro is higheart in Este at high exceedance levels, the
variability of the Este data is greater than tHfahe Centro data.
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Table 4.6— TDS sample statistics by sub-area

Avg of
. StDev of %
Sub-area ok First Date | Last Date PEMIEE| @1 /87y o RS L Result Exceeding
Samples Record (ppm) (ppm) 1000 ppm
(days) pp pp
Alto 1,829 9/21/1942 | 10/18/2004 2,703 291 2,323 3
Baja 1,215 8/20/1916 | 10/13/2004 1,804 627 294 9
Centro 2,142 7/21/1908 | 10/14/2004 2,557 713 436 18
Este 1,048 2/28/1952 | 5/10/2004 2,137 969 1,104 26
Morongo 910 3/19/1951 | 7/14/2004 1,903 387 403 5
Oeste 165 5/17/1951 | 5/17/2004 2,214 725 1,436 10
Transition Zone 575 3/7/1942 | 10/14/2004 1,798 801 835 20
ALL 7,884 7/21/1908 | 10/18/2004 3,087 624 993 13
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Figure 4.5— TDS exceedance plot by sub-area

90% 100%

the

Mojave Basin were further refined as part of the M\Wegional Water Management Plan
(RWMP) prepared by MWA.

hydrogeological considerations such as the proyitaitboundaries with adjacent sub-areas,

Groundwater Quality Analysis
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major aquifer unit, and the inclusion of non-adgaded sub-basins. Table 4.7 describes the

distribution of stations and overall statistics T®S in the database by RWMP area.

Table 4.7 — Number of stations ad TDS statistics bRWMP sub-area.

Number of  Number
RWMP Area Stations in TDS
Database @ Records

Average  TDS Std
TDS (mg/l) Dev (mg/l)

Alto Floodplain 320 278 168.6 62.2
Alto Left Regional 93 93 352.5 128.3
Alto Mid Regional 357 796 140.1 33.2
Alto Right Regional 393 410 616.7 345.4
Baja Floodplain 556 847 650.4 1667
Baja Regional 459 346 548.9 592.5
Centro Floodplain 992 1737 705.9 378.6
Centro Regional 501 286 641.9 984.3
Copper Mountain Valley Subbasin 152 264 227.2 123.8
Este Regional 156 189 495.3 328
Harper Lake Regional 185 98 11755 728.7
Johnson Valley Subbasin 81 208 900.5 563.8
Lucerne Basin 495 819 1095 1212
Means/Ames Valley Subbasin 110 77 269.2 92.4
Narrows Floodplain 105 194 191.3 117.6
Oeste Regional 295 138 747.1 1566.5
Transition Zone Floodplain 482 364 891.7 851.8
Transition Zone Regional 245 205 620.3 758.5
Warren Valley Subbasin 83 291 217.8 80.1
Other 1361 725 848 1910.3
Total 7422 8365 626.2 1005.3
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Task 1d: Data Integration

5.1 Objectives
Integrate all data into standard format with MWAaf§tto incorporate in MWA database
Work closely with MWA staff to develop a standaetizformat for archiving and accessing

water quality information that is compatible witietcurrent MWA database.

5.2 Deliverable

Digital water quality data reconciled and compiled asks 1b and 1c.

5.3 Discussion

After pre-processing of raw input data as describe8ection 3, all station, sample events,
and constituent result values were imported int&&t database using Waterloo HydroGeo
Analyst (HGA) software. HGA is a flexible interfa¢éer management, query, and mapping
of extensive hydrogeological and environmental d&averal pre-defined data structure
templates are available in HGA. These structureg Imeamodified by the user. For the water

guality database the environmental data templatesekected.

The HGA environmental template contains severaletalior well construction data, soil
types, lithology, etc. However, data is not at tiise available to fully populate all tables. In
its current form, only three tables of the watealgy database are partially populated. These
are:

= Station table

= Samples table

Groundwater Quality Analysis Technib@morandum — Task 1 Page 1-26



= Results table
This data structure template was modified to inelgecial fields for the water quality

database. These are:

* Fields for state well number, adjudicated sub-aasa, RWMP sub-area were added
to the station table.

» Afield for data source identifier was added to $shenple results table

These modifications facilitated the data queriesdufor the analyses presented in this
memorandum. These tables will be more fully pofadaand additional tables will be

populated as necessary to meet the objectivesofiéter quality study. The data structures
of these three tables, and their inter-relatiorslaippa shown in Figure 5.1 and discussed in

the following sections.

Station Table
This table contains the master list of stationtha database. The Station table is related to
the Samples table by the Station ID field. Theadable fields currently populated are:
= Station ID — Unique integer and primary key
= SWN - State Well Number
= Station Name — Local well names or unique nameagrass by other agencies such as
the USGS, DWR, or DHS.
= X - Longitude in decimal degrees
= Y — Latitude in decimal degrees
= Adjudication Area — Alto, Baja, Centro, Este, Mogon Oeste, Transition Zone
= RWMP Area — Name of the sub-aquifer unit as definetie RWMP
(listed in Table 4.7)

Samples Table
This table contains the master list of sampless. felated to the Station table list through the
Station ID field, and to the Results table throdlgh System Sample Code. The data table

fields currently populated are:
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= Station ID — Primary key

= System Sample Code — Unique identifier compose8WHN, data source identifier,
and sample date.

= Date — Date of sample

Results Table
This table contains quality records and associgtedity assurance information. It is related
to Samples table by the System Sample Code fiehd data table fields currently populated
are:
= Sample_ID — Computed ASCII string composed of S\Wata source identifier, and
sample date. Serves as the primary key for thelRdsable.
» Sample Date — Sampling date from the input dataset
= Source — Data source (i.e. NWIS, WDIS, STORET,DHS)
» Chemical Name — USGS/STORET parameter code farettewd
= Result — Analytical or computational result for genstituent
» Remark — Result modifier
» Composite_Statistic_Code — Only available for Lgg&TORET data. Statistical
qualifier for the reported constituent value. Udetlus field is discontinued by
STORET.
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Location | | Chemistry Sample |

Station 1D I — Station ID | Chemistry Results
SWN System Sample Code — | System Sample Code
MWASTa Num Name Name
Station Name Screen From Sample Date
X Screen To Chemical Name
Y Date Result
Elevation Time Remark
TOC Comment Unit
Station Type Composite Description Reporting Detection Limit
Total Depth Company RDL PPM
Depth to Bedrock Sent Date Fraction Code
Adjudication Area Received Date Composite Statistic
RWMP Area Sample Matrix Start Depth
Sample Reason Mid Depth
Sample Technique End Depth
Sample Class Result Comment
Sample Name Sample Matrix Code
Sample Type Sample Type Code
Sampler Sampling Reason
Source

Figure 5.1- Database tables and relationships
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Task le: Historic Water Quality

Analysis

6.1 Objectives

Perform historic water quality trend analysis peniag to salinity Assess the current and

historical concentration of salinity in groundwatieroughout the basin. The objective of this
task is to identify areas of historically poor gtyabnd areas exhibiting notable changes in
the concentration of salts. Look for recognizabéads of quality degradation through time

and attempt to identify causes for any degradatientified.

6.2. Deliverable
N/A

6.3 Discussion

Historical analysis of total dissolved solids caontef groundwater in the MWA area was

performed using the following analysis tools:
= Global sampling rate cross-plot
*= Time series on data from individual wells

= Contour plots

Each of these methods provides different viewsiasidhts into the dataset.
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Global sampling rate cross plet A cross-plot method was utilized in an effort twerstand
the overall sampling frequency characteristicstiier dataset. Figure 6.1 shows a cross-plot
of the number of TDS samples versus period of tedor each station. This cross-plot is
used to evaluate the quality of historical samplingh respect to an ideal sampling
frequency criteria. The method is as follows:
= Select criteria for the minimum number of sampled the minimum desired sample
rate (samples per year) for a good historical saraet.
= Draw a line with a slope equal to the minimum samgate criterion and passing
through the minimum number of samples criterion.
= Draw a vertical line passing through the x axishattime equal to minimum sample
rate X minimum number of samples.
= Stations falling within the area above the slogding and to the right of the vertical
line meet minimum sampling criteria. Stations ifal outside this area are under-

sampled by the selected criteria.

The red line in Figure 6.1 represents a rate arfipde per year. The vertical line represents
a minimum 3 year period of record. The area withie green dashed outline represents the
good sample domain for yearly sample rate. Thi i® meant only as a guideline, to be
used along with other spatial and temporal dat#ysisaools in evaluating the quality of the
database. For areas with stable long-term wataitgua sampling frequency of every 3 to 5
years might be more appropriate (orange line). deas with highly variable water quality,
multiple annual samples (blue line) might be reegiito adequately characterize water
quality. It can be seen that the majority of stasi meet a three year average sampling
frequency requirement while very few meet a 6 mawbrage sampling requirement. This
analysis tool will be used in Task 2 of this projéc evaluate geographically delimited

subsets of stations.
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Figure 6.1— Global TDS sample rate cross-plot for all stadio
Time Series- Three wells having good period of record and largmber of samples were
selected from each sub-area for time series dispkgure 6.2 shows the location of the
selected stations. Figures 6.3 to 6.9 show the Series for these stations with all three

stations for each sub-area on a single plot. THateexhibit a variety of trends.

Stations in the Alto sub-area (Figure 6.3) have ltheest values, as also seen in the
histograms for this sub-area. These wells armallose proximity to one another and show
erratic 3-5 year variations reaching approximaf€ mg/l peak-to-peak magnitude until an
apparent reduction in the sampling effort occurimghe late 1970s. The most recent data

from two of these wells suggests the same errati@or may exist today.

In the Baja sub-area (Figure 6.4) two wells in elpsoximity exhibit fundamentally different
trends with one well showing relatively constantels and the other a distinct increasing
trend. The third well approximately five miles anexhibits a similar increasing trend with

a possible drop before cessation of sampling.

In the Centro sub-area (Figure 6.5) wells in tha@niiy of Barstow show interesting trends.

Two wells nearer to Barstow have erratic short-tbehavior but relatively stable long-term
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trends while another well further away from Barstdewnstream along the Mojave River

has a definite increasing trend before cessati@awipling in the mid 1980s.

In the Este sub-area (Figure 6.6) all three wéilswsstable concentrations. However, two
wells in which are in close proximity to one anath@ve similar levels that are nearly an
order of magnitude lower than those observed intltirel well approximately two miles

away.

In the Oeste sub-area (Figure 6.7) sampling isundbrm throughout the period of record. A
sampling gap exists for all three wells between318@d 1978. Prior to this gap all wells had
similar TDS levels and slowly increasing trendsribg the 1978-1979 time period, after the
sampling gap, samples from two wells showed leaat$ trends consistent with prior history
while one well (6N7WW210P02S) shows two successiveonalously high values

(over 1,200 mg/l). One possible explanation of #me®maly is that during the period from
1978 to 1980 the Mojave Basin experienced extrduntuiations in precipitation which may
have mobilized TDS from EIl Mirage Lake, effectirgngples locally due to the location or

other attributes of the one well.

In the Transition Zone sub-area (Figure 6.8) ate¢hwells show distinctively different
characteristics. The off channel well (O6NO5WO08F0kBows low and stable values
throughout the period of record. Well 08NO4W31R®dighin the floodplain aquifer shows a
significant increase between 1952 and 1958, follbwsy a downward trend until
approximately 1972, and then stabilizing for thenaender of the period of record. Well
08N04W20A01S, also in the floodplain aquifer tracksell 08NO4W20A01S until

approximately 1967, at which time TDS levels beayirerratic but persistent rise.

In the Morongo Basin (Figure 6.9) wells in the Yacddalley and Copper Mountain Valley
sub-basins exhibit stable TDS values well withia 0 mg/I drinking water limit. During

the same time period a well in the Johnson ValigyIsasin exhibits large fluctuation in TDS
with a sharp peak near 3000 mg/l in the early 1960llowed by a steady decline to
approximately 800 mg/l before cessation of sampdicigyity in the mid 1970s.
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Figure 6.2— Location of wells used for time series plots
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Figure 6.6— TDS data time series display for wells in Estie-area
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Figure 6.8— TDS data time series display for wells in Trénsi Zone sub-area
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Figure 6.9— TDS data time series display for wells in Mororfpne sub-area

Contour “Time Slice” Plots —TDS data were sorted into time-limited groups tsite Table
6.1 for contour plotting. These data show reldgiveniform sampling after 1950 with the
exception of an apparent increase in activity betw#85 and 1995. Contours of these data
groups created in Schlumbergers PETREL 3D geo#dgmmodeling system using a
convergent interpolation algorithm are shown inufgg 6.10 to 6.14. These contours are
constrained by the limits of the regional aquifad aMorongo Basin but do not account for
other features such as faults that might causepalwvater quality transitions. For the time
period between 1925 and 1950 there were no samplige Morongo Basin. These plots
show localized increases in TDS through the 1978 1tine period, followed by a decrease
in those areas during the time period from 1988004. These localized contour anomalies
could be induced by individual wells and will b@stly investigated during Phase 2 of this
study.

Table 6.1- TDS contour data group sample characteristics

Date Range Number of Stations
1925-1950 51
1950-1975 941
1975-1985 284
1985-1995 446
1995-2004 367
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Figure 6.12— Contour of average TDS level for data groupddéen years 1975 and 1985
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Task 1f: Assessment of Modeling

Needs

7.1 Objectives

Assess data needs for computational modeling ofigabalance Provide recommendations
outlining additional data collection activities aady additional analyses necessary. Data
collection recommendations are focused primarily quantifying potential long-term

changes in the salinity balance of the basin.

7.2. Deliverable

Recommendations outlining additional data collectstivities and any additional analyses

necessary.

7.3 Discussion

Recommendations for further data collection mudbdmed upon a realistic assessment of the
current database and the modeling objectives, flutht and long term. Table 7.1 contains a
list of the various types of models which may bedutor predicting long-term changes in the

salinity balance of the Mojave Basin, along witiebdescriptions and pros and cons of each.
The models in Table 7.1 are listed in order of @asing complexity. This increase in model

complexity results from increased discretizationtlud system in one or more of the key

model parameters. Table 7.2 describes discraiizatiethods for some of the key model
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parameters. Increased model complexity and diget&in carries with it a corresponding
increase in the number of types of data as wethasquantity and quality of data. These
requirements put practical limits on water qualitypdeling using the available database.
Referring to Table 4.1, given a worst case or megast case water quality sampling scenario
only the more simplistic modeling techniques wolbdpossible. Poor spatial and temporal
sampling with uncertain data quality would suppmtty simple mass balance modeling. At
the other end of the spectrum, a best case watdityggsampling scenarian addition to
comprehensive hydrogeological characterization ddnd required to support complex 3-D

transport modeling.
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Table 7.1- Various models under consideration for predicbbthe long-term salt balance of the Mojave Basin

Recommended
Model Type Description Modeling Pro Con
Environment
Steady State Salt Balance Bucket model with cohstan Spreadsheet Simple, inexpensive. Coarse, static, not suitabl

inflow/outflows and initial
condition based on snap shot of
aquifer salinity state.

No special software
required.

for heterogeneous
transient systems.

Non-Linear System Model

Nodal model with transient
inflow/outflow and inter-basin
process calibrated against historig
data and the available Modflow
hydrodynamic model.

System Analysis
Software (e.g. Stella)
al

Inexpensive option for
first order modeling of|
transient, non-linear
system behavior.

Increased complexity.
Requires explicit
characterization of
transient processes.

Numerical Advective TDS
Transport

Transient numerical hydrodynami
model with TDS treated as a trace
transported through advective floy
only.

c Numerical simulator
r(e.g. Modflow)
v

More accurately
predicts heterogeneol
and transient
hydrodynamic system
behavior.

Complex, requires specia
Isoftware, skills, and
additional geological and
hydrologic input data.

D

Numerical Transport Model
with Dispersion

Transient numerical
hydrodynamic/transport model wit
TDS transported by advection witl
calibrated dispersion.

Numerical simulator
h(e.g. Schlumberger
n Eclipse, MODFLOW
RT3D, FEFLOW)

Dispersion can be
significant in
hydrodynamically
transient systems
depending on
lithology.

Requires calibration and
specialized software and
skills and additional
geological and hydrologic
input data. Dispersion
often 2 order effect
depending on lithology
and hydrodynamic
conditions.

Numerical Transport Model
with Dispersion and
diffusion

Numerical hydrodynamic/transpor|
model with TDS transported by
advection, calibrated dispersion,
and diffusion.

t Numerical simulator
(e.g. Schlumberger

Eclipse, MODFLOW
RT3D, FEFLOW)

Useful in systems
which are close to
hydrodynamic steady
state but transient witf
respect to
concentration state.

Calibration sensitive.
Requires specialized
software and skills and

1 additional geological and
hydrologic input data.
Diffusion often 2° order
effect in hydrodynamically

transient systems.
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Table 7.2— Model Discretization

Category Less Discrete More Discrete
Areal Discretization Sub-area Sub-aquifer
Vertical Discretization Single layer Multiple layer
Model State Steady-state Transient
Transport Process Advection Dispersive/Diffusive
Unsaturated (vadose) Zone Water table Multi-phase

The spatial distribution of samples shown in Figdire highlights the spatial non-uniformity
of well coverage in the MWA area with clusteringresponding to population centers and
along the Mojave River. Some outlying regionsgerly sampled. Although this sampling
non-uniformity is undesirable, it is also likelyathincreased sampling density corresponds to
areas where TDS transport is more transient. Gselye in the absence of other TDS
sources or sinks, areas with sparse well coverageb® expected to be closer to steady state
transport conditions. As such, recommendationsafiditional drilling must be based not
only on spatial density, but on the spatially vialeadynamics of the overall system.

The temporal distribution of TDS sampling was irigeged in Section 6 for selected wells
from each sub-area. These data show that wetlog®e proximity to one another can exhibit
vastly different levels and trends. This behawan be attributed to the direct influence of
man-made surface inflows or to localized geologpt@nomena such as faults and lake beds
subject to periodic inundation. Data from wellsthe Este sub-area displayed in Figure 6.6
highlight the fact that large variations in stealgte concentrations may occur over short
distances. Ideally, the mechanisms for such vanatwill be comprehended in future

modeling activities.

7.4 Recommendations

Although the current database is clearly not sigfit for sophisticated transport modeling,
the trends observed in QA/QC and historical dat@ysms support the conclusion that the
TDS distributions in the area are spatially vagabith a mix of transient and near steady-
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state conditions. Selection of the appropriate ehadd modeling platform are objectives of
Phase 2 of this project. Based on recent studie®nmed as part of the MWA RWMP we
anticipate that simple mass balance techniques ad#quately modeshort-term TDS
behavior in the area of interest under various watanagement scenarios. However, a
spatially discrete transient transport model wdlrequired to adequately capture and predict
the spatial variability and long-term trends obsérin the data. The first modeling option
that would begin to capture these attributes wdadda spatially refined non-linear system
model.

Whether the final recommendation from Phase 2 isf4tudy is a non-linear system model
or a full transport model, fundamental improvemantshe water quality database will be

required. While development of an ideal water fyalatabase may not be a realistic near-
term objective, such a database should be usdteagandard for future sampling activities.

If performed rationally, these activities will eiitanly those short-term cost expenditures
necessary and sufficient to support realistic nean modeling objectives, while at the same
time forming the building blocks for more complexdeling efforts in the future.

Based upon our evaluation of the currently avadabbhta and in consideration of the

modeling alternatives discussed above, we recomiientbllowing actions:

1. Assess sampling efficiency Trends in existing data should be evaluated thed
efficiency of the current sampling program shoulel &ssessed. Water quality
sampling taking place in the MWA monitoring netwavkll study may be optimized
through analysis of spatial and temporal trendsearby wells as observed in the
water quality database. For example, we suggesplgay once every three to five
years in areas with stable water quality, and ongvb times per year in areas with
variable water quality. This will both assure thajnificant trends are being captured
and minimize unnecessary costs associated with-sarapling in areas exhibiting

slowly varying TDS levels.
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2. Resumption of sampling in selected welsldentify wells exhibiting significant
historical variability but for which sampling hasased and investigate the potential
benefit of including these in the monitoring wetbgram. One specific example is
well 09N01W10DO02S shown in Figure 6.5 and discusse&ection 6.

3. DHS data— In light of the fact that the DHS is one of otlyee agencies conducting
extensive ongoing regional groundwater samplinggrams it is critical that all
legacyandfuture DHS data be incorporated into the watetijudatabase. Efforts to
obtain critical well number and location informaticare under way with the
cooperation of the Lahontan RWQCB.

4, Surface water inflows- The available data strongly suggest signifidactlized
effects of cultural activity on groundwater TDS dész  Historical rate and
concentrations for all major inflows of surface arashould be quantified, including

waste streams.

5. Conceptual geologic controls Spatial TDS anomalies in the Este and Alto s@asr
suggest that discrete geologic features such asdedutcrops, dry lakes, and faults
may be having a direct and significant impact onSTMistributions. MWA
continuously strives to improve its conceptual med®r their operational area
through ongoing acquisition of geospatial (GIS)dtogeological, and geochemical
data. These efforts have natural synergy with tla¢ewquality study. The water
quality planning model will serve as a useful tool planning of future data
acquisition efforts. The combined efforts of cqntcal model development and the
water quality planning model hold tremendous paétrititure benefits for MWA in
terms of optimizing the long term management ofewatsources in the Mojave

Basin.
6. Infill drilling and sampling — Ideally a systematic infill drilling and sampjin

program would be desirable with the long term gafatleveloping a minimum well

density 1 well per 10 square miles. This may re@fabhievable due to the high cost
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of drilling. However, effective use of the availalthydrogeological data, up-to-date
conceptual model(s), and the water quality planmragiel, will help to prioritize the

drilling program and optimize the benefit of eachlivdrilled.

7. Water quality data source interface Utilities for periodic retrieval and integration

of data updates from primary water quality datarsesishould be created.
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Constituent
Code

00027
00028
72001
72008
81903
72016
72015
72019
72020
72000
00058
00059
72004
00061
00080
81024
00086
00085
01330
46529
00003
82398
84143
00070
00025
00405
00300
00301
00400
00403
00094
90095

00095

00020
00010

USGS/STORET Parameter Codes

Description

Agency collecting sample, code

Agency analyzing sample, code

Depth of hole, feet below land surface datum

Depth of well, feet below land surface datum

Depth to bottom at sample location, feet

Depth to bottom of sample interval, feet below land surface datum
Depth to top of sample interval, feet below land surface datum
Depth to water level, feet below land surface

Elevation above NGVD 1929, feet

Altitude of land surface, feet

Flow rate of well, gallons per minute

Flow rate, instantaneous, gallons per minute

Pump or flow period prior to sampling, minutes
Discharge, instantaneous, cubic feet per second

Color, water, filtered, platinum cobalt units

Drainage area, square miles

Odor at 60 degrees Celsius, threshold number

Odor at room temperature, threshold number

Odor, atmospheric, severity, code

Precipitation, inches

Sampling depth, feet

Sampling method, code

Well purging condition, code

Turbidity, water, unfiltered, Jackson turbidity units
Barometric pressure, millimeters of mercury

Carbon dioxide, water, unfiltered, milligrams per liter
Dissolved oxygen, water, unfiltered, milligrams per liter
Dissolved oxygen, water, unfiltered, percent of saturation
pH, water, unfiltered, field, standard units

pH, water, unfiltered, laboratory, standard units

Specific conductance, water, unfiltered, field, microsiemens per centimeter at 25 degrees
Specific conductance, water, unfiltered, laboratory, microsiemens per centimeter at 25

degrees

Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees

Celsius
Temperature, air, degrees Celsius
Temperature, water, degrees Celsius
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Constituent
Code

00900 Hardness, water, unfiltered, milligrams per liter as calcium carbonate

00904 Noncarbonate hardness, water, filtered, field, milligrams per liter as calcium carbonate
00905 Noncarbonate hardness, water, filtered, lab, milligrams per liter as calcium carbonate
00902 Noncarbonate hardness, water, unfiltered, field, milligrams per liter as calcium carbonate
00903 Noncarbonate hardness, water, unfiltered, lab, milligrams per liter as calcium carbonate
95902 Noncarbonate hardness, water, unfiltered, milligrams per liter as calcium carbonate
00915 Calcium, water, filtered, milligrams per liter

00925 Magnesium, water, filtered, milligrams per liter

00935 Potassium, water, filtered, milligrams per liter

00937 Potassium, water, unfiltered, recoverable, milligrams per liter

00931 Sodium adsorption ratio, water, number

00933 Sodium plus potassium, water, filtered, milligrams per liter as sodium

00930 Sodium, water, filtered, milligrams per liter

00932 Sodium, water, percent in equivalents of major cations

00410 Acid neutralizing capacity, water, unfiltered, fixed endpoint (pH 4.5) titration, field,
00417 Acid neutralizing capacity, water, unfiltered, fixed endpoint (pH 4.5) titration, laboratory
90410 Acid neutralizing capacity, water, unfiltered, fixed endpoint (pH 4.5) titration, laboratory
95410 Acid neutralizing capacity, water, unfiltered, fixed endpoint (pH 4.5) titration, laboratory
00419 Acid neutralizing capacity, water, unfiltered, incremental titration, field, milligrams per liter
71825 Acidity, water, unfiltered, heated, milligrams per liter as hydrogen ion

00435 Acidity, water, unfiltered, milligrams per liter as calcium carbonate

39036 Alkalinity, water, filtered, fixed endpoint (pH 4.5) titration, field, milligrams per liter
29801 Alkalinity, water, filtered, fixed endpoint (pH 4.5) titration, laboratory, milligrams per liter
39086 Alkalinity, water, filtered, incremental titration, field, milligrams per liter as calcium
00453 Bicarbonate, water, filtered, incremental titration, field, milligrams per liter

00440 Bicarbonate, water, unfiltered, fixed endpoint (pH 4.5) titration, field, milligrams per liter
00450 Bicarbonate, water, unfiltered, incremental titration, field, milligrams per liter

29807 Carbonate, water, filtered, fixed endpoint (pH 8.3) titration, field, milligrams per liter
00452 Carbonate, water, filtered, incremental titration, field, milligrams per liter

00445 Carbonate, water, unfiltered, fixed endpoint (pH 8.3) titration, field, milligrams per liter
00447 Carbonate, water, unfiltered, incremental titration, field, milligrams per liter

71830 Hydroxide, water, unfiltered, fixed endpoint (pH 10.4) titration, field, milligrams per liter
71870 Bromide, water, filtered, milligrams per liter

00940 Chloride, water, filtered, milligrams per liter

00950 Fluoride, water, filtered, milligrams per liter

71865 lodide, water, filtered, milligrams per liter

00955 Silica, water, filtered, milligrams per liter

00945 Sulfate, water, filtered, milligrams per liter

99890 Sulfate, water, filtered, uncorrected, milligrams per liter

00946 Sulfate, water, unfiltered, milligrams per liter

70301 Residue, water, filtered, sum of constituents, milligrams per liter

70303 Residue, water, filtered, tons per acre-foot

Description
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Constituent
Code

70302
00520
70300
00540
00623
00625
71846
00608
71845
00610
00672
00669
71851
00618
71850
00620
00631
00630
71856
00613
00615
00607
00605
00673
00670
00660
00671
00650
00666
00602
00600
71887
00621
00690
00681
00680
00687
00340
00335
49954
70950
70949

Description

Residue, water, filtered, tons per day

Loss on ignition, from residue on evaporation, water, filtered, milligrams per liter
Residue on evaporation, dried at 180 degrees Celsius, water, filtered, milligrams per liter

Residue, fixed nonfilterable, milligrams per liter

Ammonia plus organic nitrogen, water, filtered, milligrams per liter as nitrogen

Ammonia plus organic nitrogen, water, unfiltered, milligrams per liter as nitrogen

Ammonia, water, filtered, milligrams per liter as NH4

Ammonia, water, filtered, milligrams per liter as nitrogen

Ammonia, water, unfiltered, milligrams per liter as NH4

Ammonia, water, unfiltered, milligrams per liter as nitrogen
Hydrolyzable phosphorus, water, filtered, milligrams per liter
Hydrolyzable phosphorus, water, unfiltered, milligrams per liter
Nitrate, water, filtered, milligrams per liter

Nitrate, water, filtered, milligrams per liter as nitrogen

Nitrate, water, unfiltered, milligrams per liter

Nitrate, water, unfiltered, milligrams per liter as nitrogen

Nitrite plus nitrate, water, filtered, milligrams per liter as nitrogen
Nitrite plus nitrate, water, unfiltered, milligrams per liter as nitrogen
Nitrite, water, filtered, milligrams per liter

Nitrite, water, filtered, milligrams per liter as nitrogen

Nitrite, water, unfiltered, milligrams per liter as nitrogen

Organic nitrogen, water, filtered, milligrams per liter

Organic nitrogen, water, unfiltered, milligrams per liter

Organic phosphorus, water, filtered, milligrams per liter

Organic phosphorus, water, unfiltered, milligrams per liter
Orthophosphate, water, filtered, milligrams per liter

Orthophosphate, water, filtered, milligrams per liter as phosphorus
Phosphate, water, unfiltered, milligrams per liter

Phosphorus, water, filtered, milligrams per liter

Total nitrogen, water, filtered, milligrams per liter

Total nitrogen, water, unfiltered, milligrams per liter

Total nitrogen, water, unfiltered, milligrams per liter as nitrate

Nitrate, bed sediment, total, dry weight, milligrams per kilogram as nitrogen
Carbon (inorganic plus organic), water, unfiltered, milligrams per liter
Organic carbon, water, filtered, milligrams per liter

Organic carbon, water, unfiltered, milligrams per liter

Organic carbon, bed sediment, total, dry weight, grams per kilogram
Chemical oxygen demand, high level, water, unfiltered, milligrams per liter
Chemical oxygen demand, low level, water, unfiltered, milligrams per liter
Biomass, periphyton, ash free dry mass, grams per square meter
Biomass/chlorophyll ratio, periphyton, number

Biomass/chlorophyll ratio, plankton, number
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Constituent
Code

01106
01095
01000
01002
62452
01005
01010
01020
01025
01032
01030
01035
01040
01046
01045
01049
01130
01056
71900
01060
01065
01145
01075
01080
01057
01085
01090
00550
34561
34621
34601
34606
34616
34611
34626
34576
34581
34586
34657
34591
34636
34452

Description

Aluminum, water, filtered, micrograms per liter

Antimony, water, filtered, micrograms per liter

Arsenic, water, filtered, micrograms per liter

Arsenic, water, unfiltered, micrograms per liter

Arsenite (H3AsO3), water, filtered, micrograms per liter as arsenic
Barium, water, filtered, micrograms per liter

Beryllium, water, filtered, micrograms per liter

Boron, water, filtered, micrograms per liter

Cadmium, water, filtered, micrograms per liter

Chromium(VI), water, filtered, micrograms per liter

Chromium, water, filtered, micrograms per liter

Cobalt, water, filtered, micrograms per liter

Copper, water, filtered, micrograms per liter

Iron, water, filtered, micrograms per liter

Iron, water, unfiltered, recoverable, micrograms per liter

Lead, water, filtered, micrograms per liter

Lithium, water, filtered, micrograms per liter

Manganese, water, filtered, micrograms per liter

Mercury, water, unfiltered, recoverable, micrograms per liter
Molybdenum, water, filtered, micrograms per liter

Nickel, water, filtered, micrograms per liter

Selenium, water, filtered, micrograms per liter

Silver, water, filtered, micrograms per liter

Strontium, water, filtered, micrograms per liter

Thallium, water, filtered, micrograms per liter

Vanadium, water, filtered, micrograms per liter

Zinc, water, filtered, micrograms per liter

Oil and grease, water, unfiltered, recoverable, milligrams per liter
1,3-Dichloropropene, water, unfiltered, recoverable, micrograms per liter
2,4,6-Trichlorophenol, water, unfiltered, recoverable, micrograms per liter
2,4-Dichlorophenol, water, unfiltered, recoverable, micrograms per liter
2,4-Dimethylphenol, water, unfiltered, recoverable, micrograms per liter
2,4-Dinitrophenol, water, unfiltered, recoverable, micrograms per liter
2,4-Dinitrotoluene, water, unfiltered, recoverable, micrograms per liter
2,6-Dinitrotoluene, water, unfiltered, recoverable, micrograms per liter
2-Chloroethyl vinyl ether, water, unfiltered, recoverable, micrograms per liter
2-Chloronaphthalene, water, unfiltered, recoverable, micrograms per liter
2-Chlorophenol, water, unfiltered, recoverable, micrograms per liter
2-Methyl-4,6-dinitrophenol, water, unfiltered, recoverable, micrograms per liter
2-Nitrophenol, water, unfiltered, recoverable, micrograms per liter
4-Bromophenyl phenyl ether, water, unfiltered, recoverable, micrograms per liter
4-Chloro-3-methylphenol, water, unfiltered, recoverable, micrograms per liter
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34641 4-Chlorophenyl phenyl ether, water, unfiltered, recoverable, micrograms per liter
34646 4-Nitrophenol, water, unfiltered, recoverable, micrograms per liter

34381 9H-Fluorene, water, unfiltered, recoverable, micrograms per liter

34205 Acenaphthene, water, unfiltered, recoverable, micrograms per liter

34200 Acenaphthylene, water, unfiltered, recoverable, micrograms per liter

39330 Aldrin, water, unfiltered, recoverable, micrograms per liter

39388 alpha-Endosulfan, water, unfiltered, recoverable, micrograms per liter

34220 Anthracene, water, unfiltered, recoverable, micrograms per liter

34526 Benzo[a]anthracene, water, unfiltered, recoverable, micrograms per liter

34247 Benzo[a]pyrene, water, unfiltered, recoverable, micrograms per liter

34230 Benzo[b]fluoranthene, water, unfiltered, recoverable, micrograms per liter
34521 Benzo[g,h,i]perylene, water, unfiltered, recoverable, micrograms per liter
34242 Benzo[k]fluoranthene, water, unfiltered, recoverable, micrograms per liter
34292 Benzyl n-butyl phthalate, water, unfiltered, recoverable, micrograms per liter
34278 Bis(2-chloroethoxy)methane, water, unfiltered, recoverable, micrograms per liter
34273 Bis(2-chloroethyl) ether, water, unfiltered, recoverable, micrograms per liter
34283 Bis(2-chloroisopropyl) ether, water, unfiltered, recoverable, micrograms per liter
39100 Bis(2-ethylhexyl) phthalate, water, unfiltered, recoverable, micrograms per liter
39350 Chlordane (technical), water, unfiltered, recoverable, micrograms per liter
34320 Chrysene, water, unfiltered, recoverable, micrograms per liter

34556 Dibenzo[a,h]anthracene, water, unfiltered, recoverable, micrograms per liter
39380 Dieldrin, water, unfiltered, recoverable, micrograms per liter

34336 Diethyl phthalate, water, unfiltered, recoverable, micrograms per liter

34341 Dimethyl phthalate, water, unfiltered, recoverable, micrograms per liter

39110 Di-n-butyl phthalate, water, unfiltered, recoverable, micrograms per liter

34596 Di-n-octyl phthalate, water, unfiltered, recoverable, micrograms per liter

39390 Endrin, water, unfiltered, recoverable, micrograms per liter

34376 Fluoranthene, water, unfiltered, recoverable, micrograms per liter

39420 Heptachlor epoxide, water, unfiltered, recoverable, micrograms per liter

39410 Heptachlor, water, unfiltered, recoverable, micrograms per liter

39700 Hexachlorobenzene, water, unfiltered, recoverable, micrograms per liter

34386 Hexachlorocyclopentadiene, water, unfiltered, recoverable, micrograms per liter
34403 Indeno[1,2,3-cd]pyrene, water, unfiltered, recoverable, micrograms per liter
34408 Isophorone, water, unfiltered, recoverable, micrograms per liter

39340 Lindane, water, unfiltered, recoverable, micrograms per liter

38260 Methylene blue active substances, water, unfiltered, recoverable, milligrams per liter
39755 Mirex, water, unfiltered, recoverable, micrograms per liter

34447 Nitrobenzene, water, unfiltered, recoverable, micrograms per liter

34438 N-Nitrosodimethylamine, water, unfiltered, recoverable, micrograms per liter
34428 N-Nitrosodi-n-propylamine, water, unfiltered, recoverable, micrograms per liter
34433 N-Nitrosodiphenylamine, water, unfiltered, recoverable, micrograms per liter
39360 p,p'-DDD, water, unfiltered, recoverable, micrograms per liter

Description
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Constituent
Code

39365
39370
39034
39480
39516
39032
34461
34694
32730
39250
34469
39400
81551
77562
34506
34516
77652
34511
34496
34501
77168
49999
50000
77613
77443
77221
34551
77222
82625
77651
34536
32103
99832
34541
77226
34566
77173
34571
99834
77170
77275
77220

Description

p,p'-DDE, water, unfiltered, recoverable, micrograms per liter

p,p'-DDT, water, unfiltered, recoverable, micrograms per liter

p,p'-Ethyl-DDD, water, unfiltered, recoverable, micrograms per liter
p,p'-Methoxychlor, water, unfiltered, recoverable, micrograms per liter

PCBs, water, unfiltered, recoverable, micrograms per liter

Pentachlorophenol, water, unfiltered, recoverable, micrograms per liter
Phenanthrene, water, unfiltered, recoverable, micrograms per liter

Phenol, water, unfiltered, recoverable, micrograms per liter

Phenolic compounds, water, unfiltered, recoverable, micrograms per liter
Polychlorinated naphthalenes, water, unfiltered, recoverable, micrograms per liter
Pyrene, water, unfiltered, recoverable, micrograms per liter

Toxaphene, water, unfiltered, recoverable, micrograms per liter

Xylenes, water, unfiltered, recoverable, micrograms per liter
1,1,1,2-Tetrachloroethane, water, unfiltered, recoverable, micrograms per liter
1,1,1-Trichloroethane, water, unfiltered, recoverable, micrograms per liter
1,1,2,2-Tetrachloroethane, water, unfiltered, recoverable, micrograms per liter
1,1,2-Trichloro-1,2,2-trifluoroethane, water, unfiltered, recoverable, micrograms per liter
1,1,2-Trichloroethane, water, unfiltered, recoverable, micrograms per liter
1,1-Dichloroethane, water, unfiltered, recoverable, micrograms per liter
1,1-Dichloroethene, water, unfiltered, recoverable, micrograms per liter
1,1-Dichloropropene, water, unfiltered, recoverable, micrograms per liter
1,2,3,4-Tetramethylbenzene, water, unfiltered, recoverable, micrograms per liter
1,2,3,5-Tetramethylbenzene, water, unfiltered, recoverable, micrograms per liter
1,2,3-Trichlorobenzene, water, unfiltered, recoverable, micrograms per liter
1,2,3-Trichloropropane, water, unfiltered, recoverable, micrograms per liter
1,2,3-Trimethylbenzene, water, unfiltered, recoverable, micrograms per liter
1,2,4-Trichlorobenzene, water, unfiltered, recoverable, micrograms per liter
1,2,4-Trimethylbenzene, water, unfiltered, recoverable, micrograms per liter
1,2-Dibromo-3-chloropropane, water, unfiltered, recoverable, micrograms per liter
1,2-Dibromoethane, water, unfiltered, recoverable, micrograms per liter
1,2-Dichlorobenzene, water, unfiltered, recoverable, micrograms per liter
1,2-Dichloroethane, water, unfiltered, recoverable, micrograms per liter
1,2-Dichloroethane-d4, surrogate, Schedule 2090, water, unfiltered, percent recovery
1,2-Dichloropropane, water, unfiltered, recoverable, micrograms per liter
1,3,5-Trimethylbenzene, water, unfiltered, recoverable, micrograms per liter
1,3-Dichlorobenzene, water, unfiltered, recoverable, micrograms per liter
1,3-Dichloropropane, water, unfiltered, recoverable, micrograms per liter
1,4-Dichlorobenzene, water, unfiltered, recoverable, micrograms per liter
1-Bromo-4-fluorobenzene, surrogate, VOC schedules, water, unfiltered, percent recovery
2,2-Dichloropropane, water, unfiltered, recoverable, micrograms per liter
2-Chlorotoluene, water, unfiltered, recoverable, micrograms per liter
2-Ethyltoluene, water, unfiltered, recoverable, micrograms per liter
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Constituent
Code

78109
77277
77356
81552
34215
34030
81555
77297
32101
50002
34413
77041
34301
34311
34418
77093
34704
32105
30217
34668
34423
81576
81577
73570
81595
34371
39702
34396
77424
78133
77223
81593
49991
81597
50005
85795
34696
77103
77342
77224
77135
77350

Description

3-Chloropropene, water, unfiltered, recoverable, micrograms per liter
4-Chlorotoluene, water, unfiltered, recoverable, micrograms per liter
4-1sopropyltoluene, water, unfiltered, recoverable, micrograms per liter
Acetone, water, unfiltered, recoverable, micrograms per liter

Acrylonitrile, water, unfiltered, recoverable, micrograms per liter

Benzene, water, unfiltered, recoverable, micrograms per liter
Bromobenzene, water, unfiltered, recoverable, micrograms per liter
Bromochloromethane, water, unfiltered, recoverable, micrograms per liter
Bromodichloromethane, water, unfiltered, recoverable, micrograms per liter
Bromoethene, water, unfiltered, recoverable, micrograms per liter
Bromomethane, water, unfiltered, recoverable, micrograms per liter
Carbon disulfide, water, unfiltered, micrograms per liter

Chlorobenzene, water, unfiltered, recoverable, micrograms per liter
Chloroethane, water, unfiltered, recoverable, micrograms per liter
Chloromethane, water, unfiltered, recoverable, micrograms per liter
cis-1,2-Dichloroethene, water, unfiltered, recoverable, micrograms per liter
cis-1,3-Dichloropropene, water, unfiltered, recoverable, micrograms per liter
Dibromochloromethane, water, unfiltered, recoverable, micrograms per liter
Dibromomethane, water, unfiltered, recoverable, micrograms per liter
Dichlorodifluoromethane, water, unfiltered, recoverable, micrograms per liter
Dichloromethane, water, unfiltered, recoverable, micrograms per liter
Diethyl ether, water, unfiltered, recoverable, micrograms per liter
Diisopropyl ether, water, unfiltered, recoverable, micrograms per liter

Ethyl methacrylate, water, unfiltered, recoverable, micrograms per liter
Ethyl methyl ketone, water, unfiltered, recoverable, micrograms per liter
Ethylbenzene, water, unfiltered, recoverable, micrograms per liter
Hexachlorobutadiene, water, unfiltered, recoverable, micrograms per liter
Hexachloroethane, water, unfiltered, recoverable, micrograms per liter
lodomethane, water, unfiltered, recoverable, micrograms per liter

Isobutyl methyl ketone, water, unfiltered, recoverable, micrograms per liter
Isopropylbenzene, water, unfiltered, recoverable, micrograms per liter
Methyl acrylonitrile, water, unfiltered, recoverable, micrograms per liter
Methyl acrylate, water, unfiltered, recoverable, micrograms per liter

Methyl methacrylate, water, unfiltered, recoverable, micrograms per liter
Methyl tert-pentyl ether, water, unfiltered, recoverable, micrograms per liter
m-Xylene plus p-xylene, water, unfiltered, recoverable, micrograms per liter
Naphthalene, water, unfiltered, recoverable, micrograms per liter

n-Butyl methyl ketone, water, unfiltered, recoverable, micrograms per liter
n-Butylbenzene, water, unfiltered, recoverable, micrograms per liter
n-Propylbenzene, water, unfiltered, recoverable, micrograms per liter
0-Xylene, water, unfiltered, recoverable, micrograms per liter
sec-Butylbenzene, water, unfiltered, recoverable, micrograms per liter
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Code

77128
50004
78032
77353
34475
32102
81607
34010
99833
34546
34699
73547
32104
39180
34488
32106
39175
34554
34539
34569
34574
34624
34604
34609
34619
34614
34629
34584
34589
34660

34594
34639

34455

34649
34384
34208
34203
34223
34529
34250

Description

Styrene, water, unfiltered, recoverable, micrograms per liter

tert-Butyl ethyl ether, water, unfiltered, recoverable, micrograms per liter

Methyl tert-butyl ether, water, unfiltered, recoverable, micrograms per liter
tert-Butylbenzene, water, unfiltered, recoverable, micrograms per liter
Tetrachloroethene, water, unfiltered, recoverable, micrograms per liter
Tetrachloromethane, water, unfiltered, recoverable, micrograms per liter
Tetrahydrofuran, water, unfiltered, recoverable, micrograms per liter

Toluene, water, unfiltered, recoverable, micrograms per liter

Toluene-d8, surrogate, Schedule 2090, water, unfiltered, percent recovery
trans-1,2-Dichloroethene, water, unfiltered, recoverable, micrograms per liter
trans-1,3-Dichloropropene, water, unfiltered, recoverable, micrograms per liter
trans-1,4-Dichloro-2-butene, water, unfiltered, recoverable, micrograms per liter
Tribromomethane, water, unfiltered, recoverable, micrograms per liter

Trichloroethene, water, unfiltered, recoverable, micrograms per liter
Trichlorofluoromethane, water, unfiltered, recoverable, micrograms per liter
Trichloromethane, water, unfiltered, recoverable, micrograms per liter

Vinyl chloride, water, unfiltered, recoverable, micrograms per liter
1,2,4-Trichlorobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram
1,2-Dichlorobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram
1,3-Dichlorobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram
1,4-Dichlorobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram
2,4,6-Trichlorophenol, bed sediment, recoverable, dry weight, micrograms per kilogram
2,4-Dichlorophenol, bed sediment, recoverable, dry weight, micrograms per kilogram
2,4-Dimethylphenol, bed sediment, recoverable, dry weight, micrograms per kilogram
2,4-Dinitrophenol, bed sediment, recoverable, dry weight, micrograms per kilogram
2,4-Dinitrotoluene, bed sediment, recoverable, dry weight, micrograms per kilogram
2,6-Dinitrotoluene, bed sediment, recoverable, dry weight, micrograms per kilogram
2-Chloronaphthalene, bed sediment, recoverable, dry weight, micrograms per kilogram
2-Chlorophenol, bed sediment, recoverable, dry weight, micrograms per kilogram

2-Methyl-4,6-dinitrophenol, bed sediment, recoverable, dry weight, micrograms per
kilogram

2-Nitrophenol, bed sediment, recoverable, dry weight, micrograms per kilogram

4-Bromophenyl phenyl ether, bed sediment, recoverable, dry weight, micrograms per
kilogram

4-Chloro-3-methylphenol, bed sediment, recoverable, dry weight, micrograms per
kilogram

4-Nitrophenol, bed sediment, recoverable, dry weight, micrograms per kilogram
9H-Fluorene, bed sediment, recoverable, dry weight, micrograms per kilogram
Acenaphthene, bed sediment, recoverable, dry weight, micrograms per kilogram
Acenaphthylene, bed sediment, recoverable, dry weight, micrograms per kilogram
Anthracene, bed sediment, recoverable, dry weight, micrograms per kilogram
Benzo[a]anthracene, bed sediment, recoverable, dry weight, micrograms per kilogram
Benzo[a]pyrene, bed sediment, recoverable, dry weight, micrograms per kilogram
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Code

34233
34524
34245
34295

34281

34276
34286

39102

34323
34559

34339
34344
39112
34599
34379
39701
39705
34389

34399
34406
34411
34445
34450
34441

34431

34436

39061
34464
34695
34472
07052
82081
49934
82172
49933

Description

Benzo[b]fluoranthene, bed sediment, recoverable, dry weight, micrograms per kilogram
Benzo[g,h,i]perylene, bed sediment, recoverable, dry weight, micrograms per kilogram
Benzo[k]fluoranthene, bed sediment, recoverable, dry weight, micrograms per kilogram

Benzyl n-butyl phthalate, bed sediment, recoverable, dry weight, micrograms per
kilogram

Bis(2-chloroethoxy)methane, bed sediment, recoverable, dry weight, micrograms per
kilogram

Bis(2-chloroethyl) ether, bed sediment, recoverable, dry weight, micrograms per kilogram

Bis(2-chloroisopropyl) ether, bed sediment, recoverable, dry weight, micrograms per
kilogram

Bis(2-ethylhexyl) phthalate, bed sediment, recoverable, dry weight, micrograms per
kilogram

Chrysene, bed sediment, recoverable, dry weight, micrograms per kilogram
Dibenzo[a,h]anthracene, bed sediment, recoverable, dry weight, micrograms per
kilogram

Diethyl phthalate, bed sediment, recoverable, dry weight, micrograms per kilogram
Dimethyl phthalate, bed sediment, recoverable, dry weight, micrograms per kilogram
Di-n-butyl phthalate, bed sediment, recoverable, dry weight, micrograms per kilogram
Di-n-octyl phthalate, bed sediment, recoverable, dry weight, micrograms per kilogram
Fluoranthene, bed sediment, recoverable, dry weight, micrograms per kilogram
Hexachlorobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram
Hexachlorobutadiene, bed sediment, recoverable, dry weight, micrograms per kilogram

Hexachlorocyclopentadiene, bed sediment, recoverable, dry weight, micrograms per
kilogram

Hexachloroethane, bed sediment, recoverable, dry weight, micrograms per kilogram
Indeno[1,2,3-cd]pyrene, bed sediment, recoverable, dry weight, micrograms per kilogram
Isophorone, bed sediment, recoverable, dry weight, micrograms per kilogram
Naphthalene, bed sediment, recoverable, dry weight, micrograms per kilogram
Nitrobenzene, bed sediment, recoverable, dry weight, micrograms per kilogram

N-Nitrosodimethylamine, bed sediment, recoverable, dry weight, micrograms per
kilogram

N-Nitrosodi-n-propylamine, bed sediment, recoverable, dry weight, micrograms per
kilogram

N-Nitrosodiphenylamine, bed sediment, recoverable, dry weight, micrograms per
kilogram

Pentachlorophenol, bed sediment, recoverable, dry weight, micrograms per kilogram
Phenanthrene, bed sediment, recoverable, dry weight, micrograms per kilogram
Phenol, bed sediment, recoverable, dry weight, micrograms per kilogram

Pyrene, bed sediment, recoverable, dry weight, micrograms per kilogram
Calcium-45, suspended sediment, picocuries per liter

Carbon-13/Carbon-12 ratio, water, unfiltered, per mil

Carbon-14 counting error, water, filtered, percent modern

Carbon-14, percent modern

Carbon-14, water, filtered, percent modern
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Constituent
Code

82082
82690
82085
82068
82086
75985
07013
07012
07000
22703
80155
80156
81352
99871

50280
71999
72005
84164
72006
99931
62340
62342
62344
99111

Description

Deuterium/Protium ratio, water, unfiltered, per mil
Nitrogen-15/Nitrogen-14 ratio in nitrate fraction, water, filtered, per mil
Oxygen-18/Oxygen-16 ratio, water, unfiltered, per mil

Potassium-40, water, filtered, picocuries per liter

Sulfur-34/Sulfur-32 ratio, water, unfiltered, per mil

Tritium 2-sigma combined uncertainty, water, unfiltered, picocuries per liter
Tritium in water molecules counting error, tritium units

Tritium in water molecules, tritium units

Tritium, water, unfiltered, picocuries per liter

Uranium (natural), water, filtered, micrograms per liter

Suspended sediment load, tons per day

Total sediment load, tons per day

Filter pore size, micrometers

Number of tentatively identified compounds (TICS) from VOC analysis by GCMS,

number

Purpose, site visit, code

Sample purpose, code

Sample source, code

Sampler type, code

Sampling condition, code

Set number, VOC analysis

Specimen length, average of composite, biota, millimeters
Specimen weight, average of composite, biota, grams
Standard fish length, average of composite, biota, millimeters
Type of quality assurance data associated with sample, code
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Introduction

This technical memorandum summarizes the resulfBask 2 of the Groundwater Quality
Analysis being performed by Schlumberger Water 8esv(SWS) for the Mojave Water
Agency (MWA). The water quality analysis is pafta regional modeling and analysis
program to evaluate and predict changes in groutedwgquality based on different
management scenarios being considered in the 2@@doral Water Management Plan
(RWMP).

1.1 Scope of Services — Phase 1

The Groundwater Quality Analysis scope of work addes two main goals:

1. Assemble, reconcile and analyze all available tettiis pertinent to help understand
water quality issues throughout the MWA serviceaarddentify any data gaps that
need to be addressed while working towards a leng-wvater quality modeling and
analysis system.

2. Design and develop a water quality planning modsgipropriate for the data
available, that can be used to predict long-tergioreal changes in water quality.
Apply this model to evaluate expected changes imiga associated with the

alternatives being analyzed in the RWMP.

The scope of work consists of four main tasks.

Task 1 — Water Quality Data Compilation, Reconciligion, and Analysis. All available
historic water quality information pertinent to thdWA service area has been located,
gathered, reconciled, and compiled in a format cibfe with current MWA databases.
SWS has assessed and characterized the currertistadcal concentration of salinity in

groundwater throughout the basin. A technical mdme been prepared describing the
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findings from our analysis focusing on areas ofdrisally poor quality and areas exhibiting

notable changes in salinity concentrations overetimlhe technical memo evaluates the
overall sufficiency of available data towards thevelopment of a water quality planning

model.

Task 2 — Establish Requirements for the Initial Waér Quality Planning Model and
Select Model Environment. In this current technical memorandum, based rdirigs from
Task 1, SWS has developed recommended requireraadtslesign for the water quality
planning model. Given the data currently availalle, recommend that the existing Stella
node-link system model developed for the MWA 2004/NRP be enhanced to include a
mass balance approach for salinifijre salinity balance will track salt fluxes by agnting
for such factors as imported SWP water, naturdbwf natural outflow, existing salinity
concentrations, changes in the quantity and locatd reclaimed water discharge,
evapotranspiration and return flow, deep percatatb precipitation, and other significant

factors.

Task 3 — Develop Water Quality Planning Model. Based on the modeling environment
selected in Task 2, SWS will develop and calibmaterater quality planning model from

historical data.

Task 4 — Apply the Water Quality Planning Model. The model will be used to simulate
RWMP alternatives. The results from each altereaiwll be analyzed and to determine the
expected changes of regional water quality toagtl@020. Other operational scenarios may

also be evaluated.
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1.2 Task 2 Structure

Task 2 includes the following sub-tasks:

e Task 2a — Determine role of model.

» Task 2b — Develop modeling requirements document.

* Task 2c — Determine all necessary inputs and osifputa salt budget.

» Task 2d — Develop and/or refine physical informatieeded.

(0]

(0]

Task 2d.1 — Refine aquifer units into smaller mamagnt zones - as needed and as
data allows.

Task 2d.2 — Refine management zone interactioasieaded and data allows.

Task 2d.3 — Develop estimates where needed forngieater in storage by
management zone.

Task 2d.4 — Develop estimates of TDS by managenws.

Task 2d.5 — Define surface and groundwater intenastassociated with salt flux
mechanisms

Task 2d.6 — Refine evapotranspiration and retuw fjuantities.

» Task 2e — Select applicable modeling platform.

The results of each sub-task are included in gukrical memorandum.
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Task 2a: Role of the Model

2.1 Scope

The Water Quality Workgroup met once to define tiigectives of the water quality
planning model. The workgroup is made up of regméstives from MWA, Schlumberger
Water Services (SWS), the Lahontan Regional Wateliy Control Board (LRWQCB),

and the MWA Technical Advisory Committee (TAC). Tledlowing sections summarize the

result and findings of this meeting.

2.2 Introduction

Mojave Water Agency has developed its Regional Wistanagement Plan to guide water
resource management through year 2020. A modebdstain planning of water quality-

related activities was identified as a key Managanetion for improving understanding of

the groundwater basins. MWA has committed to theeldgpment of a regional scale water
quality planning model and has initiated a compnshes water quality study. This multi-

phase project includes evaluation of the availatdger quality and hydrogeological data,
recommendation of the appropriate platform forwlaer quality planning model, and model
development and implementation. Under the scopesk 2a of the water quality study, the

Water Quality Workgroup met to discuss the rol¢éhefwater quality planning model.

The purpose of Task 2a is to document the intenoledof the water quality planning model.
The two primary sources of input considered weeedéttions proposed in the RWMP, and
input from the Water Quality Workgroup. Key aspeofsthe role of the water quality

planning model are summarized below and elaboiatider sections of this memorandum:
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2.3

RWMP Implementation - The water quality planning model will serve agatuable
tool and a common analytical basis for many oftdehnical and economic analyses
carried out under the RWMP.

Water Quality Standards and Metrics - The water quality planning model will be
used to establish water quality standards for MW@jgrts, and the metrics by which

compliance to standards may be monitored and etemlua

Decision Support Tool -The water quality planning model will be used t@lerate
recharge project alternatives and operational stena

Data Acquisition Planning - The water quality planning model will be used to
optimize the design and implementation of futurdewvguality sampling and related

hydrogeological data acquisition programs.

Public Outreach - The water quality planning model will serve as aahle tool for
collaboration and communication between MWA, itsjonastakeholders, and the

general public.

Stakeholder Input

RWMP Feedback

Water quality is one of four main elements in thepBrtment of Water Resources (DWR)

specification for an Integrated Regional Water Mgment Plan. MWA has regional

management authority for the rapidly growing andtegically located Mojave and Morongo

basins and has developed its Regional Water ManagiePlan (RWMP) to guide water

resource management through year 2020. MWA's respihity, and the overall objective of

the RWMP, is to develop strategies to balance éutemands and to maximize overall

beneficial use of water. Water quality is one afley water management issues identified in
the RWMP.

Development of the RWMP involved extensive outretcthe public, cooperating agencies,

and other stakeholders. Concern over water quakity a consistent theme in the responses
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to these outreach efforts. The following points sarize outreach responses specifically

relating to water quality issues:

MWA needs to mitigate significant long term incredssalt levels due to import of

SWP water and effectively manage recharge of inegontater.

The Lahontan RWQCB sees the need for a water guabiel to evaluate proposed

projects especially those involving recycled water.

The wastewater infrastructure within the MWA arbatdd be effectively monitored

and managed.

Water quality planning efforts must consider théeiaction between subareas or

other management zone delineations.

Important natural recharge sites should be idedtifiand such knowledge
incorporated into decisions pertaining to land-yé@nning and recharge facility
siting.

MWA should take steps necessary to limit migrabbmater of poor quality.

Water quality monitoring should be an importanteative of the MWA monitoring

network programs.

As a result of extensive investigations into theviemmental, cultural, technical, and

economic aspects, and incorporating the responsesutreach programs, the RWMP

contains a menu of proposed projects and manageaations to be initiated in the next

three to five years. These actions are grouped|ks\s:

Monitoring

Improved characterization of the basin
Continued long-term planning
Groundwater protection

Construction and implementation
Financing

Public participation
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A total of 60 specific actions were recommendedprdgimately 20 of these actions will
require or will indirectly but materially benefitdm a comprehensive regional water quality
planning model. The water quality planning modell womplement other management,

engineering, and technical tools to be employezlipport of these actions.

Water Quality Workgroup Input

On February 15, 2005 a meeting of the Water QuaMgrkgroup was held at MWA
headquarters in Apple Valley, California. The Wa@erality Workgroup is composed of staff
from MWA, the Lahontan RWQCB, SWS, and TAC. In attance were:

MWA representatives Kirby Brill, Norm Caouette, lcenEckhart, Curt James, and

Anna Garcia
= Lahontan RWQCB representative Hisam Bagai
= Schlumberger representatives Mark Williamson, Bab,\Ahd Alge Merry

= Technical Advisory Committee member Scott Weldy

The meeting was led by Bob Will, who made a prestéri covering the following topics:

= OQOverall water quality project tasks and objectives

= Task 1 findings

» Hydrodynamic and transport modeling fundamentals
* Modeling technigques under consideration

= Suggested roles of the water quality planning model

This presentation stimulated much discussion caomogr the data and calibration
requirements for the different modeling optionsd ahe suitability of each option with
respect to the water quality study. SWS suggestiegarding the role of the water quality
planning model were formulated from the vantageextensive involvement with MWA

during preparation of the 2004 Regional Water Managnt Plan and earlier phases of the
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water quality project. These suggestions, outlimedhe introduction to this section, were

well received by the Water Quality Work group.

Discussions during the Water Quality Workgroup nmggyielded several important points
for consideration in determining the role of thetevequality planning model and selecting

the appropriate modeling platform.

= Model Simplicity — It was agreed that the complexity of the watgaligy planning
model will be constrained by limitations in botretburrent water quality dataset and
the regional scale conceptual hydrogeological mtmtethe area.

= Use of a Proxy Hydrodynamic Model — The technical review included the
hydrodynamic proxy model using the Stella modetfptan used in the 2004 RWMP
using proxy head-flow relationships derived frone 2001 USGS ModFlow model.
The method of developing the proxy relationships wWescussed by the Workgroup.
It was agreed that this procedure would be accépfabthe water quality planning

model.

= Proxy Transport Model — The technical review included a discussion efdrstinct
data requirements for hydrodynamic and transpartgss modeling. The need for a
transport proxy model was acknowledged and discussethe Workgroup. The
different options for using the 2001 USGS MODFLOWdal for this purpose were

discussed.

= Transient vs. Steady State Model The technical review included a brief discussion
of methods available for modeling steady state taadsient systems. The method
used for “pseudo-transient” modeling for the 200MRP was discussed. The
Workgroup agreed that this method would be deendedj#ate for use in the water

quality planning model.

= Model Calibration — It was understood and agreed by the Water Qualdrkgroup
that transport processes of the water quality plapnmodel could not be rigorously

calibrated against historical data. The initial ditions for constituent distributions in

Groundwater Quality Analysis Technical Maandum — Task 2 Page 2-8



the model will be based upon available data. Omater quality sample data has
been interpolated into the discretized water quallanning model framework, the

interpolated data will be checked against raw irgaia for spatial consistency.

= Decision Support— Strong emphasis was placed on decision suppp#cés of the
water quality planning model. Alternative evaluati@and operational scenario
modeling were highlighted as important capabilitide ramifications of these
activities with respect to model input data reguieats, flexibility, and usability were
discussed. The ability to easily define and moded performance of multiple

operational scenarios will be a key requiremerhewater quality planning model.

2.4 Role of the Water Quality Planning Model

Although not specifically defined, the role of thater quality planning model is implicit in
the RWMP. Key elements of this role can be inferfedn MWA'’s responsibility with
respect to water quality. Further, some importaquirements and objectives of the planning
model are effectively articulated in the stakehodtieesponses which are summarized above.
Many of these considerations were incorporated theorecommendations included in the
Water Quality Workgroup presentation, discussedheyWorkgroup, and are summarized
earlier in this memorandum. The following secti@tsborate on the role of the water quality

planning model:

RWMP Implementation

The management and assurance of a reliable suppgter of good quality is a key aspect
of the RWMP. Implementation of the RWMP will requia wide variety of tools for
engineering, geotechnical assessment, land use, eandomic analysis, design, and
management. Effective and efficient execution o glan will require a great deal of cross-
disciplinary integration. Such integration requiresll-defined standards within each
discipline. The water quality planning model walérve as the standard tool for cross-
disciplinary integration between water quality teth efforts, and other work conducted
under the RWMP.
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Water Quality Standards and Performance Metrics

Stakeholder response, especially that of LRWQCHs ¢dar MWA to be involved in the
evaluation of proposed recharge projects and casgarnf alternatives. These activities
require a set of metrics by which such comparissmesto be made. Drinking water quality
standards have been established by both stateededaf agencies. However, performance
metrics for monitoring compliance to these stanslandve not been specified. Such
guidelines are needed in order for MWA to achidhartwater quality objectives. The water
quality planning model will serve as the basis tlxrhnical evaluation of proposed projects
and comparison of alternatives related to waterityuarhe model will also be used to

develop the performance metrics for these actavitie

Decision Support Tool

The water quality planning model will be used tmgiate various RWMP alternatives and
operational scenarios. The results will be analyle indications of expected changes in
regional water quality over time. The analysed &l considered by MWA as decisions are
made regarding the details (i.e. general subregionation and timing) of how the RWMP
alternatives and operational scenarios are implesdenin cases where water quality
characteristics are the primary considerationwhter quality planning model itself will be a
key decision support tool. It is anticipated thatsbme cases the output from water quality
planning model alternatives will be input to otlgeotechnical, environmental, and economic

decision support processes.

Data Acquisition Planning

Data acquisition is a major cost to MWA. Data reguoients for effective water quality
planning include geological, hydrological, and desmical characteristics of the aquifer
system as well as operational characteristics ofmpuog and recharge facilities.
Implementation of the water quality related actéstlaid out in the RWMP will require an
ongoing data acquisition program. Although the uardor such data acquisition is shared
with MWA by other cooperating agencies and localvpyors, cost effective data acquisition
planning will be critical to optimizing limited fuds. The water quality planning model will
play a central role in this process. The form o fhlanning model itself will help to

determine what type of data is required. The plagrmodel will be used for sensitivity
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testing to determine the relative importance ofedént types of data, and to evaluate trade-
offs between different data types. The model willph MWA to select optimal data
acquisition locations, sampling frequencies, amhrieues. It will also serve as a common
basis for coordination of data acquisition actestbetween the various cooperating agencies.
Another important aspect of the water quality plagnmodel is that it will be the mechanism
for realizing the value of data. The water qualisanning model will facilitate greater
routine utilization of geological, hydrological, gghemical, and operational performance
data.

Public Outreach

The importance of effective public outreach is dieavidenced in the recent successful and
smooth passage of the 2004 RWMP. This successecattributed in large part to effective
communication and transparency of the process &mdtp stakeholders. Continuation and
enhancement of this public outreach effort showdbopted as a key element in the role of
the water quality planning model. The existencehef water quality model should allow
transparency and effective communication of thec@ss and results. Many aspects of the
water quality planning process are both intereséing intuitive. Presentation of the model
and its results to stakeholders should includensite use of graphical visualization and
animation techniques to convey an understandinth@faquifer system and the important
processes related to water quality. The water talanning model can be used as an
educational tool.

2.5 Additional Model Considerations

The role of the model as outlined in the previoestion defines the high level objectives of
the water quality planning model. These objectiveéfi serve as the key conceptual
guidelines in the process of selecting the bestatmugl platform. In addition to these high
level objectives there are additional, more specifiodel requirements. The following
additional modeling considerations were presentedhe Water Quality Workgroup for

consideration and discussion:

= The water quality planning model must adequateptura the key hydrodynamic and

mass transport processes. Despite the desire faplisity, the model must be
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compatible with accepted hydrogeologic conceptuadi@s in use or in development

for the area.

= The water quality planning model must be easy tatg It must be relatively simple
to incorporate new hydrogeological, geochemicalpmerational data into the model

without complete model reconstruction.

= The modeling platform selected should facilitatetioe transfer and incorporation of

data elements to and from common GIS and data reamag systems.

= Although the selection of the modeling platform Iwile largely dictated by the
currently available data and limited regional sdayelrogeological framework, the
model should be implemented inasmuch as possibéermanner which provides or
allows an upgrade path as the available databaswsgland the conceptual

hydrogeologic model for the area evolves.

2.6 Summary

The water quality planning model will serve a kelerin the implementation of the RWMP,
supporting several of the recommended managemganhacThis memorandum summarizes
MWA'’s motivation for development of a water qualipjanning model and elaborates the
role of the model. The role of the model describedhis section will serve as a primary
reference throughout this current Task, and duruiyre tasks aimed at design and
implementation of the water quality planning model.
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Task 2b: Modeling Requirements

3.1 Scope
The inputs and model parameters necessary tos#tisfobjectives developed in Task 2a
have been documented in this task.

The primary motivation for the water quality plangimodel is to understand long term “salt
loading” in the MWA service area. The term salthis context refers to dissolved minerals.
One way to determine the total amount of dissolveidierals in water is to perform
laboratory analysis for individual mineral consgitits, and then sum these constituents. The
more common technique is to evaporate the waten fofiltered sample and measure the
weight of the remaining solid. The result of thdtda method iscalled residual on
evaporation.Both analyses result in a measure of the totalotliesd minerals, commonly
referred to agotal dissolved solids (TDS)Dissolved solids in the water are non-agueous
mass constituents. The movement of mass in watallsdmass transport.Modeling of the
mass transport process imposes additional requitsmen the modeling environment
beyond those required for modeling of only waterveroent. The following sections provide
an overview of hydrodynamic and mass (TDS) trartspmdeling fundamentals, the inputs
and output parameters required to model these ggeseand the modeling platforms under
consideration for use in development of the watelity planning model. The suitability of
each of these modeling platforms given the avaslaalta will be discussed.

3.2 Hydrodynamic and Mass Transport Modeling Overvi  ew
This section contains an overview of groundwaterdetiog and mass (TDS) transport
modeling fundamentals. The objective of this mates to identify and differentiate the key

processes at work in the movement of TDS within bativeen the various hydrogeologic
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units of the Mojave and Morongo basins. The imgrardistinction between hydrodynamic

(water movement) and transport (TDS movement) meEeis high-lighted.

Hydrodynamic Inputs and Outputs

Figure 3.1 shows a schematic of a complex hydraggolenvironment illustrating the key

hydrodynamic inputs and outputs present in the Mojaasin. Inputs and outputs of water

in the system are also known as “sources” and $inkhydrodynamic modeling and can be

either natural or man made. Sources and sinks dechainfall, mountain front runoff,

streamflow, recharge ponds and injection wellsdpotion wells, and various plant-related

sub-systems such as irrigated crops, phreatophgtes,marshes. Each of these types of

sources and sinks are active in the Mojave Basihvéh be discussed in detail in Section 4

of this memorandum.
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Sources
Rainfall / runoff
River / tributary flow

Sinks

* Public water systems

» Domestic wells
Agricultural supply
Evapotranspiration

Reclaimed wastewater
injection, infiltration

SWP water
Septic systems

Industry
River outflow/base flow

Irrigation, landscape
watering

Hydrodynamic Mechanisms

Each of these hydrodynamic sources and sinks hassatiated mechanism or driving force.
By far the most prevalent natural mechanism actnthe movement of both surface and
groundwater is gravity. Gravity drives river flowom high elevations to lower elevations,
infiltration from lakes and streams into the eaathd the flow of subsurface water movement
downslope along impermeable bedrock basin margivard a flat water table. All of these
are cases in which the potential energy (or heatheowater is released through downward
flow toward equilibrium with its surroundings. Aime@r significant natural driving
mechanism is evapotranspiration. Evapotranspiasidhe process by which water is given
up to the atmosphere through the leaves of pldihis. water may originate from the surface
(marshes, irrigation, and shallow water table) eemgkr groundwater depending upon the

type of plant and the local hydrological conditions

Man made hydrodynamic flow is induced by the coeaif an artificial head differential.
Potential energy is transferred into or out of #ystem through pumping or injection,
thereby disturbing hydrodynamic equilibrium. Extian of water from a well causes an

artificial reduction in head at that location. Tmen-equilibrium condition is alleviated by
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the influx of water from adjacent portions of theudier. Conversely, injection of water in a
well results in an artificial increase in head, gfhwill be compensated by flow of water

away from the well.

Transport Mechanisms
There are three mechanisms by which water-born ifid3S) may be transported within a

hydrodynamic system. These are:

Advection — Constituents are transported by fluid motiomaloSpeed of transport is equal
to the average speed of fluid movement. If adveci® the only active mass transport
mechanism then without fluid movement mass conagatrs would remain unchanged. In

systems with groundwater movement, advection islimeinant mass transport process.

Physical Dispersion— Physical dispersion of mass is caused by mi&cigpn resulting from
small scale heterogeneities in aquifer hydrodyngmoperties. Physical dispersion therefore
requires groundwater flux. Modeling of physicabmBrsion requires knowledge of the
“dispersivity” property of the aquifer material. ItAough dispersion may be significant in

some systems, it is secondary in magnitude witha@sto the advection process.

Numerical Dispersion — Numerical dispersion is an artifact of the cotagional method
used to model transient mass transport. Each time i& a spatially discretized model
advances the mass concentration front by a compleéial unit. In coarsely discretized
models the length of a spatial unit may easily ercthe distance that mass would actually
travel in the true physical system. This resultaritificial acceleration in the advancement of

the modeled mass concentration front.

Diffusion — A chemical process driven by the tendency towaglilibrium of
concentrations. A locally high concentration of as® will diffuse or mix with lower
concentrations in the absence of fluid movemenffuBion is often considered a significant
transport mechanism in modeling of localized stsidielowever, diffusion will be assumed

to be insignificant as a regional scale TDS transp@chanism.
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Key Groundwater System Parameters

The actual groundwater and TDS flux resulting frany source or sink will be determined

by the combined effect of many aquifer and modepprties and parameteRarameters and

properties may describe the source or sink, thdexgor the driving mechanism.

Key aquifer hydrodynamic and transport properties:

Specific Storage (§ — The volume of water released from or taken inabynit
volume of a confined aquifer per unit change inche& his is the tendency for an
aquifer to take on or release water under injectorextraction pumping, and is

primarily a characteristic of the compressibilifytioe aquifer material.

Specific Yield (§) — The volume of water released from or taken irlnit area of
an unconfined aquifer per unit change in head.s Thihe tendency for an unconfined
unsaturated aquifer to take on or release wategrungection or extraction pumping.
Specific yield is strongly related to capillary ¢es and is primarily a characteristic of
grain size, sorting, and aquifer material type.

Hydraulic Conductivity (K) — The ability of an aquifer material to transmiater
under an imposed head differential. This is pritpa function of the grain size and

connectivity of void space (porosity) of the aquifieaterial.

Anisotropy - The dependency of hydraulic conductivity on diact of flow.

Vertical hydraulic conductivity anisotropy is a coran characteristic in confined
aquifers. In this case the vertical hydraulic caiolity is lower than the lateral
hydraulic conductivity. This is usually the reswf thin layers of impermeable
(evaporite) materials, or alignment of lens-shaglagt materials during deposition or

overburden compression.

Effective Porosity — Porosity or some estimate of connected poremelus a
requirement for rigorous transport modeling becauisenecessary to know the initial
distribution of mass. Since effective porosity not a requirement for normal
hydrodynamic modeling this property is often poodigfined for the model region
and must be estimated from Specific Capacity aretip Yield.
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. Dispersivity (a) — An empirical property of the aquifer materialdasescribes the
tendency for mixing and spreading during the mov&noéwater through the aquifer.

Dispersivity is primarily dependent upon on soxttee (grain size and sorting).

. Diffusion coefficient (Dyg) — A measure of the tendency of the mass concenisato

seek chemical equilibrium in the absence of medahforces.

Other important hydrodynamic system parametersrib@sg the model and its various

components include:

. Boundary conditions — Describe the hydrodynamic characteristics of dler
boundaries of the system being modeled. For exgraplenpermeable bedrock basin
margin would be described as a “no flow” boundaryhe edge of the model
adjoining a very large aquifer with strong rechangmild be described as a “constant
head” boundary. A boundary representing infilbatfrom a constant flux source
such as a perennial river could be described asoastant flux” boundary. It is
important to understand the characteristics ofsaseacent to the model region, and
the nature of their interactions with the modelegion so that the appropriate

boundary conditions can be implemented.

. Pumping rates and times- Man-made stresses on the aquifer through puntpng
first order impact on the state of the aquiferrat given time. The times, locations,
and rates of pumping also are the primary variatdesany of the scenario analyses
which will be performed.

. Streamflow/tributary Flows — Surface water can be a significant componerthef
overall hydrogeological system. Unfortunately flowstreams and tributaries can be
poorly documented. In addition, streams which flowy sporadically in response to
storm surges are difficult to accurately describmgi long time step modeling tools.
It is therefore often necessary to both estimagefibw in rivers and contributions
from tributaries, and to approximate the input naesbm and boundary condition

associated with the stream.

. Evapotranspiration (ET) — The process of ET associated with riparian gnpwt

phreatophytes, or agriculture may be a signifidayttrological factor and should be
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measured or estimated. ET is measured in uni¥slame of water lost per unit area
per day. Methods for estimating ET include watelabbee computations, lysimeter
measurements, gravimetric and neutron probe measuts, and advanced satellite
imagery combined with meteorological measuremeiftse latter technique has been
recently applied to the MWA service area, the rissaf which will be discussed in

Section 5 of this memorandum.

. Other surface water discharges— Other surface water discharges such as State
Water Project water and treated waste water mag laagignificant impact on the
hydrodynamic system. Accurate locations, times, ites of such discharges must

be determined.

Unsaturated Zone Modeling

Infiltration of precipitation or other recharge soes through the unsaturated zone above the
water table is caused by gravitational forces @eddensity difference between water and air.
Rigorous modeling of infiltration through the unsaited zone requires knowledge of soll
properties that describe its tendency to retairewand inhibit flow. This tendency to retain
water is calleccapillary actionor capillary force Electrochemical interactions between the
air, water, and the soil matrix in the unsaturatede combine to create capillary forces. In
the presence of capillary forces water will nowflgertically under gravity potential until a
critical saturation is reached. The failure of agional precipitation to recharge aquifers in
arid regions is the result of capillary forces hng infiltration, and subsequent evaporation
of the water trapped in the near surface. Capillarce is dependent upon soil type, sorting,
and, to a lesser extent, water chemistry. Capiliarge is lowest in high porosity, well-sorted
soils and highest in low porosity poorly sortedsddetermination of the capillary forces in
a particular soil requires experimental testingsoih samples. Capillary forces are the cause
of deviation between the porosity (void space) gnedSpecific Yield of a soil. Specific yield

approaches porosity as a limit in well-sorted soils
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3.3 Modeling Options
This section provides discussions of key modelimgcepts to be considered in development
of the water quality planning model, and brief awews of the modeling options under

consideration.

Steady State vs. Transient Models

Hydrodynamic models may be either steady stateaasient. The key aspects of these

different types of models are:

Steady State- A steady state model is one in which the distrdoutof heads in the system is
assumed to be time-invariant. A steady state camdwill result from a lack of any kind of
stresses, such as pumping, on a closed system. ddarmonly, a steady state condition is
approximated by the application obnstantstresses on a system. For example, distribution
of heads in a region under constant pumping streswith strong recharge will be invariant.
A steady state assumption is most often applieti¢éqore-development period of an aquifer
system to facilitate calibration of aquifer propest for subsequent transient modeling.
However, the steady state condition may also adebyuaapproximate many real
hydrodynamic systems with few variable stressésr a steady state model the heads need
only be computed one time. In the case of consti@esses, the resulting fluxes will also be

constant.

Transient — A transient model is one that includes the vemmst of head distributions
through time in response to variable stresses.eSmast real aquifer systems do not have
constant pumping stresses and/or infinite rechtrgdransient condition is usually the most
representative and therefore the preferred modedliton. Transient modeling requires
repetitive computations of heads in order to regmeshe time variant nature of the system.
The frequency at which heads are recomputed depamdise frequency and magnitude of
variations of the stresses imposed. Transiertesys with slow variations in stresses and
where only infrequent long term estimates of heads required may sometimes be
approximated by series of steady state models rweifinesentative stresses and boundary

conditions.
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Pseudo Steady State A “pseudo” steady state condition is one in vhibe head or mass
concentration in the system are changing everywaetiee same rate. This occurs when the

system boundaries have been reached by the flomaes transport.

“Proxy” Models

The term “proxy” model is used in this memorandwndescribe the approximation and
simplification of complex modeling process for therpose of using this approximation of
that process within a model. This type of modddssiution is typically used in complex
system models involving many inter-related (coupl@cesses. In such systems it is often
either impractical or impossible to rigorously mbdkee inter-relationships between all
processes. However, it is often possible to appnate the relationship for use in the larger
system model through an empirically derived subtgibr proxy model. This technique was
used in development of the system model of the M¥éAvice area used to evaluate 2004
RWMP management alternatives. In that applicadwmjave Basin ModFlow model was
used to develop proxy models for the head depentlart of groundwater between
management zones. Using this method it was pestwlmplement an approximation of the

calibrated groundwater flow model as part of a \@mplex system model.

3.4 Modeling Options

Three modeling environments have been considereinfdementation of the water quality
planning model. @ These models represent progresdegrees of complexity. Key
considerations of these modeling options are dganibere and summarized in Table 3.1.

Option 1: “Bucket” Model

The term “bucket” model is used to describe a madethich the groundwater and other
aquifer sub-units are treated as simple bucketardts. The following are key aspects of
bucket models:

. Steady state. Inputs, outputs, stress, and boumrgdaditions are assumed to be

constant and head is assumed to be invariant.
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. Instantaneous mixing is assumed. Water enteri@gulb-unit at any location is

assumed immediately distributed throughout therestib-unit.

. Hydrogeologic properties are lumped within dis@ed units.

. Mass balance is maintained. Influxes balance owfu

. Can be performed using a spreadsheet computation.

. Steady state assumptions may be varied to refle@ble stresses in an effort to

approximate transient behavior.

Figure 3.2 shows an example of a spreadsheet Wal@nce using a “bucket” model from the

2004 RWMP.
Este Oeste Alto Centro Baja  Entire Basin
WATER SUPPLY
Surface Water Inflow
Gaged 0 0 71,300 0 0 71,300
Ungaged 1,700 1,500 3,600 34,700' 14,400 7,200
Subsurface Inflow 0 0 1,200 2,000 1,200 o*
Deep Percolation of Precipitation 0 0 3,500 0 100 3,60(?
Import Wastewater
Lake Arrowhead CSD 0O 0 1,900 0 0 1,900
Big Bear ARWWA 2,600 0 0 0 0 2,600
Crestline Sanitation District 0 0 900 0 0 900
Total: 4,300 1,500 82,400 36,700 15,700 87,500
OUTFLOW AND LOSSES
Surface Water Outflow
Gaged 0 0 0 0 82100 8,100
Ungaged 0 0 34,7000 14,000 0 0
Subsurface Outflow 800 400 2,000 1,200 0 0
Phreatophyte Consumption 0 0 11,000 3,000 2,000 16,000
Total: 800 400 47,700 18,200 10,100 24,100
NET AVERAGE ANNUAL WATER SUPPLY: 63,400

Figure 3.2 - Example of a spreadsheet water balance using a “bucket” model showing

inputs, outputs, and mass balance computations. From Schlumberger

Water Services (2004)
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Option 2: Node-Link System Model

A node-link system model is a model in which thenatnts of the system are represented as
connected nodes. Connections between nodes mdgdoeibed as simple analytical linear
or non-linear relationships between system vargblde entire model forms a system of
equations. The instantaneous state of the entsters is determined by solving the system
of equations using non-linear solution techniqulsde-link system software, such as Stella,
provide the functionality to automatically perfomepetitive “time stepped” solutions based
upon sequential input data allowing simulationiofe variant processes. The following are

key aspects of non-linear system modeling witheesfo the water quality planning model:

. Node-link system modeling software packages, sschtalla, have flexible user
interfaces providing the utilities and graphicahdtionality required to build,

troubleshoot, and evaluate the results of compjstems.

. The solution technique does not require the sargeedeof spatial resolution as that

required to solve hydrodynamic equations.

. Nodal inflows and outflow links may be either artadgl or discrete.

. Can be used to approximate pseudo-steady stategsexthrough automated time
stepping.

. Hydrogeologic properties are lumped within dis@ed units.

. Instantaneous mixing is assumed. TDS enteringha #wrough any boundary

instantaneously impacts the concentrations throuigthe zone.
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Figure 3.3 below shows an example of the non-lisgatem model for a portion of the
MWA service area from the 2004 RWMP Stella model.

(]| Wioronge Bazin Hydrology AN a

- D\—{mrig?rp Impart //:p::ltn CU Cale
Jozhua Bazin WP Del

@ § Copper hin w"wl:npper -

Copper hin Recharge
" -.M ansAmes CU Cale
e hieansAmes S0P Import JL l‘ D@

hieans Ames S0P Del | Ry
@ ﬁ hizansAmes Walley  hdeansomes CU

p—

hean=Ames Rechange

9_,_/@/—’_/5 iarren CU Cale
s Warren WP Import
U @

famen S0P Del

iamean walley
=y Witarren CLU
@ LS B Back to Interface
iamen Recharge

Figure 3.3 - Example of a node-link system model.

Option 3: Numerical Models

Numerical water quality modeling systems can penfaigorous solution of the groundwater
flow and mass transport equations. As such, tineséels more closely honor the actual
physics of fluid flow and mass transport. Howewbhe advanced solution process demands
additional model parameterization. The additior@hplexity and possible improved result
obtained from these techniques must be supportedolog quality and spatially refined
hydrogeologic properties as well as reliable estesiaf properties describing the driving
mechanism. The following are key aspects of nuraémodeling methods with respect to

the water quality planning model:

. Numerical models will likely be more highly disamgd both horizontally and
vertically.

. Transport processes may include advection, disperand diffusion.

. Additional parameterization is required for rigogsdwansport process modeling.
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. Software options include Finite Difference (e.g.d#tow, Eclipse) and Finite
Element (e.g. FEFLOW) methods.

Figure 3.4 below shows a cutaway view of the hylitaxonductivity distribution from the
2001 USGS Mojave Basin regional ModFlow hydrodyramodel.

. N | ‘
0 100000 200000 S00000 400000
X (m)

Figure 3.4 - Example of finite difference numerical model grid showing cutaway view of
hydraulic conductivity distribution showing the 2000’ x 2000’ grid.

3.5 Summary
This section provided a review of important fundataé considerations in groundwater and

mass transport modeling. The three primary modediptipns available for use in the water
quality planning model were reviewed. Table 3.loWwecontains a summary of this and
other related information which has been used & ghlection of the most appropriate
modeling platform for the water quality planning ded The selection process will be

discussed in Section 6 of this memorandum.
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Table 3.1 - Summary of key considerations for hydrodynamic and transport modeling.

Recommended
Model Type Description Modeling Pro Con
Environment
Steady State Salt Balance Bucket model with cohstan Spreadsheet Simple, inexpensive. Coarse, static, not suitable

inflow/outflows and initial
condition based on snap shot of
aquifer salinity state.

No special software
required.

for heterogeneous transient
systems.

Non-Linear System Model

Nodal model with transient
inflow/outflow and inter-basin
process calibrated against historig
data and the available Modflow
hydrodynamic model.

System Analysis
Software (e.g. Stella)
al

Inexpensive option for
first order modeling of
transient, non-linear
system behavior.

Increased complexity.
Requires explicit

characterization of transient
processes.

Numerical Advective TDS
Transport

Transient numerical hydrodynami
model with TDS treated as a trace
transported through advective floy
only.

c Numerical simulator
r(e.g. Modflow)
v

More accurately
predicts heterogeneol
and transient
hydrodynamic system
behavior.

Complex, requires special
Issoftware, skills, and
additional geological and
hydrologic input data.

Numerical Transport Model
with Dispersion

Transient numerical
hydrodynamic/transport model wit
TDS transported by advection witl
calibrated dispersion.

Numerical simulator
h(e.g. Schlumberger
n Eclipse, MODFLOW
RT3D, FEFLOW)

Dispersion can be
significant in
hydrodynamically
transient systems
depending on
lithology.

Requires calibration and
specialized software and
skills and additional
geological and hydrologic
input data. Dispersion often
2" order effect depending o
lithology and hydrodynamic
conditions.

Numerical Transport Model
with Dispersion and
diffusion

Numerical hydrodynamic/transpor|
model with TDS transported by
advection, calibrated dispersion,
and diffusion.

t Numerical simulator
(e.g. Schlumberger

Eclipse, MODFLOW
RT3D, FEFLOW)

Useful in systems
which are close to
hydrodynamic steady
state but transient witt
respect to
concentration state.

Calibration sensitive.
Requires specialized
software and skills and

1 additional geological and
hydrologic input data.
Diffusion often 2 order
effect in hydrodynamically

transient systems.
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Task 2c: Salt Budget Inputs/Outputs

4.1 Scope
A list of TDS sources in the MWA service area witbtential direct impact to the quality of

the overall groundwater supply has been compildus $ection provides an assessment of
each of these sources for incorporation into thdewauality planning model. This
assessment is based upon quantitative data for sewtce where available, literature
research, and by inference using the water qudditgbase developed in Task 1 of this study.
Data availability is discussed for each significaatirce. All TDS sources to be included in

the water quality planning model will be quantifiedSection 5 of this memorandum.

4.2 Introduction - Water Quality Sampling in the Mo  jave Basin
Groundwater quality sampling in the region commeicethe early part of the Z0century.
Over time the number and distribution of wells lgegampled has greatly increased, but has
fluctuated. Figure 4.1 shows a histogram of the memof wells being sampled for TDS
between the year 1900 to present in 10 year inam&sme Figures 4.2 (a-d) show the
distribution of wells in the Mojave Basin being gaed for TDS during the time periods
1900-1925, 1925-1950, 1950-1975, and 1975-predenteported in the Phase 1 Technical
Memorandum, sampling throughout the MWA area idiexti areas in which TDS
concentrations have increased over time, and inesoases concentrations have exceeded
drinking water standards. Some of these anomahdstrends were high-lighted in the Task
1 technical memorandum of this study. Figure h@xs average TDS levels by well for all
available data in the MWA area. Figures 4.4 (aslddw wells with average TDS levels
below 500 mg/L, above 500 mg/L, above 1000 mg/ld above 1500 mg/L respectively
computed from data from 1975 to present. Perdgistggh TDS anomalies are visible on

Figure 4.3 (d) in the vicinities of Barstow, Helatgl and in some of the dry lakes. The

Groundwater Quality Analysis Technical Maandum — Task 2 Page 2-27



significance of these anomalies will be discussedthis and later sections of this

memorandum.

2500

2000

1500

1000

Number of Stations

500

Number of Stations with TDS Samples

OFrequency

Figure 4.1 - Number of stations sampled for TDS in 10 year intervals through year 2000, and

for the 4 year period from 2001-2004.
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Figure 4.2 - Locations of stations sampled for TDS in time periods (a) 1900 - 1925, (b)
1925-1950, (c) 1950-1975, and (d) 1975 to present. Black squares are

cities and towns, green circles are station locations.
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Figure 4.3 - Average TDS levels in the MWA service area by well. Radius of the
symbol is proportional to the average value.
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Figure 4.4 - Wells with average TDS levels (a) 0-500 ppm, (b) above 500 ppm, (c)
above 1000 ppm, and (d) above 1500 ppm from 1975 to present. Black

squares are cities and towns, green circles are station locations.
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4.3 Factors Influencing TDS Concentrations

Factors influencing the distribution of TDS congatibns include not only sources and sinks
through which TDS crosses the boundaries into aridbbthe area of interest, but also the
mechanisms by which TDS is redistributed within #inea. The main objective of the water
guality planning model is to predict overall saladling in the Mojave and Morongo basins.
For this purpose alone only TDS sources and sirkddvbe required. However, the water
quality planning model will also be used to evaduRWMP alternatives. This additional

objective requires modeling of the movements of TWi®in the area. This additional

objective requires modeling of the major transpoéchanisms influencing the distribution
of TDS in the MWA service area. TDS sources andharisms resulting in redistribution

of TDS may be either naturally occurring or antloggenic (man-made). The following lists

of potential sources and redistribution mechanisme compiled:

Anthropogenic TDS Sources and Mechanisms
* Atrtificially recharged state water project water

» Treated wastewater recharge
* lIrrigation return flow

* Railyards

* Septic systems

* Fish hatcheries

* Mining and Landfills

Natural TDS Sources and Mechanisms
* Mojave River and tributary inflow

» Groundwater inflow
» Storm Flows and precipitation
» Evapotranspiration

* Geology and Dry Lakes

Locations of the known TDS sources are shown inufeig.5. These may act purely as
sources (or sinks) to the area affecting the nes bBiddget, or as mechanisms to redistribute
TDS within the MWA area, or both. The State Wd&eoject is an example of a source of
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TDS from outside the area. The combined effecViofor Valley Waste-water Authority
(VWVWRA) sewer system and its wastewater treatmewtlify act to redistribute effluent

from large municipal areas to localized rechargdifees.

Some of the point sources in Figure 4.5 correlatectly with TDS anomalies observed in
Figures 4.3. The following sections of this docuieontain background information on
each of these potential TDS sources, assessméné¢ ahpact of each on the long-term salt
balance in the MWA service area, the redistributitethanisms at work, and a discussion of
whether or not each should be incorporated intowheer quality planning model. The
assessment will be based upon available quanstat@ta, prior studies, and observations in

the available water quality data.
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Figure 4.5 - Locations of known point sources of TDS in the MWA service area.

Groundwater Quality Analysis

Technical Maandum — Task 2

Page 2-34



4.4  Anthropogenic Sources of TDS

Artificially Recharged State Water Project Water

Background — The Mojave River Pipeline takes State Water Rtoj8WP) water from a
siphon on the California Aqueduct. Currently, MVifAports approximately 8,400 acre-feet
per year of SWP water and is planning to incres8WP utilization to 75,800 acre-feet per
year (SWS, 2004). SWP water is conveyed throughMuojave Pipeline to the Hodge,
Lenwood, Daggett, and Newberry Springs rechargsdtfas located in the Centro and Baja
Subareas. The Morongo Basin pipeline delivers SW&ewto the Mojave River area,
Hesperia, and to the Yucca Valley (Warren VallegiBa

Assessment- Since SWP water imports to the basin will be ig&gst, long term, and
increasing, these imports are deemed to be a migniffactor in the long term salt balance in
the Mojave Basin. Data regarding the quantity guodlity of SWP water delivered to the
MWA service area readily available from the Calfier Department of Water Resources
(DWR). The Mojave Regional Water Management PlakVERP) contains estimates of
anticipated imports through year 2020. Influx &3 through SWP imports will be included
in the water quality planning model. Although thneality of SWP water varies seasonally,
the average TDS concentration is approximately#8a.

Treated Wastewater Recharge

Background — Treated wastewater effluent from several soucoesributes to groundwater
recharge in the MWA. This source contains TDS aased with the consumption of foods
and beverages, and personal hygiene. Treatedwadsteis discharge to the Mojave River
floodplain aquifer in several locations within thWA service area. Local authorities

currently discharging treated effluent include:

. Victor Valley Wastewater Reclamation Authority (VVRA)
. City of Barstow

. United States Marine Corps Nebo Base and Yerberesn
. Community of Silver Lakes
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. City of Adelanto

. Rancho Los Flores

. Lake Arrowhead Community Services District
. Big Bear ARWWA

. Crestline Sanitation District

TDS levels in these discharges range from appraeimn&70 mg/l to 1000 mg/l. The high
TDS anomaly located in the vicinity of Barstow ansible in Figure 4.3 may be, in part, the
result of early undocumented wastewater dischaogethe City of Barstow and discharges
by the USMC at the Nebo and Yerbo Annexes.

Notwithstanding the TDS anomalies mentioned abtwese wastewater discharge volumes
represent only minute fractions of the active gabwater volume in the basin as estimated in
the 2004 RWMP. For example, by 2020 VVWRA planslischarge as approximately 18.6
million gallons per day (20,000 acre-ft) per yaaoithe regional and floodplain aquifers in
various sub-regional treatment facilities. In #oenario described above approximately 1%
of the active water volume of the Alto and TramsitZone sub-areas would be redistributed
over a 20 year period. For the most part, wasewiaeatment and discharge results in
redistribution of dissolved solids within the basin. Althougtcisunternal redistribution of
TDS may not significantly increase the overall $adtd within the basin over the long term,
the concentration and selective reintroductionuaihslarge quantities of TDS resulting from

wastewater management could have a significantetripaot managed properly.

Assessment— It is our recommendation that wastewater disdwmrge included as a

mechanism for introduction and redistribution @3 in the water quality planning model.

Agriculture/Irrigation - Return Flow
Background — Irrigation return flow is the excess water thatapplied as agricultural
irrigation that is neither used consumptively byt nor is evaporated, and which is

returned to the groundwater supply via percolatidh.has been estimated that 29 to 46
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percent of the water pumped for agriculture becomrggation return flow in the Mojave
area (Stamos, 2001). Because of evaporation, legqobi minerals, and introduction of
imported fertilizer salts, TDS concentrations igation return water can be more than twice
the concentration of the applied water (Densmo887). Since the return flow water is
typically poorer in quality than the produced s@&uweater, the repeated use of this water can
have adverse effects on groundwater and salt ctnat@m may limit perpetual reuse (URS,
2003). It should be noted that the crops growrheNMWA area are largely fodder crops that
are primarily consumed within the basin. Therefatecan be considered that any salts
absorbed by the crops stay within the basin. RWigtiimates for agricultural water demand

show a significant (approximately 60 percent) dasecby the year 2020.

Commercial dairies may also present significantreeal of TDS flux into the groundwater
system. TDS content of effluent from dairy cattlayrbe highly variable and will depend
upon factors such as the feed used and whetheotosaft supplement is provided. The
degree to which the effluent affects groundwatealityy will also depend upon other
practices such as collection and redistributiormainure as fertilizer. Greater than twofold
increases in electrical conductivity (TDS) aboveKmgound levels have been observed in
groundwater below dairy feedlots (Harter, 2005)isTshenomenon is currently under study
by the Region 5 Water Quality Control Board in cegiion with the University of

California.

Assessment Irrigation return flow does not represent sigraht net inflow or outflow to or
from the Mojave Basin. Irrigation water is typigajpumped at the point of use. However,
since TDS concentration may be significantly insezhthrough irrigation, this TDS influx
mechanism should be included in the water qualiéymng model. Although the specific
information pertaining to the quality of dairy effint is not currently available, an attempt
should be made to include dairies as potential ®28rces in the planning model for

sensitivity analysis and for future parameterizatidhen such data becomes available.
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Rail Yards

Background — Starting in approximately 1910, the Atchison, &kg, and Santa Fe Railway

began discharging industrial waste through a dsgstem from the shop and yards into the
Mojave River near Barstow. Beginning in 1968, i@ustrial railyard waste was conveyed
to the current city sewage treatment plant Denspi®87). Prior to its conveyance to the
local sewage treatment plant, the discharged wastech contained dissolved-solids

concentrations between 311 and 2,700 mg/L locadiytaminated the floodplain aquifer.

The waste consists of petroleum products, solvesds)ants containing chromium, and

synthetic detergents (Densmore, 1997).

Water quality degradation near the Community of sBaw has resulted in a plume of
contaminants commonly referred to as the “Barstéwg.S This plume of largely TDS has
been attributed in part to industrial dischargesden@y the railroad industry (Maxwell,
1996). This TDS plume has been observed (Figudkeid.several wells down-gradient from
Barstow. Available data suggests that the plumaiggating down-gradient and dispersing
with time. Figure 4.6 shows the locations of welted to analyze this plume. Two of the
wells shown in Figure 4.7 (09N0O1WO09D01 and 09NO1WIH) in the vicinity of but slightly
down-gradient from Barstow have early periods abrd. These wells show sharp increases
in TDS levels followed by stable decline. A groupn@onitoring wells located further down-
gradient show lower but gradually increasing TD&els. Map views of TDS data for the

area also suggest the down-gradient migration &sipation of this plume.
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Assessment The TDS anomaly observed in the water quality degabs believed to be the

plume of industrial waste referred to as the “BaxsSlug”. Data suggests that this plume is
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migrating and dissipating. Migration of the plunseproblematic with regard to spatial
refinement of the model. If the plume were stédtigould be possible to define an additional
management zone describing the anomalous TDS remgidninclude the movement and
dissipation of the plume in the water quality plemgnmodel. Since the plume is not static, a
fixed management zone may not be appropriate touaphis process. However, it is
recommended that the high TDS values be includeditial water quality estimates for the

water quality planning model.

Septic Systems

Background — Even though a sewage treatment plant has beepeiration since 1981, the
main method of domestic wastewater disposal inAlie subarea is still septic systems.
Figure 4.6 from Stamos (2003) shows the proliferabf septic systems in the Alto sub-area
estimated from census records. Hundreds of resalleseptic systems operate east of the
Mojave River in fractured bedrock. The estimatechegge from septic systems in the Alto
subarea in 1990 is 9,980 acre-feet per year (StaB@fkl). These septic leaching systems
have been identified as the main source of TDSh@Rloodplain Aquifer within the Alto
subarea because flows in the fractured bedrockargehthe Floodplain Aquifer (Maxwell,
1996). Septic recharge has been considered ifismmi in other MWA areas because
housing density has been low or because sewagetet plants have been operational
(Stamos, 2003). Bookman-Edmonston (1991kstimated average consumption of
approximately 70 gallons per day per person irdezgial households in Victor Valley. This
value was used along with census data by Stamdkl)20 estimate recharge from septic
systems in the Alto subarea. Umari (1993) perforrfield investigation to determine the
water quality from septic systems. He found sigaifitly elevated TDS levels in septic
system discharge as compared to the water entedhaghousehold. Water quality
characteristics of septic tank effluent reportedUJnyari (1993) are listed in Attachment 3.
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Figure 4.8 - Distribution of septic systems in the Alto sub-area from 1930 to 1990 (from
Stamos 2001).

Assessment- Umari’'s findings indicate that septic systems arpotential mechanism for
introduction and redistribution of TDS within theolMve Service area. It is recommended
that TDS from septic systems be included in theswguality planning model. Estimates of
septic effluent discharge rate estimated by Bookidmonston and effluent quality
estimated by Umari will be used to develop an appate TDS flux mechanism. For areas
other than Alto, septic return flows will be estie@d from census data using Bookman-
Edmonston and Umari data.
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Fish Hatcheries

Two fish hatcheries are located adjacent to theaM®River in the Alto subarea. The oldest
hatchery is the Mojave River Fish Hatchery, whisloperated by the California Department
of Fish and Game. This hatchery began operatiol®4D and uses pumped groundwater.
On average between 1994 and 1999, 6,400 acre-&zeyqar of the pumped water was
returned for recharge. All but about 3,000 acré-fesx year of the water pumped from the
floodplain aquifer to operate the hatchery is ne¢akto the Mojave River bed for percolation
recharge. The remaining 3,000 acre-feet per yaae been diverted for irrigation.

The Jess Ranch Trout Farm is located approximatesy mile upstream of the Fish and
Game hatchery. Since operations began in 195Lingwater has been pumped from the
floodplain aquifer for circulation in fish-rearingonds. Some of the effluent from the fish
hatchery has been used for irrigation. Excess wetgibeen discharged to the Mojave River.
Between 1990 and 1993, an average of approximdt&0 acre-feet per year of pumped
water was returned for recharge (Stamos 2001)mFA®94 to 1999 no water was returned

for recharge (Stamos 2001).

The fisheries discharge their water into a reacthefMojave River that is underlain by a
shallow clay layer which inhibits the deep infiticm of the return flow to the underlying

aquifer prior to reaching the Lower Narrows (Stap&1).

Assessment- Fish hatcheries have been identified by StarR081) as one of the major
sources of recharge to the Mojave Basin. TDSuné#ssociated with fish hatchery activity

will be included in the water quality planning made

Landfills and Mines

Background — Several landfills and mines exist in the Mojanel #Morongo basins. Known
mine and landfill locations are shown in Figure.4Hevated TDS levels are reported to be
possible (Andraski, 1995) in the vicinity of laritfi In general, anomalies in the water
guality database do not correlate with the locatiohmines and landfills. One exception to
this is a TDS anomaly observed in Figure 4.3 in tfenity of Newberry Springs. This
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anomaly correlates with the location of a landfillFigure 4.5. Available well construction

data for two of the wells in which this anomaly wasserved suggest that this anomaly is
being preferentially sampled from the near surfacel may not be connected to the
groundwater system. However, the magnitude ofah@maly suggests a potential impact to

the groundwater system through even limited irstlon.

Assessment- Due to the very large number of mines and lalsdiilis not deemed practical
to disaggregate the water quality planning modelefach of these potential point sources.
Further, with the exception of the anomaly noted\Natvberry springs, the water quality
database suggests that these are not significartesoof TDS into the groundwater system.
Therefore, the water quality planning model willt iee disaggregated to reflect mine and
landfill locations. The anomaly at Newberry springsl be included as a discrete point
source of TDS in the respective sub-aquifer unit.

4.5 Natural Sources of TDS

Mojave River and Tributary Flow

Background — The Mojave River is an intermittent river that aaged approximately 52,400
AF of base flow at the Lower Narrows for the perisdm 1931 to the present time
(SWS, 2004). These flows recharge the floodplajoifar as the streamflow percolates
through the porous riverbed material. Historicatad for the Mojave River have been
tabulated for the RWMP. Table 4.1 shows a summéanyaged flow for the Mojave River

from the 2004 RWMP (SWS, 2004).
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Peak Flow Minimum

Gage Name and Period of Average Median 2) Flow (2)
Station Number Record (1) Flow (2) Flow (2) (Year) (Year)
West Fork Near Hesperia 1930 23,500 6,200 134,400 0
(10261000) (3) (1978) (1951)
Deep Creek Near 1905 47,800 21,000 304,400 2,200
Hesperia (10260500) (1993) (1951)
Lower Narrows Near 1900 52,400 23,200 298,500 5,300
Victorville (10261500)4) (1969) (2001)
Barstow (10262500) 1931 16,700 0 151,800 0
(1969) (Many)
Afton (10263000) 1930-32, 8,100 900 75,600 200
1952-78, (1969) (1975)
1981-02(5)

Notes:
(1) All gages listed are currently operational.
(2) For period of record 1931-2001. Flow referatre-feet per year.

(3) The USGS has operated two gages at West Fark& $930, 10261000 and 10260950.
(4) The Lower Narrows Gage was located about &snilpstream from its current location and operategte from 1900-1906 and

1931-36.
(5) USGS has estimated the record for the missing gerio

Table 4.1- Gaged Mojave River flow data from 2004 RWMP ifir&chlumberger Water Services, 2004)

Webb (2000) estimates that 7,200 acre-feet of uedyagater flows annually into the Este,
Oeste, Alto, and Baja subareas of the Mojave Basa (Webb 2000). Gaged and ungaged

river and tributary flows were compiled for the 200WMP and are shown in Table 4.2.
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Este Oeste Alto Centro Baja Entire Basin

WATER SUPPLY

Surface Water Inflow

Gaged 0 0 71,3007 0 0 71,300
Ungaged 1,700 1,500 3,600 34,700" 14,400 7,200
Subsurface Inflow 0 0 1,200 2,000 1,200 o*
Deep Percolation of Precipitation 0 0 3,500 0 100 3,60013

Import Wastewater
Lake Arrowhead CSD 0O 0 1,900 0 0 1,908
Big Bear ARWWA 2,600 0 0 0 0 2,600
Crestline Sanitation District 0 0 900 0 0 90d
Total: 4,300 1,500 82,400 36,700 15,700 87,500

OUTFLOW AND LOSSES

Surface Water Outflow

Gaged 0 0 0 0 82100 8,100
Ungaged 0 0 34700 14,000 0 o
Subsurface Outflow 800 400 2,000 1,200 0 o*
Phreatophyte Consumption 0o 0 11,0000 3,0000 2,000° 16,000
Total: 800 400 47,700 18,200 10,100 24,100
NET AVERAGE ANNUAL WATER SUPPLY: 63,400
Notes:
Q) Estimates taken from Webb 2000
2) Includes 14,000 ac.ft. of Mojave River flow fromr@e and 400 ac.ft. of inflow from Kane Wash andBoCreek;
estimates taken from Webb 2000
3) Sum of ungaged surface water inflows less ungagddce water outflows; estimates taken from Web®020
4) All subsurface flow is assumed to exchange withinaseas (no external inflows or outflows). No exét ungaged

surface water outflow
(5) Estimates taken from Webb 2000

(6) Mojave Basin Area Watermaster 2001
(@) From reported flows at USGS gaging station, MojRixeer at Barstow
(8) Phreatophyte consumption taken from Lines and Rill{t996)

(a) Period of record from 1931-2001
(b) Period of record from 1931-2001; 1931-1952 arevesttd values

Table 4.2 - Water balance showing groundwater between subareas and flows and gaged and
ungaged surface flow (from Schlumberger Water Services, 2004)

Concentrations of TDS vary seasonally in the Moj&iger, with lower concentrations

occurring in the winter during peak flows and higbencentrations occurring in the summer.
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Water quality also changes along the course ofittee, with TDS concentrations increasing
in the downstream direction. This downstream iaseein TDS is likely attributed to
percolation, evapotranspiration, wastewater digghairrigation return flow and other
activities. Since 1908, the USGS has been collgatrater quality data along the Mojave
river. Most of the water quality data for the wateed was collected between 1944 and
1972, and these data was used to determine anvergiges and $0percentile vales from
which to create regional water quality objectivd8(Os) to ensure maintenance of the
existing quality of surface waters for the Mojaviwd® and its headwaters tributaries. Table
4.3 lists TDS WQOs for the Mojave River obtainednfr Maxwell (1996) which are being

used as representative of the historical waterityuafl Mojave River water.

Assessment Water quality in the Mojave River will reflect thguality of contributing
sources. The Mojave River itself will act as a figant pathway for inter-basin transport of
water and associated dissolved solids from theseess. Aside from natural storm flow and
tributary recharge, discharges from various muaicipastewater management systems will
contribute significantly to the TDS levels of riveater. The Mojave River is deemed to be a
significant element in the water quality planningodel for its role in inter-basin
redistribution of TDS.
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Location TDS
(mg/L)

Lake Arrowhead 78/107
Lake Gregory 87/95
Deep Creek below Lake Arrowhead 83/127
Deep Creek above the Mojave Forks Dam 184/265
East Fork of the West Fork of the Mojave River iz}
West Fork of the Mojave River above Silverwood Lake 219/336
Silverwood Lake 220/440
West Fork of the Mojave River below Silverwood La&@eHighway 173 245
Crossing
Mojave River at the Lower Narrows below Victorville 312
Mojave River at Barstow (base flow) 445
Mojave River at the Waterman Fault (underflow flow) 560
Mojave River at the Calico-Newberry Fault 340
Mojave River at Camp Cady Ranch (under flow) 300

Single numbers represent instantaneous maximum
Double numbers represent annual averadeg@dcentile value

Table 4.3 - Mojave River water quality WQOs (from Maxwell, 1996)

4.6 Groundwater Inflows

Discussion

It is known that there is significant movement abgndwater between some of the subareas
in the Mojave Basin (Webb, 2000). Groundwatener from mountain front runoff flows
from both Este and Oeste Subareas into the Altoa®ab From the Alto Subarea,
groundwater flows downgradient to the Centro Sudaxeroundwater from the Centro
Subarea flows down gradient to the Baja SubarehereTis believed to be no significant
outflow from the Baja Subarea estimated at 400-teeper year. The individual sub-basins
of the Morongo Basin are believed to be hydraulcaolated from one another. Webb
(2000) estimates that approximately 1,200 acredégtoundwater combined annually flows
from Este and Oeste to Alto; 2,000 acre-feet flémosn Alto to Centro; and 1,200 acre-feet
per year flows from Centro to Baja. These subserfamvs are shown in Table 4.2 from the
2004 RWMP.
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Assessment

Groundwater inflows and outflows between sub-aquifeits will be an important TDS
redistribution mechanism and will be included ire thvater quality planning model.
Groundwater flow will be implemented using the praglationships discussed in Section 3,
derived from the USGS (Stamos, 2001) regional gilawater flow model for the Mojave
Basin. Water quality of groundwater will be iniimd from the water quality database

developed in Task 1.

Precipitation

Background — The Mojave area receives a relatively small vauaf precipitation and
much of what is received is lost to evaporatiotranspiration. The amount of precipitation
that occurs in the region ranges from 4 incheshendesert valley floor to 40 inches in the
San Bernardino Mountains (CA DWR, 1967). With thxeeption of surface runoff, direct
precipitation does not recharge groundwater unaemal conditions. Despite the large
losses of precipitation to evaporation, precipatatfalling on open, unlined water bodies is
assumed to add to the water budget through direaofation or runoff (URS, 2003). In
addition to Floodplain Aquifer recharge from the jgl@ River, several ephemeral ungaged
streams and washes near the flanks of the San mBéraaand San Gabriel Mountains
contribute surface water flow to the MWA area frovinter storms and snowmelt runoff.
Most mountain-front recharge occurs during wet yees storm runoff infiltrates the alluvial
fan deposits of the regional aquifer located in dipper reaches of ephemeral streams and
washes that lie between the headwaters of the Mdgpaver and Sheep Creek. In the Baja
Subarea, minor recharge of the Regional Aquifeumxcmear Coyote Lake and from Kane
Wash (Stamos, 2001).

Assessment Rain and snow, which are the sources of watenver and tributary flow, are
nearly pure, typically having less than 10 mg/L TB&centration. These flows represent
influx of good quality water into the Mojave Basifithey are already represented in the 2004
RWMP model (shown in Table 4.2) as significant watdlux mechanisms and should be
included in the water quality planning model as Téd8rces.
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Evapotranspiration

Background —Return flows represent a significant part of theéewvdalance for the MWA
service area. Evapotranspiration is a large compuormé consumptive use. As such,
accurately quantifying evapotranspiration is of kegportance in the water balance
computation. As an example, SWS estimates th&2020 the Alto subarea will have
municipal production of 118,000 acre-feet of watHrthe overall consumptive use rate is off
by 5% this represents a change' 86000 acre-feet in return flow each year. If twerall
consumptive use rate is off by 15% this represantbange of/-18,000 acre-feet in return
flow each year. The report entitlddFive-Year Investigation Into the Potential Waded
Monetary Savings of Residential Xeriscape in thgaWDesert, (Sovocool et aliotes that
typically 60 to 90% of potable water drawn by sea@gmily residences in municipalities is
used for outdoor irrigation. Whereas the US EP#nedes that 44% of residential water is
the average outdoor irrigation for all of Califcani The Mojave Desert is atypical relative to
California and the consumptive use factors curyemipplied, most notably municipal
consumption, may vary significantly from actualwed The effect of evapotranspiration on
return water quality was noted by previous authiorgestigating the hydrology of the
Transition Zone. They suggest that the increases in TDS concentsaiio the Floodplain
Aquifer shallow zone are likely due to evapotrarefjon effects (URS, 2003). useThe
mechanism driving this effect would be the evapeeatemoval of significant volume of
water from the system while leaving the dissolvelitls in place. The net effect would be a
net increase in dissolved solids per volume unitwater, or an increase in TDS
concentration. Outside the floodplain aquifer @atign for domestic, agricultural, and

recreational uses also result in significant am®woihevapotranspiration.

Assessment— Based upon the available literature it is fefftatt uncertainties in
evapotranspiration estimates as discussed abovdraviklate directly into uncertainties in
TDS flux from surface water to groundwater. Evapospiration estimates for all sub-
aquifer units have been computed using the Surtacergy Balance Land Algorithm
(SEBAL) method of remote sensing image processiigse new results will be used to

refine the evapotranspiration estimates for theewhtlance in the water quality planning
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model. The result will be improved estimate of TD#ix resulting from the

evapotranspiration component of return flow.

Geology

Background - The Floodplain Aquifer comprises two stratigrphnits deposited by the
Mojave River: recent alluvium of Holocene age armlnger alluvium of Holocene to
Pleistocene age.The Regional Aquifer is composed of younger alinfan deposits of
Holocene to Pleistocene age, older alluvium of dheestral Mojave River of Pleistocene
age, and older fan and stream deposits of PleiséotePliocene age. The upper 300 to 800
feet of the older, undifferentiated fan and stredeposits are more permeable than the
underlying deposits of the same group. There igr prydraulic connection between the
upper and lower deposits, therefore the lower deptransmit very little, if any, water to the
overlying deposits. The low permeability and fgr@ined nature of the lower sediments has
resulted in groundwater with high TDS (Stamos, 3001This is probably the result of
limited mixing of the ancestral marine brine of tbdeeper sediments with the fresher

recharge water available in shallower sediments.

Much of the deeper water in the Regional Aquifechemically degraded, particularly water
associated with buried evaporates and the sematdgvater in the deeper, closed sub-
basins (Subsurface Surveys, Inc., 1990). UnderlyfregRegional Aquifer are consolidated,
volcanic and sedimentary rocks of Tertiary age @eore, 1997). High TDS concentrations,

in excess of 2,000 mg/L have been detected inrinenglwater within these rocks.

Stamos (2001) reports that faults and other geolsguctures partially control groundwater
flow in both the regional aquifer and, in many gacthe floodplain aquifer. The 2001
USGS Mojave Basin regional groundwater flow modheludes the effect of many known
and previously unnamed faults. Although severahege faults were deemed by the authors
to have sufficient impact on regional groundwatewsf it will not be practical to include this
level of geologic detail in the water quality plamgp model. Geologic detail will be included

as required and justified by the available watalityidata.
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Groundwater moves from the Transition Zone to tlent® Subarea across the northern
extension of the Helendale Fault. Water-level deddlected from USGS multiple-well
monitoring sites and compiled from historical s@scindicate that this fault restricts
subsurface flow in the regional aquifer but notthe overlying floodplain aquifer (Hardt,
1971). Stamos (2001) reports that the restriadfogroundwater flow has resulted in upward
flow of groundwater in the past. It is believed ttias upwelling has brought poor quality
deeper water to the surface, resulting in the TB&ly seen near Helendale in Figure 4.3.
Figure 4.9 shows TDS values plotted as a functibrpeypendicular distance from the
Helendale fault on both the upgradient and dowrigradsides of the fault. Overall average
TDS values for the Transition Zone and Centro se@las are also shown. This figure
suggests a build-up of TDS significantly aboveghbb-area average on the upgradient side of

the fault, with somewhat more uniform lower levelsthe downgradient side.

Assessment- Based upon observed anomalies in the water guddiabase and supporting
literature we recommend an effort be made to digeréhe TDS anomaly observed in the
region of Helendale in the water quality planningdal using the Helendale Fault as one
boundary. This matter will be discussed furtheBeattion 5 of this document.

Groundwater Quality Analysis Technical Maandum — Task 2 Page 2-51



Average TDS vs. Distance From Helendale Fault
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Figure 4.9 - TDS in wells in the vicinity of the Helendale Fault showing average
TDS levels for Transition Zone and Centro Subareas.

Dry Lakes (Playas)

Background - Problems resulting from the overall inflow of salb the area can be seen in
the vicinity of dry lakes (CA DWR, 1967). Groundwanear many of the dry lakes in the
Mojave River basin is typically highly saline (Ikbi 2003). High TDS concentrations are
observed in the water quality database in the iiegof most of the dry lakes in the MWA
service area as seen in Figure 4.3. It should diedn though, that thick sequences of
evaporite deposits in dry lakes often preclude whiten percolating into subsurface. In the
vicinity of some dry lake areas, since direct infition of precipitation does not typically
occur, large accumulations of chloride and othéulde salts are present near the top of the
unsaturated zone overlying the Regional Aquifebidg 2003). Stamos (2001) reports that
dry lakes tend to act as sinks from the groundwsystem through free surface evaporation
after flooding. These sinks have in the past besivedy hydraulically connected to the
hydrogeologic system. However, recent pumpage hbaed the groundwater gradient away

from these dry lakes, reducing but not eliminatimg discharge effect.
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Assessment— Although TDS anomalies are seen in the vicigitd dry lakes, these
anomalies do not exhibit any downgradient movemeith time in the water quality
database. This is consistent with Stamos' obsenathat dry lakes are points of discharge
rather than recharge. Although sufficient well sipaction data is not yet available to make
an absolute determination, the available data siggat high TDS values in the vicinity of
dry lakes may be the result of preferential shalkampling. In light of this, and lIzbiki’s
observation that infiltration of precipitation doast typically occur in the vicinity of dry
lakes, we do not feel that dry lakes represesit@nginput mechanism. Yet, we feel that the
extremely high TDS levels should be representedhan water quality planning model.
Therefore, we recommend that, while not defininggua new management zones for dry
lakes, the dry lakes should be included in the rhadedistinct TDS sources for their
respective management zones. We feel that the Tifb levels in the database associated
with dry lakes should be identified by statistieadalysis and excluded from the ambient

conditions for their respective management zones.
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Task 2d: Physical Information

5.1 Scope and Deliverables

This task entails the refining spatial boundar@sdquifer units, salt flux mechanisms, and

evapotranspiration estimates, and developing estsnaf groundwater storage and ambient

TDS concentrations.

5.2 General

This task will result in necessary modeling pararseaind inputs. Digitally referenced data

for each task will be developed as follows:

Spatial boundaries for groundwater management zones

Parameters necessary to model groundwater manageareninteractions.
Estimates of current groundwater storage by groaefimanagement zone.
Estimates of current TDS concentrations for eachiiggwater management zone.
Quantify potential salt flux mechanisms for eachnagement zone.

Refined ET and return flow values for various larsés.

The following sections outline the scope and rasoilteach of the six subtasks.
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5.3 Task 2d.1: Refine Aquifer Units Into Smaller
Management Zones as Nee ded

Scope

The objective of this task is to develop spatiatmaries for groundwater management
zones. In previous work for MWA, the regional dtabdplain aquifers were disaggregated
to segments termed aquifer units in the Stellaeseng model. It is assumed that some sub-
aquifer units might need further disaggregatiompitedict groundwater quality fluctuations.
The spatial level of refinement will be a functimf available data from which a

hydrologically distinct zone can be delineated.

Discussion

Disaggregation of the RWMP sub-aquifer units wasebaon hydrogeological data and/or
water quality considerations. While striving to de®p an optimal water quality planning

model, it is also important to recognize the limdas of the available data and to promote

consistency with the RWMP screening model.

Hydrodynamic Considerations - MWA is executing a long-term systematic campaign t
improve their conceptual model of the Mojave Bakimugh site specific studies. However,
these studies do not yet have sufficient infornratiensity to justify changes to the regional
conceptual model. Currently, the most well-devetbpegional model of the Mojave Basin is
the ModFlow hydrodynamic model developed by Sta(@0€1). This model was used as the
basis for various physical parameter estimateskaydgroundwater interactions used in the
RWMP screening model and will also serve as thésldas refinement of these properties to

reflect new management zone(s) and flux processes.

A key parameter in the transport modeling procsssffiective porosity, or aquifer storage
volume. Variation in specific yield is a good indior of distinct hydrogeologic regions as
well as a key parameter in determination of aqusterage volume for each management

zone in sub-task 2d.3. The USGS regional ModFlawd@hwas used to develop estimates of
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porosity (storage volume) for the RWMP screeningdetdbased on specific yield of the
upper model layer. Figure 5.1 shows the distrdyubf specific yield and the current RWMP
sub-aquifer unit boundaries within the MWA servarea excluding the Morongo Basin. We
feel that these boundaries adequately capture #yermariations in the distribution of this

parameter within this area.
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Figure 5.1 - Specific yield from Stamos (2001) used to estimate storage volume for the RWMP
screening model and RWMP sub-aquifer unit boundaries excluding the Morongo
Basin.

The USGS performed a study of groundwater and edi#nsport in the Warren Basin
(Nishikawa, 2003) in cooperation with the High D& ater District and the Mojave Water
Agency. This study found that the groundwater basivers only a portion of the greater
Warren Basin, and that groundwater flow within thmaited area is affected by several
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vertical faults. Figure 5.2 from Nishikawa (20083)ows the location of the groundwater
basin (blue line) and the faults forming barriexggtoundwater flow (magenta lines). These
faults form five sub-units within the groundwatexsin. Although we feel that this detailed
understanding of the local hydrologic environmeniportant for the water quality planning
model, the sparseness of water quality observatiorthe Warren Valley area limits the
amount of spatial refinement that may be realized. our recommendation that the volume
of water in storage be refined to reflect the redusize of the Warren Basin groundwater
system as reported by Nishikawa. However, we dofesltthat the available water quality
data supports further disaggregating the sub-aguifé into five sub-units to reflect the flow

barriers.

Basa imaga from Digita| Elevation Modal—
Mational Elevation Dataset—Mojave Desert
area, USGS ERDS data center 1999, 1:24,000
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Figure 5.2 - The Warren Valley sub-basin from Nishikawa (2003) showing the finite difference
simulation grid, the boundary of the actual groundwater basin (blue) and the vertical
faults (magenta).

Based on the available information and the valueanfsistency with the RWMP screening
model we do not feel that further disaggregatiomguiifer units should be performed on the
basis of hydrodynamic properties.
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Water Quality Considerations — Figure 5.3 shows the average TDS levels fromwthter
guality database and the RWMP aquifer units. ysialof the available water quality data
yields several anomalies, which were high-lighte&ection 4. Key factors such as mobility
and location of these anomalies were discussedimfaortant distinction was made between
the need or ability to incorporate apparent watality anomalies into the model, and the
need to further disaggregate the model on the basisuch anomaly. The primary
consideration in making this distinction for anysebved anomaly is its estimated or assumed
mobility. Other important factors are its sizecdtion, and trend. For example, although
each of the dry lakes has an associated watertyj@iomaly, the literature supports the
conclusion that these anomalies are poorly condecteéhe groundwater table. Using this
reasoning it is not recommended that further mdiglggregation be performed based upon
these anomalies. However, the high TDS values nedae identified through statistical
analysis of the data and removed from the commurtatif ambient TDS levels of the
respective management zones. Dry lakes will ketegckin the water quality planning model
as discrete TDS sources. The methodology for dwetudry lakes in the model is discussed
later in this section under sub-task 2d.5.

As discussed in Section 4, a TDS anomaly existearvicinity of Helendale. This anomaly

is in a critical location near the Transition Zddehtro adjudication boundary. It is also in
the center of the regional and floodplain aquifémsSection 4 it was hypothesized that this
anomaly may be the result of upwelling of deepegrmuality water caused by disruption of
subsurface flow by the Helendale fault. Figure $héws the behavior of average TDS for
stations at varying distances from the Helendalé fan either side of the fault. Figure 5.5

shows the locations of wells used in this analy$i the upgradient side of the fault TDS is
observed to build up to a level significantly highlean the overall sample average for the
Transition Zone Subarea. On the downgradient sfdie fault TDS levels decease to a
lesser extent with distance from the fault, and endosely approximate the overall sample
average for the Centro Subarea. These observaimuest a conceptual model in which the
amount of poor quality water upwelling from deepquifer units increases with proximity to

the upgradient side of the fault.
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Figure 5.3 - Average TDS with 2004 RWMP sub-aquifer units.
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Average TDS vs. Distance From Helendale Fault
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Figure 5.4 - TDS in wells in the vicinity of the Helendale Fault showing average
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Figure 5.5 - Location of wells straddling the Helendale Fault used to analyze
the observed TDS anomaly.

Groundwater Quality Analysis Technical Maandum — Task 2 Page 2-60



Based on these observations it is recommendedatihadditional management zone be

created which encloses this anomaly, making itiptes$o include this seemingly active and

critically located mechanism in the water qualitarming model.

The proposed sub-area

boundary is located approximately four miles upgratd from the Helendale fault (as
indicated in Figure 5.4), disaggregating the TramsiZone Floodplain sub-aquifer unit to

create the new Transition Zone Floodplain and Hidénsub-aquifer units (Figure 5.6).
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Figure 5.6 - Average TDS with all aquifer sub-units including the newly defined
Transition Zone Floodplain and Helendale sub-aquifer units. Symbol
radius is proportional to average TDS value.
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5.4 Task 2d.2: Refine Management Zone Interactions
as Needed

Scope
In this task, the management zones developed ik 2Zdsl will be evaluated to assess

hydrologic interactions between zones and the sacgsteps to model interactions.

Discussion

Groundwater Interaction — Groundwater flux between zones takes place asethdt of
naturally occurring and man-made gradients in thérdulic head of the aquifer in each
zone. For example, mountain front recharge resultsegional scale head differential
between basin margins and the Mojave River charf@hping and injection also cause
groundwater head gradients at a more local scale flix of water due to a head differential
is described by Darcy’s law (Eq. 5.1). Figure Shbws the aerial view of a simplified
conceptual model for groundwater flow between td@meent aquifer sub-units.

Aquifer Unit 1 Aquifer Unit 2

Flux (Q)

Figure 5.7 - Simplified conceptual groundwater flux model.

Darcy’s law describes the flux between aquifer galis as:

h
-k Af!
Q=K Ty (.1
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where;

Kag = Average hydraulic conductivity

A = Cross-sectional area of inter-aquifer interface
Ah = Water table elevation difference

AX = Distance

Figure 5.7 and Eq. 5.1 describe a very simplistdimensional case. Realistic systems are
much more complex, involving two and three dimenaldlow solutions. Although Eq. 5.1
may be applied directly in a water balance calowteif necessary, a more sophisticated, and
therefore more representative, solution is pretemen available. A numerical model can
be used to predict variations in head and resulgngundwater flux for complex
hydrodynamic models. Numerical models also allbes delineation of model sub-units and
calculation of fluxes between these model sub-unitBigure 5.8 shows a schematic
representation of the average direction of interezllux predicted by the USGS regional
Mojave Basin ModFlow model as part of the 2004 RWEdy. The USGS study did not
include the Morongo Basin. In that study, the atitpom ModFlow was used to develop
“proxy” models for hydrodynamic flux between subudqr units within the area covered by
that model. The concept of a proxy model was duoed in Section 3. These proxy models
were functional relationships that describe thedhéidference versus flux relationship for

pairs of adjacent aquifer units such that:

Q(t) = E(ANEAN(E) e (5.2)

where;
Q(t) = Groundwater flux at model time ‘t’
&(Ah,t) = Proxy model function
Ah = Head difference between aquifer sub-units
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Figure 5.8 - Groundwater flux directions determined from Stamos (2001).

This method of using proxy functions for groundwdtew was used in the 2004 RWMP
Stella model. Figure 5.9 shows a schematic diagoarthe implementation process. The
volumes and the elevation heads in each model exqemib-unit was initialized from
historical information. At each model time step tiead difference was computed for each
adjacent aquifer sub-unit pair. This head diffeeemas used to look up a corresponding inter
aquifer sub-unit flux from the respective proxy mbéunction. The flux for each adjacent

sub-unit pair is computed as:

A\/ts = QAh [Atts ............................................................................................. 35
where:
AVis = Volume of water transferred during the modeletistep
Q(t) = Groundwater flux at timestep ts
Atys = Timestep length
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In reality there are many simultaneous transfeféis technique was used in the RWMP
Stella screening model and will be coupled with ttasport process as described in the
discussion of sub-task 2d.5 later in this memoramdior use in the water quality planning

model.

Aquifer Unit 1 Aquifer Unit 2

Figure 5.9 - Implementation of hydrodynamic material balance using 2004
RWMP ModFlow Q vs. Dh relationships.

Recent modeling studies performed by the USGS (kasia, 2004) in the Joshua Tree area
of the Morongo Basin indicate approximately 84 dewt per year of groundwater flux from
the Warren Sub-basin into the Joshua Tree Sub-bdgiese studies further indicate
approximately 123 acre-feet per year of groundwtter from the Copper Mountain Sub-
basin to the Surprise Spring Sub-basin. In the RWaker balance model the Warren Basin
is distinguished as a separate sub-aquifer unigaccdVarren Valley sub-aquifer unit, while
the various minor sub-basins in the Copper Mountéatiey are lumped into the Copper
Mountain Valley sub-aquifer unit. The later inclso@opper Mountain, Joshua Tree, Reche,
Giant Rock, and Surprise Spring Sub-basins. Groatelwlux from the Warren Sub-basin to
the Joshua Tree Sub-basin will be represented terviilance of the planning model as a
constant flux between the Warren Valley and Copgeuntain Valley sub-aquifer units.
Groundwater fluxes between the sub-basins of thgp@oMountain Valley sub-aquifer unit
will be aggregated within that sub-aquifer unit ard distinguished in the water balance of

the planning model.
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Mojave River-Groundwater Interaction — Interaction between the Mojave River and the
groundwater system is significant in several oftft@nagement sub-areas. Figure 5.10 shows
an idealized schematic of surface water-groundwateraction. The Mojave River flows at
the surface (blue) only at limited reaches andesponse to storm surges. However, river
underflow (light blue) occurs over most of the léngf the river for much of the year. This
underflow is a source of recharge and dischargee(bfrows) to and from the groundwater
system along various reaches of the river. The tdeel (dark brown) forms a partial barrier
to flux from the river to the groundwater systeffte controlling hydrodynamic property of
the streambed is theonductancewhich dictates the head dependent flux across that

interface.
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Figure 5.10 - Cfoss section of streém channel showing underflow and Ieakance through rivefbed.

Stamos (2001) used river stage observations araengaches along the river in order to
calibrate river bed conductance in the 2001 US@®nal model of the Mojave Basin. This

model, used to develop proxy relationships forrizigne groundwater flux, was also used to
compute similar relationships describing the flconf the river to the groundwater system as
a function of the head difference between the glauater system. These relationships will
be utilized as the flux mechanism for advective Tiéhsport between from the Mojave

River to the groundwater system using the mass@mn relationships described later in this

section.
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5.5 Task 2d.3: Develop Estimates for Groundwater |  n Storage

Scope

In this task, the current amount of groundwateragfe (volume) by management zone that
can be expected to mix actively in a salinity flisxestimated Changes in groundwater

storage can be estimated based on average growrdexs changes by management zone.

Discussion

The true amount of water stored in the Mojave Basay not be accurately determined by
currently available survey methods. Furthermoreenevf this volume were known,
estimation of the depth to which water is actuddbing affected by current natural and
anthropogenic activities would be uncertain. Eates of the groundwater in storaged
active in the dynamic hydrogeologic system may dody made using the best currently

available survey techniques along with sound reagon

A geophysical gravity survey performed in 1990 (Suface Surveys Inc., 1990) over the
Mojave Basin for the purpose of estimating groundwatorage yielded an estimate of
approximately 428 million acre ft of total storag&his measurement is an estimate of the
total pore volume. Of this total, approximately 174liof acre ft are estimated to be in the
upper 1000 ft. of the aquifer. However, not alltieé total 428 million acre ft. of water is
available or suitable for usage. The authors o Htudy suggests that factors such as
degradation of aquifer and water quality with degkbng with increased well development
costs impose practical limits on the usability eéder water. They estimate that, due to such
practical limits, approximately 150 million acre-fhay be economically produced. This is
an estimate of thactive pore volume. Stamos (2001) estimated the thickoéshe upper
and lower aquifers as 200 ft. and 700 ft respelstifer their numerical model, for a total of
900 ft, which is roughly commensurate with 870ef$timate from the geophysical survey.
However, it is reasonable to assume that there bélla trend toward deeper drilling
motivated by water supply or quality needs andlifatéd by improved drilling technology
and water treatment technologies. In a personalnaamcation (Stamos, 2005) Christina
Stamos suggested that future models of the Mojaselmight incorporate deeper portions
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of the regional aquifer. Furthermore, initial dadlance estimates performed by SWS used
an estimate of 1000 ft depth for computation of #wive aquifer water volume. In
consideration of all of the above a depth of 1G00ilf be used to estimate the initial volume

of water for use in the water quality planning mlode

Although estimates for water in storage have beeniged for the major and some of the
minor sub-basins in the literature, in order taadgregate these estimates for use in the water
guality planning model an estimate of effective @eplume is needed. The best available
estimate of effective pore volume is specific yiel&pecific yield is the volume of water
drained from a rock or soil per square unit of gseaunit of head reduction. Estimates of
specific yield for the Mojave Basin were taken fr@mamos (2001). Specific yield for the
Morongo Basin and its sub-basins were taken fromi$.€1972). These estimates are shown
in Figure 5.11. Table 5.1 lists estimates the guagtric surface areas of each management
zone determined using GIS computational methodimates of specific yield, and
computed water volume for the upper 1000 ft. ofifegqumaterial. It should be noted that the
total aquifer volume or 114 million acre ft for sbhsins of the Mojave Basin in Table 5.1
does not agree with estimate of 150 million acet fif producible water reported from the
geophysical survey. No immediate explanation @ilalle for this discrepancy other than
possible differences in the areas over which tHames were computed and the Subsurface
Survey report authors own definition of what maypseducible given uncertain geological

factors and future available drilling technologies.
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Figure 5.11 - Estimates of Specific Yield. Left and right refer to position with respect to the floodplain aquifer looking in the direction of the
river gradient
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Table 5.1- Estimated Specific Yield from Stamos (200a)d Lewis (1972), and groundwater storage computed for the upper
1000’ of aquifer. Left and right refer to positiavith respect to the floodplain aquifer facing tfradient direction.

Area Sy Sy Sy Sy Sy VOLUME
RWMP Area (Sg. Mi.) Minimum Maximum Range Mean Std. Dev. (Acre-ft)
Alto Floodplain 28 0.05 0.39 0.34 0.29 0.12 5,252,950
Alto Left Regional* 141 0.05 0.12 0.07 0.05 0.01 4,557,085
Alto Mid Regional* 124 0.05 0.26 0.21 0.10 0.03 7,901,249
Alto Right Regional* 69 0.12 0.12 0.00 0.12 0.00 5,263,247
Baja FIoodeain* 104 0.05 0.22 0.17 0.19 0.05 12,679,798
Baja Regional* 194 0.05 0.22 0.17 0.10 0.04 12,395,595
Centro Floodplain* 46 0.12 0.22 0.10 0.20 0.03 5,883,074
Centro Regional* 237 0.12 0.22 0.10 0.12 0.01 18,383,461
Copper Mountain Valley ™ 241 0.08 0.23 0.15 0.14 21,613,794
Este Regional* 65 0.12 0.12 0.00 0.12 0.00 4,994,171
Harper Lake Regional* 112 0.12 0.12 0.00 0.12 0.00 8,596,687
Helendale 8 0.12 0.20 0.08 0.19 0.03 929,231
Johnson Valley Sub-basin” 213 0.08 0.18 0.10 0.13 N/A 17,759,738
Lucerne Basin™ 162 N/A N/A N/A 0.10 N/A 10,349,144
Means/Ames Valley Sub-basin™ 136 N/A N/A N/A 0.13 N/A 11,355,546
Narrows F|oodp|ain* 5 0.12 0.26 0.14 0.19 0.07 635,625
Oeste Regional* 103 0.05 0.12 0.07 0.05 0.00 3,305,090
Transition Zone F|oodp|ain* 12 0.12 0.26 0.14 0.20 0.05 1,593,884
Transition Zone Regionar 165 0.05 0.23 0.18 0.11 0.03 11,334,641
Warren Valley Sub-basin” 29 0.07 0.15 0.08 0.11 N/A 2,060,074

Groundwater Quality Analysis Technicalmtandum — Task 2 Page 2-71



5.4 Task 2d.4: Develop Estimates of TDS by
Management Zone

Scope

In this task, the current TDS concentrations of anagement zone will be determined
through statistical and geochemical analyses towatdor such factors as measurement error
and natural variability. The methods of statidteaalysis will be similar to those utilized in
the TIN/TDS Study — Phase 2A of the Santa Ana Vgat(Wildermuth Environmental,
Inc., 2000). This data will represent initial water quality catnohs in the water quality

planning model.

Multiple quality control measures were employedthie Santa Ana Watershed study for
screening of water quality data. These includedh bativariate statistical methods and
geochemical analysis. In the following sections tlesults of individual statistical and
geochemical quality assurance checks are reviefe#owed by merging of both statistical
and geochemical quality assurance results for fidatermination of average TDS

concentrations by aquifer sub-unit.

Univariate Statistical Analysis

The univariate statistical methods recommendedbysanta Ana Watershed TIN/TDS Task
Force are the Shapiro-Wilk test for normality feWled by normal standard error based outlier
identification. The method applied in the Santa AWatershed Study is reviewed below.
Data were first tested for normality in order ts@® the applicability of outlier identification
methods that assume normality. If data are notmably distributed then standard normal
testing methods for outlier identification are ihga Non-normal distributions should then

be transformed to normal prior to outlier idengfiion.
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The Shapiro-Wilk method is used to test normalityaoset of samples. A statist is
computed for the sample set as follows:

L ————————————— (5.4)
where:
an = Coefficients based on the order of the obsermadnd the number of
observations
Xi = i observation
Xavg = mean oh observations

The resultingW computed using Eq. 5.4 is compared to a tableritita values and an
assessment of the normality of the sample set dem&he Shapiro-Wilk method has two
major limitations. First, a negative result can umed to determine that a sample set is
unlikely to be a normal distribution. However, asjiive result cannot be taken as proof that
a sample seis normally distributed. Second, the test is limitedsample sets of less than

5000 samples.

If a dataset tested as non-normal according to Shapiro-Wilk test then it may be
transformed to normal. The choice of transformmai® critical because the assumption of
normality in the transformed dataset is criticathe subsequent standard error based outlier
identification. A common distribution for natunalbccurring phenomena is tthegnormal
distribution. All data will first be tested fordoormality by applying a lognormal transform
and then testing using Shapiro-Wilk. Any datasetictvhis not normal or cannot be
transformed to normal using a lognormal transfommgy be transformed to a normal
distribution using &Normal Scoregransform. The normal scores method exactly tanss

any distribution to a normal distribution. The mal score transform is a powerful tool but
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must be used with caution. For example, the nosoates transform should not be applied

to data that is random or strongly bi-modal.

After Shapiro-Wilks testing, assuming that the data do not test as non-normal, or that
non-normal datasets have been correctly transfarmétier identification was performed on
the basis of anean +/- t*standard error criteria. The results of theststase reported later

in this section.

5.6 Geochemical Analysis
The Santa Ana Watershed Task Force recommendédilinging four geochemical

analysis-based sample quality control analyses:

Quality Measure 1 - Anion-Cation Balance (Electretitrality)

cations— Z anions
EN = 1002t e (5.5)

cations+ Zanions

Suggested acceptance criteria for quality assunar@asure 1 used in the Santa Ana
Watershed Study are listed in Table 5.2. Theger@iwere modified for the current study

as discussed later in this section.

Table 5.2 - Recommended Electro-Neutrality criterion from the Santa Ana
Watershed study (after Wildermuth Environmental, Inc., 2000).

Anion Sum (meq/L) Acceptable Limit
0-3 +/- 0.2 meg/L
3-10 +/- 2% EN
10-800 +/- 2-5% EN
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Quality Measure 2 - Measured TDS vs. Calculate&TD

measuredlDS
< <

...................................................................... (5.6)
calculatedTDS
where:
calculatedTDS = 0.6 [{alkalinity) + Na+ K + Ca+ Mg + Cl + SO, + (5.7)
Sio+NO,+F .
Quality Measure 3 - Measured EC and lon Sums
09[EC <100lanionsummeq/ L < L1IEC ..o (5.8)
Quality Measure 4 - TDS to EC Ratios
055< measured’DS < 07K K K (a)
AN (5.9

< calculatedTDS

055 < 07K K K (b)

Each of these quality control measures was apphi¢ide TDS data in the water quality
database, both individually and in selected contlwmna. For quality measure 4 the upper

limit ratio limit was increased to 0.75.

5.7 Results

Statistical Quality Assurance Methods

There are a total of 8356 TDS samples in the watedity database, 7632 of which fall
within the proposed sub-aquifer units of the wajaality planning model. Figure 5.12
shows a histogram of TDS data from samples with T&S than 1000 mg/L. The best fit
normal distribution curve is also plotted for refiece. Clearly these data are not normally
distributed.
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Histogram for Total Dissolved Solids
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Figure 5.12 — Truncated TDS < 1000 mg/L histogram data for all sub-aquifer units
with best fit normal distribution curve.

The Shapiro-Wilk test was applied independently uotransformed data from each
management subarea. Histograms for each subareag akith the best-fit normal
distribution for each, are contained in Figures JAfhrough A1.20 in Attachment 1. All
subareas tested as unlikely to be normal distobstby the Shapiro-Wilk test. The results of
these tests are tabulated in Attachment 1. Ihesefore necessary to apply an appropriate

transform to these data prior to outlier testing.

Figure 5.12 shows a histogram of TDS data fromsalb-aquifer unit after lognormal
transformation. A best-fit normal distribution garis also plotted for reference. Although
the lognormal transformation has resulted in anrowgd fit with the normal distribution
curve, results of Shapiro-Wilk testing indicatettttee sample distribution is not likely to be

normal.

Based on the above results it was decided thatraal@cores transform should be used prior
to outlier identification. Figure 5.14 shows thstdbution of the same data shown in Figures
5.12 and 5.13 after normal score transformationpefect fit with the normal distribution
curve is observed as expected.
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This normal scores transformed data was used tlaeathe number of samples in each
sub-aquifer unit passing +/- 1 standard deviatiod #&/- 2 standard deviation outlier tests.
The results of these analyses are listed in Talde Rlthough it is tempting to use these
overall data population statistics for outlier itlBcation, it may be seen in Figures Al.1 to
A1.20 that the distributions from different sub-dqu units show marked differences,
indicating that it should not be assumed that they sampled from the same population.
Table 3 shows five sub-aquifer units for which ld#san 50% of the samples fall within +/- 1
standard deviation. This suggests that these atataot all from the same population and
should therefore be transformed individually. Nedéta from each sub-aquifer unit was
individually transformed using normal scores transt. A summary of the numbers of
samples passing the +/- 1 and +/- 2 standard dewi&tsts using individual transforms is
listed in Table 5.4. An improvement in the paste rean be seen with at least 68% of
samples passing the +/- 1 standard deviation exifer all sub-aquifer units. The overall

number of samples passing the +/- 2 standard dewiatiteria was also slightly improved.

Histogram for Log(natural): Total Dissolved Solids

2500—-
2000—3
1000—5 7

500

0
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
25 35 4.5 5.5 6.5 75 8.5 9.5 10.5

Mid-points for Log(natural): Total Dissolved Solids

Figure 5.13 — Log transformed TDS data for all sub-areas with best fit
normal distribution curve.
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Histogram for Nml Score (vdW): Total Dissolved Solids
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Figure 5.14 — Normal score transformed TDS data for all sub-areas with best
fit normal distribution curve.
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Table 5.3 - Summary statistics for normal scores transformed TDS data. Numbers and
percentages of sample points falling within +/- 1 and +/- 2 standard deviations of

the total population. Left and right refer to position with respect to the floodplain
aquifer facing the gradient direction.

+/-1 STD +/-2 STD Overall
N % N % N
Management Zones Passing Passing Passing Passing
Alto Floodplain 107 38% 252 91% 278
Alto Left Regional 90 97% 93 100% 93
Alto Mid Regional 89 11% 700 88% 795
Alto Right Regional 245 60% 379 93% 409
Baja Floodplain 774 91% 842 99% 847
Baja Regional 295 86% 340 99% 345
Centro Floodplain 1355 78% 1730 100% 1737
Centro Regional 256 90% 278 97% 286
Copper Mountain Valley 165 63% 261 99% 264
Este Regional 158 84% 187 100% 187
Harper Lake Regional 48 49% 91 93% 98
Helendale 76 48% 136 85% 160
Johnson Valley 150 72% 206 99% 208
Lucerne Basin 545 67% 722 88% 816
Means/Ames Valley 70 91% 76 99% 77
Narrows Floodplain 74 38% 171 88% 194
Oeste Regional 122 88% 131 95% 138
Transition Zone Floodplain 179 88% 204 100% 204
Transition Zone Regional 179 87% 194 95% 205
Warren Valley 196 67% 289 99% 291
All sub-aquifer units 5179 68% 7282 95% 7632
Outside sub-aquifer units 522 72% 700 97% 724
All of MWA Service Area 5701 68% 7982 96% 8356
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Table 5.4 — Summary statistics for individual subarea normal scores transformed TDS data.
Numbers and percentages of sample points falling within +/- 1 and +/- 2 standard

deviations computed by individual sub-aquifer unit. Left and right refer to position
with respect to the floodplain aquifer facing the gradient direction.

+/-1STD +/-2 STD Overall
. : N % N %
Sub-Aquifer Unit Passing Passing Passing Passing N

Alto Floodplain 187 67% 272 98% 218
Alto Left Regional 65 70% 89 96% B
Alto Mid Regional 537 68% 760 96% 795
Alto Right Regional 279 68% 391 96% 499
Baja Floodplain 579 68% 810 96% 847
Baja Regional 237 69% 331 96% 35
Centro Floodplain 1185 68% 1697 98% 17437
Centro Regional 262 92% 272 95% 6
Copper Mountain Valley 185 70% 185 70% 4
Este Regional 129 69% 183 98% 7
Harper Lake Regional 68 69% 94 96% 8
Helendale 110 69% 154 96% 1¢0
Johnson Valley 142 68% 204 98% 2p8
Lucerne Basin 558 68% 798 98% 8|L6
Means/Ames Valley 53 69% 76 99% 7
Narrows Floodplain 133 69% 190 98% 1p4
Oeste Regional 94 68% 132 96% 8
Transition Zone Floodplain 172 84% 200 98% 04
Transition Zone Regional 140 68% 201 98% 05
Warren Valley Subbasin 244 84% 285 98% 91
All sub-aquifer units 5359 70 % 7324 96 % 7432
Outside sub-aquifer units 494 68% 708 98% 24

Geochemical Quality Assurance Methods

Of the more than 8300 samples, none have all ntabons and anions needed to compute
reliable estimates of TDS or electro-neutrality. dlbave measured electrical conductivity

which allows assessment of quality measure 5.9¢nich is based solely on the measured
values of TDS and electrical conductivity.

Each of the recommended quality assurance measaespplied to the data individually,
and in selected combinations. The quality assurameasures applied and the numbers of
samples fulfilling each are listed in Table 5.4.h&s been suggested by a SWS geochemist
that a relaxation of the acceptance in Table 5a2ilshbe considered. Our recommendation is
that +/- 5% EN deviation should be considerxtellentwhile +/- 10% EN may be
consideredacceptabléefor all ion sum rangesAcceptance criteria of +/- 5%, 10% and 15%
were each applied and the results listed in Tale Bable 5.5 also shows the results of
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applying ALL quality assurance measures. Only apipnately 10% of all available samples
meet all quality assurance measures. This hiduréarate is expected in light of the afore
mentioned deficiencies in the database with respeabns required for computation of
guality assurance measures 1, 2, and 3.

After consultation with MWA technical staff a combition of geochemical quality assurance

measures was applied to the data. The combineg@owe criteria are:

Measure 4.a OR Measure 1.b (using +/- 10% tolerance )

The results of this combined geochemical qualisuesnce acceptance measure are listed in
Table 5.5. Figure 5.15 shows a histogram for athgles passing this combined measure.
Statistics computed by sub-aquifer unit computedsémples meeting the combined measure
are listed in Table 5.6. Figure 5.1 shows an exaeeel plot of TDS by individual sub-aquifer

unit.

Table 5.5 - Numbers of samples passing geochemical acceptance measures
out of a total of 8356 samples.

Quality Measure M.WA RWMP
Service Area  Subareas
la(+/- 5%) 852 743
1.b (+/- 10 %) 1346 1167
1.c (+/- 15 %) 1851 1644
2 606 462
3 854 781
4 .a 5398 4931
4 b 387 272
1.0 AND 2 AND 3 AND 4 81 61
1.b OR 4.a 5807 5290
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Figure 5.15 - Frequency and cumulative TDS distribution from samples meeting
combined measure.
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Figure 5.16 - Exceedance for samples meeting suggested standard. Left and right refer to position with respect to the floodplain aquifer
facing the gradient direction.
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Table 5.6 - Statistical summary by management sub-area for samples meeting combined geochemical quality assurance measure.

Left and right refer to position with respect to the floodplain aquifer facing the gradient direction.

. . End Number % Exceeding
Sub-Aquifer Unit Start Date Date  Number Wells Samples Average Std Dev 1000 mg/L

Alto Floodplain 12/13/49  1/15/04 40 176 170.4 62.6 0
Alto Left Regional 9/19/56 6/27/02 21 70 354.7 HL9. 0

Alto Mid Regional 3/7/44 7/19/04 79 540 139.2 29.9 0

Alto Right Regional 3/7/44 6/30/04 48 274 646.4 513 9
Baja Floodplain 7/21/32 10/13/04 143 632 535.6 @74. 5
Baja Regional 4/22/52 8/13/03 79 226 507.5 401.8 14
Centro Floodplain 8/8/51 10/14/04 214 1047 696.4 7.82 15
Centro Regional 8/19/56 5/12/04 38 209 486.7 225.2 3
Copper Mountain Valley 12/27/56 5/10/04 38 174 824. 68.2 0
Este Regional 7124157 1/23/02 21 116 375.8 171.0 0
Harper Lake Regional 2/6/52 5/17/04 27 68 1142.8 9.65 49
Helendale 6/24/45 1/23/04 28 108 1188.6 895.7 41
Johnson Valley Subbasin 3/19/51 9/11/96 25 109 5730. 317.3 15
Lucerne Basin 10/23/52 5/10/04 110 491 1051.4 w41, 24
Means/Ames Valley Subbasin 12/28/56 6/3/04 19 42 2.29 97.8 0
Narrows Floodplain 9/21/42 10/18/04 26 131 202.3 5.13 0
Oeste Regional 6/5/56 5/17/04 36 97 482.4 591.4 5
Transition Zone Floodplain 1/14/57 2/12/04 54 157 06.8 240.7 5
Transition Zone Regional 3/7/42 10/14/04 33 147 415 224.7 4
Warren Valley Subbasin 11/23/53  5/10/04 33 117 234.9 86.8 0
All 7/21/32 10/18/04 1112 4931 553.5 586.6

Groundwater Quality Analysis
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Merged Statistical/Geochemical Quality Assurance Re  sults

Geochemical quality assurance measures are ainmaohaating samples with inconsistent
geochemical attributes on the basis that such sistancies may indicate unreliable analysis
results. Univariate statistical quality assuranmoethods are aimed at eliminating extreme
values from the dataset on the basis that suckrags have a low probability of being valid
drawn from the normal population. As seen in theva discussions of geochemical and
univariate quality assurance measures, rigorousicagipn of either set of measures will
severely limit the number of data points. In ord@rmitigate this effect a relaxation of
geochemical quality assurance measures was proposkstatistical confidence intervals of
+/- 2 standard deviations were investigated. Ha@wmelt is necessary to select the largest
number of data points possible while maintainingeasonable level of confidence. In an
effort to optimize the number of data points exedcfrom the database a final quality
assurance step was performed in which both geoclaérand statistical measures were
combined by forming the intersection of the two.able 5.7 shows the result of this
intersection for samples meeting both the combmeatchemical quality assurance measure
1(b) or 4(a), and the +/- 2 standard deviationstteal measure. This intersection provides a

total of 5189 samples for all 20 sub-aquifer units.
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Table 5.7 - Intersection of combined geochemical quality measures 1(b) or 4(a) and
+/- 2 standard deviation statistical test.

Sub-Aquifer Unit Number of Average TDS  Std. Dev. TDS

Samples mg/L mg/L
Alto Floodplain 178 173.1 60.4
Alto Left Regional 72 349.0 122.8
Alto Mid Regional 578 142.9 28.9
Alto Right Regional 284 653.6 304.3
Baja Floodplain 667 540.9 293.4
Baja Regional 255 527.3 449.5
Centro Floodplain 1083 706.2 340.3
Centro Regional 214 498.7 250.9
Copper Mountain Valley Sub-basin 180 232.2 94.3
Este Regional 131 369.1 179.7
Harper Lake Regional 66 1097.2 613.5
Helendale 106 960.4 495.9
Johnson Valley Sub-basin 116 738.8 335.6
Lucerne Basin 439 597.4 438.6
Means/Ames Valley Sub-basin 43 301.4 97.3
Narrows Floodplain 138 204.6 131.0
Oeste Regional 100 438.5 306.2
Transition Zone Floodplain 159 505.9 239.5
Transition Zone Regional 147 415.4 224.7
Warren Valley Sub-basin 127 230.0 85.3
Total 5189

5.8 Task 2d.5: Define Surface and Groundwater Inte ractions
Associated With Salt Flux Mechanisms.

Scope
In this task flux mechanisms specific to the MWAwee area identified in Task 2c are

guantified.

Discussion

As discussed in Section 3, TDS may be transporétaiden adjacent sub-aquifer units by
advection, dispersion, and diffusion. Although éisgpon may potentially be significant at a
local scale, modeling of dispersion requires rdjiaalibrated parameter input not available
on a regional basis. Diffusion has been identifre&ection 3 as being potentially significant
at a local scale, but not significant on a regiosale. In light of both realistic scientific
considerations and practical limitations, advectwill be the only groundwater TDS
transport mechanism implemented in the water quplénning model.
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Figure 5.17 shows an aerial view of a simplifiechagptual model of two adjacent sub-

aquifer units.

Aquifer Unit1  Aquifer Unit 2

s
S
CI'DSl,avg e CI'DSZ,avg
— i
=
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— 3 ¥
Rl P2
s
—
e
—
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Figure 5.17 - Simplified conceptual model of inter-aquifer unit mass flux.

The rigorous solution for 1-dimensional time vatiaolute distribution in a homogeneous

porous medium is given in Eq. 5.8.

Clx,t) _1 L-v,t v, L L+v,t
C. = 2£erfc{ ZJD_J}JreXF{ D, jerfc{ 2\/Dxt D (5.8)

where:
C(x,t) = Concentration at point x at time t
erfc = Complementary error function
L = Length
Vx - Water velocity
Dy = Coefficient of hydrodynamic dispersion
Co = Initial concentration

Figure 5.18 shows concentration distributions alang-dimensional profile from a source
located at the left hand boundary for differentedgmassuming various transport scenarios.
The result of advective transpavith dispersion is shown by the green curves. The redult

advective transportvithout dispersionis shown by the blue curves. Note that without
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dispersion the concentration front is distinct dpdton-like”. The addition of dispersion

causes a spreading of the concentration front.

Instantaneous Mixing Assumption— The assumption of instantaneous mixing is intdren
all transport modeling methods. Instantaneous rgixireans that all of the mass transferred
into a model volume element is instantaneously chikeoughout that volume. If the length
of the volume element in the direction of traveti®rter than the distance that mass would
travel (i.e. by advective transport) during the mlatime step then the mass will move down-
gradient to the next model element too soon, intcoty cumulative errors over time. Such
errors may only be minimized through finer spatiigicretization or longer model time steps.
In the water quality planning model this instantauee mixing will occur at the sub aquifer

unit scale. TDS mass transfer will be computed as:

Ams = AVts m\’FDS (5-9)
where;
Am = the mass of TDS transferred during the timestep
AV = the volume of water transferred during the tstep

Crps the TDS concentration of the source aquifer

This TDS mass transfer will be added to the watassrtransport mechanism to simulate an
advective transport system as illustrated in FightE9. The resulting TDS concentration
profile is illustrated by the orange dashed lind=igure 5.18. This concentration will be a
good approximation for some parts of the sub-aquifet close to the flux boundary and
significantly in error in other parts of the subudgr unit farther removed from the flux
boundary. One method of spreading out the erratsed by this instantaneous mixing
assumption is to use shorter time steps. The astiadl lines in Figure 5.18 illustrate the

concentration profiles that would result from 4 ghione steps.
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Figure 5.18 -

Concentration (mg/l)

0— Distance

Concentration vs. distance profiles for various transport mechanisms and for
successive time steps. Green lines are advection with dispersion, blue lines are
advection only, red lines are instantaneous mixing. Orange line represents
instantaneous mixing with large time step.
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Figure 5.19 - Implementation of mass transport using existing hydrodynamic material balance
model formulation.

Advective transport on the regional scale occues tang time periods. The velocity that a
particle travels through a porous medium througreative transport alone is;

W:X:m

@

Groundwater Quality Analysis
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v, = interstitial velocity

% darcy velaity

@ = porosity

K = hydraulicconductivty

i = hydraulicgradient = dh
dx
dh = headdifference
dx = distance
and;
(= dx
- v, (5.11)
where;
t = traveltime for distance dx

Modeling Dry Lakes — Dry lakes present a unique challenge to transpodeling using
even sophisticated modeling environments. The abialliterature indicates that dry lakes
have little or no hydraulic connection to the grdwater system. If true, TDS associated
with these dry lakes would be stranded. In thimade these high TDS concentrations would
pose a risk to any activities or developments eithmediate vicinity, but not to the regional
system. Although hydraulic connectivity between thiges and the aquifer may be small
enough to be insignificant on a regional scale,smaring the extremely high TDS
concentrations involved the potential mass trarispeith even marginal hydraulic
connectivity may be significant. Figure 5.20 ithades a simplified conceptual model of a
dry lake and aquifer. The dry lake itself is disgected from the water table. The figure
shows a hypothetical TDS fringe around and beniethiry lake and the unsaturated vadose

zone above the water table resulting from capillaffects. In this scenario the high TDS
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fringe is partially or intermittently saturated @epling on the thickness of this zone.
Occasional rises in the water table may cause rikaturated zone to invade further into the
fringe below the dry lake, mobilizing TDS. Thisasplausible model for transport of TDS
from dry lakes into the groundwater system. Thischanism may be formulated as an
empirical relationship between the groundwater llevel the elevation of the lake. Figure
5.21 shows a schematic of how this mechanism nitighimplemented in a Stella mass
balance calculation.

Unsaturated Zoné\; < Infiltration

Saturated Zone

Figure 5.20 - Conceptual mass transport model for dry lakes.

Dry Lake

Mass Transfer = f( Ah)

Aquifer

Figure 5.21 - Implementation of dry lake mass transport process using material
balance formulation.
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5.9 Task 2d.6: Refine Evapotranspiration and Retur n Flow

Quantities

Scope

Evapotranspiration (ET) estimates in the MWA sesvarea have been refined using the
Surface Energy Balance Algorithm for Land (SEBAL§chnique. SEBAL involves
processing digital satellite imagery with speciatlgveloped algorithms, based on the
concept of energy balance. SEBAL provides potemina actual ET for each pixel in a
satellite image, independent from weather and taong/use information. SEBAL has been
tested in several countries around the world, asdpnovided excellent results in the U.S. for

cropped and naturally vegetated portions of Ida&wmake River Plain region.

This task required SWS to subcontract with SEBALtN&merica (Davids Engineering) for
satellite imagery processing. To refine estimafesverage annual ET eight satellite images

were processed.

Discussion

These data will be used to refine return flows btedmining water balances for each sector
of demand. Return flows used in the 2004 RWMP wealeulated by multiplying annual
production in each sector of demand by a consumptise factor. In most cases the
consumptive use factor is based on values deenpedsentative by the Watermaster. The
municipal consumption for the entire Mojave Serviea is assumed to be 50%. In the
2004 Stella screening model consumptive use foh eab-aquifer unit was calculated
discretely from several demand sectors. For exanoplesumptive use in the Alto Floodplain

management zone is calculated as:

Alto Consumptive Use = Ag Consumptive Use + Golf Course
Consumptive Use + Recreational Consumptive Use + Municipal

Consumptive Use + Phreatophyte Consumptive Use
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Newly processed SEBAL data has been used to ré¢fieeestimate of evapotranspiration
consumptive use, such as phreatophyte and golseatmnsumptive use, which may be a

significant factor in several of the sub-aquifeitsitocated along the Mojave River.

Results
Due to considerations of image quality and datalavitity satellite coverage for year 2002

was selected for this project. A total of 33 SEBiAlages have been created. These are:
= 16 daily images
= 16 period average images (monthly or bi-weekly)
= 1 annual average image

The 16 period images were selected to provide twages per month for the most active
evapotranspiration period of June through Septembigh the remaining eight images at
monthly intervals throughout the remainder of tleary The ET values estimated from the
SEBAL process have been spatially correlated todifferent sectors of demand in the
MWA service area. Figure 5.22 shows the annualameET image. The daily and period
average images are located in Attachment 2 tonttamorandum. All units are mm/image
period. ET estimates from the 16 period imageslisted in Table 5.8 in units of mm/day.

These data will be used to improve consumptivecaseulations in the water balance of the

water quality planning model.
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Figure 5.22 — Average annual evapotranspiration in mm/year computed from satellite imagery using
SEBAL.
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Table 5.8 — SEBAL ET estimates in units of mm/day for 16 monthly and bi-weekly image periods.

Image Period
.
B ® | B O P o © o = o = o ST | P e =

Alto Floodplain 073 032 043 | 220 110 222 061| 093 222| 092 080 067 067 063 065 0.61
Alto Left Regional 028 036| 016 | 113 | 047 | 161 | 025| 096| 1.70| 043| 1.14| 022 035 042 051 0.24
Alto Mid Regional 059 | 0.38| 043| 215 131 200| 047| 1.01| 244 082 095, 064, 070| 064 | 0.88| 0.8
Alto Right Regional 070 | 009 | 020| 109 039 096| 0.19| 047| 1.79| 0.30| 022 034 0.34 048 058 0.60
Baja Floodplain 021| 067 | 033| 071 | 0.80| 0.61| 043| 2.08| 233| 1.10| 1.24| 084 052 0.38| 055 0.14
Baja Regional 010, 054 011| 015| 0.22| 019| 0.10| 074| 154 | 078 0.65| 019 | 0.12| 015, 0.13| 0.07
Centro Floodplain 047 | 062 053| 098 0.76  0.78| 045| 1.80| 230 1.12 1.05| 067 074| 085 | 059 | 0.35
Centro Regional 036 044 017 | 022| 009| 021| 006| 063| 1.06| 023 014 009, 014 039| 017| 0.28
Copper Mountain Valley 005| 0.16| 0.14| 004 004 007| 006| 006| 1.87| 0.12| 019 018 024 016 011 0.04
Este Regional 049 005 026 012| 017 | 011| 007 | 019| 251 | 0.09| 007 | 027 025| 037 0.64  0.40
Harper Lake Regional 034, 064 051| 052| 014| 041 | 009 | 079| 071 | 028 040 | 015, 022 039 | 0.20| 0.25
Helendale 065| 076 | 061 | 155 126 135| 1.03| 1.88| 241 | 1.16| 1.24| 1.03 094 090  0.82 054
Johnson Valley Sub-basin | 95 | 0.05| 0.07| 0.04| 003| 005 0.05| 006 256 0.07| 0.09| 017| 0.18| 0.08| 0.23| 0.05
Luceme Basin 034, 003 009| 030| 012 | 019| 0.11| 021| 212 | 016 0.10| 014, 015 | 028 0.29| 0.27
Means/Ames Valley 013 | 060 0.32| 008 007 007| 005| 0.06| 311 040 059 | 045, 072| 028 | 022| 012
Narrows Floodplain 1.09| 058 | 082 | 268 | 248 | 250 | 166 | 225 350 140 | 140| 1.63| 1.37| 1.11 | 1.26 1.01
Oeste Regional 023, 030 003| 057| 012| 023| 0.11| 054 090 | 012 0.15| 008, 012 028 023| 0.21
E{SQSS:Z{LZ"”Q 073 050 | 049 | 187 | 157 139| 0.86| 157| 258| 079| 096, 1.02  0.92 093 099 0.4
Transition Zone Regional | 936 | 018 | 0.05| 0.22| 009 | 011 | 009 | 0.31| 071 0.08| 0.17| 0.08| 0.08| 0.36| 0.0 0.31
Warren Valley 006 0.86 032| 0.07| 008| 014| 007 | 008 290 | 061 093] 037, 0.86 | 027 020| 0.6
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Task 2e: Modeling Platform

6.1 Scope

In this section the recommendation of the modeBngironment to be used for the water
guality planning model is summarized. Possible ringesnvironments under consideration
for the water quality planning model include cusioed spreadsheets, an extension of the
Stella model developed by SWS to include a salip&hance, or a more complex model such
as Qual2E.

6.2 Review of Key Issues

Previous sections of this technical memorandum samzed the result of extensive
investigation into the requirements for water dgwyalinodeling in the Mojave Basin as
required for selection of the optimal modeling @omment. The topics investigated

included:

= The role of the water quality planning model isatiésed in Section 2. In this section
we outlined the role of the water quality plannmgdel. This section included direct
input from the Water Quality Workgroup as well asnsideration of relevant
stakeholder input to the 2004 RWMP developmentgsscSection 2 also included a
discussion the goals, objectives, and expectafmma model during execution of the
RWMP.

= Key modeling requirements were discussed in Se@idn this section we reviewed
the fundamentals of hydrodynamic and mass transpodeling. The key parameters
and data requirements for three potential modemgroaches were presented. These

approaches represented increasing stages of mod®glexity with corresponding
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benefits. These increased demands on the quamiitygaality of data required to

parameterize these models was also discussed.

= Potential inputs and outputs required to compusalebudget for the MWA service
area were presented in Section 4. This systemaicma a systematic review of
natural and anthropogenic TDS sources and sinkailable literature and the water
quality database developed in Task 1 of this stuese used to evaluate the potential
impact of each salt flux mechanism. Various TDSrnaalkes were high-lighted and
discussed. The physical information required fonstruction of a water quality
planning model were discussed and further refinéeéres needed and justified by
available data. Based on an observed TDS anomadhei vicinity of Helendale, the
RWMP sub-areas were further refined to include axditional management zone. It
is felt that the extensive body of information dahie in the literature and from prior
models is sufficient to support the current levélspatial refinement in the 2004
RWMP screening model. However, further spatial gligagation is not justified by
the information currently available. Quality asswe steps similar to those used in
the Santa Ana Watershed Study were applied. Thededed univariate statistical
and geochemical quality assurance techniques. Newtdired evapotranspiration
data acquired using the sophisticated Surface FnBegance Algorithm for Land

(SEBAL) image processing technique were introduced.

The key considerations guiding selecting of theinogk modeling platform presented and

discussed in previous sections of this memorandaylme summarized as follows:

Model Objectives —The primary use of the water quality planning maoai# be for long
term salt loading analysis. Much of the potentillre of this model will be in support of the
RWMP.

Management Strategy -As evidenced by the 2004 RWMP, MWA has adoptegstematic,
long-term approach to management of water resowtése Mojave and Morongo basins.

The water quality planning model developed undes pnogram is the initial step in this long
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term effort with respect to water quality issudhe emphasis at this stage is on developing

the model that is most appropriate for the neantelpjectives.

Data Requirements —The amount and quality of available hydrogeologiaad water
guality input data imposes limits on the relialildf the solution of any model. Although a
sophisticated computational engine may be appledny given dataset, it is felt that a
sophisticated model such as a finite difference enical model, is not realistic given the
available dataset. MWA is actively working to imope the characterization of the area
through both new data acquisition and compilatibrexasting data. These efforts will, in
time, facilitate comprehensive basin-wide hydroggadal conceptual modeling and more
sophisticated TDS transport modeling. The inivalter quality planning model developed
in this effort will help to identify data gaps atalhelp evaluate water quality data acquisition
options.

Model Compatibility - Although compatibility with the 2004 RWMP Stell&reening

model has not been imposed as a design constrathis study, such compatibility would
greatly facilitate use of the water quality plarqniimodel in support of the RWMP. Adoption
of the Stella modeling environment for the watealgy planning model will take advantage
of the extensive work invested in the Stella RWNMReening model, thus providing a highly

advanced starting point for the water quality modgéefforts.

Recommended Modeling Platform

Based on the findings of Task 2 we recommend usteaifa as the modeling environment of
the water quality planning model. The water gygdanning model will be created through

extension of the existing RWMP screening modele Bbase Stella screening model includes:

= Time series of surface water inflows
= Time series of groundwater inflows
= Water mass balance at each node in each time step

= Water mass balance at each groundwater storagefroma@ne time step to the next
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= Flow between groundwater aquifers as a functiostafage in each aquifer

= Flow to/from the river to/from the floodplain ageifas a function of flow in the river
and storage in the aquifer

= Losses in the river flow due to riparian habitag us

= Return flow to the regional and floodplain aquifassa function of use by each
demand sector

«  Water demand for each sector in each subarea

TDS transport will be added to the base screeningdein through the following
modifications:
= TDS mass tanks will be added to each managemeat zon

= The model will be initialized using ambient TDS centrations computed as
described in Section 5

= Water quality of each TDS source will be included

= Pseudo steady state advective transport of dissabedids between management
zones will be achieved through the groundwater fiechanism

= TDS mass balance will be recomputed for all managg¢mones at each model time
step

= Instantaneous mixing within management zones wilhdsumed

= Updated estimates of consumptive use based on raaglyired SEBAL analysis will
be included
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Key Model Limitations
The major limitations of the water quality planningodel will result from the effect of
coarse discretization on modeling of the TDS memssport process. This will manifest itself

in the following ways;

1. Averaging of concentrations within sub-aquifer anit Although realistic particle
velocities in the groundwater system are on thesrood 0.3 feet per day, all TDS
inputs and outputs within a sub aquifer unit wél instantaneously mixed to calculate
an average concentration for the unit at each tstep. Distribution of TDS
concentrations from sources within a sub aquifat cannot be spatially resolved
within the unit.

2. Averaging of concentrations resulting from grountewaransport — As a result of the
instantaneous mixing assumption, TDS mass traresgbadhrough groundwater flow
from one sub aquifer unit to the adjacent down-gradsub aquifer unit will have an
instantaneous effect on the (average) concentsatdrboth sub aquifer units. The
spatial distribution of TDS concentrations resugtiinom to flux across sub aquifer
unit boundaries may not be resolved within the agibifer units. The concentrations
computed will represent the average for the subferqunit and will not necessarily
be representative of a specific point within thé.un

3. Numerical dispersion of concentration — Sample wWatons using representative
values of gradient and hydrodynamic propertiesdyprticle travel times between
sub aquifer units longer than the anticipated plagnipredictive periods through the
advection mechanism. However, as a result of tlsamaneous mixing model
assumption the TDS mass moved between adjacentagqubfer units will be
immediately available for transport to the adjacdotvn-gradient sub-aquifer unit.
This artificial acceleration of mass transport ik mitigated through a buffering

mechanism in the model formulation.

The above limitations are a direct result of tharse discretization of the model. Given
representative hydrodynamic properties and graslighe time required for TDS mass to

travel 5 miles by advective transport would be agpnately 100 years. Development of a
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model to predict even such long term concentratioanges at moderate spatial resolution

would require numerical modeling methods with salvdrundred grid block, associated

inputs, and interactions. Such a modeling effothe@yond both the resolution and quality of

the current water quality data and the scope ofder quality planning model project.

6.3 Model Advantages

Use of the Stella modeling environment for the wagteality planning model has several

advantages over spreadsheet based salt loadingatains:

Stella has an intuitive graphical user interfacéciliiacilitates development of complex
systems with many inputs, processes, nodes an@atitEns.

Stella solves systems of equations, making it ptessd approximate complex head
dependent interactions involving both natural amith@pogenic mechanisms.

Stella has many pre-programmed process functiagrsfisantly reducing the effort
involved in programming and testing of many ma@&nd subroutines.

Stella may be run in an automated mode, which eamskd to perform successive
computations under various model states.

Stella has versatile built in functionality for dgpng model sensitivity

Stella has graphical and tabular output functidyali
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Attachment 1

Univariate Statistical
Water Quality Data Summary
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Warren Valley TDS
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Figure A1.1 — TDS Histogram for Warren Valley sub-basin.
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Figure A1.2 — TDS Histogram for Transition Zone Regional subarea.
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Transition Zone Floodplain TDS
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Figure A1.3 — TDS Histogram for Transition Zone Floodplain subarea.

Oeste Regional TDS
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Figure A1.4 — TDS Histogram for Oeste Regional subarea.
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Narrows Floodplain TDS
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Figure A1.5 — TDS Histogram for Narrows Floodplain subarea.

Means/Ames Valley TDS
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Figure A1.6 — TDS Histogram for Means/Ames Valley subarea.
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Lucerne Basin TDS

500
400
300
200
. jp
100
0
600 1800 3000 4200 5400 6600 7800 9000 10200
0 1200 2400 3600 4800 6000 7200 8400 9600
TDS (mg/L)
Figure A1.7 — TDS Histogram for Lucerne Basin subarea.
Johnson Valley TDS
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Figure A1.8 — TDS Histogram for Johnson Valley subarea.
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Helendale Floodplain TDS

80
60—
40+
20 //
] ~
0 . T rete—e e
800 1600 2400 3200 4000 4800
400 1200 2000 2800 3600 4400 5200
TDS (mg/L)
Figure A1.9 — TDS Histogram for Helendale Floodplain subarea.
Harper Lake Regional TDS
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Figure A1.10 — TDS Histogram for Harper Lake Regional subarea.
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Este Regional TDS
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Figure A1.11 — TDS Histogram for Este Regional subarea.
Copper Mountain Valley TDS
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Figure A1.12 — TDS Histogram for Copper Mountain Valley subarea.
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Centro Regional TDS
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Figure A1.13 — TDS Histogram for Centro Regional subarea.

Centro Floodplain TDS
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Figure A1.14 — TDS Histogram for Centro Floodplain subarea.

Groundwater Quality Analysis Technical Maandum — Task 2

Page 2-113



Baja Regional TDS

300

100

N

800 1600 2400 3200 4000 4800 5600 6400
400 1200 2000 2800 3600 4400 5200 6000

TDS (mg/L)

Figure A1.15 — TDS Histogram for Baja Regional subarea.

Baja Floodplain TDS
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Figure A1.16 — TDS Histogram for Baja Floodplain subarea.
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Alto Right Regional TDS
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Figure A1.17 — TDS Histogram for Alto Right Regional subarea.

Alto Mid Regional TDS
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Figure A1.18 — TDS Histogram for Alto Mid Regional subarea.
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Alto Left Regional TDS
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Figure A1.19 — TDS Histogram for Alto Left Regional subarea.
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Figure A1.20 — TDS Histogram for Alto Floodplain subarea.

Groundwater Quality Analysis Technical Maandum — Task 2

Page 2-116



Other Regional TDS
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Figure A1.21 — TDS Histogram for data outside the defined management subareas.
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Subarea P%?;?s Mean gé%?:tfgg Squslrg:nabout w Normal

Warren Valley 291 217.817182 80.106194 1860930.6278 0.824895  Unlikely
Transition Zone Regional 205 620.336585 758.50326 17366747.77561 0.514207  Unlikely
Transition Zone Floodplain 204 522.994118 302.63930 18592881.178816 0.836132  Unlikely
Oeste Regional 138 747.07971 1566.467788 33617852238 0.278715  Unlikely

Narrows Floodplain 194 191.286598 117.552725 2684921813 0.626625  Unlikely
Means/Ames Valley Sub-basin 17 269.2406 92.358937  48293.163345 0.945397  Unlikely
Lucerne Valley 816 1098.990196 1212.408086 11979352157 0.684001  Unlikely
Johnson Valley Sub-basin 208 900.490385 563.82042265803947.980769 0.7173  Unlikelyf
Helendale Floodplain 160 1361.745625 1068.984858 1698851.754624 0.803748 Unlikely
Harper Lake Regional 98 1175.479592 728.72063 5151359184 0.892226  Unlikely|
Este Regional 187 500.628342 325.701835 19731193646 0.786755 Unlikely

Copper Mountain Valley 264 227.150758 123.806288 031£263.169465 0.554842 Unlikely
Centro Regional 286 641.856643 984.264879 27610142878 0.278297 Unlikely
Centro Floodplain 1737 705.928382 378.627637 24883557124 0.874583 Unlikely
Baja Regional 345 550.53913 592.575517 12079413332 0.515498 Unlikely
Baja Floodplain 847 650.357733 1667.01534 23509888®85 0.134527 Unlikely
Alto Mid Regional 795 140.277107 32.882039 85849874 0.87417 Unlikely
Alto Left Regional 93 352.517204 128.330362 1515738735 0.900655 Unlikely
Alto Floodplain 278 168.627338 62.158455 1070237353 0.821811 Unlikely
Other 723 788.781466 1060.382527 811824817.471646 .438844 Unlikely

W=Shapiro-Wilks statistical measure.
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Attachment 2

SEBAL Period Evapotranspiration Images
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Figure A1.1 — SEBAL ET image for period 1/1-1/31.
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Figure A2.2 — SEBAL ET image for period 2/1-2/28.
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Figure A2.3 — SEBAL ET image for period 3/1-3/31.

Groundwater Quality Analysis Technical M@andum — Task 2 Page 2-122



Legend
[ ] P Areas

Period 04 (4/1-4130)
ET mmiperiod
[o-20

I z0- 40

B 05
0

B 0100

- 100 and greater

Groundwater Quality Analysis

Figure A2.4 — SEBAL ET image for period 4/1-4/30.
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Figure A2.5 — SEBAL ET image for period 5/1-5/31.
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Figure A2.6 — SEBAL ET image for period 6/1-6/15.
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Figure A2.7 — SEBAL ET image for period 6/16-6/30.
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Figure A2.8 — SEBAL ET image for period 7/1-7/15.
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Figure A2.9 — SEBAL ET image for period 7/16-7/31.
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Figure A2.10 — SEBAL ET image for period 8/1-8/15.
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Figure A2.11 — SEBAL ET image for period 8/16-8/31.
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Figure A2.12 — SEBAL ET image for period 9/1-9/15.
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Figure A2.13 — SEBAL ET image for period 9/16-9/30.
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Figure A2.14 — SEBAL ET image for period 10/1-10/31.
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Figure A2.15 — SEBAL ET image for period 11/1-11/30.
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Figure A2.16 — SEBAL ET image for period 12/1-12/31.
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Attachment 3

Septic Effluent Water Quality Data
(after Umari, 1995)
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Table 14, mﬂmmmarmmmmmﬂdmﬂmumwmuwmﬁw

monitanng sltes-Contin
Carben, Cal-  Magne- . Potas-  Chlo-  Sulfas Flug- i
Site name Depth organic, clum, shum. sn::_“‘ sium, rida, dis- ' ride, Sd"‘m
{source of @y oul div- di- oy dis dis=  solved dis- nufl:;d
sample) (mpl  solved solved (mg/L) solved solved (mpTl.  solved
uC) (mgl) (mylL) (mgl) (mgll) asSO) (mply (L)
Cheyenne-[ 113 - 54 5 o 19 660 150 - 1
{swction lveimeser) - - i) A0 iz kvl 370 .- 34
- - LT 320 54 BX0 180 - 2
- - - : = 830 380 - 1
= = 62 320 73 TED 370 - 33
= e - - - 750 150 - iz
- - - i - 90 i - =
— e = - - 0] 340 - 33
= = - = & 500 320 - 35
- e 4] 270 6.6 110 k1] - 14
& = 3 240 64 450 20 - "
Cheyeang-1 124 ~ 82 21 110 54 150 180 1.1 31
(s0il core)
Mangs-  Stron- P Bni, Al
Sise name Bevan, Trent, nese, thum, Zinc, Lithkioos,  opie iy,
dis- ihis- . dis- dis- N
s ()  solved  solved OF dis- soived solved WOUOPE  lab
s (pl) Gy Oed selved oy gery | e (mel
(upl) (L) (parmil) as Cal0y
Cheyenne-1 113 s00 - - - - - - 103
oo S, pred s z 3 = 5 o7
TE0 - - - - - - o7
740 o - ¥ - ~ - 100
™ - = = = = & o2
£50 i ey o e ot - 105
B8O - - - - - - 13
500 B = o = = = 13
£00 N - - - - - 121
130 = = = = Z - 122
800 = = = % e - 1M
I 124 460 240 340 1,000 21 30 -- 115
(s0dl core)
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Table 14, Chemical onalyses of ground water from selected residenfial study sites and muitiple-wail

maritorning sltes—
Man Swoa- - s UNAN,  Alka-
e S S T
(o of — Tim)  solved  soived G B uug gyeg  Botpe  lab
1] solved solved ratio
samp (mgL
(pgL) (/L) {uglL) (gL} Ly (L) (permil) as CaCO,
Choctaw 1M 470 - - - . - = B
(suction Iysimeter) 480 - - - = = . BS
470 - - - - - — 74
460 - - - - = i §7
500 - i = A 4 = 86
450 - - = = = - T
460 7 £ - & = - 88
450 - - - - - - a8
450 = = - - - - 87
480 - - - 5 =, e %
450 - - 2 - = = 86
480 - - N N . - 7
Cheyenne-11 1% - - - 1,100 £7,000 23 - -
(neutron-access tube)
Cajon 257 60 - - - - - - 63
(suction lysimeter) 20 - - - - - - g8
180 - - - - - - i
0 - - - - - - ]
Mitro- Hiwe- Hitro- Fl:u—
. Temper- Specific  pH Een i g s,
Site name orgamic, ammonis, NO.E artha,
{source of D&T}u‘ Date ml ‘u::‘" {:,;' dis- dis- i‘u—m‘. dis-
eample) °C) (uSkem)  units) solved solved ol ved sabved
lmﬂ; (mgL (mg'L (mg/L
a5 i N) s N i )
Apple Ranchas 240 6-03-88 4.5 1370 6.2 035 0.05 1.5 <001
(maliple-well 4-12-89 3.0 1.0 - - H LT <0l
momitoring site) E-22.80 3.0 1410 1.8 = | L7 il
199 6-02-88 4.0 1,280 - 26 D 10 =01
4.12-88 30 1360 - 36 NS 19 <01
B-I2-B9 .5 1,240 1.7 - <01 41 il |
178 6-03-EE 4.5 1,180 5.8 29 01 L1 <01
d-12-B9 13 1,240 - - 04 19 4
B-13-8% 213 1,180 1.7 - 03 17 R
152 6-03-88 150 1,250 - A3 A7 <10 -
Rincon 215 4-12-89 125 530 - - o0.010 <010 0.02
(multiple-well EI3ED 215 95 19 - <010 59 02
monitoring site) FLE] [SFE) 1.0 B60 - 038 020 <10 29
B-23-89 30 T2 L #i] 29 010 1.0 3
200 4-12-89 3.0 930 - - 030 <10 A1
B-I3-E9 220 #10 7.8 24 060 18 05
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Table 14. Chemical analyses of ground water from selected residential study sites and muifiple-wal

menitoring sites—
Mangs-  Swen- . T UN/PN,  Alka-
Siia i Boron, Trom, s i, Zine,  Lithium, stible- linity,
(1 of nqﬂh dis- dis- dls- dis- chig- dis- tab
source ()  solved  solved solved  solved  SOOPe
sample) fugfL) (ug/L) salved solved (ug/L) ratin (mgL
(L) (gL} g (permil) as CaC0l,
Choctaw il 470 - - - - - - B6
(suction Lysimeser) 480 - - - - - - BS
470 - - - - - - 74
460 - - - - - - B7
300 - - - - - - 86
490 - - - - - - it ]
460 .- - - - - - ]
450 - - - - = - 6
490 - - - - - - a7
480 - - - - as - 9
450 - - -- - - - 86
480 - - - - - - a7
Cheyenne-TI 1% - - - 1,100 E7,000 22 - -
(neutron-access twmbe)
Cajon 257 60 - - - - - -
(soction hysimeter} 20 - - - - - - B
190 - - - - o "
n - - - - - - W
Mitro- Nimre- Nitro- ﬂm
e [N gen. DruE,
Site name Dot Tﬂ'PH'-I MI [pH| ecganic, ammanis, NO4NO,  onba,
(source of (ft) Daie " PR, dard dis- dis- dis- dis-
eample) 0 (uSfm)  uniw) solved salved solved salved
Imﬁ (mpL {mg/L {mglL
] ik M) is M) s P
Apple Ranchos 240 6-03-BE 45 1370 62 0.33 0,05 1.5 <001
{ronaltiple-well 4-12-89 13.0 1,340 - - s | LT <01
mondtoring site) §-12-58 130 1410 74 - ol L7 M
199 6-02-88 4.0 1,280 —_ b 0l 0 <0l
4-12-89 210 1360 - A6 4 9 <0l
B-22-8% 1.5 1,240 1.7 - < 0] ai g |
173 6-03-BE 4.5 1,180 548 0l Ll <01
i-12-89 35 1,240 - - 4 i i)
£-23-8% L5 1,180 13 - 03 1.7 03
152 6-03-88 150 1,290 - A3 AT <10 =
Rincon 85 4-12-8%9 225 530 - = o0.010 <010 0,02
(mnitiple-wall E-13-80 ra Bl 833 18 - <010 B9 a2
monitoring sive) 213 4-12-k% 3.0 660 - 0.33 020 =10 29
B-23-89 3.0 720 80 29 010 1.0 03
200 4-12-89 1o 930 - - 0530 <10 A1
B-23-89 10 B10 73 24 160 18 05
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Table 14, Chemical onalyses of ground waber fram selected residential study sites and mustiple-wall
manitonng stes—Continued

Carbon,  Cal-  Magne- Sodigm, Coa-  Chle-  Sulfate,  Flue- Silic
Site name Depth organic,  cium, sinm, dis- ' o, ride, dis- ride, d.in-.‘
e o ey towl  dis  die S, ds dis osolved dis

sample) (mpl  solved solved TR sobved soived (mgL  scived oS
uC)  (mpl) (mgl) (mgl) (mgl) s 50) (mgn) (™8
Apple Ranchos 240 - 100 8 130 45 250 210 0.5 30
{mualtiple-well 14 100 28 130 42 260 210 5 30
monitoring sits) - 100 a7 130 47 250 210 5 o
199 - 100 27 110 44 220 190 & 30
13 9 25 1060 4.4 210 190 3 9
- 97 25 110 44 210 190 5 30
173 - 61 22 140 65 180 150 3 7
15 86 26 00  $s 180 180 & 3l
- 9] 25 100 49 150 190 3 12
152 - e = == /it - aa s —
Rincom 285 - 29 57 44 14 n 40 0.6 1
{mltipile-well - 59 15 53 13 1o 170 4 7
morioring site) 113 15 16 4.3 110 4.5 41 &7 L] ]
~ 46 13 16 16 51 150 8 L
200 34 19 58 130 4.9 i | o 8 i
- 3 10 120 48 60 120 3 4
BMangs-  Seron- T UN/N,  Alks-
Site name Boron, from, nese, tiam, oo - smble-  linity,
(source of is- - dis- dle-. M. 1sb
{ solved  solved solved  solved  OIOPE
sample) (L) gy oved  sived N OO mtis  (mglL
pl) Gyl (permil) as CaCO,
Apple Ranchos 240 660 27 21 1,300 ] 31 - B8
(mudtiple-well 678 n 4 - - - - L7}
ENRiowing site) 680 5 <1 - - - - L1}
%9 590 9 230 1,200 5 29 - 5
620 48 3 - - - - #1
590 5 <1 - - - LT
173 590 7 780 870 4 24 - 116
590 90 ] - & 2 =3 100
580 7 13 - - - - %
152 < - “ - - - =3 5
Rincon 225 250 L1 42 - - - - 119
{mndtiple-well 750 3 <l L = = B 4
moaitoring site) 233 450 %0 130 - - - - 150
600 5 43 - = - 530 118
200 390 240 240 - - - - 175
490 19 350 - - - - 187
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Introduction

The Mojave Water Agency (MWA) Water Quality PlangiModel (WQPM) is has been
designed to evaluate the long-term effect of wat@magement alternatives on the total
amount and distribution of dissolved solids (TD&}the MWA operating area. The WQPM
is built using Stella software. Stella facilitatekevelopment and analysis of models
describing complex dynamic systems that may beachenized by system nodes and active
process links. A technical description of Stellaynba found in the Water Quality Planning
Model technical description document.

Stella was used to model the water budget for sangeof alternatives during development
of the MWA 2004 Regional Water Management Plan (R®WYMThe WQPM model uses the
water budget calculation developed for the 2004 RR\ddreening process as the underlying
mechanism for transport of dissolved solids (TD&jween sub-aquifer units within the
MWA operational area. Dissolved solids have be#éroduced into the Stella model through
additional nodes describing initial state of growater quality as well as the quality of
significant active TDS sources and sinks. TranspbrTDS within the model domain is
described by links containing approximations ofgasses such as river flow, groundwater
flux, and anthropogenic redistribution mechanismsThe WQPM is used to generate
predictions of TDS distribution among pre-definedb-squifer units. A set of model
conditions is set which is representative of ihitanditions and potential management
actions. Stella performs automated repetitive tsmuof the complex system of equations
describing the hydrodynamic system and TDS conagotrs in each sub aquifer unit. The
result is a quasi-steady state approximation oewahd mass transport between sub-aquifer

units over a period of 75 years. A more complebtdnical description of the WQPM may be
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found in the Water Quality Planning Model technia@scription document. A post
processing macro is provided for evaluation of wapeality management alternatives by

automated comparison of model output files fromtipld runs.

This user reference document is designed to pratjeby-step instructions for loading and
execution of planning model files, modification wéer inputs, and analysis of results. A
section is also provided describing use of builGtella features to generate custom model
output, and to perform model parameter sensitaitslysis.
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File Overview

2.1 Introduction
Three types of files are involved in analysis ahanagement alternative using the WQPM.
These are:
»  Stella model files (.stm extension)
e Tabular ASCII format data export files (.txt extemy
* Provided Excel macro files (.xls extension)
The following sections describe the origination amgke of each of these file types in

evaluation of a management alternative.

2.2 Stella Model File

The Stella WQPM model file contains the completedeiaescription. This file is in native
Stella format and may only be executed or modifredn within the Stella user interface.
All model input and output data are contained wittiie Stella WQPM model file. No data
are either input or output from or to other fileg $tella during WQPM model execution.

The Stella WQPM model file may reside anywherehanuser’'s computer.

2.3 Tabular ASCII Export

Execution of the WQPM results in creation of préedeined data tables. Although data
tables may be viewed within the Stella environmelgtailed evaluation of management
alternatives through comparison of multiple models requires post processing of model
results outside of the Stella environment. Somthefdata tables generated by a model run

are specifically designed for such post-processisigg spreadsheet macros provided with
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the model files. Tabular data must first be exgbftem Stella in ASCII text format to make
it available for post-processing. Detailed instiots for exporting tabular data in ASCII

format are provided in Chapter 5.

2.4 Excel Macro Post-Processing Worksheet

Evaluation of management alternatives is accomgtishrough comparison of standard set
of model output from two model configurations. At ®f standardized excel spreadsheet
macros have been provided to post process the tootpoultiple model runs exported from
the Stella environment after each model run asudssd in Section 2.3. Post processing
macros generate tabular and graphical comparatifeemation, and also output data in
suitable format for creation of color-coded mapwidisplays using standard GIS system

functionality.
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Running the Planning Model

3.1 Opening the Stella Model
The Stella model file may be opened in one of tvaysy

Opening the Model File From Within Stella
To launch Stella, at the Windows desktop select:
<Start>
<Programs>
<Stella Research>
<Stella Research>
In Stella select:
<File>
<Open>
Navigate to folder containing the Stella model (.sh) file
Select the model file
Click “Open”

Opening the Model File From a Folder
Using either Windows Explorer or “My Computer”, ngate to the folder containing the

Stella model file and double click on the file.

3.2 Navigating the Model File
The WQPM has 2 main computational flows;

 Water balance — Consistent with the water balaneeeldped for screening of
alternatives for the 2004 RWMP.

* Mass Transport — Keeps tr5ack of mass inputs atplits) and calculates movements of

mass based on the water flux calculated in theniati@ance.
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The interface to the WQPM is designed to allow useut of key parameters for water
balance and mass transport computations, as wail mavigate through the model in order
to view its structure. The ability to navigate thgh the model has been provided because of
its value in understanding the model structure @omeration. However, the usghnould not
modify the model in any way other than through s$ipecific user inputs described in this
document. It is, unfortunately, not possible tokldhe computational part of the model
while allowing selected user input. The organmatf the Stella model file is described in
detail in the model technical description documenrhe following sections provide

instructions for typical model usage.

Stella provides 3 levels of model access, the fiaterlevel, the Map/Model level, and the
Equation level. The user will interact with the aebat the Interface level.

Navigating to the Interface View

If upon opening the model it is not at the Inteefdevel, use the level navigation tool located
in the upper left hand corner of the Stella integfavindow to navigate to the top (interface)
level. Figure 3.1 shows an example of the modehagethe Map/Model level. The yellow
circle indicates the model level navigation toagufe 3.2 shows an example of the same
model after navigation to the interface level. Tedel interface is divided into three
sections organized logically to provide input araVigation control for the water balance
computation, the TDS transport computation, andllang calculations. The user may
move between the three interface sections usinghtrezontal scroll bar located at the

bottom of the Stella window.
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4 SSTELLA® 7.0.3
File Edit Model Run Help
- ®MWA model WQ final DO-10-19-05.5TM

O=»>0 %k ¢ OF kFm=ARA |

2 ||To Interface Level| Qo
X - Baja FP -
gia FP Rech b S Req Baja Bev -

Feg Ce
Fiegq Centrp Cu

o

Fieg from Sto TZ

Figure 3.1 — Example (partial window view) of the WQPM at Map/Model level. The yellow
circle shows the location of the level navigation tool.

S STELLA® 7.0.3 i =18) x|
File Edit Interface Run Help

. #Mwa model WO final DO-10-20-05.5TM P[] 4
= RONCOEs @Mé= AR m&F
Water Balance Model ‘ Water Quality Mode
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BasiniJohnson Zone Specs Wa Zong W
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Sub Aqu\ferur.ﬂns Fled -
e Concentrations
Hol  mTze B3ja Comm C Este O Mamows
Final Concentrations  Concentrations ad]
£ -
—[+410) [

Hster, | @ EOxdEyslY || 8w ¥ EeLoraVlBsa [ Sh0@RE sam

Figure 3.2 — Example of model Interface level. The yellow circle shows the location of the
horizontal scroll control.
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The Water Balance Calculation Interface

Figure 3.3 shows the Water Balance Model interfacehis interface has links to the
Map/Model view of the hydrology for each adjudichtubarea and the Morongo Basin. A
link is provided to the interface for ancillary weatbalance computational elements. Figure
3.4 shows the Alto hydrology Map/Model view.

2 $MWA model wQ final DO-10-20-05.5TM

E=m» ROEHOEE pmMée= Af@ MHE&#H
=]
Water Balance Model
Alto Baja Centro
Exte Deste Marrows
. “‘?ULU”hQU Alto Transition Other Madal
asinidohnson Zone Specs
Walley
Figure 3.3 — Water balance computation interface vi  ew.

Each hydrology Map/Model view contains a link t@ tbonsumptive use Map/Model view

for that subarea.

calculation.
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Figure 3.4 — Example subarea hydrology Map/Model view.
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Figure 3.5 — Example subarea consumptive use calculation.
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The Water Quality Calculation Interface
Figure 3.6 shows the Water Quality Model interfac&his interface has links to the
Map/Model view of the mass transport mechanismsefrh adjudicated subarea and the

Morongo Basin.

- %Mwa model WO final D0-10-20-05.5TM

S=ew @QOEHOJoE= mMeé=— AR &

Water Quality Model

Alto Wi Baja Wic Centro o
Este Wa Desta W Farrowes Wi
Maorongo Basin Alto Tranzition Moi Ri
WO Zone Wa njave River
Time Series and ;
Suh Aguifer Units Fixad Adjusted
i Concentration
itz Concentrations

Figure 3.6 — Water quality interface view.

Figure 3.7 shows the Alto water quality Map/Modew. This view shows TDS mass nodes
for each TDS source and sink represented in theerwhalance. Initial and fixed
concentrations for each node are entered usingjirtke to “Sub Aquifer Unit Initial WQ”
and “Time Series and Fixed Concentrations” on tretaVQuality Model interface. Figure
3.8 shows the “Time Series and Fixed Concentrdatianput Map/Model view. The
concentration of any node of the underlying RWMRex&alance model may be adjusted by

double clicking on that node and entering the éesvalue.
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Figure 3.7 — Alto water quality Map/Model view.
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Figure 3.8 — Time Series and Fixed Concentrations &p/Model
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Figure 3.9 shows the “Initial Sub Aquifer Unit liait Volume” and “Initial Sub Aquifer Unit

Initial Concentration” Map/Model view. The volume®ncentration of any node of the

underlying RWMP water balance model may be adjustedouble clicking on that node and

entering the desired value.

Figure 3.9 shows the “Initial Sub Aquifer Unit liait Volume” and “Initial Sub Aquifer Unit

Initial Concentration” Map/Model view. The volume®ncentration of any node of the

underlying RWMP water balance model may be adjustedouble clicking on that node and

entering the desired value.

<% Mw A model WQ final DD-10-19-05.5TM
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Reg Centro Inftial ¥ Certro FP Iniial v Harper lake Initial W Ljiceme “alley Initial Fieg Bste Initial '
Reg Ato TZ Initial ' HAto TZ FP Initial % Helendale FP Initial Feg Oeste Initial W Marrows FP Initial %
Wiarmen “alley Initial W hdean Ames Initial W Copper bn “alley Initial %'
Back to Interface
(mi=} Initial Concentrations a
Ata FP Initial C R Reg Ato Inftial © M Reg Sto Initial © Namows FP Initial © Req Este Initial
O iti Centro FP Initial © o O
Luceme Walley Intial ¢ Tves Centre Initial £ REntee RN Harper Lake Initial C Freg Deste Initial C
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O - O - O O Backto Interface
Helendale FP Initial C Copper bin Initial C wgeandmes Intial © Warren |nitial
—T+

Figure 3.9 — Sub Aquifer Unit initial volumes an
Map/Model view.

d initial concentrations input

Groundwater Quality Analysis Technical Meandum — Task 3

Page 3-14



The Ancillary Model Specs Interface

Figure 3.10 shows the Ancillary Model Specs integfaiew. This interface contains links to
several sub-elements of the water balance modairided in the technical description
document. This interface also provides a linkhe input page for defining generic water
balance and TDS concentration nodes describingeggibnal wastewater treatment plants
(Figure 3.11). One generic node is provided faheaodel sub-aquifer unit.

2 #MwWa model WQ final DO-10-20-05.5TM

Ancillary Model Specs

SV Elev Calos Caonseration Cons Lse Rate
Specs Specs
G Budgets SWP Allocations Na Action FRA
Specs
Generic
FPA Transfers Import Credits Sub-Regional Wi
Treatment Plant

Back to Subarea
Selection

Figure 3.10 — Ancillary Model Specs interface view.
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Figure 3.11 — Sub-regional wastewater treatment pla
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3.3 Changing Model Parameter Inputs
Various model parameter input values will be chandaring routine use of the WQPM.
Parameter changes will typically be made to of @inde following model elements:
* Initial sub aquifer unit volumes and/or concentras
* Various water budget element fixed concentratiansoocentration time series
* Addition of a new source or sink such as a subereg)i wastewater treatment
plant.

The following sections illustrate input mechanidimisthe above 3 types of parameter inputs.

Sub-Aquifer Unit Initial Volumes and Concentrations

The initial water volumes and TDS concentrationswb-aquifer units are entered through
the Sub Aquifer Unit Initializatiodink on the Water Quality Model interface. Inpuides
for initial sub aquifer unit volumes are locatedtie top half of the input view (Figure 3.9).
Double clicking on any of the nodes opens the ingialog as shown in Figure 3.12.

Volumes are entered in units of acre-feet.

S$STELLA® 7.0.3
P— -
E () Alta_FP_Initial v

f* Standard " Summer
[~ amap
Hequired |nputs | ﬂ_[ljj W‘ a
9 dEsH s | O
ﬁilﬂ_fl AND Feg Baja Initial %
ililil_l ARCTAM
ARR&TMEAN
0 1+l |amravsToDEy
z |_«| |eRmavsuM = O

Fieg Este Initial W

O

amows FP Initial %

2 Alto_FP_Initial % = ... riks... |

Become Graphical Function Document Mezzage. . | Eancell Ok I

Figure 3.12 — Sub-aquifer unit initial volume input screen.
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Input nodes for initial sub aquifer unit TDS contations are located in the bottom half of
the input view (Figure 3.9). Double clicking on aofythe nodes opens the input dialog as

shown in Figure 3.13. Concentrations are enterechits of mg/L.

- S STELLA® 7.0.3

pe .
E (21 Alta FP_Initial_C
f+ Standard ™ Summer
[ Amnay
Fi equired [nputs | il_[l_]lil B uilting a
-] Zl8ls|=] [ees -
4151 6] / AMD
jjjj ARCTAM O
ARRATMEMAN q Este Initial
0 A=l [smRavsToDEY
x | «| |sRRavsuM v
O
Oeste Initial C
(2 Alko_FP_Initial_C = ... Units... |
20 O
TZ FP Initial C
to Interface
Become Graphical Function Document tMeszage... | Cancel | Qk I

Figure 3.13 — Example sub-aquifer unit initial concentration input screen.

Various Water Budget Fixed Concentrations and

Concentration Time Series

The initial concentrations of various fixed nodésh® water budget are entered through the
Time Series and Fixed Concentratidik on the Water Quality Model interface. These
inputs include SWP deliveries, return flows, MojdR®er inflow, precipitation, etc. Input
nodes for fixed water budget nodes are located padggs (Figure 3.8). Double clicking on
any of the nodes opens the input window as shovwigare 3.13. Concentrations are entered
in units of mg/L. Known time variant concentratibme series may be entered by cut-and-

paste into the input dialog box as shown in Figifé.

Groundwater Quality Analysis Technical Meandum — Task 3 Page 3-18



S S STELLA® 7.0.3

= . .
E ) Wanen_Recharge_C h
{+ Standard £ Surnrmer
[ Aray —
Fequired Inputs | EI_[I_]I;I Bwiltiniz | |
-] ZlElsl=] fees =] L
afs(s(7] o 3 ks
N T R it N
0 ARRATMEAMN
_0 1] ARRATSTODEY
z | _«| |sRRavsUM =
(1 “wfamen_Recharge C= .. ritz... |
320
B
Become Graphical Function Docurnent Meszage... | Cancel | 0k, I
I ——
Figure 3.14 — Example fixed concentration node conc  entration input screen.
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Figure 3.15 — Example fixed node concentration ente  red with a time series.

Groundwater Quality Analysis Technical Meandum — Task 3 Page 3-19



New TDS Source/Sink

A new TDS source or sink may be added to the mGdeleric Sub-Regional Waste Water
Treatment Plantink on the Ancillary Model Specs interface. Inpubdes for discharge
volumes are located in the top half of the inpetw(Figure 3.11). Double clicking on any of
the nodes opens the input dialog as shown in Figuré. Volumes are entered in units of
acre-feet per month.

- $STELLA® 7.0.3

- . .
) Feg Ao TZ Wi D
! f+ Standard " Summer
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ARRAYMEAN
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me W 0
() Reg_dltoo_TE i D= nits... |
350 j'
tro ity O
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[

Figure 3.16 — Example fixed concentration node concentration input screen.

Input nodes for wastewater treatment plant disahdigS concentrations are located in the
bottom half of the input view (Figure 3.11). Douldlécking on any of the nodes opens the
input dialog as shown in Figure 3.17. Concentratiare entered in units of mg/L.
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Figure 3.17 — Example fixed concentration node conc  entration input screen.

3.4 Executing the Water Quality Planning Model

The WQPM is executed through tRein pulldown menu of the mail Stella interface shown
in Figure 3.18. Execution is complete when the Bilitton on the main interface becomes
active. Model execution may be paused and resténbed therun pulldown menu. Typical

model execution times are roughly 1 minute or less.

S#STELLA® 7.0.3
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Figure 3.18 — Run pulldown menu of the Stella main interface.
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4.1 Pre-set Tables and Charts

A

Viewing Results

Execution of the WQPM automatically generates sdviables and charts for reviewing

model run results. These are located immediatelgvb the Water Quality Model interface

as shown in Figure 4.1.
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ROE o EE

v i @ =

R

Water Quality Model

Alto WG Baja e Centro WGl
Este Wi Oeste WG Mlarroes Wi
tdorongo Basin Alto Tranzition R
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Figure 4.1 — Location of pre-set tables and graphs
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TDS Charts

One TDS variation chart is created for each hydyicl¢adjudicated) model sub area and for
the Morongo Basin hydrologic model sub area. Artcisaviewed by double clicking on the
chart icon. Each chart shows the concentrationgdch sub aquifer unit in the hydrologic
sub area. Charts may be open during model execatidrwill be automatically updated. An
example TDS concentration chart is shown in Figuge

Gunated ~lol x|

B et 2:C Ao LR 1 3 C Ao MR £ 4 C Ata RR

Bk

mora—

morra—

120

oo 214.00 427.00 640,00 8530

Page & Moarniths 242 M Thu, Oct 20, 2005

Uritithed

N E N 4
Figure 4.2 — Example pre-set graph of conce ntration changes for the Alto hydrologic
sub area.
TDS Tables

Execution of the WQPM automatically creates a sumntable of TDS concentration in
each sub-aquifer unit for each model time stepsTiable may be browsed by double
clicking on the chart icon labeled “Final Concetitnas”. Tables may be open during
execution and will be automatically updated. Tiaisle may be exported to an ASCII text
file using theFile, Save as Texiulldown menu commands as shown in Figure 4.3.tdble
must be open to activate this function.
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Figure 4.3 — Example pre-set table of concentrat
model time steps.

4.2

ions for all sub-aquifer units at all

Creating User Defined Charts and Tables

The user may easily create custom charts or tatflemodel results through the Stella

interface.

Creating a Custom Table

To create a custom table, first click the grdable Padicon on the Stella toolbar as shown

in Figure 4.1 and insert the table model by cligkim the desired location. This will

automatically open a blank table as shown in Figube
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Figure 4.4 — Location of the green Table Pad icon on the user interface.
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Figure 4.5 — Blank Table Pad.
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To add new elements to the table, double click d®ye in the open Table Pad. This will

open a data selection interface as shown in Figuge Select the desired model element in

the left hand window of the data selection intezfa@nd then click the “>>" button

(Figure 4.7). When finished, close the data sedecinterface window by clicking “OK”.

The contents of the new table will be updated dytire next model execution.

S #STELLA® 7.0.3
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Figure 4.6 — Table data selection interface.
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Figure 4.7 — Selecting new data for the table.

Creating a Custom Graph

To create a custom graph, first click the mageéataph Padicon on the Stella toolbar as
shown in Figure 4.8 and insert the table modellking in the desired location. This will
automatically open a blank graph as shown in Figude

Fun Help

inal DO-10-20-05.5TM

ROEHoEE Pleé= Af &/
Graph Pad

Water Quality Model

Alto Wo Baja Wi Centro Y0

Figure 4.7 — Location of the magenta Graph Pad icon on the user interface.
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Figure 4.9 — Blank Graph Pad.
To add new elements to the graph, double click &eyesin the open Graph Pad. This will
open a data selection interface as shown in Figui@. Select the desired model element in
the left hand window of the data selection integfand then click the “>>" button. When
finished, close the data selection interface windgwelicking “OK”. The contents of the

new graph will be updated during the next modetaken.
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Figure 4.10 — Graph data selection interface.

Alternative Comparison Post-Processing Macro

An Excel macro has been provided with the WQPMammlitate comparison of management
alternatives by means of post-processing the me®xdported from multiple management
alternative model runs. The macro requires one Kaference) model case file and one or
more management alternative model output files domparison. The required files are

exported from the concentrations table as desciibéte previous section describing the use
of TDS Tables for each individual alternative modeis. TDS changes in each sub-aquifer
unit relative to the Base Case are reported byrthero in tabular format for each planning

alternative. Comparative results are reported @$ea defined time interval. The macro is
implemented in autoexec mode in the excel spreatishdpon opening the excel file the

user will be prompted to select the time intervalyears for output summary comparison

(Figure 4.11). A value of 20-25 years is recommende
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Figure 4.11 — Alternatives comparison macro prompt for output summary interval.

The user will next be prompted to select the BaaseOmodel output file (Figure 4.12),
exported from the concentrations table of a Basgse@aodel run. Next, the user will be
prompted to input the number of alternatives tacbmpared to the Base Case. Finally, the

user will be prompted to the model output filesdach of the alternatives (Figure 4.13).

Figure 4.14 shows an example of the comparison samntables created by the post-
processing macro. A worksheet is created for esamhagement alternative evaluated. The
change in TDS from the Base Case is reported fdr eatput time for each sub-aquifer unit.
Results are reported in two ways;

1. Raw Data Report — TDS concentration is reported tfer Base Case and each
management alternative.

2. Quality Degradation Report — The value of the cleamgTDS concentration relative
to the Base Case is reported for each managemematlve is reported.

3. MCL Referenced report — The difference betweenntlbeel result and the MCL for
TDS (1000 mg/L) is reported for the Base Case autth emanagement alternative.
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Figure 4.12 — Alternatives comparison macro pr  ompt for selection of Base Case
model output file.
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Figure 4.13 — Alternatives comparison macro pro  mpt for selection of alternative case
model output file

Groundwater Quality Analysis Technical Meandum — Task 3 Page 3-31



Change in TDS Concentration From Base Case (mg/L)

Alternative

i

>
o 2 7]
) o = N

N o £ % o $ £ i g 2 i
I w - =2 I < o oy c 2 {
a o o | o [ < @ ) | 4 = 5} o} 7} o o c Q
o o & e g oy 2 = £ @ = < @ S, u, o 4 ] H
gl 2| & & & 5 g < & g £ g g s s 3z | & =
Months = = 8 S 3 T £ < i = < ¢ & ¢ ¢ o3 < 2
0| 0 0| 0 0 0| 0 0| 0 0| 0 0| 0 0| 0| 0 0| 0 0|

0 0| 0 0 0] -0.01 0| 0 0| 0| 0 0| 0| of -1.25 0

! 0.01] -0.05 0 0| -0.06 0| 0 0] 0] 0 0| 0| 0 2.62 0

0.01} -0.17 0 0] -0.15 0| 0 0| 0| 0 0| 0| 0] -4.06 0

0.02] -0.33 0 0] -0.14 0| 0 0| 0| 0 0| 0| 0] -5.56 0

0.03] -0.53| 0 0] -0.01 0 0| -0.3 0| 0] -0.01 0| 0 -7.1 0

0.04, 0.75 0] -0.01 0.2 0 0] -2.04 0] 0 0] -0.01] -0.01 8.68 0

0.05 0.98 0] -0.01] -0.03 0 0] -3.67 0| 0 0] -0.02 0 -10.28| 0

Alternative 2
a 3
- 1%}
5 o = N

N o £ % o $ £ i g 2 i
I w - =2 I < o oy c 2 {
o o o | L | < @ o | x = T o) 7] 23 @ c %)
[y [y o o g 5 B 3 c @ = < @, S, w, o 4 5 3
o 2| g & & § g < & g < g g sl s g 2| § 5
Months =< = o &) o T T =< 3 = = x 4 x 14 o =< P4
0 0 0 0 0 0 0] 0 0 0 0 0 0 0 0 0| 0 0| 0 0|

120 0.88 0 0| 0 0 0 0 0 0 0| of -2.91 0

240] -1.74 0 0] -0.01 0 0 0 0 0 0] o] -5.62 0

Figure 4.14 — Example of the Quality Degradation Report summaryt  able.
GIS Map Display

Results from the alternatives comparison macro beagxported for map display using any
GIS system. Recommended modes of display are;

1. Raw Data Plot — Map view of MWA area with sub-aguifunit polygons
gradationally shaded by the values from the raw dgport, high values shaded in hot
colors, low values shaded in cool colors. One napttie Base Case and for each
management alternative. Color scale limits aretidahfor all maps.

2. Quality Degradation Data Plot — Map view of MWA argith sub-aquifer unit
polygons gradationally shaded by the values from degradation report, positive
changes shaded in hot colors, negative changegahadcool colors, zero change
white. One map per management alternative. Colaledanits are identical for all
maps.

3. MCL Referenced Data Plot — Map view of MWA areathwisub-aquifer unit
polygons gradationally shaded by the values froemMICL reference report, positive
deviation from MCL shaded in hot colors, negatievidtion from MCL shaded in
cool colors, zero deviation from MCL white. One megch for the Base Case and

management alternatives. Color scale limits arentidal for all maps.
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Model Sensitivity Analysis

51 Overview

The user may investigate the sensitivity of moésltts to any of the input parameters such
as flow rates, volumes, and input node TDS conatotrs. Multiple model runs are
executed automatically. Parameter values for eanhnray be selected based on specified
range upper and lower limits, or on random selectitom either normal or uniform
distribution with user defined population statisticThe results of multiple model runs may

be displayed automatically in line charts, scattearts, and pie charts, or output to a table.

5.2 Running Sensitivity Analysis

Sensitivity analysis runs are set up using3leasi Specsption on theRun pulldown of the

Stella toolbar. Figure 5.1 shows an example ofStesi Specsetup interface.

Selecting Sensitivity Parameters

The user first selects the parameter to vary instesitivity run from the parameter list on
the left hand side of the window by hi-lighting tbesired parameter and pressing “>>" to
move it to the right hand side of the window (Fig&t2). Multiple parameters may be varied
in a single sensitivity analysis although this nsakderpretation of results more difficult.
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Parameter Variations

Parameter variations are set up by hi-lighting ohthe selected parameters in the right hand
list. This activates the parameter variation cdstiocated in the lower part of thHeensi
Specsinterface as seen in Figure 5.2. After inputtirggmeter variation specification data

click Seton theSensi Speasiterface

Setting Up a Sensitivity Graph

Selecting theGraph button on theSensi Speciterface activates the graph data selection
interface (Figure 5.3). Select the desired graplidata objects from the left hand list by hi-
lighting the data element and clicking “>>". Whénished click OK on the graph data

selection interface. A blank graph will be displdye
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Figur?S.l — Sensi Specs interface.
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Figure 5.2 — Sensi Specs interface with activated parameter variation contr  ols.
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Executing the Sensitivity Run

The sensitivity run is executed from tBeRunoption on theRun pulldown of main Stella
interface toolbar. Figure shows an example ofgitaghical result from a sensitivity run set
up to investigate the effect of initial sub-aquiterit volume on computed TDS concentration
for the Alto Floodplain sub-aquifer unit. Data m&lgo be output in tabular format.
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Figure 5.4 — Sensitivity run graphical result.
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Attachment A

Tutorial
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Tutorial Exercise

Sub-Regional Water Treatment Plants

A.1 Overview

In this tutorial various alternatives will be expd for placement of a sub-regional waste
water treatment plant in the Alto subarea. Theradtives explore placement of the plant in
4 different sub-aquifer units within the Alto arélthe water for the treatment plant will be
taken from Alto septic returns. In each altermatihe treated water is returned to the
groundwater system in the sub aquifer unit comtgnthe treatment plant (assuming

infiltration ponds).

This exercise will involve 1 Base Case run andtdrahtive model runs. Hypothetical sub-
regional wastewater treatment plants will be plagedhe Alto Floodplain, Alto Right
Regional, Alto Mid-Regional, and Narrows sub-aquitaits. Water to these treatment
plants will be diverted from septic returns in Hesa and Apple Valley. Quality of the
discharge from the Victor Valley wastewater treatimgant will be used for quality of the
discharge from sub-regional treatment plants. Thi®rial will illustrate set-up and
execution of the appropriate WQPM models, followleg post-processing spreadsheet

analysis. The files used in this tutorial will feeind in the “tutorial” folder.

A.2 Model Set-Up and Execution

Base Case

The Base Case for this example is provided in therial folder and is named “base.stm”.
Although the Base Case does not need to be alterddis example, it will be instructive to

navigate the model to inspect the current paramdterthe two sections of the model that
will be altered during alternative runs. These #re septic returns and the regional

wastewater treatment plants.
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Septic Returns-To inspect the current settings for septic retlowfin Alto;
1. Open the BASE.STM model and go to the Water Baladmdel Interface

(Figure A1-1).

< B BASE.STM

= @OEFEDoE=E me=

Water Balance Model

Alto Baja Centro
Esta Deste Marrows
Morongo Alto Transition Cither Wodel
Basinflohnson Zane Specs
Walley

Figure A1-2 — Water Balance Model Interface

2. Select “Alto” to go to the Alto Hydrology Page (Eig Al-2)
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Figure Al-2 — Alto Hydrology Interface
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3. Select “To Alto Cons Use” to go to the consumptige calculation page

(Figure A1-3).
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Figure Al1-3 — Alto Consumptive Use calculations.

4. Select “Municipal Calcs” to go to the municipal somptive use calculation page

(Figure Al1-4).
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Figure Al-4 — Alto municipal consumptive use calcul ations.

5. Double click on “Hesperia Septic PCT” to inspedct ffercentage of Alto return flows
going to septic systems in Hesperia (Figure AlThese are the default values for

the Base Case. Close this window without change.
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6. Click on “Alto Cons Use” and “Back To Interface” teturn to the Water Balance

Model Interface.
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Figure Al-5 — Hesperia septic return percentage.

Regional Wastewater Treatment Plants To inspect the current settings for regional

wastewater treatment plants:

1. Open the BASE .STM model and go to the AncillaryddbSpecs Interface using the
horizontal slider bar (Figure A1-6).
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Figure A1-6 — Ancillary Model Specs Interface.

2. Select “Generic Sub-Regional WW Treatment Plant’gtoto the input page for

treatment plant parameters (Figure A1-7). You séé input nodes for volumes (top)

and qualities (bottom) of discharges from wastewtrgatment plants for each sub-
aquifer unit. Double click the “Alto FP WW D” voluennode. Double check that the

value is set to zero. Double check that the digghaolume is set to zero for each

sub-aquifer unit. This may also be done by holdihg pointer over the node,

resulting in display of the current parameter valighout opening the node interface.

Select “Back to Interface”.
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Figure A1-7 — Generic Sub-Regional Wastewater Treat
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3. The base model is now ready to run through the Ruidown option from the main
Stella toolbar. After the run is finished navigdte the “Water Balance Model”
interface page and open the table pad named “Bloatentrations”. Save this file as
a text file named “Base.txt” Use the File=> Savepfidown.

Alternative Cases

The alternative case for this example is providedthe tutorial folder and is named
“ALTERNATIVE.stm”. Although the all 4 alternativesre easily created through successive
simple modifications to this single file. The foNong procedure will describe verifying the
reduction of Alto septic returns, followed by impientation of the 4 different regional

treatment plant model nodes.

Septic Returns-To inspect the settings for septic return flow iboA

1. Openthe ALTERNATIVE.STM model and go to the WaBaiance Model Interface.

2. Navigate to the Municipal Consumptive Use interfguage using the procedure
described in steps 2-5 of Section Al.1 (Base Case).

3. Double click on the “Hesperia Septic PCT” node. d\tite factor of 0.25 applied to
the original percentage of 0.172 used in the baedein(Figure A1-8). Confirm
similar modification to the “Apple Valley Septic FC node. These modifications
reduce septic returns.

4. At the bottom part of the page find the node lathélelto Sb Reg TP”. This is a
calculation of the amount of water diverted fronptgereturns which will be sent to
the sub regional wastewater treatment plants in abt@rnative cases. Placing the
cursor over this node will display the result. \Wiihis number down for later use.

Sub-Regional Wastewater Treatment Plants To implement sub-regional wastewater
treatment plants;

1. Navigate to the Generic Sub Regional Wastewateatiitent Plant interface page
using the procedure described in step 2 of Se&ioa (Alternative Cases).

2. To implement the Alto Floodplain sub-regional wasiter treatment plant double
click on the node labeled “Alto_FP_WW _D". Enter tischarge volume recorded in
step 4 above and click OK (Figure A1-9).
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Figure A1-8 — Hesperia septic returns reduced for diversion to su b-regional
wastewater treatment plant.

3. To enter the water quality for the Alto Floodplaub-regional wastewater treatment
plant double click on the node labeled “Alto_FP_WWV, enter 348, and Click
“OK” (Figure A1-10).

4. You are now ready to run the first alternative camelel through the main Run

pulldown on the main Stella interface toolbar.
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5. After the run is finished navigate to the “Wateld@ee Model” interface page and
open the table pad named “Final ConcentrationsiveShis file as a text file named
“Alto_FP_RTP.txt” Use the File=> Save As pulldown.

6. Repeat steps 1-5 above for Alto Right RegionalpAtid Regional, and Narrows
sub-aquifer units. Be sure to reset the treatméntpischarge volume from the
previous alternative to O for each new alternative and give appropriate names for

each export performed in step 5.
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Figure A1-9 — Entering discharge volume for Alto Floodplain sub-regional
wastewater treatment plant.
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Figure A1-10 — Entering water quality for Alto ~ Floodplain sub-regional wastewater
treatment plant.
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Figure Al1-9 — Entering discharge volume for Alto Floodplain sub-regional wastewater

treatment plant.

A.3 Post Processing

utility spreadsheet.

Open the spreadsheet “Alternatives_PP.xIs”.

If you have previously run the post processing maou must delete all worksheets

in the workbook.

To run the macro, simultaneously press “Ctrl-Shftt-

You are now ready to post process the resultseoéliernative runs using the provided excel
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4. When prompted, enter the interval in years at wiymh would like to compare the
alternatives. A typical value would be between @@ a5 years.

5. When prompted, enter the number of alternativesctsevaluate. In this example the
number is 4.

6. When prompted, use the window to browse to anctstie Stella table export file
created for the Base Case.

7. When prompted, use the window to browse to andstle Stella export files
created for the 4 alternative cases. The macraak# approximately 10 seconds to

compute comparison statistics.
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Introduction

This report presents the results and recommendatibRhase 1, Task 4 of the Groundwater
Quality Analysis conducted by Schlumberger Watewises (SWS) for the Mojave Water
Agency (MWA). This phase was initiated followingetltompletion of the Regional Water
Management Plan (RWMP).

The MWA Regional Water Management Plan (RWMP) wasighed to address the key
water management issues facing the MWA. A finabrethat outlined the key issues along
with alternatives solutions was produced in 2002V{®° Update Phase 1 Report). The
RWMP Update Phase 1 Report identified issues dpetf each sub-area and provided
management actions that could be used to solve theges. Potential remedial actions were
grouped into alternatives that were then evalutdedketermine how well they mitigated the
key management issues previously identified. Thisessment was conducted using a

simulation model developed within the Stella 7.@wgare environment.

The Water Quality Analysis Project was initiatedAngust of 2004. Its primary objective
was to understand the long-term effect of StateeWRtoject (SWP) imports on the levels of
total dissolved solids (TDS) in the Mojave BasirheTwater quality planning model
(WQPM) was developed as the final task of the W&anlity Analysis Project and will
serve as a screening tool for management activigescuted as part of MWA's
implementation of the RWMP. Wide ranges of modelingls were considered in selection
of a platform for the WQPM. Ultimately the scopetloé project, the distribution and quality
of data in the database and the availability ofaewbalance model developed during the
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implementation of the RWMP led to the choice St&lla as the modeling platform for the
WQPM.

The water quality planning model was used to ingast the relative impact of variations in
management actions proposed in the RWMP, as wdl amderstand the impact of SWP

water imports on salt loading in the Mojave Basin.
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Background

2.1 Location

The MWA was founded by the legislature of the St#t€alifornia to manage water in the
Mojave Basin Area, ElI Mirage Basin. MWA'’s operatabarea was later expanded to include
Morongo Basin and Johnson Valley (Figure 1). Unitier Mojave Basin Area Judgment,
MWA split the Mojave River watershed and associgexindwater basins into five separate
“sub-areas.” The sub-areas (Oeste, Este, Alto,rG@eahd Baja) are shown in Figure 1. The
Transition Zone is a sub-management unit of Alteodgh implemented under the Judgment
these boundaries are based on hydrologic divigiefised in previous studies (DWR 1967),
evolving over time to include a combination of hyldgic, geologic, engineering and
political considerations (RWMP Update Phase 1 ReR602).

2.2 Water Balance Model Overview

The Water Balance Model or MWA Screening Model heen developed to simulate
groundwater hydrology, Mojave River flows, and pumgpand return flow patterns that
would result from the implementation of the progeahd management actions identified in
the Phase 1 Report. The model was developed usalig 3.0 software. Which is a platform
built around the Systems Thinking or Object-Orient®0O) modeling concept. It is a way of
thinking about problems using models organized rdowal world concepts (Rumbaugh et
al., 1991). The software is organized as a cobbectif discrete objects that incorporate both
data structure and system behavior (Simonovic.e1897). Data are organized into discrete,
recognizable entities called objects. These objsmitd be concrete (such as a river reach) or

conceptual (such as a policy decision). The Basas divided into management zones and
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hydrodynamic relationships defined between indigidmones (flow, water budget, water

balances, evapotranspiration etc.).

The Mojave Basin is divided into 14 interconnectaguifer units. The Lucerne Valley,
Copper Mountain Valley, Means/Ames Valley, and WarValley aquifers are modeled
independently. Johnson Valley was not includedhm RWMP Stella water balance model
and is therefore not included in the WQPM. The nhetaulates groundwater flow, storage,
leakance and flow from the Mojave River. Relatiapshbetween heads, storages and flow
are derived from the USGS Modflow model (Stamosakt 2001). The model also
incorporates time series from hydrologic data (ridescharge, rainfall) for the period of
1931-2001. For each alternative pumping, returrwslo appropriate SWP import and
consumptive use are implemented and the storagacim sub-aquifer unit is updated. Data in
the model is organized into sector frames (Figyreazh of which holds a different kind of

data:

- Hydrology for a certain sub-area
- Consumptive use determination

- Head in groundwater aquifers as a function of gfera

All these sectors are interconnected based on kigrologic regimes and changes in each

sector are reflected throughout the model.
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Figure 1 - MWA Operational zone location (from Schlumberger,2  004)
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Figure 2 - Example of sector frame representing the hydrology of Centro

Water Balance Alternatives

During the development of the RWMP a number of ngenzent alternatives were
investigated. Water management alternatives coreddevarious combinations of
assumptions regarding key factors effecting futwmager availability such as population
growth, trends in agriculture, conservation measuneclamation, treatment, imports,
exports, and implementation of The Judgment. Asithelopment of the RWMP progressed
the many different combinations of assumptions rdiefj alternatives were divided into
groups A through D. A detailed description ofthkse alternatives can be found in the 2004
Regional Water Management Plan report (Schlumbeg§#4). Table 1 shows an example
of the principal characteristics defining altermatgroups C and D. Alternative D6 and D6r
(D6 revised) were selected as the most appropmateagement scenarios to use for planning
estimates. Alternative D6r was selected for evaunatising the WQPM. Variations on D6r
investigated include increase in SWP deliveriesnteet projected population increase,
implementation of sub-regional water treatment {gdadiversion of water to power plants,
and redistribution of water in a configuration damito the proposed Regional Recharge and
Recovery (R) program. Details of WQPM configurations used| wi¢ discussed in later

sections.
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Alternative: < D
co | c3 po | b2 | b3 | bs | psr | De | Déer | D7

Common AVEK, Hodge, Lenwood, Warren Valley
Judgement Implementation Full [|80% Ag] Full
Ag demand scenario Ag Scenario 1 Ag Scenario 2
Municipal Conservation 0% 0% 5% 20%* | 10%* | 20%* | 10%* | 20%*
Regional WTP 46K 26K 12K
Alto Reclamation 6.3K 9.9K | 8.7K 6.8K | 8.7K 6.8K | 8.7K 6.8K
Rock SErings release 10K 10K 10K | 10K 10K 10K 40K

*Municipal conservation in the Morongo Basin/Johnso n Valley Area is 5% in these alternatives

Demands Met (KAF/yr)

Total 102 216 101 198 200 182 199 185 198 185
Percent Total 40% | 85% | 47% | 95% | 96% | 98% | 99% | 100% | 98% ] 100%
Agricultural 30 56 20 20 20 20 20 20 20 20
Municipal 59 138 63 153 148 131 146 131 145 131

Table 1 - Revised and Final Alternative Assumptions and Res  ults (from Schlumberger, 2004)
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Water Quality Model

3.1 Ambient conditions

Tasks 1-3 of the Water Quality Analysis Projectalved creation, analysis and quality
control of a comprehensive water quality databasetlie Mojave Basin. The database
contains contributions from the Mojave Water Agenttye Department of Health Services,
the US Geological Survey, the Department of Watesdrrces, the US Environmental
Protection Agency, and the State Water Quality @bdr@oard resulting in 400,000 discrete
samples of all available measured constituents fmoone than 7,000 wells. The data show
high variability in TDS concentrations both in spg€igure 3) and time.

The number of wells sampled for TDS concentratioas increased significantly over time
but has also fluctuated considerably. In the e&800s up until 1950, a maximum of 64
wells were sampled in a given decade. This numlrabed to 2258 between 1990-2000 and
then dropped back to 770 for the following 5 yg@shlumberger, 2005). The sampling has
also changed spatially over time but in general hbk of the sampling is located in or
around the Mojave River Floodplain. The unavaiipibf sampling depth in a lot of wells
made interpretation difficult simply because deepens are commonly of poorer quality.

Significant anomalies are observed in the vicioitgry lakes and Helendale fault (Figure 4).
In fact, according to Stamos (2001) the Helendaildt fTDS anomaly is due to upwelling of
poor quality deep water because of subsurface fesiriction by the Helendale fault. TDS
anomalies in the vicinities of dry lakes, do nohix any downgradient movement with

time. This is consistent with Stamos observatitvas dry lakes are points of discharge rather
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than recharge. Although sufficient well construstidata is not yet available to make an
absolute determination, the available data sugpesthigh TDS values in the vicinity of dry
lakes may be the result of preferential shallow @arg. In light of this, and USGS
observation that infiltration of precipitation doast typically occur in the vicinity of dry
lakes, we do not feel that dry lakes representaamgtinput mechanism. Further sampling and
studies are needed to confirm this conclusion. Nbeetess nodes have been implemented in
the model to account for dry lakes are currentfctive (zero TDS contribution). However,
these nodes may be used if further studies or sagh@uggest a significant TDS
contribution. On the other hand the Helendale ampmsalocated in a critical location near
the Transition Zone/Centro adjudication boundater&fore the Phase 1 Task 2 Tech Memo
(2005) recommended that an additional managemem be created which encloses this
anomaly, making it possible to include this seenyingctive and critically located
mechanism in the water quality planning model. phaposed sub-area boundary is located

approximately four miles upgradient from the Helaledault (Figure 4).

Groundwater Quality Analysis Technical Mearmdtum — Task 4 Page 4-9



A ]
Supen%r Lake @

dl’

®

. %‘1‘,& ejw th%¢x o
: } 3 Y g .U/
. o ® @
Y #
@ % N = e_e
> @ 09@§e 8 08 kS

Go LE Supafpsl . RS W
i 50 W &
Oes rea b y & i
% R AR s dES rea ,._..,..1
g & @ ) eo o
¢ o 90 8t 3
'{ @ ?Hgn) u b i
| é@&s *o % & & §@
2‘ @ 3 éeo {.a ¥y °%
§° L = . 5
e, O o X ®
o8 S Moronfyo “real o? °§
2o %
3 R "-; @
@ 8. L]
3 \|
i &
w 2 86’ T o g 2
3
g2 3 & @
FA T
=
@
L
0 &5 10 20 3%
Schiumberger L
Miles

Average of TDS
L 0- 2,000 ppm

®

2,000 - 4,000 ppm

4000 - 5,000 ppm

Above 5,000 ppm

L Cities

Maojave R iver

Roads

[ rwmp areas

: Mojave River Regional Aquifer

Marange Groundwater Basin

Figure 3 - Average TDS with 2004 RWMP sub-aquifer u

Groundwater Quality Analysis

Technical Mearmtum — Task 4

nits (from Schlumberger, 2005).

Page 4-10



Helendale Floodplain Sub-aquifer

\ i . l e
- A

Figure 4 - Average TDS showing new Helendale Floodplain sub-aq  uifer
Unit (from Schlumberger, 2005)

The final layout of sub-areas with their respectiagenes is shown in Figure 5.
3.2 Model design

The water quality model is built on the previouslgsigned Stella flow model. The flow
pattern in the previous model is kept roughly tlene. For each management zone
represented by a reservoir in the flow model aesponding reservoir is created to store the
mass of TDS. Flow into a zone brings in mass edoalhe volume multiplied by the
concentration of the outflowing zone resulting imass gain for the receiving zone and a
loss for the outflowing zone. Mass fluxes are cotegun a similar fashion for sinks and
sources in and out of sub-aquifer units. Concentratare obtained by dividing the mass in a
reservoir by the corresponding volume from the wéi@ance model. Figure 6 shows a

simplified version of Oeste sub-area.

This approach assumes that at each time stepyéoy enfinitesimal amount of mass moved
from one reservoir (or zone) to another the comeéinh in each individual reservoir is

homogenized and computed hence assuming instaniameiaing. Because TDS is moved
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from one sub-area to the next at every time stepmixed instantaneously, mass moves
across the basin at a much faster rate than itdMouhctuality. According to the model for a
time step of 1 month, it would take about 6 montbs a tracer to cross the whole
groundwater basin while actual computations andlistuby USGS suggest hundreds of
years. This situation is inherent to the Stella etpdvhich allows little to no spatial
discretization. A work around was implemented hvyiting mass transfer only between
adjacent zones. This is done by creating additi¢paiallel) groundwater and mass storage
nodes for each sub-aquifer unit to account fomtlass from adjacent zones.
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1- Qeste Regional

2- Alto Left Regional

3- Este Regional

4- Transition Zone Regional
3- Centro Regional

6- Harper Lake Regional

7- Baja Regional

8- Afton Canyon

9- Baja North Regional

10- Alte Floodplain ;
11- Transition Zone Floodplain
12- Centro Floodplain
13- Baja Floodplain

14- Alto Right Regional
15- Narrows Floodplain
16- Alto Mid Regional
17- Helendale Floodplain
18- Lucerne Basin

19- Johnson valley

20- Copper Mtn Valley

21- Mean Ames
22- Warren Valley

Figure 5 - Sub-aquifer units names and locations

21
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Figure 6 - Simplified water balance and correspondi ng mass transfer sector frame for Oeste

3.3 Initial Condition

Initial concentrations were obtained by averagingoentrations from the Task 2 water quality
database in individual zones. Because data wereasable and sparse, regional, long and
continuous data trends were favored over singleshiodt-term measurements. Figure 7 shows a

map of initial conditions in the model.

The following sub-aquifer units have initial TDS noentration above the secondary
recommended Maximum Contamination Level (MCL) o05%0g/L: Transition Zone Floodplain,
Baja Floodplain, Centro Floodplain, Harper Lake)dddale Floodplain, Lucerne Valley, Baja
Regional, Alto Right Regional, and Johnson Vallegt(modeled).

Sources and Sinks

Based on water quality Task 2 technical memo aNdwember 2005 meeting with MWA TAC,
the following sources of TDS were identified andedmined significant, they were therefore

implemented in the model:
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- Atrtificially recharged State Water Project Water
- Treated wastewater recharge

- lrrigation return flow

- Septic systems

- Groundwater inflow

- Mojave River

- Dairies
The sinks are:

- Public water systems
- Domestic wells

- Agriculture supply

- River outflow

- Evapotranspiration

Dairies return flow TDS loads were computed usingracedure applied in the Chino Basin
model. This spreadsheet computation uses cows ¢mau to evaluate effluent volumes and
concentrations based on a contribution per heagticSesturn flows concentrations are derived
from the work of Umari et al. (1995).
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Figure 7 - Initial TDS concentration map
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Model Applications

The Water Quality Planning Model (WQPM) was usedrake comparisons between various
management actions which may be implemented uhéeRWMP and to evaluate the long term
effects of importation of SWP water into the basifhe management actions that were
investigated focused on distributions of future S¥Bcations, and considered various scenarios
involving wastewater treatment, intra-basin watemsfers, and consumptive use by power
plants. The following sections describe the camigion of each modeled scenario and discuss

results of simulations.

4.1 Review of RWMP Water Balance Scenarios

During the development of the 2004 RWMP, severahagament action scenarios were

developed to evaluate the relative effects of sgy@imary water management actions:

» Level of Judgment Implementation

* Agricultural demand

* Amount of municipal conservation

* Presence and size of a regional water treatplant in Alto

« Amount of Victor Valley Water Reclamation Authigr(VVWRA) discharge
that is used for reclamation

* Amount of SWP discharge into the Mojave RiveRatk Springs

The following assumptions were common to each @RM/MP scenarios:

» 2020 demand assumptions from the RWMP UpdateePhasport
= Implementation of the Mojave Basin Area Judgmergdme degree
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» Delivery of SWP water to the Antelope Valley-EKern Water Agency (AVEK), to
the Warren Valley sub-basin for use by the Hi-De¥éater District (HDWD), and to
the Hodge and Lenwood recharge ponds to meet Adikenp obligations to Centro

under the Judgment

Refer to Table 1 for key aspects of the RWMP saesar

4.2 WQPM Model Scenarios

The WQPM model was run in several configurationsctvhrepresent variations management
actions such as sub-regional waste treatment pleotsumptive use by power plants, and intra-
basin transfers, and long term water imports. Miodescenarios differ by the way the imported
water is distributed and the amount of water tlsatraclaimed. The modeled scenarios are

outlined below. Key variable assumptions are sunmzedrn Table 3.

1. RWMP Scenario D6r— RWMP scenario D6r was identified as one of two
scenarios to be carried forward for detailed pOoatNRP evaluation. Project
management actions for scenario D6r are listedalnld 2. In scenario D6r 99%
of total MWA demand is met with no significant stage in any subarea or
demand sector. D6r includes an attainable lev&D&b municipal conservation,
provides water quality improvements over existingaitions, and provides
benefits to all subareas without negatively impagtther areas. RWMP scenario

Doér will hereafter be referred to as the “Base Case

2. Dér Alternative 1 (Figure 8a): All assumptions in the Base Case plus an
increase SWP deliveries to meet additional demaedisting recharge points in
Baja, Centro, Este, Morongo, Alto, and Oeste. SWIReries are pro-rated based
on proportions from Table 2, SWP deliveries willlsed at a 50% consumptive
use rate with 30% of returns going to septic arib 0@ returns going to Victor
Valley Wastewater Reclamation Authority (VVWRA). \&fie VVWRA is not

available, the return is 50% to septic.
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3. Dér Alternative 2 (Figure 8b): This scenario is the same as Alternative 1 except
that 6,000 acre- ft/yr is diverted from VVWRA tdl@0% consumptive use (0%

return) in a power plant.

4. Dér Alternative 3 (Figure 8c): This scenario starts with Alternative 2 as a hasis
then 4,000 acre- ft/year is transferred from VVWHRArrigation in Alto Regional
TZ with 50% consumptive use (CU). Then 4,500 atfheeér is diverted to each
of two Sub Regional Waste Water Treatment Planfdtm Right Regional and
Alto Mid Regional; 2/3 of these volumes will goitagation, with 50% CU and
1/3 to direct recharge. Remaining water in VVWRAugkl exceed 10,000 acre-
ft/yr (per California Dept of Fish and Game MOU).

5. D6r Alternative 4 (Figure 8d): Also starts with Alternative 1, then continues
with the routing of 40,000 a-ft/yr from Alto MR SWeliveries to Alto FP
(mixed with groundwater), pumping of 40,000 a-ftitpm Alto FP to Alto MR
where it is used at a 50% CU rate and 30% of therrdlow goes directly to
groundwater and the rest is routed to VVWRA. Altgive 4 is an approximation

of the Regional Recharge and Recoverj) (lRogram configuration.

6. DG6r Alternative 5 (No SWP Water Deliveries) To facilitate evaluation of the
effects of long term effects on TDS levels in thejdde Basin a scenario was
developed having all of the attributes of ScenBo but with no SWP deliveries
at all. This differs from scenario D6r which incekgISWP deliveries fixed at

levels defined in Table 2.

All of the scenarios modeled included the assumptifocontinuous population growth at
a rate of 2.6% for 15 years followed 1.8% for 5arge In all D6r Alternatives SWP
imports were increased to meet the additional deinmastuced by the population growth.
The water demand is evaluated with the projectguifadion growth and per capita water

use of .25-acre ft/year/person.
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Dér
Base
Project/Management Action Subarea Case
Additional Recharge Facilities South of Rock Springs
Outlet Alto
Alto wellhead treatment Alto o*
Antelope Valley Wash Recharge Ponds Alto 7,157
Cedar Street Detention Basin Recharge Alto 7,157
Hesperia Lakes Recharge Alto 7,885
Mojave River Pipeline Extension - Transition Zone Alto
Oro Grande Wash Recharge Ponds Alto 12,015
Recharge Ponds South of Apple Valley Alto 3,755
Regional surface Water Treatment Plant Alto
Silver Lakes In-Lieu Recharge Alto 2,253
Rock Springs Release Alto 7,591
Baja Stormflow Retention Baja 2,000
Daggett/Newberry Springs Recharge Ponds Baja
Kane Wash Recharge Ponds Baja 2,800
Alto Makeup (to Hodge and Lenwood) Centro 908
AVEK Centro 1,372
Hinkley water supply Centro o*
Cushenbury Wash Stormflow retention Este 400
Lucerne Valley Recharge Ponds Este
Recharge Ponds West of Helendale Fault Este 369
Hi-Desert WD: Warren Valley MBJV 1,450
Joshua Basin District Recharge and Pipeline MBJV 393
Means/Ames Recharge Ponds MBJV 1,000
Pioneertown water supply MBJV o*
Sheep Creek Recharge Ponds Oeste 2,260
SUBTOTAL IMPORTS 60,765
Urban Conservation 15900
VVWRA Reclamation 8437
*This project does not represent a new water supply

Table 2 — RWMP scenario D6r Projects and Management  Actions (modified from
Schlumberger, 2005)
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50% CU 50%CU

% Ret
35% Return 35% Return

To VVWRA

To VWWRA
Additional SWP VVWRA
Additional SWP VVWRA _
6000 Acre-
Ft/Yr
To 100% CU
15% Return as septic
15% Return as septic Powerplant
(a) Alternative 1 (b) Alternative2

RWWTP RWWTP 35% Return to VWWRA
VVWRA
Alto MR Alto RR

50% CU

Additional
SWP

ﬁsco ft) ﬁ 15% Return as Septic

e iti Municipal Use
35% Return A

To VVWRA Additional SWP e

VVWRA

6000Acr Ft/Yr
4000 Acre Ft Yr To 100% CU 36 000 Acre Ft/Yr
To Irrigation 36000 Acre Ft /Yr
15% Return
as Septic 50% Return
(c) Alternative 3 (d) Alternative 4

Figure 8 - Modeled Alternatives Scenarios diagrams
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Base Alternative Alternative Alternative Alternative Alternative
D6r 1 2 3 4 5
Population increase | Yes® Yes® Yes® Yes® Yes® Yes®
SWP Deliveries Yes® Yes’ Yes® Yes® Yes® No
Increased SWP No Yes®. Yes®. Yes®. Yes®. No
deliveries to meet
demand
VVWRA transfers No No - 6,000 acre- | - 6,000 acre-ft to power plant® - 6,000 acre-ft to No
ft to power - 4,000 to Alto Reg TZ irrigation5 power plant4
plant4 - 2 x 4,500 acre-ft sub-regional
wTP's®
SWP deliver No No No No - 40,000 acre-ft from No
diversions * Alto Mid Reg to Alto
Floodplain7
New production No® No® No® No® - 40,000 acre-ft No®
infrastructure produced at Alto FP
and transferred to Alto
Mid Regg.

Note 1: Population increase 2.6% 15 years, 1.8% 55 years, 0.25 acre-ft /lyear/person.
Note 2: SWP deliveries per Table 2.
Note 3: Increased SWP deliveries pro-rated proportionally per quantities in Table 2. 50% CU, 30% returns to septic, 70% to VVWRA where available, else 50% septic.

Note 4: Power plant is 100% CU.

Note 5: Alto Reg TZ irrigation 50% CU.

Note 6: Sub-regional WTPs in Alto Right Reg and Alto Mid Reg. 50% CU. 2/3 returns to irrigation at 50% CU, 1/3 to diret recharge.
Note 7: R3 scenario. Mixed directly with groundwater.

Note 8: Additional production added proportional to population increase in each model zone.
Note 9: 40,000 acre-ft used in Alto Mid Reg at 50% CU. 30% returns to groundwater, 70% to VVWRA.
Note 10: Diversion of SWP imports from recharge facilities per RWMP alternative D6r to other modeled recharge locations.

Table 3 — Key assumptions for all modeled alternati  ves.
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4.2 Simulation Results

Several modeling runs were conducted using theowarscenarios described in the previous
sections. Modeling results were analyzed in botkokle and relative terms in an effort to
evaluate relative performance of different managena¢ternatives and to understand the long
term effects of SWP imports on TDS levels in thejdwe Basin. Histogram displays of absolute
model output at 70 years in the future are showRigures 9-12 along with lines indicating the

recommended and upper secondary drinking watedatds for California.

Comments By Key Sub-Aquifer Unit

Figures 9-12 exhibit the following notable charastes of several sub-aquifer units;

Alto Transition Zone Floodplain — The TDS concentration in the Alto Transition £on
Floodplain sub-aquifer unit is lowered as the restiill of the Alternatives 1-4, while remaining
relatively unchanged from initial conditions in @thative 5. Improved water quality from
Alternatives 1-4 are likely the result of the SWlivkries to this sub-aquifer unit. Stability of
water quality in the absence of any SWP imports tp@yexplained by the fact that this sub-
aquifer unit, located in the up stream reaches@fiver, enjoys relatively large amounts of fresh

water from the river channel.

Centro Floodplain — The Central Floodplain sub-aquifer unit sees iregrease in TDS
concentration in all scenarios modeled. Becausésdbcation in the mid-lower reaches of the
river and the inclusion of Barstow, a large popolatcenter which is a concentrated source of
waste water, initial water quality in the Centraddplain sub-aquifer unit is relative poor.
Because of this, the elimination of better quaBW/P imports, as represented by Alternative 5,
results in an increase of TDS levels. Imports eftdr quality SWP water as represented in

Alternatives 1-4 results in a constant or slighpiavement in water quality in all cases.

Helendale Floodplain— This sub-aquifer unit displays counter-intuitivehavior which results
from the interaction between the river and the gdwater system. The amount of water passing
from a river to the groundwater system at any gitieme is dependent upon the difference

between water levels in the river and the groundwakLower groundwater levels allow
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infiltration of river water into the ground watel beakance through river bottom sediments.
When groundwater levels are high this infiltratigninhibited. It is believed that, although the
Mojave River does not perennially run on the swfat the Transition Zone Floodplain and
Helendale Floodplain model zones, there remainsomponent of subsurface flow still
interacting with the Floodplain aquifer groundwasgstem in the manner described above. In
the model, SWP deliveries and VVWRA dischargescamnected to the groundwater system.
Therefore, contribution of these water balance el@siresult in higher groundwater levels in the
Helendale Floodplain downgradient. These higheugdavater levels inhibit leakance of high
quality water from the river into the groundwatgstem. Absence of SWP deliveries results in
lower groundwater levels in Helendale Floodplais allowing leakance of the better quality
river water into the groundwater system. Theref@i®S levels in Alternatives 1-4 are slightly
higher than Alternative 5 because the leakance filoenriver is reduced by SWP deliveries.
Helendale floodplain is also influenced by all sumding sub-aquifer units, all of which are

larger and all of which have lower TDS levels.

Alto Left Regional — The Alto Left Regional sub-aquifer unit sees ianorease in TDS
concentration in all modeled scenarios. This idpldy because this area receives no SWP water
imports and is in overdraft, thus reducing watelusee while solids remain. Alternatives 1-4
show a slight improvement over Alternative 5, phagaas the result of influx of SWP water

from adjacent sub-aquifer units.

Alto Mid Regional — The Alto Mid Regional sub-aquifer unit sees acrease in TDS
concentration in all modeled scenarios. In Alter@at5 water quality deteriorates due to
overdraft however to a much lesser extent than seéme Alto Left Regional sub-aquifer unit.
This is probably because of the higher level of ntaimfront recharge and groundwater influx
from the Alto Floodplain sub-aquifer unit enjoyegl Blto Mid Regional. Addition of SWP
imports represented by Alternative 1-4 slightlyrease TDS levels over Alternative 5 because
the native water in that sub-aquifer unit is betiten the SWP water.

Alto Right Regional — The Alto Right Regional sub-aquifer unit seesimaerease in TDS
concentration in all scenarios modeled. This sulofag unit hosts approximately 20% of the
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population in the Mojave Basin and bears the impéd¢he related anthropogenic TDS sources.
Elimination of SWP imports exacerbates the efféldie deterioration of water quality is

somewhat mitigated by the SWP imports included lierhatives 1-4.

Narrows Floodplain — The Narrows Floodplain experiences a decrea3®®B concentration in
Alternative 5 and an increase in TDS concentraiiorAlternatives 1-4. These results are
intuitive because of the relatively high quality tok native water as compared to SWP water.
Elimination of SWP deliveries results in an improent in water quality while an increase in

SWP deliveries into the upper regions of the béaiternatives 1-4) has the opposite effect.

Alternatives Comparison — In order to more easily evaluate the differendetween
Alternatives 1 through 5 these alternatives werematized against the Base Case (RWMP
scenario D6r). Refer to Tables 2 and 3 for a sumrmomodel assumptions. Figures 13-16 show
histograms of differences in modeled TDS betweenBhse Case and each alternative (1-4) at
70 years in the future. TDS levels higher in théeAlative than in the Base Case (degradation)

are red, TDS levels lower in the Alternative tharihie Base Case (improvement) are green.

These histograms reflect the mechanisms describegeaparticularly with respect to Helendale
Floodplain, Narrows Floodplain, and Alto Right Remal sub-aquifer units. In general there are
minor differences between Alternatives 1, 2, andABernative 4 displays some unique behavior

compared to Alternatives 1-3;

= Increased TDS levels in Alto Mid Regional — Thivaieved to be the result of the
diversion of SWP imports from Alto Mid Regional #to Floodplain and the
subsequent increase in return flows (relativelyhbrgfDS) routed back to Alto Mid
Regional.

= Moderation of highs and lows — This is felt to be tresult of a greater degree of

anthropogenically driven mixing.

However, it should be noted that this configurataeviates significantly from The D6r
configuration being implemented as called for ire tRWMP and was developed for

investigation purposes only. In fact, it is expédctbat Alternative D6r will result in lower
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TDS concentrations in Alto Mid Regional.
From the many modeling runs we are able to alsw tha following general observations;

1. The river acts as a fast conduit and plays a damdirn@e in transport of TDS down-

gradient throughout the Flood Plain.
2. Sub-area size is a factor. Small zones like HellenBimodplain, Centro Floodplain, Alto

Transition Zone Floodplain, and Narrows are moresgie to TDS changes.
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Figure 9 — Absolute TDS levels for initial conditio  ns and modeled Alternative 1 and
Alternative 5 at 70 years.
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Assimilative Capacity

Uncertainty surrounding the overall long term effeof anthropogenic influences on the TDS
levels in closed basins such as the Mojave Bassndnawn a great deal of attention in recent
years. The concept of assimilative capacity has laeveloped to represent tihhemaining
capability of a system at a point in time to askiteiinput of a foreign or toxic substance before
a given threshold is reached. The threshold is rgdlgerelated to some health standard.
Although no formal definition of assimilative captgcfor TDS has been found, for the purpose
of this study an ad-hoc definition has been adopdsd‘the ability of the surface and
groundwater system to sustain long term influx@ETrom internal and external anthropogenic

sources.

The TDS load in a basin at any point in time isuaction of an initial water quality plus the

cumulative sum of all TDS sources and sinks dutimggstudy period. The purpose of the model
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is to provide a strong foundation for future, mdnected studies in each of the sub-basins. The
collection and processing of water quality datauded with this study represents the most
comprehensive and complete set of water quality dat the region. Additional work to
determine the assimilative capacity for a sub-basilocalized region should use the data from
this study as a foundation. It should be noted Weter quality in each of the sub basins has

been averaged and localized changes in water guathin a sub-basin are expected.

As previously discussed in this report, averagéveawater quality for each of the sub basins
varies significantly. Many of the sub-basins haerage TDS concentrations above the
recommended California secondary standard (500)nagil the upper California secondary
standard (1000 mg/l) making policy decisions in #ud basins challenging with regards to
assimilative capacity. Future planning and potlegisions should leverage the work conducted
during this study as well as ongoing groundwaten@ang and data collection programs

conducted by the MWA, DHS, USGS and other entities.
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Conclusions and Recommendations

5.1 Conclusions — Planning Model

The coarsely discretized bucket-type formulatioecufor the water quality planning model is
the best representation possible given the availdata. Consistency with the RWMP screening
model was an important factor in selection of @tels the modeling platform for the Water
Quality Planning Model. The Stella platform fa@tiéd development of a highly sophisticated
water mass balance model within which the TDS nimdance could be implemented. Stella
provided the functionality required to easily implent all key water balance and TDS
sources/sinks required for the study. The levealaihil contained in both the water balance and
mass balance formulations adequately representskribesn major hydrological and water

guality elements, making it a useful screening foolnanagement alternatives.

The model successfully allows a quick evaluationthaf future impact of different alternatives
based on realistic regional management scenarimsetrer, the water quality planning model is
not a true transient predictive model. The modsuases a steady-state or quasi-steady state
condition and is therefore most suitable for eviauaof long-term trends over the large regional
areas represented. It is not suitable for siteiipampact analysis. Development of a more
sophisticated and specialized model for water gualansport studies is not warranted at this
time due to limitations on the quantity and disitibn of available water quality data. One key
piece of information missing from most of the sag@gphow existing in the database is the depth
of sample. Expansion and continued focus on regigraundwater monitoring programs will

help facilitate more sophisticated modeling effatsl science based decision making. Some
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areas of the region have adequate existing mongaroverage while other areas of the region

have virtually no available data. Efforts shouédrbade to fill these data gap areas.

5.2

Conclusions

The following general conclusions and observatemesdrawn from the modeling study;

5.3

Most sub-aquifer units maintain a steady trend dwee: continuous increase or decrease
in TDS (Appendix A). This indicates that the gradi¢rends tend to remain uniform
given the natural and anthropogenic stress comditimposed in the model.

Most sub-aquifer units show an increase in TDS entrations in time, but TDS
increases at a lower rate when SWP water is imgoibe meet the growing future
demands.

All subareas except Helendale Floodplain have neabl2b/75 year concentrations less
than 1,000 ppm (upper state secondary standard).

The majority of sub-aquifer units have positiveimdative capacity with respect to the
recommended secondary drinking water standard tfi@ss500 mg/L).

Because water imported from the SWP is of bettalityjuthan the current ambient
groundwater quality in many of the sub-areas, mkman made sources (domestic,
septic, industrial, agricultural, etc.) are the mdriving mechanism for water quality
degradation.

In almost all cases evaluated SWP water importsamggroundwater quality through a
process of dilution.

Alternative 4, which represents the R3 projectpseé& have an overall balanced impact
on water quality in the region as compared to othedeled alternatives. Fewer extreme
values are observed. This is the result of a gredggree of mixing and man made

redistribution involved in this alternative.

Recommendations

Water quality sampling has been performed contislyoin the Mojave Basin since the early

1900’s. As a result, an extensive body of waterliyudata is available. The Water Quality
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Analysis Phase 1 project highlighted the many sfiteshand weaknesses of these data.

The frequency and spatial distribution of hist@foundwater sampling in the region by multiple

entities has been highly variable in response taifig cycles, changes in responsibility, and
short term or localized priorities. As a resulthalgh adequate field and laboratory practices
were generally maintained, the existing body ofidatks the consistency and some of the key
elements of information required for more soph&td modeling at a regional scale using
currently available state-of-the-art tools and teghes. However, the available data is diverse,
widely distributed, of reasonable quality, and #fere suitable for qualitative and limited

guantitative regional modeling as performed in gtigly.

Notwithstanding the above, as a result of the W&aality Analysis Phase 1 project, it is

possible to make a number of recommendations tarduactions;

* Responsibility — Many agencies currently have phdnd overlapping jurisdiction over
water quality sampling and database managementet#gmwno one agency is charged
with maintenance of a single consistent water tpatlatabase. This study has
highlighted the drawbacks of this situation fronhiatorical perspective. Unless some
deliberate action is taken it is reasonable to eixfpgs condition to persist into the future.

 Water Quality Data — The Water Quality Analysis Hlighted deficiencies in the
available data, particularly with respect to degplecific sampling. More comprehensive
regional monitoring programs will allow better resce management in the future. More
frequent and depth specific sampling, as well atewdistribution of monitoring wells is
needed. Expanded monitoring programs may require saphisticated field procedures
and/or permanent monitoring installations, bothvbfch tend to increase data acquisition
cost. Therefore, we recommend that funding levels fliture planned water quality
sampling and monitoring be reviewed. It is alsmrsfty recommended that this and
further modeling efforts be utilized to optimizesdg and planning of future data
acquisition campaigns.

* Project Specific Monitoring — The water quality pteng model was used to estimate the

future impact of various management actions. Thaysis showed, for example, that the
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R3 project has a favorable moderate overall impaatater quality. We recommend that
an optimized water quality monitoring program bexaacted in conjunction with R3
program implementation. The results may be usechpoove future predictions.

* Helendale Anomaly — The Water Quality Analysis Htigited a TDS anomaly in the
river Floodplain in the vicinity of Helendale. Vatis possible mechanisms have been
suggested for this anomaly. Mechanisms include bathral (upwelling of deeper poor
quality water caused by the Helendale Fault sediaersubsurface), and anthropomorphic
(pumping poorer quality water from deep wells). Ardhal detailed studies including
depth specific sampling, age dating, and localirembtleling should be considered in
order to resolve the mechanism responsible forahanaly.

» Data Access/Security — During the course of thiglgtit was possible to gain only
limited access to geo-referencing data from theditegent of Health Services on the
grounds of national security. Further, althougheascwas provided by the USGS to
georeferencing information for their water qualdsta, it was suggested that access to
such information may be also be limited on the sgnoends at some time in the future.
We believe that MWA will be able to overcome themecess limitations through
appropriate bureaucratic processes. However, pgionisor MWA to grant data access
to sub-contractors if needed may require an aduitidevel of authorization from the
agencies providing the data.

* Future Modeling Requirements — As stated above,ensmphisticated water quality
modeling at the regional scale would require sigaiit improvements in the overall
uniformity of the water quality database. The dmtem MWA'’s monitoring program,
used to initiate the database was complete andstenswith respect to geo-referencing,
constituents, quality indicators, etc. However, sonf the older data gathered and
archived over several decades by various othercaggtacks the information required to
verify sample integrity, location, or depth. Thmay be due to the original sampling and
analysis procedures, or the data lost in the aathpvocess. However, as a result of
MWA'’s continuing monitoring program the overall cstency of the database will
improve over time. With given detailed localizedabysis of the available data, more

sophisticated modeling should be possible at d,lpcaject specific, scale.
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* Assimilative Capacity — As noted in Section 4, ik®ue of assimilative capacity is made
complex by the wide variation of ambient water gyahcross the Mojave Basin and
many interacting processes. Some sub-aquifer urate conditions currently above
current drinking water standards. Others haveivelagood quality water with respect to
these standards. Further, as the model demonstpateesses such as mixing between
sub-aquifer units and interaction between groundiyagurface water, and man made
TDS sources may result in either improvement orralbgfion of water quality on a
localized basis. These findings suggest that akgine@ capacity may be managed to
some degree over the long term through a combmaifomonitoring, modeling, and

optimized management actions.
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