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CHAPTER 1.
INTRODUCTION

Purpose

This purpose of this No Discharge Technical Report is to provide hydrologic information in support of a
Notice of Non-Applicability (NONA) for the existing wastewater treatment plant (WWTP) owned and
operated by June Lake Public Utility District (District).

Regulations

The Federal Clean Water Act (1987) 40 Code of Federal Regulations part 122 requires industries with storm
water discharges to surface waters to obtain permits under the National Pollutant Discharge Elimination
System (NPDES).

The NPDES General Permit for Storm Water Discharges Associated with Industrial Activities, Order 2014-
0057-DWQ (Industrial General Permit [IGP]) regulates storm water discharges associated with industrial
activities. Facilities that do not discharge to waters of the United States (US) are not subject to the IGP, as
noted in Order 2014-0057-DWQ, which states that “Entities that operate facilities generating storm water
associated with industrial activities that is not discharged to waters of the US are not required to obtain
IGP coverage.” In 1998, the Water Code was amended to require entities who are requested by the State
Water Resources Control Board (State Board) to obtain IGP coverage, but that have a valid reason to not
obtain IGP coverage, to submit a NONA (Wat. Code, § 13399.30, subd. [a][2]). Per IGP Section 1.B.24,
facilities claiming “No Discharge” through the NONA must meet eligibility requirements and provide a No
Discharge Technical Report in accordance with IGP Section XX.C and the Fact Sheet Section II.S.

As stated in the IGP, to qualify for a NONA indicating “No Discharge,” the facility must be:

a. Engineered and constructed to contain all storm water associated with industrial activities from
discharging to waters of the US. Facilities must be engineered and constructed to contain the
maximum historic precipitation event (or series of events) using the precipitation data collected
from the National Oceanic and Atmospheric Agency’s website (or other nearby precipitation data
available from other government agencies) so that there will be no discharge of industrial storm
water to waters of the US, or

b. Located in basins or other physical locations that are not hydrologically connected to waters of
the US.
No Discharge / No Exposure Technical Report Page 2
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Facility Description

The WWTP is located approximately 7 miles northwest of the unincorporated community of June Lake on
US-395 near the intersection with Mono Lake Basin Road in Mono County, California (See Figure 1 and
Figure 2). The WWTP treats domestic wastewater from the unincorporated community of June Lake,
which is a seasonal mountain community. The WWTP is designed to treat 1.0 million gallons per day
(MGD) and currently treats an average flow of 0.15 MGD. Flow varies between 0.08 MGD and 0.31 MGD
between winter and summer. The WWTP was constructed in 1974 and accepts only sanitary sewage.
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Figure 1. Project Location
Source: Google Maps 2019
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Figure 2. June Lake Loop and Pumice Valley
Source: Google Earth 2018

Treated effluent is disposed by evaporation in aboveground ponds. Discharge is regulated by the California
Regional Water Quality Control Board, Lahontan Region {(Regional Board), in Order No. 6-93-19 (WDID No.
6B260101002). In compliance with this order, the District monitors influent and effluent water quality.
Monitoring wells up-gradient and down-gradient of the ponds are used to verify groundwater quality.
Compliance reports are submitted by the District to the Regional Board annually.
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The WWTP site is approximately 22 acres, of which approximately 3 acres are used for treatment process
and 19 acres for effiuent disposal. Treatment process includes the following facilities (see Figure 3 and
Figure 4):

e Oxidation Ditch. A concrete-lined elliptical-shaped aboveground pond where raw wastewater is
aerobically digested. The oxidation ditch is not covered and is open to atmosphere.

e Primary Clarifier. A circular concrete structure that removes settleable solids from wastewater
downstream of the oxidation ditch. The clarifier is covered and is not exposed to precipitation.

e Evaporation Ponds. Effluent is disposed in ponds, where effluent evaporates. There are four (4)
total ponds and effluent can be discharged to any pond. Only one pond at a time is needed to
dispose of daily treated effluent. All ponds are open to atmosphere and are not covered.

* Sludge Drying Beds. There are seven (7) sludge drying beds where activated sludge from the
oxidation ditch is dewatered. The sludge drying beds are not covered and are open to
atmosphere.

Dewatered sludge is removed from the drying beds by front-end loaders or backhoes and disposed of in
accordance with the approved Title 22 Engineering Report.
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Off-Site Drainage

The WWTP is located in Pumice Valley approximately 0.4 miles southeast of Rush Creek (Error! Reference
source not found.), which is the nearest waters of the United States. Flow in Rush Creek is controlled by
the dam at Grant Lake. The WWTP is located approximately 70 feet higher in elevation than the creek.
The Federal Emergency Management Agency (FEMA) has classified Pumice Valley as Zone D, where flood
risks have not been determined. Reviewing the USGS map topographic elevations from the “Lee Vining
Quadrangle” (Figure 5) relative to the Rush Creek elevation, it appears that the flood risk for the WWTP
is minimal. The area northwest of the creek is shown on that map as an ephemeral marsh, which indicates
overflow occurs on that side of the creek and not towards the WWTP, which is at a higher elevation (~40
feet).

Figure 5. USGS "Lee Vining Quadrangle” Map (2018)
Source: (United States Geological Survey, 2018)

South of the WWTP site is a concrete-lined canal that conveys discharge from Grant Lake to Rush Creek.
This canal also intercepts or diverts upgradient overland flow that would otherwise be tributary to the
WWTP site. Any other off-site flow is intercepted by an unlined ditch at the south side of the facility, (see
Figure 3).
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On-Site Drainage

All wastewater treatment process equipment is elevated such that on-site storm water runoff cannot
contribute to wastewater flow. The only storm water that can contribute to the volume of wastewater
managed at the plant is precipitation that falls directly into uncovered facilities.

Aside from a minor driveway entering the site, the property is not paved and there is no existing storm
water infrastructure. The District has graded the fenced perimeter to purposely retain storm water on
site. The District has not recorded runoff leaving the site or erosion concerns. The District’s current
operators have never observed runoff leaving the site.

Non-Storm Water Discharges

No non-storm water discharges occur at the site. All treated effluent is retained and disposed of on site.
The State Board’s Sanitary Sewer Overflow (SSO) online data files do not show any record of an overflow
at the WWTP (Agency, 2020).

Exclusions

There is a cellular telephone tower located on a leased portion of the District’s property that is not
affiliated with any wastewater treatment operations and therefore is not included as part of this NONA
analysis. The tower site was designed and is maintained by the telephone company and is fenced
separately from the WWTP. The telephone company should seek their own coverage under the IGP.

No Discharge / No Exposure Technical Report Page 9
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CHAPTER 2.
INDUSTRIAL STORMWATER RETENTION ANALYSIS

Maximum Recorded Rainfall

Precipitation records were obtained from National Oceanographic and Atmospheric Administration
(NOAA) Climate Data Online system (NOAA, 2019). Table 1 summarizes maximum precipitation recorded
at the Lee Vining Airport (Station USC00044881), which is located approximately 6.5 miles northwest of
the WWTP site and at approximately the same elevation (6,900 feet). Records were available for this
station from between May 1988 and January 2014. This station does not record 1-hour precipitation rates.

Table 1. Maximum Recorded Rainfall Data at Lee Vining

fiecond=d.Stonm Rainfall {Inches) Date
Event
Max 1-hour Not Recorded -
Max 24-hour 5.75 February 02, 1994
Max Week 6.88 December 30 - January 04, 2006
Max Month 9.85 March 1995
Max Annual 28.38 1996

Source: (NOAA, 2019)

Industrial Activity

The only industrial activity at the site is treatment of wastewater. Each wastewater component at the
facility is evaluated below to determine sufficient capacity to retain the maximum recorded storm event
within the treatment facilities.

Evaporation

Evaporation rates at Grant Lake are 48 inches per year {Jones & Stokes Associates, 1993), which provides
an average evaporation rate of 4 inches per month, and 1 inch per week. These evaporation effects were
incorporated into the calculations to determine the available capacity within each wastewater treatment
component.

Methodology

The rainfall effect on the capacity of each wastewater treatment component has been calculated based
on each maximum recurrence interval (Table 1). The remaining freeboard was calculated by subtracting
the precipitation from the summation of the available capacity and evaporation loss.

Oxidation Ditch

The oxidation ditch was designed with a top of structure elevation of 6973.50 feet and a water surface
elevation of 6970.50 feet, which yields a 3-foot freeboard. The structure operates hydraulically by gravity
and any added water from precipitation would slightly increase flow to the primary clarifier, which also

No Discharge / No Exposure Technical Report Page 10
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flows by gravity to the oxidation ditch. The freeboard provided by the oxidation ditch allows extra capacity
for all maximum recorded rainfall events as discussed below.

To analyze the extra capacity of the oxidation ditch should an unlikely worst-case scenario occur if the
control valves to the oxidation ditch were closed, Table 2 presents calculation results for each maximum
rainfall event relative to the available ditch capacity. As shown by Table 2, the oxidation ditch’s 36-inch
freeboard can accommodate the added rainfall volume contributed by all maximum storm events.

Table 2. Rainfall Event Effect on Capacity for Oxidation Ditch

Oxidation
Recurrence Precipitation Basin Evaporation | Remaining
Interval Available Loss Freeboard
Capacity
Units Inches Inches Inches Inches
1 Hour NA NA NA NA
24 Hour 5.75 36 0.14 30
Weekly 6.88 36 1 30
Monthly 9.85 36 4 30
Annual 28.38 36 48 56

Primary Clarifier

This primary clarifier is covered and protected from rainfall. The clarifier hydraulically functions by gravity
and discharges to the evaporation ponds.

Evaporation Ponds

Only one of the four ponds is needed to dispose of all the treated effluent from the WWTP on a daily basis.
The ponds are between 10 and 12 feet in depth, and when a single pond is in use, it is managed to only
receive half its capacity such that 5 feet of freeboard is provided as a safety measure to accommodate the
worst-case maximum annual precipitation event. Table 3 shows the calculation results for each maximum
rainfall event effect on the evaporation ponds capacity. With a single-pond capacity of 60-inches,
sufficient freeboard is allowed for all maximum storm events.

No Discharge / No Exposure Technical Report Page 11
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Table 3. Rainfall Event Effect on Capacity for Evaporation Ponds

Ponds

Recurrence Precipitation Available Evaporation | Remaining

Interval . Loss Freeboard

Capacity
Units Inches Inches Inches Inches

1 Hour NA NA NA NA
24 Hour 5.75 60 0.14 54
Weekly 6.88 60 1 54
Monthly 9.85 60 4 54
Annual 28.38 60 48 80

Sludge Drying Beds

Table 4. Rainfall Event Effect on Capacity for Sludge Beds

Sludge Bed " -
Recurrence . . Evaporation | Remaining
Precipitation Available
Interval . Loss Freeboard
Capacity
Units Inches Inches Inches Inches
1 Hour NA NA NA NA
24 Hour 5.75 10 0.14 4.39
Weekly 6.88 10 1 4.12
Monthly 9.85 10 4 4.15
Annual 28.38 10 48 29.62

No Discharge / No Exposure Technical Report
June Lake Public Utility District

There are seven (7) total sludge drying beds, where residual biosolids from the oxidation ditch and primary
clarifier are dewatered prior to disposal. The four larger square ponds have sidewalls that are 24-inches
above adjacent grade. Under a normal sludge management capacity of 14-inches retained within each
pond, there is 10-inches of freeboard available in each square bed. Based on the calculations shown by
Table 4, each of the four (4) squared drying beds can provide containment of all maximum storm events.

The smaller three rectangular sludge drying beds have sidewalls that are 18-inches above adjacent grade.
These beds are currently not in use and have drains where liquid is pumped back into the treatment
process. These beds provide an additional containment capacity that is considered a conservative safety
factor and is not included in the retainment calculations.
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CHAPTER 3.
NON-INDUSTRIAL STORMWATER ANALYSIS

The WWTP is enclosed by a chain-link fence and encompasses an area of 3 acres. Aside from treatment
systems, the enclosed area comprises mainly of loamy sand soil that promotes immediate percolation
(United States Department of Agriculture, 2017). As mentioned previously, the elevated berms around
the treatment system components open to the atmosphere (i.e., evaporation ponds and sludge beds)
keep surface sheet flow (if it were to occur under supersaturated soil conditions) from entering the
wastewater treatment flow. As such, precipitation that falls within the chain-link fence area and outside
of the treatment systems is managed separately as non-industrial runoff on highly porous ground for
complete retention.

The total runoff volume for the non-industrial area within the fence line was calculated using the
maximum storm events in Table 1. The composite non-industrial runoff coefficient is the weighted
average of the runoff coefficient based on the drainage area of each respective land use and calculated
as follows:

n
c - X1 GA;
w n A
j=1471
Table 5 summarizes the runoff coefficient values used for each land use for the calculation of the
composite non-industrial runoff coefficient. The total runoff was the obtained using the composite runoff
coefficient. Figure 6 illustrates each area used for calculating the composite non-industrial runoff

coefficient.
Table 5. Runoff Coefficient Values — Non-Industrial Area
. Runoff
Land Use Drainage Area Coefficient CxA
(Acre) (©
Unimproved Area 1.78 0.10 0.17
Concrete Driveway 0.05 0.85 0.04
Building Roofs 0.12 0.85 0.10
Composite Coefficient 0.17
Source: (State Water Resources Control Board)
No Discharge / No Exposure Technical Report Page 13
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Treatment Area (Industrial - Not considered)

Unimproved Area

Concrete Drive Way

Building Roofs

Figure 6. Identification of Non-Industrial Land Use Area Used for Composite Runoff Coefficient
Source: Google Maps (2020)
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Elevations of the site were obtained from the available survey compiled by Spencer B. Gross, Inc.
completed in 2006, and shows the general slope of the overall site draining north towards the drying beds
(Specer B. Gross, Inc., 2006). The south side of the property within the fence has an elevation of 6973.2
and the north side of the property within the fence has an elevation of 6966.4 (6.8-foot decline). Table 6
shows the corresponding rainfall event effect on capacity of non-industrial area.

The survey shows 2-foot contour intervals and has an accuracy of plus or minus 6-inches. The low
tolerance is correlated to the minimum vertical accuracy tolerance required at the 95% confidence level,
which is 0.49 feet for non-vegetated areas and 0.74 feet for vegetated areas. For the WWTP site, the
vegetated vertical accuracy would apply near the chain-link fence. The contour lines are too large to
delineate the physical features within the chain-link fence, such as depressions within the fence or the
elevated treatment processes such as the sludge drying beds and buildings, however pictures from the
site reveal the smali increases of ground elevation around the fence that are not represented in the aerial
survey. These small berms are a result of vegetation growth management around the fenceline, which
also serves to intentionally create on-site retention of stormwater. Figure 7 demonstrates where the non-
industrial stormwater ponding occurs relative to the site footprint.

Figure 8 and Figure 9 illustrate the perimeter berms (~5-inches) along the fenceline that serve as a
retention barrier and creates depression areas for non-industrial stormwater containment. Figure 10
shows the depression between the square drying beds and the oxidation ditch. The available survey was
also used to analyze and approximate flow directions and ponding areas.

The rainfall effect on the capacity of the non-industrial area was calculated based on each maximum
recurrence interval (Table 1) using the Rational Method peak flow equation, Q = CiA, in which C is the
composite runoff coefficient obtained from Table 5, i is the precipitation (feet), and A is the total Area
(acres).

As shown in Table 6, the 5-inch perimeter berm provides sufficient containment within the non-industrial
area (Figure 7) to contain the maximum recorded day, week, and month storm events. The annual
evaporation loss much greater than the maximum recorded annual storm event.

Table 6. On-Site Storage Capacity Required for Non-industrial Area

Recurrence . Drainage Runoff Depressian Depth of | Evaporation DEpression
Precipitation . Area . Freeboard
Interval Area Size | Volume ] Ponding Loss nE
Available Remaining
Units Inches Acres Acre-Feet Acres Inches Inches Inches
1 Hour NA 1.927 NA NA NA NA NA
24 Hour 5.75 1.927 0.15 0.6 3.07 0.14 2.07
Weekly 6.88 1.927 0.18 0.6 3.67 1 2.33
Monthly 9.85 1.927 0.26 0.6 5.26 4 3.74
Annual 28.38 1.927 0.76 0.6 15.15 48 37.85
No Discharge / No Exposure Technical Report Page 15
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Figure 7. Non-Industrial Storm Water Control
Source: Google Maps (2020)

No Discharge / No Exposure Technical Report Page 16
June Lake Public Utility District



Figure 9: Inside of North Fence showing approximate 5-inch berm.
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Figure 10: Depression Area (In Blue) Between Oxidation Pond and Drying Beds.
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CHAPTER 4.
CONCLUSIONS

It is the opinion of the engineer that storm water runoff from the WWTP will not enter the waters of the
United States (Rush Creek) for the following reasons:

1. Existing uncovered industrial treatment plant components have sufficient capacity to retain
the maximum recorded daily, weekly, monthly, and annual rainfall events in addition to the
design wastewater treatment capacity.

2. Existing physical ground characteristics within the WWTP site create sufficient capacity to
retain the non-industrial runoff from maximum annual recorded storm event.

These statements are based on the WWTP permits and layout as it exists in August 2020. Any subsequent
changes to the facility or new permit requirements will require this NONA to be reevaluated.
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CHAPTER 6.
APPENDIX

FEMA Flood Map

June Lake PUD WWTP Survey Map
USGS Lee Vining Quadrangle Map
Runoff Calculation Values

Mono Lake EIR — Appendix A
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Appendix D

Fact Sheet-5.1.3

Runoff Coefficient (C) Fact Sheet

The runoff coefficient (C) is a dimensionless coefficient relating the amount of runoff to the
amount of precipitation received. It is a larger value for areas with low infiltration and high
runoff (pavement, steep gradient), and lower for permeable, well vegetated areas (forest, flat
land).

It is important for flood control channel construction and for possible flood zone hazard
delineation. A high runoff coefficient (C) value may indicate flash flooding areas during storms
as water moves fast overland on its way to a river channel or a valley floor.

How is It Measured?

It is measured by determining the soil type, gradient, permeability and land use. The values are
taken from the table below. The larger values correspond to higher runoff and lower infiltration.

Land Use C Land Use C
Lawns:
Sandy soil, flat, 2% 0.05-0.10
Business: Sandy soil, avg., 2-7% 0.10-0.15
Downtown areas 0.70 - 0.95 Sandy soil, steep, 7% 0.15-0.20
Neighborhood areas | 0.50 - 0.70 Heavy soil, flat, 2% 0.13-0.17
Heavy soil, avg., 2-7% 0.18 - 0.22
Heavy soil, steep, 7% 0.25-0.35
Agricultural land:
Bare packed soil
*Smooth 0.30-0.60 |
*Rough 0.20 - 0.50
Residential: Cultivated rows
Single-family areas | 0.30 - 0.50 *Heavy soil, no crop 0.30 - 0.60
Multi units, detached = 0.40 - 0.60 *Heavy soil, with crop 0.20 - 0.50
Munti units, attached | 0.60 - 0.75 *Sandy soil, no crop 0.20-0.40
Suburban 0.25-0.40 *Sandy soil, with crop 0.10-0.25
Pasture
*Heavy soil 0.15-0.45
*Sandy soil 0.05-0.25
Woodlands 0.05-0.25
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Fact Sheet-5.1.3

Industrial: el
Light areas 0.50 - 0.80 Asphaltic 0501
Heavy ar 0.60 - 0.90 Concrete 0.80-0.95
S areas OV Brick 0.70 - 0.85 |
Parks, cemeteries \ 0.10-0.25 ’ Unimproved areas [ 0.10-0.30
Playgrounds 0.20 - 0.35 Drives and walks 0.75-0.85 |
Railroad yard areas | 0.20 - 0.40 Roofs 0 0.75-0.95

Note: The designer must use judgment to select the appropriate "C" value within the range.
Generally, larger areas with permeable soils, flat slopes and dense vegetation should have the
lowest "C" values. Smaller areas with dense soils, moderate to steep slopes, and sparse
vegetation should assigned the highest "C" values.

http://water.me.vees.edu/courses/CI1V246/table2b.htm accessed 11/19/09
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|Appendix E |

AEEendix A. Mono Lake Monthlx Water Balance Model

The hydrology of Mono Lake has been analyzed by constructing a monthly water budget that
includes inflow terms, a storage change term, and an outflow term. The monthly inflows are the gaged and
ungaged monthly streamflows, groundwater inflows, and direct precipitation on the lake surface. Ungaged
streamflow and groundwater inflows are called "unmeasured inflows". The monthly change in storage is
calculated from the measured change in elevation and Mono Lake surface area. The outflow term is the
unmeasured evaporation that is estimated from an assumed monthly evaporation rate and the lake surface
area. The water budget method attempts to estimate each of these terms to provide a consistent
description of Mono Lake hydrology.

Methods for Estimating Terms

The basic data needed to calculate an accurate monthly water budget for Mono Lake are:

bathymetry (lake surface area and volume at each elevation),
monthly water surface elevations,

monthly lakewide average precipitation,

monthly surface water and groundwater inflows, and
monthly lakewide average evaporation.

#H R H W R

Bathymetry data for this appendix were obtained from the combination of aerial photogrammetry
by Pacific Western Aerial Surveys and a detailed bathymetric survey of Mono Lake conducted by Pelagos
Corporation for LADWP in summer 1986, when Mono Lake elevation was approximately 6,380 feet.
Raw data were obtained from 60,000 depth soundings throughout Mono Lake. The depth soundings were
converted into 5-foot depth contours, and the area within each contour interval was estimated.
Interpolation methods were used to obtain measurements of 1-foot area increments.

Monthly Mono Lake surface elevations were obtained from LADWP records of periodic (but not
always end-of-month) elevation measurements, linearly interpolated to end-of-month estimates. LADWP
records were adjusted by adding 0.37 foot (4.5 inches), so that the elevations are consistent with the U.S.
Geological Survey (USGS) 1929 sea level datum.

Monthly lakewide average precipitation data are estimated from LADWP monthly Cain Ranch
precipitation records. Because Mono Lake is in the "rain shadow" of the Sierra Nevada crest, it is

Mono Basin EIR Appendix A. Monthly Water Balance Model
549\4PPD-A A-1 May 1993



reasonable to suppose that the lakewide average precipitation is less than the Cain Ranch (elevation 6,850
feet) average of 11 inches. A precipitation station at Simis Ranch on the eastern side of Mono Lake has
an estimated (short-term record) average precipitation of 7.5 inches. Each of the previous water budgets
for Mono Lake use Cain Ranch as an index of lakewide precipitation. Vorster (1985) and LADWP
(1990) annual water balance models each assume an average lakewide precipitation of 8 inches (73% of
Cain Ranch average). The variations in lakewide precipitation are assumed to follow the Cain Ranch
pattern.

Monthly surface water and groundwater inflows can only be partially measured with streamflow
gages on the major tributaries (Mill, Lee Vining, Walker, Parker, and Rush Creeks). Because of irrigation
diversions downstream of the gages on each tributary, the available flow records are only approximate
estimates of the total surface water and groundwater inflow to Mono Lake. Additional inflow may exist
that is proportional to the measured runoff, or the additional inflow may be a constant term that does not
depend on variations in surface runoff. Each of the previous water budgets for Mono Lake has used the
measured runoff as an index for estimating the total inflow term.

Monthly lakewide evaporation can be estimated from local evaporation pan measurements,
observed changes in lake elevation, assumed relationships with meteorological data (wind and humidity),
or heat budget modeling of Mono Lake surface temperatures (Romero 1992). Because the lakewide
evaporation cannot be measured directly, any of these methods can provide only assumed evaporation
rates. Favorable comparison between these methods of estimation increases the confidence in the assumed
monthly evaporation pattern for Mono Lake.

Available Hydrologic Data

The available hydrologic data for 1941-1989 are given in the basic data file MONOWB.WK,
available from SWRCB consultants. The year and month are followed by the end-of-month elevation
(USGS datum). The surface area and monthly volume changes are calculated by interpolation of the 1-foot
interval bathymetry data that is given in data file BATHY.WKI1. The monthly Cain Ranch precipitation is
provided in the next column. The precipitation volume estimate is calculated from the average lake area
and the precipitation depth.

The available streamflow measurements are given in the next several columns. Previous water
budget models used various sums and adjustments to arrive at an index of surface runoff into Mono Lake.
Because the total runoff from the four diverted tributary creeks are used as the index of runoff-year types
(wet, normal, or dry) for Mono Basin, flow measurements for these creeks are used for the monthly Mono
Lake water budget runoff index. For the historical period of 1941-1989, LADWP measured the spill at
Lee Vining Creek intake and the releases and spills from Grant Lake reservoir to Rush Creek. The sum
of these values was taken as the surface inflow to Mono Lake from the four diverted creeks. Releases
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from Walker and Parker Creeks were generally used for irrigation and were not included in the surface
inflow estimates, although in wet years some nonirrigation releases were made.

For a portion of the historical period, LADWP operated streamflow gages on Lee Vining Creek
(1941-1969) and Rush Creek (1952-1967) near their mouths at Mono Lake. These records provide an
indication of the portion of the creek flows that infiltrated or were evapotranspirated on irrigated pasture
or in the riparian corridors. They cannot provide a better estimate of the inflow to Mono Lake because
the infiltrated water would enter as groundwater flow.

The next column is the difference between the observed monthly change in Mono Lake volume and
the estimated terms for measured inflow and precipitation. The missing terms, evaporation and unmeasured
inflow, are more difficult to identify.

The average monthly evaporation pattern was estimated from the observed loss of water from
Mono Lake. The observed monthly changes in Mono Lake volume are usually less than the estimated
inflows (measured surface flows plus precipitation) and these differences are greatest in the warm summer
months. These average differences were used to approximate the monthly evaporation rates.

Surface inflow from portions of Mono Basin without streamflow gages and groundwater inflow
cannot be measured. Some reasonable estimate for these unmeasured inflows must be used; a constant
long-term average and/or some fraction of measured precipitation or gaged runoff can be used.

Because both evaporation and unmeasured inflows must be estimated from the change in Mono
Lake volume that is not explained by measured inflows and direct precipitation, the magnitude of one term
must be assumed to calculate the magnitude of the other. An independent estimate of annual evaporation
based on temperature modeling by the University of California, Santa Barbara (UCSB) (1992) was used
to set the magnitude of annual Mono Lake evaporation at 48 inches. This allowed the magnitude of the
unmeasured inflow to be estimated to complete the monthly Mono Lake water budget model.

Previous Mono Lake Water Balance Models

SWRCB staff evaluated two annual (runoff year) water budget models and determined that the
historical accuracy of both models, when compared with recorded Mono Lake volume changes from 1937
to 1989, was essentially equivalent (Rich pers. comm.). Vorster (1985) had developed a model that
included many separate hydrologic terms, although several could not be measured directly. LADWP

Mono Basin EIR Appendix A. Monthly Water Balance Model
549\4PPD-A A-3 May 1993



(1990) had developed a model with fewer terms that lumped many measured and unmeasured inflows into
a single "runoff factor" regression equation. The following review of each model will explain the basic
techniques of constructing a water balance model.

Vorster Model

Vorster (1985) summarized all previous water budgets for Mono Lake and analyzed all available
hydrologic data to estimate terms for an annual water balance for Mono Lake. LADWP runoff and lake
clevation data for 1937-1983 formed the basis for estimates of the annual water budget terms. Vorster
attempted to separate each identifiable hydrologic term to provide an accurate and reliable water budget
and sensitivity analysis. However, because data were not available for direct estimation of each term,
several terms were based on assumptions and indirect evidence. The accuracy of each individual term is
unknown, although the overall match with the historical Mono Lake elevation record is good.

Vorster's model is based on the following water budget terms:

# Precipitation at Mono Lake is assumed to average 8 inches and to fluctuate with Cain Ranch
measurements.

# Evaporation is assumed to average 45 inches, to fluctuate with Long Valley evaporation pan
data, and to be reduced slightly (3-5%) by Mono Lake salinity.

# Sierra Nevada runoff as measured at streamflow gages (150 thousand acre-feet per year
[TAF/yr]) is increased by 11% to account for unmeasured Sierra runoff, with an additional 20
TAF assumed from non-Sierran areas, 9 TAF from precipitation on land around the lake, and
1.5 TAF from Virginia Creek diversions. The total average inflows are 197.5 TAF and can
be estimated as 111% of measured runoff plus a constant of about 30.5 TAF.

# Several water losses are assumed; bare ground ET around the lake perimeter averaged 5.5
TAF, Grant Lake reservoir evaporation averaged 1.5 TAF, phreatophytes around the lake
account for 3 TAF, riparian ET averaged 1.5 TAF, irrigated pasture ET averaged 8 TAF, and
the export of groundwater in the Mono Craters Tunnel accounts for about 7 TAF. These
relatively constant losses total 26.5 TAF.

# The recorded LADWP exports from West Portal are subtracted from the available water.

# A final regression of unexplained lake volume changes with evaporation and runoff is used to
correct the average 2.5 TAF/yr error in the modeled estimates of Mono Lake volume change
during 1937-1983. The resulting estimates of Mono Lake elevation had an average error of
0.25 foot (3 inches).
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The Vorster water balance includes many separate hydrologic terms that can be evaluated
throughout the basin but does not provide validation of the individual estimates because hydrologic data
are not collected for each identified term. The ability of the model to account accurately for the net water
balance for Mono Lake suggests that the relative magnitude of the assumed inflows and losses is correct.

LADWP Model

LADWP developed a water balance with precipitation, evaporation, and a single net inflow term
that used the available streamflow and diversion data to estimate the total releases toward Mono Lake.
For an assumed evaporation rate, LADWP used a regression analysis to adjust the estimated inflows to
match the historical fluctuations in Mono Lake volume for 1937-1989.

The LADWP-90RY model is based on the following water balance terms:

# Precipitation at Mono Lake is assumed to average 8 inches and to fluctuate with Cain Ranch
measurements.

# Evaporation is assumed to average 41 inches, to fluctuate with Long Valley evaporation pan
data, and to be reduced slightly (3-5%) by Mono Lake salinity.

# Sierra Nevada runoff as measured at streamflow gages (148 TAF/yr average) is decreased
by irrigation diversions (7.5-12 TAF/yr), storage in Grant Lake reservoir, and West Portal
exports. This is the measured portion of the estimated net inflow toward Mono Lake.

# A linear regression of unexplained historical lake volume changes with estimated releases to
the lake is used to estimate the total inflow. The regression equation was estimated to be:

Unmeasured inflow = 18.5 - .0585 x measured releases to Mono Lake

The LADWP formulation recognizes that the only available data are the measured streamflows,
diversions, and lake level fluctuations. However, the regression equation for the unmeasured inflow could
also be formulated in terms of the measured runoff, rather than the releases toward Mono Lake.
Nevertheless, the historical match is comparable to the Vorster model, with an average error of 0.25 foot
(3 inches).

Mono Lake Bathymetry

The bathymetric data for Mono Lake are summarized by the surface area and volume at 1-foot
intervals from the lake bottom at elevations of 6,230-6,440 feet. The bathymetric data originated from a
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bottom depth-sounding survey conducted by Pelagos for LADWP in 1986 (Pelagos 1986) when the lake
surface elevation was approximately 6,380 feet. The transects for the sounding equipment required at least

5 feet of depth. Aerial photogrammetry was used to estimate 5-foot elevation contours from 6,372 to
6,430 feet.

These basic data have been modified slightly in the elevation range of 6,365-6,430 feet and were
extended to 6,440 by SWRCB consultants who mapped several contours based on visible benchmarks
on aerial photographs (see Appendix G). The bathymetry data for elevations 6,300-6,440 feet are given
in Table A-1. Estimates of salinity and specific gravity (density) are given for reference. The surface area
of Mono Lake for elevations between 6,340 feet and 6,440 feet are shown in Figure A-1. The areas
mapped by the SWRCB consultants are shown for comparison with the Pelagos bathymetry. The volume
of Mono Lake for elevations between 6,340 and 6,440 feet is shown in Figure A-2.

The 1-foot incremental areas are the basic building block for the bathymetric data; the lake surface
area is the sum of the incremental areas to that elevation, and the incremental volumes are calculated from
the average area at the top and bottom of the increment. Review of the original Pelagos incremental area
data showed that large incremental areas occurred near the 5-foot contour elevations, with much smaller
increments midway between the 5-foot contours. This result is attributable to the SURFACE I graphics
interpolation program used by Pelagos. SWRCB staff and consultants determined that this effect could be
eliminated by 11-foot interval linear smoothing of the incremental area values (Rich pers. comm.).

Figure A-3 shows the original Pelagos and "smoothed" 1-foot incremental area values for Mono
Lake between elevations of 6,350-6,420 feet. The largest incremental areas (more than 600 acres per foot
of elevation) occur in the range of 6,365-6,375 feet because the shoreline slope is generally smallest at
these elevations. The smallest incremental areas (about 200 acres per foot of elevation) occur between
elevations 6,400 and 6,415 feet where the shoreline is steepest. The smoothing has relatively small effects
on the lake surface and volume increments used in the water budget.

The bottom of Mono Lake is at about 6,230 feet elevation. At an elevation of 6,370 feet, the lake
surface area is approximately 35,820 acres (56 square miles), and the lake volume is approximately 2.1
millionaf (MAF). At an elevation of 6,420 feet, the lake surface area is approximately 55,500 acres (87
square miles), and the lake volume is about 4.5 MAF. For the August 1989 point of reference for this EIR,
Mono Lake surface elevation was 6,376.3 feet above sea level, with a surface area of about 41,000 acres
and a volume of approximately 2.33 MAF.

In the water balance model, monthly volume changes ofthe lake were estimated from the surface
areas interpolated from the 1-foot bathymetric data.
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Evaporation and Precipitation

The monthly evaporation rates (inches/month) were assumed to be constants for each year. The
monthly volume change from evaporation was estimated for the 1940-1989 historical period as the
assumed evaporation rate multiplied by the surface area of the lake at the beginning of the month. The
monthly precipitation contribution to the lake volume was estimated using the observed monthly Cain Ranch
precipitation multiplied by the lake area. As previously noted, the average 1940-1989 Cain Ranch annual
precipitation was approximately 11 inches. This is slightly higher than the estimated lakewide average
precipitation of 8 inches based on maps of precipitation contours (Vorster 1985, LADWP 1990). This
uncertainty in net evaporation (evaporation minus precipitation) is accounted for in the residual inflow
estimate discussed in the next section.

The available hydrologic data were used to provide the initial estimate of monthly evaporation for
Mono Lake. The monthly measured change in Mono Lake volume was compared with the estimated
inflows from precipitation and measured surface inflows. This residual volume change was then divided
by the surface area to give a residual elevation change in inches. These monthly estimates were averaged
for each calendar month. The results provide an estimate of the minimum possible monthly average
evaporation because any unmeasured inflows must be balanced by additional evaporation to match the
historical surface elevation changes. Figure A-4 shows all the monthly estimates of "missing water", sorted
by calendar months. These monthly residual estimates are scattered because of data errors and
unmeasured inflows.

The monthly averages of these residual estimates of minimum evaporation rates are listed in
Table A-2. The seasonal pattern is quite reasonable. The annual average sum of "missing water" is about
38 inches. This can be interpreted as the minimum possible evaporation because unmeasured inflows must
be balanced by increased evaporation. This initial evaporation pattern can be confirmed with other
estimates of evaporation for Mono Lake.

Two evaporation pan records for Mono Basin are available. A floating pan was maintained by
LADWP in Grant Lake reservoir from 1942 to 1969, and a land pan replaced the floating pan in 1968
(elevation 7,200 feet). Measurements are only obtained in nonfreezing months, and Cain Ranch
precipitation estimates are used to correct the actual pan data. Nevertheless, the average May-October
Grant Lake reservoir evaporation measurements given in Table A-2 suggest a similar, but greater, seasonal
pattern when compared to the residual monthly estimates.

The second evaporation pan record was collected at the Simis Ranch meteorological station from
1980 to 1983 (Vorster 1985). The monthly average values were higher than Grant Lake reservoir data
but followed a similar seasonal pattern.

Temperature and salinity modeling of Mono Lake by UCSB staff independently estimated the
evaporation for 1990 that provided the best match with biweekly surface temperature measurements. The
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annual value was approximately 48 inches (Romero 1992). This value was therefore selected for use in
the Mono Lake monthly water budget model. Figure A-5 shows the sensitivity of modeled Mono Lake
surface temperatures to the evaporation coefficient. The resulting annual evaporation rates are shown. The
best estimate was determined to be 0.8 times the base estimate. UCSB staff plan to collect daily surface
temperatures and complete local meteorological data in hopes of determining an even more accurate
estimate of Mono Lake evaporation. However, some uncertainty will always remain in evaporation and
all other terms of the water budget.

Unmeasured Inflows

The monthly water balance model uses the monthly residual water estimates to determine the
monthly fractions of an assumed total annual evaporation (Table A-2). A linear regression equation was
then estimated between unmeasured inflows and monthly runoff to complete the monthly water budget.
Both the constant and the fraction of runoff increase with the assumed evaporation. For the assumed
evaporation of 48 inches, the constant term is 2,915 af/month (34,992 af/year), and the fraction of runoff
is 22.8%. This 22.8% fraction of runoff regression term includes Mill and DeChambeau Creeks because
the runoff term was selected to correspond to the diverted tributary creeks. Because the Mill and
DeChambeau Creeks average 18% of the diverted creeks' runoff, unmeasured inflow is about 5% of
diverted creeks' runoff, plus the constant term of about 35 TAF/yr.

This regression of unmeasured inflows is consistent with the assumed evaporation rate because the
runoff from Mill and DeChambeau Creeks is about 18% of the diverted creeks' total runoff. If the runoff
variable term is assumed to equal runoff from Mill and DeChambeau Creeks, then at least 44 inches of
evaporation are required for an 18% runoff term in the unmeasured inflow regression. Alternatively, if the
total unmeasured inflow term is assumed to equal runoff from Mill and DeChambeau Crecks, then at least

37 inches of evaporation are needed. The assumed 48 inches of evaporation are consistent with this
unmeasured inflow regression estimate.

Model Calibration with Observed Lake-Level Fluctuations

The monthly water balance can be summarized as:
# assumed constant annual evaporation of 48 inches, distributed in constant monthly fractions;
# measured Cain Ranch monthly precipitation;

# monthly releases from Lee Vining, Walker, Parker, and Rush Creeks to Mono Lake; and
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# additional monfhly inflow of 2,916 af plus 22.8% of monthly runoff from the four diverted
creeks; the total additional inflow averages 63,116 af per year.

These monthly estimated evaporation and additional inflow terms, together with the measured
historical releases to Mono Lake from the diverted tributaries, provide an accurate simulation of the
observed variations in lake volume and surface elevation. Figure A-6 shows the simulated and observed
Mono Lake elevations for the 1941-1989 period. The average error for the 49-year period is 0.5 foot.
However, the average absolute error since 1965 when the lake level declined below 6,390 feet is only
0.27 foot.

The calibration using the assumed 48 inches of evaporation and results for a 36 inch evaporation
estimate are shown. Lower evaporation rates are balanced by smaller unmeasured inflows regressions,
so that the resulting match with the historical Mono Lake elevation pattern is nearly identical. The simulated
elevations remain consistently below the measured elevations from about 1950 to 1983, suggesting an error
in the measured inflow terms.

The monthly water budget terms can be summarized with annual values for the historical period
1941-1989, as shown in Figure A-7. The terms are shown as cumulative annual values. The first term is
the unmeasured inflows that fluctuate with runoff. The next term is precipitation on Mono Lake. The third
inflow is the measured releases to Mono Lake from the four diverted creeks. These inflow terms have
varied from about 50 TAF to more than 350 TAF. When the assumed 48 inches of evaporation are
subtracted from these inflows, the final estimated change in Mono Lake volume is given. For calibration
purposes, the actual observed changes in Mono Lake volume also are shown.

This monthly water budget for Mono Lake is considered adequate for purposes of this EIR and
was used in the aqueduct simulation model (Auxiliary Reports 5 and 18) and, in modified form, in the
extended drought analysis (Appendix H).
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