AEEendix K. Water Qualitz Assessment Model

BACKGROUND

Changesin Mono Basin export volumeswill dter thedilution of high minerd content waters of Hot
Creek and other geothermal sources entering Lake Crowley reservoir. These changed dilution effectswill
be transferred from Lake Crowley reservoir to Tinemaha Reservoir and down the Los Angeles (LA)
Aqueduct system and will ultimately affect the qudity of water delivered to the City of LosAngdles. The
incrementd effects of these changes can be estimated using a mass ba ance gpproach that includes mgor
sources of water for each congtituent of concern.

LOCATIONSFOR WATER QUALITY ESTIMATES

The LA Aqueduct Mass Baance Modd estimatesthewater quality at threelocationsidentified as
key hydrologic points in the LA Aqueduct system: the East Portd of the Mono Craters Tunnel, Lake
Crowley reservoir outflow, and theterminus of the aqueduct at the LA filtration plant. Themgor tributaries
and water bodies affecting East Portal concentrations are Lee Vining, Walker, Parker, and Rush Creeks
and Grant Lake reservoir. The mgjor tributaries and water bodies affecting Lake Crowley reservoir
outflow concentrations are the Upper Owens River a Big Springs; Mammoth-Hot Creek; Convict,
McGee, Hilton, Crooked, and Rock Creeks; and Lake Crowley reservoir. Water sources affecting the
LA Aqueduct filtration plant concentrations are runoff and pumped groundwater from OwensValley and
Lake Crowley reservoir outflow.

CONSTITUENTS OF CONCERN
Condtituents of concern were identified based on analyses of historicad water qudity data

Following are the criteria for selecting condtituents of concern for andyss in the modd:

# the condituent was consstently measured and detected in substantial concentrations at the
three locations;

# the condituent is of concern for drinking water qudity;
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# the condtituent is of concern for aquatic habitat qudity; and

# areationship was identified between the congtituent and flow, or with another selected
condtituent.

Conductivity was sdlected as the primary water quality parameter becauseit isagenera indicator
of dinity andisdirectly related to the concentrations of other water qudity parameters. Chloride, fluoride,
arsenic, and phosphate were identified as congtituents of concern because their concentrations were
correlated with conductivity and they are related to drinking water qudity and aquatic habitat vaue.
Examples of these relationships are presented in Figure K-1. These graphs illustrate the relationship
between flow and conductivity and conductivity and arsenic a Hot Creek. Similar rlaionships are
identified for dl other sources of LA Aqueduct water.

The selected congtituents of concern are indicators of water quality changesin the LA Aqueduct
system resulting from different hydrologic conditions and Mono Basin export regimes. Chloride, fluoride,
and arsenic are of concernin drinking waters, maximum contaminant levels (MCL) have been established
by the California Department of Hedth Services for these congtituents. Arsenic is aso of concernin
aquatic habitats because of its potentia toxicity to aguatic organisms, a U.S. Environmental Protection
Agency (EPA) water qudlity criterion for the protection of aquatic life has been established. Phosphates
are of concern because they can cause a gae growth and eutrophication, which can result in aquatic habitat
degradation. EPA has suggested criteriafor phosphates to prevent eutrophication in lakes and streams,
but they have not been established as nationd criteria.

MASSBALANCE MODEL DESCRIPTION AND OPERATION

Model Concept

Incrementd changes in conductivity and other condtituents of concern resulting from dternative
patterns of Mono Basin exportswill be estimated at thethree sel ected | ocations; East Portd, Lake Crowley
reservoir outlet, and the LA Aqueduct filtration plant. The modd uses mass ba ance equationsto caculate
tota mass units of conductivity and other congtituents for each water source or water body included with
the selected location. The equations are of the form:

EC x Q = mass (load)
where
Q = flow volume (acre-feet [af]/month), and
EC = dectrica conductivity (microsemens per centimeter [FS/cm])
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Conductivity mass units, or loads, are the product of aflow volume multiplied by aconductivity vaue and
aregivenin FS/cm multiplied by &. The term load is used to describe ca culated conductivity mass units.
Thetotd calculated conductivity load of each water source is divided by the totd flow volumeto givethe
resulting conductivity at the outflow location. An example equationisgiven below where Q =flow volume,
EC = conductivity, and Q1 through Q3 areindividud streamflows with known conductivities contributing
to an outflow (Q4):

Q1+Q2+Q3=0Q4
QLXEC1+Q2x EC2+ Q3 x EC3 = Q4 x ECA4 (total mass |oad)
To solve for outflow conductivity (EC4):

EC4=(QLlx EC1+ Q2x EC2 + Q3 x EC3)/Q4

Calculation of Other Congtituent Concentrations

Andyss of higtorical data at each source location indicated that the concentrations of chloride,
fluoride, arsenic, and phosphate are directly correlated with conductivity. This relaionship is rdatively
linear, with the concentration of each congtituent increasing with increasing conductivity. The correlations
of thefour congtituents with conductivity at Hot Creek are illustrated in Figures K-1b and K-2. These
relationships alow the concentration of each congtituent to be estimated at each location using a constant
ratio of the congtituent concentration to conductivity. For example:

Chloride concentration = EC x chloride/EC ratio

Ratios between each congtituent and conductivity were ca culated based on historica dataat each
location. The congtituent concentration at each location was divided by the corresponding conductivity,
and the average of the ratioswas used in each module. The ratios used in the mass balance modd are
presented in TableK-1. Ratiosfor chlorideranged from 0.008 to 0.11, arsenic ratiosranged from 0.0009
to 0.35, ratios for fluoride ranged from 0.0004 to 0.04, and phosphate ratios ranged from 0.00001 to
0.003.

Model Description

The mode comprises three individua modulesfor the three hydrol ogic locations described above
and uses 50 years of historical hydrology datafrom 1940 to 1989. Thethree modules are the Grant Lake
reservoir water quaity module, the Lake Crowley reservoir (Long Vdley) water quality module, and the
LA Aqueduct filtration plant water quality module.
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Grant Lake Reservoir Module

Thefirg moduleiscdled Grant-WQ. Thismodule cdculatesthefour tributary conductivity loads,
Grant Lake reservoir outlet conductivity, and the resulting East Portal conductivity. A conceptud diagram
of the Grant-WQ module is presented in Figure K-3.

The conductivity of Rush Creek inflow to Grant Lakereservoir isafunction of dilutionand mixing
of Rush Creek surface runoff with ahigher conductivity baseflow (FigureK-3). The conductivity and flow
volume vaues for base flow and runoff were estimated based on historica Grant Lake reservoir
conductivity data. The Rush Creek conductivity load is the sum of the base flow and runoff loads divided
by the Rush Creek flow. An esimated mixing volume of 10,000 &f for the upper Rush Creek lakes was
required to Smulate the observed pattern increasing conductivity during low-flow periods.

Conductivity loads for Lee Vining, Parker, and Walker Creeks are calculated using constant flow
regression equations and historica flow data. Details of the regression equations and their calibration are
discussed below. The cdculation of Grant Lake reservoir outlet conductivity is adjusted for storage and
dilution by dividing the initid conductivity load plus the inflowing tributary conductivity load minus the
outflowing load by the end of month Grant Lake reservoir storage volume.

East Portal conductivity is calculated using West Portal flows, the estimated Grant Lake reservoir
outlet conductivity, and an estimated constant "tunnel make" flow and conductivity of 1,000 af/month and
425 FS/cm, respectively. Tunnd makeisthe groundwater inflow to the Mono Craters Tunnd. Whenthere
are no exports from Mono Basin, the East Portd flow is estimated as 1,000 af/month with an EC vaue of
425 FSlem.

Long Valley Module

The second module, known as Long-WQ, incorporates adl Lake Crowley reservoir inflows,
induding the Owens River above East Portd, fivetributaries, Rock Creek diversions, and East Portd flows
cdculated in the Grant-WQ module. The Owens River above East Portd (Big Springs) and the five
tributary conductivity loads are caculated using regression equations and historical flows. A conceptud
diagram of the Long-WQ moduleis presented in Figure K-4.

Because gainsand lossesare significant between thetributary streamflow gagesand Lake Crowley
reservoir, the effects of gains and losses must be accounted for. The measured tributary inflows are
compared with Lake Crowley reservoir inflow estimated from the outflow and storage charge. Sometimes
the sum of measured tributary inflow is different than estimated inflow to the reservoir. If Lake Crowley
reservoir inflow islessthan tributary flows, the differenceis assumed to beirrigation diversons and evapo-
trangpiration losses. If reservair inflow isgreater than tributary flows, the differenceis assumed to beloca
runoff. When measured Lake Crowley reservoir inflow islessthantotd tributary inflow, thetotd estimated
tributary load is assumed to enter thereservoir. When measured Lake Crowley reservoir inflow isgreater
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thantributary inflow, the inflow conductivity load isincreased by local runoff with an assumed conductivity
of 950 FS/cm that was estimated by cdibration.

The output from Long-WQ isthe estimated L ake Crowley reservoir outlet conductivity. Theoutlet
conductivity from the reservoir iscaculated by adding theinitid reservoir load to the estimated inflow load,
subtracting the outflow load, and dividing by the end of month storage volume. The outlet conductivity
estimates are equd to the average mixed lake concentrations.

LA Aqueduct Filter Plant Module

Thethirdmoduleiscdled LAA-WQ. Thismoduleincludesthe estimated Lake Crowley reservoir
outlet data from Long-WQ, Owens Vdley groundwater pumping above and below Tinemaha Reservair,
and Owens Vdley runoff above and below Tinemaha Reservoir. These sources comprise the inflow to
Hawee Reservoir and the LA Aqueduct filtration plant. A conceptud diagram of thismoduleis presented
inFigureK-5. TinemahaReservoir outlet concentrations were used to cdibrate the model because of the
avallability of an extensve data set collected by LADWP and USGS at this location.

The average conductivity for groundwater pumping was estimated from historical data. The
combined average of historical conductivity for groundwater pumped from the Laws Ditch, Bishop Cand,
and Big Pine Creek well fidds was used for groundwater pumping from Long Valey to Tinemaha
Reservoir. The higtoricad average conductivity of groundwater pumped from Tinemaha Reservoir to
Haiwee Resarvoir well fields was used for groundwater pumping in this reach.

Owens Vdley runoff includes flow from Long Valey to Tinemaha Reservoir and Tinemaha
Resarvoir to Hawee Resarvoir. Runoff above Tinemaha Reservoir includes historical flows from Round
Vdley (minus Rock Creek diversons), Laws Ditch, Bishop Canal, and Big Pine Creek. Runoff below
Tinemaha Resarvoir includes historica flow vauesfrom Tinemaha Reservoir to Haiwee Reservoir. Runoff
conductivities for these locations were estimated using monthly flow regressons, which are discussed
further under "Modd Cdibration”.

The LAA-WQ module fird caculates the Tinemaha Reservoir outlet conductivity using the
higorica Lake Crowley reservoir flow and conductivity and the runoff and groundwater flows and
conductivities described above. The combined historicad Tinemaha Reservoir inflow from the runoff and
groundwater sourcesoften exceedsthehistorica measuredinflow dueto diversionsand evapotrangpiration
losses. Themodule accountsfor thisdifference by assuming that aportion of thetotal net conductivity (salt)
load in the diverted inflow enters Tinemaha Reservair, as described above for Lake Crowley reservoir
inflows. This"sdt return” fraction was estimated during cdibration.
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The conductivity load from Tinemaha Reservoir outflow is added to the groundwater and runoff
conductivity loads below Tinemaha Reservoir to give the total load in the LA Aqueduct. The estimated
LA Aqueduct filtration plant conductivity is cdculated by dividing the total LA Aqueduct load by the LA
Aqueduct filtration plant inflow. No adjustment was made when added LA Aqueduct inflows exceeded
measured LA Aqueduct inflows. The output of the LAA-WQ module reflects the cumulative change in
water quality predicted for a given Mono Basin export aternative.

Model Calibration

Two stepswere used to cdibrate each module. Thefirst step of modd calibration estimated flow
regressi onequationsfor conductivity based on historical datafor individua streams. Higtorica conductivity
and flow data were plotted for each location, regression curves were analyzed, and regression equations
were cdculated usng the following formula

Conductivity =ax Q° = a/QP®
where

a = conductivity at base flow of 1,000 af (TAF)/month,
Q = flow (TAF/month), and
b = regresson curve exponent

Higtoricd flows and these flow regressions were used to generate a 50-year time series of monthly
conductivity values a each location. The 50-year time series of estimated monthly conductivity a each
location were compared graphicaly and atisticaly to avallable historical data. The mean, minimum, and
maximum vaues of modeled data were compared with higorica data a individua stream locations, and
adjustments were made, if necessary, by changing the gppropriate regresson coefficients. Calibrated flow
regression equationsfor each location are discussed bel ow and shown in the conceptud diagramsfor each
module (Figures K-3, K-4, and K-5).

The second cdibration step involved estimating unknown conductivity vaues for specific source
terms in each moduleto cdibrate the module output cal culationswith higtorica data. The calibration results
for each module are described below.

Grant-WQ Module Calibration

The cdibrated regression equations used for each stream location in the Grant-WQ module are
presented in Figure K-3. Water qudity in Rush Creek above Grant Lakereservoir isaffected by upstream
storage and dilution and therefore a flow regression was not used to estimate conductivity. Caculations
of direct runoff and base flow conductivity using the mass balance techniques described above were used
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to estimate the conductivity of Rush Creek. The Grant-WQ cdibration was conducted using creek flow
diversons under the point-of-reference scenario smulated with the LAAMP modd. The only potentia
source of errorswould be the estimation of diverted flows entering Grant Lake reservoir from Lee Vining,
Walker, and Parker Creeks.

Edtimatesof congtant baseflow, monthly runoff, acongtant mixing volume, and baseflow and runoff
conductivities were then used to cdlibrate the module output with the historica time series of Grant Lake
reservoir outlet conductivity. The conductivity and flow vaues for base flow and runoff were estimated
usng a combination of 1991 Rush Creek conductivity data and historica conductivities at Grant Lake
reservoir outlet. Base flow was estimated at 1,250 af/month withaconductivity of 130FS/cm. Thetota
mixing volume was estimated at 10,000 &f. Runoff conductivity was estimated a 40 FS/cm.

Calibrated Grant Lakereservoir outlet conductivitieswere compared to historica vauesduring the
cdibration. The minimum, mean, and maximum of the modded values were 39, 54, and 75 FS/cm. The
minimum, mean, and maximum for higtorica vaueswere 40, 59, and 165 FS'cm. A graphic comparison
of modeled and historical conductivity at the Grant Lake reservoir outlet is depicted in Figure K-6. Some
of the scattered high EC historica data vaues may be inaccurate.

Long-WQ Module Calibration

The mass balance techniques described above for Grant-WQ also were used in this module to
estimate conductivity at the Lake Crowley reservoir outlet. Cdlibrated regression equations used for each
water source in the Long-WQ module are presented in Figure K-4. Equations with smilar exponents
indicate the same basic dilution patterns for the respective water sources.

The mass baance used in the Long-WQ module accounts for the difference between measured
total tributary inflow and Lake Crowley reservoir inflow to reflect the greater net conductivity load dueto
locd runoff. The term "gains' is used in the module to estimate this additiona conductivity (sdt) load
entering Lake Crowley reservoir and calibrate modeled Lake Crowley reservoir outlet conductivitieswith
higtorica vaues. The conductivity load from gainsis added to the tota tributary load to obtain the Lake
Crowley reservoir outlet conductivity. A conductivity of 950 FS/cm was used for thegains. Gainsflows
were estimated as the difference between tributary flows and Lake Crowley reservoir inflows.

Calibrated Lake Crowley reservoir outlet conductivities were compared to historical values. The
minimum, mean, and maximum of the modeled reservoir outlet vaues were 156, 316, and 540 FS'cm,
respectively.  The minimum, mean, and maximum for higtorica values were 188, 325, and 592 FS/cm,
repectively. A graphic comparison of modeled and historica conductivity at Lake Crowley reservoir
outlet is presented in Figure K-7.
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LA Aqueduct-WQ Module Calibration

Owens Valey runoff conductivities were estimated using monthly flow regressonsfor runoff from
Long Valey to Tinemaha Reservoir and for runoff from Tinemaha Reservoir to Hawee Reservoir. The
regression equations were adjusted to calibrate modeled Tinemaha Reservoir outflow and LA Aqueduct
inflow conductivity vaues with the respective higtorica vaues. Cdibrated regression equations used for
each runoff location are presented in Figure K-5.

The average conductivity of pumped groundwater from Long Vdley to Tinemaha Reservoir was
caculated from historica data to be 360 FS/cm. It was estimated that 25% of the conductivity load in
diverted water entered Tinemaha Reservoir asirrigation return flows. A gragphic comparison of modeed
and historical conductivity at Tinemaha Reservoir outlet is presented in Figure K-8.

It was assumed that the sources between Tinemaha Reservoir and Haiwee Reservoir were fully
mixed and therefore no adjustment in the conductivity load was required. The average conductivity of
pumped groundwater from Tinemaha Reservoir to Haiwee Reservoir was estimated to be 290 FS'cm.

Calibrated LA Aqueduct filtration plant inflow conductivities were compared to historica vaues
for the cdibration. The minimum, mean, and maximum of the modeled vaues were 207, 330, and 653
FS/cm, respectively. The minimum, mean, and maximum for historical vaues were 173, 334, and 618
FS/cm, respectively. A graphic comparison of modded and hitorica conductivity a the LA Aqueduct
filtration plant is presented in Figure K-9.

Calibration of EC Ratiosfor Other Congtituents of Concern

EC ratiosfor the other condtituents of concern were cdibrated by comparing the mean, minimum,
and, maximum of the estimated concentrations with historical concentrations and adjugting the ratios, if
necessary. Flowsunder the point-of-reference scenario were smulated with the LAAMP modd and were
assumed to be similar to historica datafor the calibration of theseratios. Historical data were compared
to point-of-reference S mulations at each output location to verify the accuracy of each ratio. Modded and
historical vaues for chlorides, arsenic, fluoride, and phosphate at the Lake Crowley reservoir outlet are
presented in Figures K-10, K-11, and K-12. Lake Crowley reservoir vaues are compared because of
the high concentrations of these condtituents entering the lake. Modeed and historica vaues for these
congtituents at the LA Aqueduct filtration plant are presented in Figures K-13, K-14, and K-15.
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LAAMP Simulation Data

The LA Aqueduct mass baance mode will use datafrom the LAAMP agueduct flow smulations
developed for each Mono Basin EIR dternative. LAAMPflow smulation output datafiles correspond to
each of the three locations in the model and use the same affected streams and water bodies. Modd runs
will be conducted using the smulated flows for each dterndtive.

The LAAMP modd usesactud historica runoff datafor each stream location. Themgor variable
in the LAAMP modd is the monthly volume of Mono Basin export in the East Portal outflow. Minor
changes occur in storage at Grant Lake and Lake Crowley reservoirs with each flow regime. These
changes are more pronounced if lower East Porta flows are smulated. The Owens Valey groundwater
pumping component of the LAAMP modd usesahigher volume of pumped groundwater from each of the
five basins than are accounted for in historical values, but the monthly pattern of groundweter pumped is
the same for each of the aternatives.

Once the LAAMP smulation data are imported into the mass baance modd, a monthly
conductivity estimate can be calculated at each output location for that alternative. The EC ratios are used
in subsequent modd runs to cdculate the other congtituent concentrations for a given flow regime. EC
ratios for each condtituent are inserted into the regression equations at the beginning of amodd run. The
model then reca culates monthly condtituent concentrations a each location. All individud streams and
water bodiesareincluded in therecaculation. Theresulting output from each mode isan estimated congti-
tuent concentration at East Portd, Lake Crowley reservoir outlet, and LA Aqueduct filtration plant inflow
for flow regime specified by the LAAMP modd. Additiond details of the LAAMP model are presented
in Appendix B of the draft EIR.

Model Operational Requirements

The three modules were developed in spreadsheet format using Lotus 1-2-3 software. An IBM-
compatible 386 or 486 computer with at least 2 megabytes of RAM isrecommended to operate the model
because of the large sze of the spreadshests.

Data M anagement and Analysis

Reaults from each dternative for dl congtituents of concern are combined in a single data file for
evauation and impact assessment. Data in the file will be used to evauate the change in constituent
concentrations between agiven dternativeand point-of -reference conditions. Tablesand graphscontaining
data summariesand satistics will be generated as needed from each modd run. A sample mass balance
mode output format is presented in Table K-2. Graphic examples of the modd output format for Lake
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Crowley reservoir outlet and LA Aqueduct filtration plant inflow conductivity and arsenic vaues are
presented in FiguresK-16, K-17, K-18, and K-19. Thesefigures show acomparison of themodel output
for the No-Restriction and No-Diverson Alternatives, and the point-of-reference conditions for the two
locations.
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