East Side Tributary Operations

Return Flow Protocol

Return flows are calculated using an assumed 75 percent surface water irrigation
efficiency. The calculation for non-district return flow is:

Return Flow = Surface water delivery * [1 — (1 + NRL) * IE]

Where NRL is the non-recoverable loss (10%) and IE is the irrigation efficiency
(75%). There are no return flows associated with groundwater deliveries.

Flows leaving non-district riparian lands adjacent to the Merced River are
returned to the Merced River at Cressey.

Tuolumne River

Flows in the lower portion of the Tuolumne River are controlled primarily by the
operation of New Don Pedro Dam, which was constructed in 1971 jointly by
Turlock ID and Modesto ID with participation by the City and County of San
Francisco. The districts divert water to the Modesto Main Canal and the Turlock
Main Canal a short distance downstream from New Don Pedro Dam at La Grange
Dam.

New Don Pedro Reservoir

New Don Pedro Reservoir is located due east of Modesto, California on the
Tuolumne River. The reservoir is 26 miles long and stores 2,030,000 AF of water
at full capacity. Reservoir purposes include agricultural irrigation, hydroelectric
power generation, fish and wildlife enhancement, recreation, and flood control.

Inflow

For information related to New Don Pedro Reservoir inflow, refer to Section 5,
page 69.

Reservoir Losses

In CALSIM 11, New Don Pedro Reservoir losses are assumed only to be
evaporative. Evaporation is estimated by multiplying a predefined (time series)
evaporation rate by the reservoir surface area. Attachment 1 provides details on
the development of the New Don Pedro Reservoir evaporation rate time series.

Flood Control Rules

New Don Pedro Reservoir flood control constraints (reserved storage) are
included in CALSIM 11 as a time series. The time series reflects end-of-month
rain-flood reservation space and conditional reservation space during the
snowmelt season per COE requirements.
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Turlock Irrigation District

Turlock ID is situated adjacent and south of the Tuolumne River. Approximately
150,000 acres are irrigated within the district by a combination of diversions from
the Tuolumne River at La Grange Dam and district and non-district groundwater
pumping. Turlock ID owns New Don Pedro Reservoir jointly with the Modesto
ID. Turlock ID is the operator of the facility.

Turlock ID is depicted within CALSIM Il modeling as a demand center with a

diversion at La Grange Dam. Diversions at La Grange Dam are demand-driven
with Turlock 1D water supply allocations normally sufficient to meet all needs.

However, during droughts Turlock ID may reduce water allocations which will
result in reduced water diversions. Concerns for carryover storage in New Don
Pedro Reservoir can lead to reductions in water allocations.

The protocols developed for Turlock ID diversions at La Grange Dam incorporate
considerations for the consumptive demand for water (land-use based demands),
the historical application of water in excess of consumptive demand (including
deep percolation), district operational practices, other district and non-district
sources of supply, system operational spills and losses, and water supply
allocations. The protocols to determine demand are described in Section 3 (page
32). The linkage between these parameters is shown in Figure 7-5 below.

New Don Pedro Reservoir
Turlock Irrigation District Diversion Parameters
La Grange Reservoir
Turlock Lake Diversion Target

Reservoir Release Target

District Pumping \

Net Evap/Local Inflow

Seepage to Groundwater
Other <4—— PDAW / CUAW Canal Turnout Target l
Delivery above PDAW
/ Canal Losses
Deep Percolation ~

District Operational Spills
Non-District GW Pumping

Spills above Modesto Spills below Cressey

Spills blw Modesto Spills to Mainstem

Figure 7-5: Turlock ID Diversion Parameters

Water Supply Availability Protocol

The New Don Pedro Reservoir water supply index (WSI) is computed as the sum
of projected (using perfect foresight) April through July inflows and the New Don
Pedro Reservoir end-of-March storage. The WSI factor for canal demands is
described in Table 7-10.

Table 7-10: New Don Pedro Water Supply Index Factors
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End-of-March Storage Plus Demand Allocation Factor Applied to Canal
April through July Inflow Deliveries
(TAF) (Percent)
<1400 50
1400 - 1600 50 -85
1600 — 2000 85
> 2000 100

Delivery Protocol

Across drought sequences there may be a need to reduce the diversion below the
canal demand in order to manage (maintain) storage in New Don Pedro Reservoir.
Although Turlock ID’s decision process for annual water supply allocations is
dynamic and based on many circumstances, for modeling purposes delivery
reductions occur based on the WSI factors in Table 7-10. At various levels of
WSI, different levels of reduction to the canal demand will occur. The shortage
between the original canal demand and the reduced diversion is met by additional
Turlock ID groundwater pumping (up to a specified maximum amount), and then
by additional non-district groundwater pumping (unconstrained) if any shortage
still remains.

Distribution Losses Protocol

Canal distribution losses to Turlock ID are assumed to be the first 800 AF of
surface water deliveries per month (see also Section 3, page 32).

Return Flow Protocol

The quantity of Turlock ID return flow is location specific, determined by water
year type and month, and only occurs when there is an irrigation demand.
Turlock 1D returns water to three locations downstream of the district:

=  Tuolumne River at Modesto (11% of Turlock ID returns)
= San Joaquin River above Maze (81% of Turlock ID returns)
= Merced River at Stevinson (8% of Turlock ID returns)

Turlock ID return flows were determined as part of the water budget detailed in
Section 3 (described as “operation canal spills). Monthly return flow volumes
are shown in Table 3-6.

Non-District Lands East of Turlock Irrigation District

The non-district demand area located east of Turlock ID extends as far east as the
valley floor boundary. The area is bounded to the north by the Tuolumne River
and to the south by the Merced River. The boundaries are very similar to DAU
209 boundaries, but areas within DAU 209 that fall within Turlock 1D or Merced
ID are not included. A large portion of the irrigated lands in this area are within
the borders of Eastside Water District, which relies on groundwater as its only
water source.
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Water Supply Availability Protocol

As represented in CALSIM 11, non-district lands east of Turlock ID rely solely on
groundwater pumping to meet agricultural water demands. Because CALSIM Il
does not dynamically model groundwater-surface water interaction, groundwater
supplies are only restricted by demand.

Delivery Protocol

There is no surface water delivery to this area. Groundwater pumping is set up in
the model to completely satisfy the diversion requirement for every month in the
simulation period.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Because there are no surface water deliveries to this demand area, there is no
return flow assumption or protocol. This demand area has no effect on tributary
operations.

Modesto Irrigation District

Modesto ID is situated adjacent and north of the Tuolumne River. Over 60,000
acres are irrigated within the district by a combination of diversions from the
Tuolumne River at La Grange Dam and district and non-district groundwater
pumping. Modesto ID also treats and delivers water to the City of Modesto for
municipal purposes. The district owns New Don Pedro Reservoir (2,030,000 AF)
jointly with the Turlock ID.

Modesto ID is depicted within CALSIM Il modeling as a demand center with a
diversion at La Grange Dam Diversions at La Grange Dam are demand-driven
with Modesto ID water supply allocations normally sufficient to meet all needs.
However, during droughts Modesto ID may reduce water allocations which will
result in reduced water diversions. Concerns for carry-over storage in New Don
Pedro Reservoir can lead to reductions in water allocations.

The protocol developed for Modesto ID diversions at La Grange Dam incorporate
considerations for the consumptive demand for water (land-use based), the
historical application of water in excess of consumptive demand (including deep
percolation), district operational practices, other district and non-district sources
of supply, system operational spills and losses, and water supply allocations. The
protocols to determine demand are described in Section 3 (page 34). The linkage
between these parameters is shown in Figure 7-6 below.
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New Don Pedro Reservoir

Modesto Irrigation District Diversion Parameters
La Grange Reservoir
Modesto Reservoir Diversion Target

Reservoir Release Target
Intercepted Flow

District Pumping \‘\A

Other <4—— PDAW / CUAW Canal Turnout Target
Delivery above PDAW

/ Canal Losses

Deep Percolation
\ District Operational Spills

Non-District GW Pumping

Municipal Delivery

Net Evap/Local Inflow
Seepage to Groundwater

Spills above Ripon Spills above Modesto
Spills blw Ripon Spills to Mainstem (Maze)

Spills to Demand Center

Figure 7-6: Modesto ID Diversion Parameters

The protocols develop a canal demand at La Grange Dam. If water supply
conditions in New Don Pedro Reservoir are sufficient, the demand will be
satisfied. However, if conditions warrant, the diversion may be reduced to a
lower value. The protocol to reduce diversions to Modesto ID based on New Don
Pedro Reservoir conditions is identical to the protocol described for Turlock ID.

Water Supply Availability Protocol

The New Don Pedro Reservoir WSI is computed as the sum of projected (using
perfect foresight) April through July inflows and the New Don Pedro Reservoir
end-of-March storage. The WSI factor for canal demands is described in Table
7-11.

Table 7-11: New Don Pedro Water Supply Index Factors

End-of-March Storage Plus Demand Allocation Factor Applied to Canal
April through July Inflow Deliveries
(TAF) (Percent)
< 1400 50
1400 - 1600 50 -85
1600 — 2000 85
> 2000 100

Delivery Protocol

Actual annual water supply allocation is dynamic and based on many
circumstances. For modeling purposes, delivery reductions are based on the WSI
defined in Table 7-11 above. The percent reduction, based on the supply index, is
identified in the same table. Any shortages between the full canal demand and
diversions will be met by additional Modesto ID groundwater pumping (up to a
specified maximum amount based on the month), and then by additional non-
district groundwater pumping (unconstrained) if any shortage still remains.
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Distribution Losses Protocol

Canal distribution losses to Modesto ID are assumed to be the first 100 AF of
surface water deliveries per month (see also Section 3, page 34).

Return Flow Protocol

The quantity of Modesto ID return flow is location specific, determined by water
year type and month, and only occurs when there is an irrigation demand.
Modesto ID returns water to five locations downstream of the district:

= Stanislaus River above Ripon (13% of Modesto ID returns)

= San Joaquin River before the confluence of the Stanislaus River (30% of
Modesto ID returns)

= Non-project areas on the east bank of the San Joaquin River from the
Tuolumne River to the Stanislaus River (24% of Modesto ID returns)

= San Joaquin River above Maze (20% of Modesto ID returns)

= Tuolumne River (13% of Modesto ID returns)

Modesto ID return flows were determined as part of the water budget detailed in
Section 3 (described as “operation canal spills”). Monthly return flow volumes
are shown in Table 3-11.

Non-District Riparian Lands Adjacent to the Tuolumne River

The non-district riparian demand area adjacent to the Tuolumne River relies on
Tuolumne River diversions to satisfy irrigation requirements. This area is
bounded by Turlock ID on the south and Modesto ID on the north.

Water Supply Availability Protocol

There is no protocol in CALSIM 11 to determine or reduce the availability of
Tuolumne River water for non-district riparian diverters adjacent to the Tuolumne
River.

Delivery Protocol

CALSIM 11 places a higher priority on riparian water diversions than diversions to
both Turlock ID and Modesto ID. Riparian deliveries are made until demand is
satisfied; there are no other operational criteria to constrain this area’s river
diversions.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Return flows are calculated using an assumed 75 percent surface water irrigation
efficiency. The calculation for non-district return flow is:

Return Flow = Surface water delivery * [1 — (1 + NRL) * IE]
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Where NRL is the non-recoverable loss (10%) and IE is the irrigation efficiency
(75%). There are no return flows associated with groundwater deliveries.

Flows leaving non-district riparian lands adjacent to the Tuolumne River are
returned to the San Joaquin River between Newman and Maze Boulevard.

Stanislaus River

Agricultural water supply development in the Stanislaus River watershed began in
the 1850s. Currently, the flow in the lower Stanislaus River is primarily
controlled by New Melones Reservoir. Other water storage facilities in the
Stanislaus River watershed include the Tri-Dam Project, a hydroelectric
generation project that consists of Donnells and Beardsley Dams located upstream
of New Melones Reservoir on the middle fork Stanislaus River, and Tulloch Dam
and power plant approximately six miles downstream of New Melones Dam on
the main stem Stanislaus River. Releases from Donnells and Beardsley Dams
affect inflows to New Melones Reservoir. Under contractual agreements between
Reclamation and Oakdale ID and South San Joaquin 1D, Tulloch Reservoir
provides afterbay storage to re-regulate power releases from New Melones power
plant.

The main water diversion point on the Stanislaus is Goodwin Dam, located
approximately 1.9 miles downstream of Tulloch Dam. Goodwin Dam, which was
constructed by Oakdale ID and South San Joaquin ID in 1912, creates a re-
regulating reservoir for releases from Tulloch power plant and provides for
diversions to canals north and south of the Stanislaus River for delivery to
Oakdale ID and South San Joaquin ID. Water impounded behind Goodwin Dam
may be pumped into the Goodwin Tunnel for deliveries to Central San Joaquin
WCD and the Stockton East WD.

New Melones Reservoir

New Melones reservoir was completed by the COE in 1978 and was approved for
filling in 1983 with a storage capacity of about 2.4 million AF. The reservoir is
located approximately 60 miles upstream from the confluence of the Stanislaus
and San Joaquin Rivers and is operated by Reclamation as part of the CVP. Itis
operated primarily for purposes of water supply, flood control, power generation,
fishery enhancement, water quality improvement, and recreation.

Inflow

For information related to New Melones Reservoir inflow, refer to Section 5, page
70.

Reservoir Losses

In CALSIM |1, New Melones Reservoir losses are assumed only to be
evaporative. Evaporation is estimated by multiplying a predefined (time series)

DRAFT 107



East Side Tributary Operations

evaporation rate by the reservoir surface area. Attachment 1 provides details on
the development of the New Melones Reservoir evaporation rate time series.

Flood Control Rules

New Melones storage is limited to the COE flood control envelope for rain-floods
in accordance with Table 7-12.

Table 7-12: End-of-Month Storage for Flood Control (1,000 AF)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1,970 | 1,970 | 1,970 | 1,970 | 1,970 | 2,030 | 2,220 | 2,420 | 2,420 | 2,420 | 2,420 | 2,270

Results from preliminary CALSIM |11 modeling indicated that unless otherwise
modified, New Melones storage would on occasion be above the September flood
control envelope and thus CALSIM 11 would produce a “spill” during the fall.
Normal operations would include foresight of this event and would likely
distribute such a release earlier in the year. Iterative analysis to smooth this
release during the summer demonstrated that target storages of 2,300 TAF in July,
2,130 TAF in August, and 2,000 TAF in September would prevent unreasonable
fall-time spills. These storage levels are incorporated into CALSIM 11 as “level
4” storage.

Reclamation and the New Melones Interim Plan of Operations

CALSIM 11 operations of New Melones Reservoir are in accordance with the
IPO. The model allocates deliveries to water rights settlement holders, to CVP
contractors, and to fish and water quality objectives based upon a forecast using
storage and anticipated runoff. The several operational requirements incorporated
into the IPO are described in Section 6, page 75.

Oakdale Irrigation District (South of Stanislaus River)

The Oakdale ID encompasses approximately 72,000 acres and is situated on both
sides of the Stanislaus River. Approximately 60 percent of the irrigated acreage
in Oakdale ID is located on the south side of the river. The district has long-
established water rights from the Stanislaus River and currently diverts, along
with the South San Joaquin 1D, from Goodwin Dam under an operational
agreement with Reclamation. Oakdale ID also supplies water from groundwater
and drainage pumping, and from pumping Stanislaus River water.

Oakdale ID and South San Joaquin ID both divert from Goodwin Dam through
the Joint Main Canal to lands north of the Stanislaus River. Oakdale ID’s
diversion to its southerly area is through its South Main Canal, which is conveyed
directly into its canal and distribution system.

The Oakdale ID-South area is depicted within CALSIM 11 as a demand center
with a diversion at Goodwin Dam. This diversion combined the South San
Joaquin ID/Oakdale ID-North diversion at Goodwin Dam to the north, comprises
the districts’ diversion that is accommodated through the operational agreement
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(Agreement) with Reclamation. Oakdale 1D’s southerly service area is upslope of
Modesto ID. At times, the operational spills of Oakdale ID and user tailwater are
incorporated into Modesto ID’s water supply. Also, Oakdale ID can cause
operational spills into the Stanislaus River, and can spill to other down-slope
areas such as the Dry Creek catchment (Tuolumne River).

Diversions at Goodwin Dam are demand-driven with the Agreement water supply
normally sufficient to meet all needs. However, during droughts the Agreement
water supply may become reduced, thereby necessitating reduced water
allocations to the districts” users. Figure 7-7 below depicts the elements
considered in the Oakdale ID-South operation.

Oakdale Irrigation District Diversion Parameters (South)
New Melones Reseroir

Tullock Reservoir

Goodwin Dam

District Diversion Target

Other Canal Delivery (Currently Zero)

Other <—— PDAW / CUAW
Delivery above PDAW

/ Canal Turnout Target Canal Losses

Deep Percolation v\

Non-District GW Pumping
District Canal Operational Spills

Spills above Ripon J\ Spills to Dry Creek Drainage (Tuolumne River)

Spills to Modesto Canal
Spills to other Demand Centers

Figure 7-7: Oakdale ID (South) Diversion Parameters

Water Supply Availability Protocol

The Oakdale ID and South San Joaquin ID water allocation, per Agreement,
depends on the quantity of water available from New Melones Reservoir. New
Melones water supply in CALSIM 11 is defined as the sum of October through
September inflow to New Melones Reservoir, which is forecasted in the model
using perfect foresight.

Available New Melones (Agreement) water supply =
Sum of October through September New Melones Reservoir inflows

Delivery Protocol

The protocols developed for Oakdale ID-South diversions at Goodwin Dam
incorporate considerations for the consumptive demand for water (land-use
based), the historical application of water in excess of consumptive demand
(including deep percolation), district operational practices, other district and non-
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district sources of supply, system operational spills and losses, and the Agreement
water supply.

The CALSIM I1 protocols develop a “diversion target” at Goodwin Dam. If the
Agreement water supply is sufficient, the diversion target will be made.
However, across drought sequences there may be a need to reduce the diversion
below the diversion target in order to adhere to the Agreement water supply. The
Agreement provides that the districts will be able to jointly divert up to 600,000
AF/year of New Melones inflow, except when inflow is less than 600,000 AF.
During these times the districts are entitled to divert all New Melones inflow plus
an amount equal to one-third the difference between 600,000 AF and the New
Melones inflow.

For modeling purposes, any time there is a limit to the total diversions of the
districts (combining both the Joint Main Canal and South Main Canal diversion
targets), allocations will be divided among OID and SSJID equally. Diversion of
the OID allocation will be distributed to the Joint Main Canal and South Main
Canal based OID demand north and south of the Stanislaus River. When limited
by water Agreement supply, the shortage will first be met by additional district
groundwater pumping (up to a specified maximum amount), and then by
additional non-district groundwater pumping (unconstrained) if any shortage still
remains.

Distribution Losses Protocol

Canal losses in the Oakdale ID-South district are 2,000 AF per month of surface
water conveyance (see also Section 3, page 36).

Return Flow Protocol

Set spills/return flows (which are imbedded in the diversion target) from Oakdale
ID-South, serve down slope agricultural areas. The quantity of return flow is
location specific, determined by water year type, and only occurs when there is an
irrigation demand. Spills from Oakdale ID-South flow into the following areas:

=  Tuolumne River (35% of Oakdale ID-South returns in all years)

= Modesto Irrigation District (30% of Oakdale ID-South returns in non-
critical years, 20% in critical years)

= Stanislaus River (10% of Oakdale ID-South returns in non-critical years,
5% in critical years)

= Stanislaus River non-project (25% of Oakdale ID-South returns in non-
critical years, 40% in critical years)

Oakdale ID-South return flows were determined as part of the water budget

detailed in Section 3 (described as “operation canal spills”). Monthly return flow
volumes are shown in Table 3-16.
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Other Related Information

In addition to district-area water demands, Oakdale ID demands incorporate
commitments to the SJIRA and water sales to Stockton East WD. Oakdale ID’s
commitments to the SJRA include up to 11,000 AF per year towards VAMP,
15,000 AF of water towards fall (October) river releases, and any portion of the
VAMP water not used during the VAMP pulse flow period also for fall releases
(equally distributed for November and December). Oakdale ID’s sale to Stockton
East WD mirrors the sale by South San Joaquin ID.

Water is also delivered from Oakdale ID to Modesto ID under certain VAMP
conditions when the Oakdale 1D/South San Joaquin ID portion of VAMP releases
cannot be made to the Stanislaus River. During these circumstances, water is
delivered from Oakdale ID to Modesto ID via the South Main Canal into Modesto
ID’s canal system.

South San Joaquin Irrigation District and Oakdale Irrigation District
(North of Stanislaus River)

The South San Joaquin ID encompasses approximately 72,000 acres and is
situated adjacent and north of the Stanislaus River. The Oakdale ID also consists
of approximately 72,000 acres and is situated on both sides of the Stanislaus
River; the portion of Oakdale ID to the north of the river is upslope of the South
San Joaquin ID. The districts (separately and jointly) have long-established water
rights from the Stanislaus River and currently divert from Goodwin Dam under an
operational agreement with Reclamation. They also supply water from
groundwater and drainage pumping.

South San Joaquin ID and Oakdale 1D both divert from Goodwin Dam through
the Joint Main Canal to lands north of the Stanislaus River. The Joint Main Canal
bifurcates several miles downstream, with South San Joaquin ID’s water
conveyed through its Main Canal into Woodward Reservoir and then
subsequently released to its canal and distribution system. Oakdale ID’s water is
conveyed directly into its canal and distribution system. For purposes of
CALSIM 11 modeling and this documentation, Oakdale ID’s service area north of
the Stanislaus River and South San Joaquin ID’s service area have been combined
into a single operation.

The South San Joaquin ID/Oakdale ID-North area is depicted within CALSIM 11
as a single demand center with a diversion at Goodwin Dam. This diversion, in
combination with Oakdale ID’s diversion at Goodwin Dam to its southerly
service area, comprises the districts’ diversion that is accommodated through the
operational agreement (Agreement) with Reclamation. Oakdale ID’s northerly
service area is upslope of South San Joaquin ID. At times the operational spills of
Oakdale ID and user tailwater are incorporated into South San Joaquin ID’s water
supply. Each of the districts can cause operational spills into the Stanislaus River,
and each can spill to down-slope areas. South San Joaquin ID has use of
Woodward Reservoir to regulate its storage supplies.
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Diversions at Goodwin Dam are demand-driven with the Agreement water supply
normally sufficient to meet all needs. However, during droughts the Agreement
water supply may become reduced, thereby making necessary reduced water
allocations to the districts” users. A depiction of the elements considered in the
South San Joaquin ID/Oakdale 1D-North operation protocols is shown in Figure
7-8 below.

South San Joaquin Irrigation District / OID (North) Diversion Parameters
New Melones Reseroir

Tullock Reservoir

Goodwin Dam

Woodward Reservoir
Combined District Diversion Target

Combined District Pumping Municipal Delivery (Currently Zero)

Net Evap/Local Inflow
Seepage to Groundwater
Combined Canal Turnout Target CombinedCanal Losses
Other <4—— PDAW / CUAW
Delivery above PDAW

/

Deep Percolation \ Combined District Operational Spills
Non-District GW Pumping

Spills to other Demand Centers Spills above Ripon (Stanislaus River)

Figure 7-8: South San Joaquin ID/Oakdale ID (North) Diversion Parameters

Water Supply Availability Protocol

The Oakdale ID and South San Joaquin ID water allocation, per Agreement,
depends on the quantity of water available from New Melones Reservoir. New
Melones water supply in CALSIM 11 is defined as the sum of October through
September inflow to New Melones Reservoir, which is forecasted in the model
using perfect foresight.

Available New Melones (Agreement) water supply =
Sum of October through September New Melones Reservoir inflows

Delivery Protocol

The protocols developed for South San Joaquin ID/Oakdale 1D-North diversions
at Goodwin Dam incorporate considerations for the consumptive demand for
water (land-use based), the historical application of water in excess of
consumptive demand (including deep percolation), district operational practices,
other district and non-district sources of supply, system operational spills and
losses, and the Agreement water supply.

The protocols develop a “diversion target” at Goodwin Dam. If the Agreement
water supply is sufficient, the diversion target will be made. However, across
drought sequences there may be a need to reduce the diversion below the
diversion target in order to adhere to the Agreement water supply. The
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Agreement provides that the districts will be able to jointly divert up to 600,000
AF/year of New Melones inflow, except when inflow is less than 600,000 AF.
During these times, the districts are entitled to divert all New Melones inflow plus
an amount equal to one-third the difference between 600,000 AF and the New
Melones inflow.

For modeling purposes, any time there is a limit to the total diversions of the
districts (combining both the Joint Main Canal and South Main Canal Diversion
targets), allocations will be divided among OID and SSJID equally. When limited
by water Agreement supply, the shortage will first be met by additional district
groundwater pumping (up to a specified maximum amount), and then by
additional non-district groundwater pumping (unconstrained) if any shortage still
remains.

Distribution Losses Protocol

Combined Oakdale ID-North and South San Joaquin ID canal losses are 2,000 AF
per month of surface water conveyance (see also Section 3, page 37).

Return Flow Protocol

Set spills/return flows from Oakdale ID-North and South San Joaquin ID serve
downstream agricultural areas. The quantity of return flow is location specific,
determined by water year type, and only occurs when there is an irrigation
demand from the two districts. Spills from Oakdale ID-North and South San
Joaquin ID flow into the Stanislaus River (70% of total returns) and to non-
district areas west of South San Joaquin ID (30% of total returns).

Oakdale ID-North and South San Joaquin ID return flows were determined as part
of the water budget detailed in Section 3 (described as “operation canal spills”).
Monthly return flow volumes are shown in Table 3-21.

Other Related Information

In addition to district-area water demands, South San Joaquin ID demands
incorporate deliveries to the South County Project (scheduled to begin operation
during 2005), commitments to the SJIRA and water sales to Stockton East WD.
The South County Project is modeled as a 25,000 AF delivery, equally distributed
during the year. South San Joaquin ID’s commitment to the SJIRA is determined
dynamically each year, up to 11,000 AF. The sale to Stockton East WD is
modeled as one-half of a 30,000 AF transfer by South San Joaquin ID and
Oakdale ID, annually dependent upon water year inflow to New Melones (see
Table 7-13).

Table 7-13: South San Joaquin ID/Oakdale ID Transfer to Stockton East WD (1,000 AF)

New Melones Inflow Total Transfer Volume
0 8
450 12.5
500 30
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Non-District Riparian Lands Adjacent to the Stanislaus River

The non-district riparian demand area adjacent to the Stanislaus River relies on
Stanislaus River diversions to satisfy irrigation requirements. This area is
bounded by Modesto ID on the south and South San Joaquin ID on the north.

Water Supply Availability Protocol

There is no protocol in CALSIM 11 to determine or reduce the availability of
Stanislaus River water for non-district riparian diverters adjacent to the Stanislaus
River.

Delivery Protocol

Riparian deliveries may be made until demand is satisfied; there are no other
operational criteria to constrain this area’s river diversions.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Return flows are calculated using an assumed 75 percent surface water irrigation
efficiency. The calculation for non-district return flow is:

Return Flow = Surface water delivery * [1 - (1 + NRL) * IE]

Where NRL is the non-recoverable loss (10%) and IE is the irrigation efficiency
(75%). There are no return flows associated with groundwater deliveries.

Flows leaving non-district riparian lands adjacent to the Stanislaus River are
returned to the Stanislaus River near its confluence to the San Joaquin River.

Non-District Lands East of Modesto Irrigation District and Oakdale
Irrigation District

The non-district demand area located east of Modesto ID and Oakdale ID extends
as far east as the valley floor boundary. The boundaries are very similar to DAU
207 boundaries, but areas within DAU 207 that fall within Modesto ID and
Oakdale ID are not included.

Water Supply Availability Protocol

As represented in CALSIM 11, non-district lands east of Modesto ID and Oakdale
ID rely solely on groundwater pumping to meet agricultural water demands.
Because CALSIM Il does not dynamically model groundwater-surface water
interaction, groundwater supplies are only restricted by demand.
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Delivery Protocol

There is no surface water delivery to this area. Groundwater pumping is set up in
the model to completely satisfy the diversion requirement for every month in the
simulation period.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Because there are no surface water deliveries to this demand area, there is no
return flow assumption or protocol. This demand area has no effect on tributary
operations.

Calaveras River

The Calaveras River component of CALSIM Il depicts the Calaveras River and
New Hogan Reservoir as affected by Stockton East WD’s operation of the
reservoir. The depiction of the system is shown below and includes
considerations for the operations of Stockton East WD, Calaveras County Water
District (Calaveras County WD) and the Calaveras River.
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Figure 7-9: Schematic of Calaveras River System in CALSIM I

The system is depicted by several nodes that represent general geographical
locations of water management or measurement. Accretions between New Hogan
Reservoir and Bellota are added to river flow at Bellota along with a channel loss.
At Bellota, riparian diversions and diversions to Calaveras County WD are also
modeled along with the diversion to the Stockton East WD municipal water
treatment plant. Groundwater, imports from the Stanislaus River, and New
Hogan supplies are used to satisfy urban water demands.

New Hogan Reservoir

New Hogan Reservoir was formed by the completion of New Hogan Dam in
1964, which is owned by the COE. The reservoir is situated about 30 miles east
of Stockton in the Sierra Nevada Mountains. Project purposes include flood
protection to the city of Stockton and water supply for irrigation, drinking and
hydroelectric power. New Hogan Reservoir has a storage capacity of roughly
317,000 AF.
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Inflow

For information related to New Hogan Reservoir inflow, refer to Section 5, page
70.

Reservoir Losses

In CALSIM I1, New Hogan Reservoir losses are assumed only to be evaporative.
Evaporation is estimated by multiplying a predefined (time series) evaporation
rate by the reservoir surface area. Attachment 1 provides details on the
development of the New Hogan Reservoir evaporation rate time series.

Flood Control Rules

The COE flood control diagram for New Hogan Reservoir incorporates basin
precipitation in its calculation of maximum allowable reservoir storage. To
account for the variability in flood control space reservation due to basin
hydrologic conditions, flood control parameters are implemented in CALSIM 11
as a monthly time series. Maximum allowable end-of-month storage is
predefined for each month in the study period.

Stockton East Water District

Water Supply Availability Protocol

Operational rules for the Calaveras system were developed to allocate the water
supply from New Hogan Reservoir. During the April time step of each year,
CALSIM I1 estimates the water supply available for diversion using the following
equation:

April 1st Forecast

Available Stockton East WD agricultural and urban water supply =

End of March New Hogan Reservoir Storage
+ April through September New Hogan Reservoir inflow
- Carryover storage target (varies based on hydrology)
- Evaporation estimate
- River loss
- Riparian diversions (always satisfied)
- Calaveras County WD diversions (always satisfied)

If the available water supply is not sufficient to meet the urban demand (40,000
AF) and the allowable agricultural diversion (25,000 AF), deliveries are reduced
until commensurate with available supply.

Delivery Protocol

CALSIM Il simulates four different deliveries within the Calaveras River Basin.
These deliveries are made to:

DRAFT 117



East Side Tributary Operations

= Calaveras County WD

= Non-district riparian water users

= Stockton East WD agricultural water users
= Stockton East WD urban water users

The protocols CALSIM 11 uses to make these deliveries are described below.

Calaveras County WD Delivery

Calaveras County WD diverts 3.5 TAF annually directly from the Calaveras
River. This delivery does not contribute to meeting Stockton East WD’s
diversion requirements and is modeled such that there are no explicitly define
losses or return flows associated with the delivery.

The Calaveras County WD diversion is split between M&I and agricultural uses
(60% M&I, 40% agriculture). The monthly distributions of these two diversions
are shown in Table 7-14 and Table 7-15 below.

Table 7-14: Calaveras County WD M&I Delivery Pattern (percent)
Oct Nov Dec Jan Feb Mar Apr May | Jun Jul Aug Sep

547 | 955 | 13.38 | 1584 | 159 | 1261 | 832 | 419 | 355 | 356 | 3.22 | 441

Table 7-15: Calaveras County WD Agricultural Delivery Pattern (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2.60 | 0.08 | 0.00 | 0.00 | 0.04 | 1.56 | 9.80 | 18.44 | 19.16 | 21.36 | 17.36 | 9.59

Non-District Riparian Delivery

Non-district riparian water users within the Calaveras Basin divert 13 TAF
annually from the Calaveras River. This delivery does not contribute to meeting
Stockton East WD’s diversion requirements and is modeled such that there are no
explicitly defined losses or return flows associated with the delivery. The entire
riparian diversion is agricultural and is distributed on the pattern shown in Table
7-15 above.

Stockton East WD M&I and Agricultural Deliveries

Stockton East WD diverts Calaveras River water for both agricultural and urban
uses. Deliveries to Stockton East WD are prioritized in CALSIM 11 in the
following order:

= First priority for Stockton East WD is up to 20,000 AF over 18 months
(13,350 AF over 12 months) to urban delivery

= Each additional acre-foot available is split between Stockton East WD
agricultural and urban delivery until full urban delivery is met. If
diversions from the Stanislaus River are available to meet urban
deliveries, additional water may be available to satisfy agricultural
deliveries.
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As implemented, the maximum New Hogan Reservoir agricultural allocation is
25 TAF/year. The annual land use based demands (i.e., CUAW plus losses) are
much greater than the allowable Calaveras River diversion and therefore

groundwater pumping is relied on to meet the agricultural delivery requirement.

As with the agricultural allocation, the New Hogan M&aI allocation is not
sufficient to meet the annual demand (40 TAF). Stockton East WD is depicted in
CALSIM 11 as using several water sources to satisfy the M&I water requirements.
The district first uses New Melones CVP contract water and/or Stanislaus River
transfer water from South San Joaquin ID and Oakdale ID to meet its M&I
requirements. As modeled, Stockton East WD receives up to 10 TAF/year of
New Melones supply when the end-of-February New Melones storage plus March
through September forecasted reservoir inflow is greater than 2.5 million AF
(MAF; the 10 TAF is linearly reduced to zero when the storage plus inflow
forecast is less than 2.5 MAF but greater than 2.0 MAF). Remaining demands
after Stanislaus Basin imports are met first through the New Hogan supplies
(described previously) and then through groundwater pumping.

Distribution Losses Protocol

All Stanislaus River imports to the Calaveras River Basin have an assumed
distribution system loss of 5 percent, based on guidance provided by water users
within the basin. This 5 percent loss is applied to Oakdale ID/South San Joaquin
ID sales to Stockton East WD and CVP contract water from New Melones
Reservoir.

Return Flow Protocol

Return flows from agricultural lands within Stockton East WD are assumed to be
10 cfs during irrigation months. These spills flow to the San Joaquin River at the
Stanislaus confluence. The district’s M&I return flows are set to be 30 percent of
the total M&I delivery and are delivered to the Calaveras River.

Other Related Information

In actual operations, Stockton East WD attempts to reach desired storage levels
on December 1 each year. However, CALSIM Il uses September carryover
storage targets for New Hogan Reservoir. Due to the variation in fall
precipitation, the use of December storage targets results in unrealistic simulation
results. The end-of-September targets are established to achieve desired storage
levels for December 1.

Central San Joaquin Water Conservation District

Water Supply Availability Protocol

Central San Joaquin WCD is supplied surface water from New Melones
Reservoir. In CALSIM I1, the annual New Melones delivery to the district is
determined each March based on end-of-February storage in New Melones
reservoir plus March through September forecasted inflow. A portion of this
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delivery flows to the Stockton East WD M&I system, while the remainder is
delivered to Central San Joaquin WCD. The model assumes that Stockton East
WD deliveries from New Melones are limited to 10 TAF/year and that all water
delivered to Stockton East WD from New Melones is used for M&I purposes.
Central San Joaquin WCD deliveries will vary up to the allocation provided under
the New Melones IPO (up to 80 TAF/year) depending on New Melones storage
plus inflow.

An investigation of surface water flow data for Central San Joaquin WCD
identified Littlejohns Creek as the only major naturally-occurring source of
surface water within the district. Littlejohns Creek flows provide another source
of surface water for the district’s demands.

Delivery Protocol

Diversions from Littlejohns Creek are only limited by the stream’s flow and the
district’s demand. Littlejohns Creek flows are sometimes sufficient to meet the
diversion requirement within a given month; however, because high stream flows
typically occur in non-irrigating months, Littlejohns Creek is not a reliable source
of water for the district.

Stanislaus River diversions for Central San Joaquin WCD occur at Goodwin
Dam. The district diverts up to its annual allocation as determined by the New
Melones storage plus inflow forecast on the demand pattern shown in Table 7-16.

Table 7-16: Central San Joaquin WCD Monthly Delivery Pattern (percent)
Year Type| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep

All Years | 0.0 (| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 15.0 | 15.0 | 15.0 | 20.0 | 20.0 | 15.0

When Littlejohns Creek flows and New Melones supplies are not sufficient to
meet the diversion requirement, groundwater pumping makes up the deficiency.

Distribution Losses Protocol

All Stanislaus River imports to the Calaveras River Basin have an assumed
distribution system loss of 5 percent. This assumption is consistent with guidance
provided by water users within the basin.

Return Flow Protocol

As modeled, the district’s delivery is completely depleted from the system and
therefore does not return water to the stream network.

Lower San Joaquin River

Non-District Riparian Lands on the East Bank of the San Joaquin
River from the Merced River to the Tuolumne River

The non-district riparian demand area adjacent to the San Joaquin River extending
north from the confluence of the Merced River to the confluence of the Tuolumne
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River relies on San Joaquin River diversions to satisfy irrigation requirements.
This area is bounded by Turlock ID on the east and the San Joaquin River on the
west.

Water Supply Availability Protocol

Non-district riparian diverters on the east bank of the San Joaquin River between
the Merced River and Tuolumne Rivers use San Joaquin River water to meet
agricultural demands. There is no protocol in CALSIM 11 to determine or reduce
the availability of San Joaquin River water for their use.

Delivery Protocol
River diversions are made until the demand is satisfied.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Return flows are calculated using an assumed 75 percent surface water irrigation
efficiency. The calculation for non-district return flow is:

Return Flow = Surface water delivery * [1 - (1 + NRL) * IE]

Where NRL is the non-recoverable loss (10%) and IE is the irrigation efficiency
(75%). There are no return flows associated with groundwater deliveries.

Flows leaving this non-district riparian demand area are returned to the San
Joaquin River between Newman and Maze.

Non-District Riparian Lands on the East Bank of the San Joaquin
River from the Tuolumne River to the Stanislaus River

The non-district riparian demand area adjacent to the San Joaquin River extending
from the confluence of the Tuolumne to the confluence of the Stanislaus relies on
San Joaquin River diversions to satisfy irrigation requirements. This area is
bounded by Modesto ID on the east and the San Joaquin River on the west.

Water Supply Availability Protocol

Non-district riparian diverters on the east bank of the San Joaquin River between
the Tuolumne and Stanislaus Rivers use both San Joaquin River water and return
flows from Modesto and Oakdale Irrigation Districts to meet agricultural
demands. There is no protocol in CALSIM 11 to determine or reduce the
availability of San Joaquin River water for their use.

Delivery Protocol

Return flows from Modesto and Oakdale Irrigation Districts are the first water
sources for meeting the area’s demand. These return flows are incidental,
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however, and may not significantly contribute to the diversion requirement. San
Joaquin River diversions are made until the remaining demand is satisfied, or
until the 50 cfs constraint is reached. Additional demand is met through
groundwater pumping.

Distribution Losses Protocol

CALSIM 11 does not have an explicit assumption or protocol for defining
distribution system losses for this area.

Return Flow Protocol

Return flows are calculated using an assumed 75 percent surface water irrigation
efficiency. The calculation for non-district return flow is:

Return Flow = Surface water delivery * [1 — (1 + NRL) * IE]

Where NRL is the non-recoverable loss (10%) and IE is the irrigation efficiency
(75%). There are no return flows associated with groundwater deliveries.

Flows leaving this non-district riparian demand area are returned to the San
Joaquin River above the Stanislaus River confluence.

Non-District Lands on the East Bank of the San Joaquin River
Downstream of the Stanislaus River

The non-district demand area adjacent to the San Joaquin River extending north
from the confluence of the Stanislaus River relies on San Joaquin River diversions
to satisfy irrigation requirements. This area is bounded by South San Joaquin ID
on the east and the San Joaquin River on the west.

This demand area and its corresponding land use based operations have not yet
been integrated in CALSIM Il. A simplified depiction of the area’s diversions is
used as a surrogate operation until a more complete representation is incorporated
in the model.

Water Supply Availability Protocol

Non-district riparian diverters on the east bank of the San Joaquin River
downstream of the Stanislaus River use San Joaquin River water to meet
agricultural demands. There is no protocol in CALSIM 11 to determine or reduce
the availability of San Joaquin River water for these diverters.

Delivery Protocol

Riparian deliveries are made until demand is satisfied; there are no other
operational criteria to constrain this area’s river diversions.

Distribution Losses Protocol
There are no distribution losses for this diversion.
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Return Flow Protocol
The non-district San Joaquin River riparian diversion north of the Stanislaus
River confluence is modeled as a system depletion and therefore does not return

water to the stream network.
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Unlike the east side of the San Joaquin Valley, west side water deliveries are not
tied to a diversion requirement. Surface water deliveries are made to west side
water users according to contractual obligations. On the east side, when surface
supplies are not adequate to meet the diversion requirement, the remaining
demand is assumed to be met through groundwater pumping. If, on the west side,
surface supplies are inadequate to meet the contract allocation amount, deliveries
are reduced and shortages are identified; groundwater does not constitute another
water source for west side entities.

Section 8 describes the protocols that CALSIM Il uses to determine San Joaquin
Basin west side operations, including water supply availability, delivery,
distribution/conveyance loss, and return flow protocols. Only the operations that
potentially affect flow and water quality in the San Joaquin River at Vernalis (i.e.,
operations that are hydraulically connected to the river) are included in this
description.

Mendota Pool

Gravelly Ford, located downstream of Friant Dam, is a sandy and gravelly section
of the San Joaquin River that is subject to high losses of river flow. The section
of the San Joaquin River between Gravelly Ford and the Mendota Pool, a reach of
approximately 17 miles, is generally dry except when releases are made from
Friant Dam for flood control.

During flood control operations, water that passes Gravelly Ford and exceeds
demands at Mendota Pool is diverted from the San Joaquin River to the
Chowchilla Bypass. When flow in the Chowchilla Bypass reaches its capacity of
6,500 cfs, remaining water in the San Joaquin River flows into the Mendota Pool.
The Chowchilla Bypass runs northwest, intercepts flows in the Fresno River, and
discharges to the Chowchilla River.

The East Side Bypass begins at the Chowchilla River and runs northwesterly to
rejoin the San Joaquin River above Fremont Ford. Together, the Chowchilla and
East Side Bypasses intercept flows of the San Joaquin, Fresno, and Chowchilla
Rivers, and other lesser east side San Joaquin River tributaries, to provide flood
protection for downstream agricultural lands. These bypasses are located in
highly permeable soils, and much of the water recharges groundwater.

Flows in the San Joaquin River that are not diverted to the Chowchilla Bypass
enter the Mendota Pool. The Mendota Pool was formed in 1871 by the
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construction of Mendota Dam on the San Joaquin River by water rights holders,
and is the point at which the San Joaquin River turns northward. The Mendota
Pool has a capacity of approximately 50,000 AF and serves as a forebay for
diversions. The Delta-Mendota Canal, which conveys CVP water from the Delta
to Exchange Contractors, terminates at the Mendota Pool. Water also enters
Mendota Pool from the south, via Fresno Slough (sometimes referred to as James
Bypass), which conveys overflows from the Kings River in the Tulare Lake Basin
to the San Joaquin River. Reclamation uses a portion of the flow in Fresno
Slough to supply water to the Mendota Wildlife Management Area.

Water that reaches the Mendota Pool from the San Joaquin River and Kings River
offset required deliveries from the Delta-Mendota Canal.

Central Valley Project Exchange Contractors

Water Supply Availability Protocol

The annual CVP contract amount for Exchange Contractors is 840,000 AF.
CALSIM 11 splits the contract demand between two locations, at Mendota Pool
and on the lower Delta-Mendota Canal prior to the pool. The majority of the
contract demand is represented at Mendota Pool and constitutes 700,000 AF (see
Section 3, page 49). The total amount of exchange water is subject to reduction
based on the CALSIM |1 CVP South-of-Delta allocation procedure. Reductions
to these exchange contracts only occur during Shasta critical years'' , and the
maximum reduction in a given year is 23 percent of the total contract amount.

Delivery Protocol

Delta-Mendota Canal deliveries to Mendota Pool are diverted by Exchange
Contractors on the delivery pattern shown in Table 8-1.

Table 8-1: Exchange Contractors’ Diversion Pattern from Mendota Pool (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
7.0 23 1.0 1.0 25 8.0 8.0 110 | 145 | 17.0 | 16.7 | 110

Distribution Losses Protocol

Central Valley Project conveyance losses are not tied directly to individual
contract deliveries. These losses are in addition to contractual and other
obligations. CALSIM 11 applies a static annual loss of 101,500 AF that accounts
for all Delta-Mendota Canal deliveries from O’Neill Forebay to Mendota Pool.
Annual losses are distributed on the monthly delivery pattern shown in Table 8-2.

Table 8-2: Monthly Distribution of Lower Delta-Mendota Canal Annual Project Losses (percent)
| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep |

11 A Shasta critical year is a year in which the “full natural inflow to Shasta Lake for the current
water year...is equal to or less than 3.2 MAF; or the total accumulated actual deficiencies below 4
MAF in the immediately prior water year (each of which had inflows of less than 4 MAF),
together with the forecasted deficiency for the current water year, exceed 800,000 acre-feet” (from
1992 Long-Term Central Valley Project Operations and Criteria Plan, p 77).
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| 38 | 27 | 28 [ 37 | 55 | 56 | 75 | 120 | 166 | 190 | 158 | 6.0 |

Return Flow Protocol

There are essentially two types of return flow from Mendota Pool Exchange
Contractors, agricultural drainage and VAMP releases. VAMP contributions
from the Exchange Contractors are determined according to the criteria defined in
Section 6 (page 78) above. These releases are made during April and May and
enter the San Joaquin River through the combined Mud and Salt Sough
representation.

Returns associated with agricultural drainage are depicted in CALSIM |1 by
multiplying the amount of water delivered in a month (minus VAMP releases) by
an assumed return flow factor for the month. The monthly return flow factors for
Mendota Pool Exchange Contractors are shown in Table 8-3 below.

Table 8-3: Monthly Return Flow as a Percent of Monthly Delivery (percent
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

7 7 20 20 20 7 7 7 7 7 7 7

Mendota Pool Exchange Contractors drainage returns are split between two
locations. The majority of the flow enters the San Joaquin River through the
combined Mud and Salt Slough representation and represents 93 percent of the
Exchange Contractors’ returns. The remaining seven percent of the flow enters
the San Joaquin River at Newman.

Central Valley Project Agricultural Contractors

Water Supply Availability Protocol

The CALSIM II total CVP agricultural contract demand at (or near) Mendota
Pool amounts to nearly 105,500 AF. Allocations to these contractors are
determined through the CALSIM Il CVP South-of-Delta allocation procedures.
CVP Agricultural contracts are subject to 100 percent reduction based on water
supply availability.

Delivery Protocol

CVP agricultural contract holders at Mendota Pool divert their annual allocation
on the monthly schedule shown in Table 8-4.

Table 8-4: CVP Agricultural Contractors’ Diversion Pattern from Mendota Pool (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

4.0 2.0 2.0 3.0 10.3 6.0 7.0 10.7 | 145 | 175 | 16.0 7.0

Distribution Losses Protocol

As described above (page 125), CVP conveyance losses do not constitute a
reduction in deliveries to CVP contractors. Losses associated with conveying
water in the Delta-Mendota Canal to the Mendota Pool are in addition to
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contractual obligations and are estimated to be 101,500 AF annually, distributed
on the pattern shown in Table 8-2.

Return Flow Protocol

CALSIM 11 determines San Joaquin River return flows (agricultural drainage)
from west side CVP agricultural contractors at Mendota Pool by disaggregating
deliveries according to individual contract amounts and then assigning a monthly
return flow factor for each individual contractor. Table 8-5 shows the
disaggregation of Mendota Pool agricultural deliveries and the return flow factor
associated with each contractor.

Table 8-5: CVP Agricultural Contractors, Contract Amounts, and Return Flow Factors

Contract Amount Monthly Return as a Percent of Monthly Delivery
CVP
Contractor Percent | 81 31 8l s/ 2| &|ls5|&|cs|=|2|g
AF | of Total S|lz|a|S8|&|=|<|=|3|3|2|6
Westlands
WD (incl.
Barcellos) 50,000 47.4 7 7 20| 20| 20 7 7 7 7 7 7 7
Fresno
SloughWD | 4,000 38 7| 7/ 20 20 20 7 7 7 71 7 77 7
James ID 35,300 334| 7| 7| 20| 20/ 20
Traction
Ranch/F&G | 2,080 20 7| 7] 20| 200 20/ 7| 7| 7 7 7 7 7
Tranquility ID | 13,800 13.1 7 7 20| 20| 20 7 7 7 7 7 7 7
M. Huges 70 01| 7| 7| 20/ 200 20 7| 71 7 ‘v 1| 7 7
R.D. 1606 228 0.2 7 7 20| 20| 20 7 7 7 7 7 7 7

Each of the contractors listed in Table 8-5 returns water to the San Joaquin River
at Mendota Pool.

Central Valley Project Wildlife Refuge Contractors

Water Supply Availability Protocol

Central Valley Project wildlife refuge contractors at Mendota Pool have an
aggregate annual contract amount of 94,410 AF. This amount is subject to
reduction based on the South-of-Delta allocation procedure in CALSIM II.
According to the procedure, in Shasta critical years allocations may be reduced up
to 25 percent of the full contract amount; in Shasta non-critical years refuges are
entitled to full deliveries.

Delivery Protocol

Wildlife refuge water users make diversions from Mendota Pool on the schedule
shown in Table 8-6 below.

Table 8-6: CVP Refuge Diversion Pattern from Mendota Pool (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

211 | 134 6.2 4.1 4.0 3.8 5.6 8.3 10.5 4.0 4.7 14.3
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Distribution Losses Protocol

Losses associated with conveying water in the Delta-Mendota Canal to the
Mendota Pool are in addition to contractual obligations and are estimated to be
101,500 AF annually (see page 125), distributed on the pattern shown in Table
8-2.

Return Flow Protocol

In order to better depict their ponding operations, the return flows from wildlife
areas are represented differently than agricultural entities. The total annual return
flow from Mendota Pool CVP refuge contractors is assumed to be 61 percent of
their annual delivery. This annual volume is distributed on a unique monthly
pattern and is shown in Table 8-7.

Table 8-7: Monthly Distribution of Annual Mendota Pool Refuge Returns (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
5.8 153 | 124 7.9 13.9 9.4 2.3 5.0 45 2.7 1.9 18.9

Mendota Pool refuge returns enter the San Joaquin River through the combined
Mud and Salt Sough representation.

Schedule Il Water Rights

Water Supply Availability Protocol

Schedule 11 water rights at Mendota Pool amount to 34,813 AF annually.
CALSIM Il combines these water rights with the 700,000 AF exchange contracts
at Mendota Pool and therefore makes allocations according to the Exchange
Contractors’ allocation procedures. Delivery reductions up to 23 percent may
occur in Shasta critical years, otherwise schedule 11 water rights holders receive
their full entitlement.

Delivery Protocol

Schedule 11 water rights annual deliveries are made on the same monthly pattern
that is used to distribute Mendota Pool Exchange Contractors’ allocations over a
given year. This pattern is identified in Table 8-1 above.

Distribution Losses Protocol

Losses due to conveying water in the Delta-Mendota Canal to Mendota Pool
amount to 101,500 AF. These losses are a cost to the CVP and do not directly
affect deliveries to CVP contractors or water rights holders.

Return Flow Protocol

Return flows from water rights holders at Mendota Pool are a result of
agricultural drainage. These flows are depicted in CALSIM Il by multiplying the
delivery in a given month by an assumed return flow factor for the month. The
monthly return flow factors for Schedule Il water rights are equivalent to those
estimated for the Exchange Contractors, which are shown in Table 8-3 above.
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Unlike the Exchange Contractors, however, these flows are represented as
entering the San Joaquin River at Mendota Pool.

Lower Delta-Mendota Canal

The Delta-Mendota Canal (DMC) extends from Tracy Pumping Plant in the
Sacramento-San Joaquin Delta 117 miles to the Mendota Pool. In the context of
this document, the “lower” DMC refers to the section of the canal that extends
from O’Neill Forebay to Mendota Pool. This section of the DMC conveys water
for Mendota Pool diversions (described above under the “Mendota Pool”
subheading) and for diversions prior to (north of) the pool, including CVP
exchange, agricultural, and refuge contractors.

Central Valley Project Exchange Contractors

Water Supply Availability Protocol

Exchange contracts on the San Joaquin Valley west side amount to 840,000 AF,
and of this “demand”, 140,000 AF is spatially represented as a DMC diversion
prior to Mendota Pool. CALSIM Il determines the Exchange Contractors” annual
allocation using the CVP South-of-Delta delivery logic, under which the 140,000
AF is reduced in Shasta critical years. During this year type, exchange contracts
may be reduced up to 23 percent, otherwise full allocations are made.

Delivery Protocol

Diversions from the Lower DMC are made by Exchange Contractors on the
delivery pattern shown in Table 8-1.

Distribution Losses Protocol

CALSIM 11 depicts all Lower DMC conveyance losses as an aggregate loss at
Mendota Pool; there are no additional losses besides those described in the
“Mendota Pool” subheading of Section 8. As noted previously, CVP conveyance
losses are in addition to contractual obligations and do not constitute a reduction
in deliveries to CVP contractors. Also noted above is that annual losses are
estimated to be 101,500 AF distributed monthly on the pattern in Table 8-2. This
assumption does not change based on hydrologic conditions.

Return Flow Protocol

Lower DMC Exchange Contractors return drainage water to the San Joaquin
River at two locations; 93 percent of these flows are assumed to enter the river at
the combined Mud and Salt Sough representation and the remaining seven percent
at Newman. Flows are estimated by assuming a monthly return flow factor and
multiplying it by the monthly delivery amount. Monthly return flow factors for
Exchange Contractors are identified in Table 8-8.

Table 8-8: Monthly Return Flow as a Percent of Monthly Delivery (percent)
| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep |
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| 7 | 7 222|777 |7 7]7]7

Central Valley Project Agricultural Contractors

Water Supply Availability Protocol

Total CVP agricultural contracts amount to 124,820 AF in the Lower DMC
service area. According to the CVP South-of-Delta allocation logic in CALSIM
I1, reductions of up to 100 percent may occur under certain hydrologic conditions.

Delivery Protocol

Lower DMC agricultural water users divert their annual allocation on the monthly
pattern shown in Table 8-9.

Table 8-9: CVP Agricultural Diversion Pattern from the Lower DMC (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

4.0 2.0 2.0 3.0 10.3 6.0 7.0 10.7 145 175 16.0 7.0

Distribution Losses Protocol

Losses as a result of conveying CVP water through the Lower DMC are
represented as a depletion at Mendota Pool. These are static losses that total
101,500 AF annually, and they are in addition to all CVVP contract allocations (see
Table 8-2 for the monthly distribution of these losses).

Return Flow Protocol

Agricultural water contractors in the Lower DMC area are assumed to have no
return flows to the San Joaquin River, although the functionality is set up in
CALSIM 11 to apply a monthly return flow factor to monthly deliveries, which
would result in some returns to the San Joaquin River at the combined Mud and
Salt Slough representation.

Central Valley Project Wildlife Refuge Contractors

Water Supply Availability Protocol

All wildlife refuge contract demands in the Lower DMC service area are
aggregated into a single demand. The total refuge demand for this area is 182,698
AF each year, which is subject to a maximum reduction of 25 percent in Shasta
critical years. In all other year-types, wildlife refuges are entitled to their full
contract amounts.

Delivery Protocol

Lower DMC refuge contractors make monthly diversions on the pattern described
in Table 8-6 above.

Distribution Losses Protocol

Losses resulting from conveying water from O’Neill Forebay to Mendota Pool are
represented as a depletion at Mendota Pool. The 101,500 AF annual loss is
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independent of refuge deliveries and does not constitute a reduction to these
contractors.

Return Flow Protocol

Return flows from wildlife areas are represented differently than agricultural
entities. The total annual return flow from Lower DMC refuge contractors is
assumed to be 61 percent of their annual delivery. This annual volume is
distributed on a unique monthly pattern and is shown in Table 8-7 above. Refuge
returns are assumed to enter the San Joaquin River at the combined Mud and Salt
Sough representation.

Upper Delta-Mendota Canal

The DMC extends from Tracy Pumping Plant in the Sacramento-San Joaquin
Delta 117 miles to the Mendota Pool. As defined within the context of this
document, “Upper” DMC refers to the section of the DMC that extends from
Tracy Pumping Plant to O’Neill Forebay. The only contract type represented in
CALSIM 11 within this *“service area” is agricultural contracts. However, these
agricultural contracts are split between two diversion points and are therefore
discussed separately as the Upper DMC North and South diversions.

Central Valley Project Agricultural Contractors (North)

Water Supply Availability Protocol

Central Valley Project agricultural contracts in the northern extents of the Upper
DMC service area amount to 63,100 AF*2. These contracts are subject to 100
percent reduction based on the South-of-Delta allocation procedure in CALSIM
.

Delivery Protocol

Annual deliveries to these CVP agricultural contractors are distributed monthly on
the pattern in Table 8-10.

Table 8-10: Upper DMC (North) CVP Agricultural Diversion Pattern (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

4.7 1.9 0.9 0.9 11 2.6 9.1 13.5 16.1 22.9 17.4 8.9

Distribution Losses Protocol

Central Valley Project conveyance losses are not tied directly to individual
contract deliveries. These losses are in addition to contractual and other
obligations. CALSIM Il applies a static annual loss of 18,500 AF that accounts
for all Delta-Mendota Canal deliveries from Tracy Pumping Plant to O’Neill

12 This value includes the City of Tracy’s 10,000 AF M&I contract. Future representations could
be improved by separating this contract from the agricultural contracts, which would slightly
change allocations and deliveries in this area.

DRAFT 131



West Side Operations

Forebay. Annual losses are distributed on the monthly delivery pattern shown in
Table 8-11.

Table 8-11: Monthly Distribution of Upper DMC Annual Project Losses (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
3.8 2.7 2.9 3.7 5.4 5.6 7.5 11.0 | 16.6 | 19.0 | 15.8 6.0

Return Flow Protocol

Agricultural water contractors in the Upper DMC (North) area are assumed to
have no return flows to the San Joaquin River, although the functionality is set up
in CALSIM I1 to apply a monthly return flow factor to monthly deliveries, which
would result in some returns to the San Joaquin River at the confluence of the
Calaveras River.

Central Valley Project Agricultural Contractors (South)

Water Supply Availability Protocol

Central Valley Project agricultural contracts in the southern extents of the Upper
DMC service area amount to 215,210 AF™. These contracts are subject to 100
percent reduction based on the South-of-Delta allocation procedure in CALSIM
1.

Delivery Protocol

Annual deliveries to these CVP agricultural contractors are distributed monthly on
the pattern in Table 8-12.

Table 8-12: Upper DMC (South) CVP Agricultural Diversion Pattern (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
3.7 1.0 0.3 0.3 0.6 22 9.5 144 | 170 | 246 | 181 8.3

Distribution Losses Protocol

Central Valley Project conveyance losses are not tied directly to individual
contract deliveries. These losses are in addition to contractual and other
obligations. CALSIM I applies a static annual loss of 18,500 AF that accounts
for all Delta-Mendota Canal deliveries from Tracy Pumping Plant to O’Neill
Forebay. Annual losses are distributed on the monthly delivery pattern shown in
Table 8-11 above.

Return Flow Protocol

CALSIM 11 determines San Joaquin River return flows (agricultural drainage)
from Upper DMC (South) CVP agricultural contractors by disaggregating
deliveries according to individual contract amounts and then assigning a monthly
return flow factor for each individual contractor. Table 8-13 shows the

3 This value includes Patterson Water District’s 6,000 acre-foot water right. Future
representations could be improved by separating this contract from the agricultural contracts,
which would slightly change allocations and deliveries in this area.
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disaggregation of Upper DMC (South) agricultural deliveries and the return flow
factor associated with each contractor.

Table 8-13: CVP Agricultural Contractors, Contract Amounts, and Return Flow Factors

Contract Monthly Return as a Percent of Monthly Delivery
cvp Amount
Contractor A
Percent| 5 | 3| 8| §| 8 g5 é‘ S| 2|32 2
AF Of TOtal O zZ D Lo ] LL < L) Lap) < ()]
Davis WD 5,400 2.5 7 7| 20| 20| 20 7 7 7 7 7 7 7
Del Puerto
WD 12,060 5.6 7| 20| 20| 20 7 7 7 7 7 7 7
Hospital WD | 34,105 15.8 7 7| 20f 20| 20 7 7 7 7 7 7 7
Kern Canyon
WD 7,700 3.6 7 7| 20| 20| 20 7 7 7 7 7 7 7
Salado WD 9,130 4.2 7 7| 20| 20| 20 7 7 7 7 7 7 7
Sunflower
WD 16,625 7.7 7 7| 20f 20| 20 7 7 7 7 7 7 7
West
Stanislaus
WD 50,000 23.2 7 7| 20| 20| 20 7 7 7 7 7 7 7
Mustang WD |14,680 6.8 0 0 0 0 0 0 0 0 0
Orestimba
WD 15,860 7.4 7 7| 20| 20| 20 7 7 7 7 7 7 7
Patterson
WD Water
Rights 6,000 2.8 7 7| 20| 20| 20 7 7 7 7 7 7 7
Patterson
WD 16,500 7.7 7 7| 20| 20| 20 7 7 7 7 7 7 7
Foothill WD |10,840 5.0 7 7| 20| 20| 20 7 7 7 7 7 7 7
Quinto WD 8,620 4.0 0 0 0 0 0 0 0 0 0 0 0 0
Romero WD | 5,190 2.4 0 0 0 0 0 0 0 0 0 0 0 0
Centinella
WD 2,500 1.2 0 0 0 0 0 0 0 0 0 0 0 0

Returns from each water user listed in Table 8-13 are assumed to flow into the
San Joaquin River at Newman, the Tuolumne River confluence, and/or Vernalis.
Table 8-14 shows the percent of each contractor’s drainage flow that is returned at

each of the three locations.

Table 8-14: Contractor's Returns to Various Locations (percent)

CVP Contractor Returns to San Joaquin River at:
Newman | Tuolumne | Vernalis
Davis WD 100 0 0
Del Puerto WD 0 100 0
Hospital WD 0 0 100
Kern Canyon WD 0 100 0
Salado WD 0 100 0
Sunflower WD 0 100 0
West Stanislaus WD 0 100 0
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CVP Contractor Returns to San Joaquin River at:
Newman Tuolumne | Vernalis
Mustang WD n/a n/a n/a
Orestimba WD 100 0 0
Patterson WD Water Rights 0 100 0
Patterson WD 0 100 0
Foothill WD 100 0 0
Quinto WD n/a n/a n/al
Romero WD n/a n/a n/a
Centinella WD n/a n/a n/a

San Joaquin River Main Stem Riparian Diversions

San Joaquin River west bank riparian diversions are aggregated in CALSIM Il at
two diversion points, the Merced River confluence and the Tuolumne River
confluence. The diversion at the Merced River confluence represents all west
bank riparian diversions between the Merced and Tuolumne Rivers, and the
diversion at the Tuolumne River represents all diversions between the Tuolumne
and Stanislaus Rivers.

San Joaquin River West Bank Riparian Diverters (from the Merced
River to the Tuolumne River)

Water Supply Availability Protocol

CALSIM 11 does not have a specific protocol to reduce water availability for San
Joaquin River west bank riparian diversions between the Merced and Tuolumne
Rivers. Water supplies to these diverters are only limited by demand.

Delivery Protocol

River diversions are made until the demand is satisfied. There are no assumed
conveyance limits that would reduce deliveries to these diverters.

Distribution Losses Protocol

There is no explicit assumption or protocol in CALSIM 11 for defining
distribution losses associated with west bank diversions.

Return Flow Protocol

Return flows from west bank riparian diversions are calculated by multiplying a
return flow factor by the monthly diversion. The monthly return flow factors for
this area that are used in the model are shown in Table 8-15 below.

Table 8-15: Monthly Return Flow Factors (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

30 30 30 30 30 30 30 30 30 30 30 30
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All returns are assumed to flow back to the San Joaquin River near the Tuolumne
River confluence.

San Joaquin River West Bank Riparian Diverters (from the Tuolumne
River to the Stanislaus River)

Water Supply Availability Protocol

CALSIM 11 does not have a specific protocol to reduce water availability for San
Joaquin River west bank riparian diversions between the Tuolumne and Stanislaus
Rivers. Water supplies to these diverters are only limited by demand.

Delivery Protocol

River diversions are made until the demand is satisfied. There are no assumed
conveyance limits that would reduce deliveries to these diverters.

Distribution Losses Protocol

There is no explicit assumption or protocol in CALSIM 11 for defining
distribution losses associated with west bank diversions.

Return Flow Protocol

Return flows from west bank riparian diversions are calculated by multiplying a
return flow factor by the monthly diversion. The monthly return flow factors for
this area that are used in the model are shown in Table 8-16 below.

Table 8-16: Monthly Return Flow Factors (percent)
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

30 30 30 30 30 30 30 30 30 30 30 30

All returns are assumed to flow back to the San Joaquin River near the Stanislaus
River confluence.
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9. Water Quality

Surface water quality in the San Joaquin River Basin is affected by several
factors, including natural runoff, tributary inflow, and agricultural and wildlife
area return flows. Water quality in the San Joaquin River varies considerably
along the stream’s length. Water above Millerton Lake and downstream towards
Mendota Pool is generally of very high quality. The reach from Gravelly Ford to
Mendota Pool (about 17 miles) is frequently dry, except during flood control
releases because all water released from Millerton Lake is diverted upstream to
satisfy water rights agreements, or percolates to groundwater.

During the irrigation season, most of the water released from Mendota Pool to the
San Joaquin River is imported from the Delta via the Delta-Mendota Canal, and
generally has higher concentrations of total dissolved solids (TDS) than water in
the upper reaches of the San Joaquin River. Most of the water released from the
Mendota Pool to the San Joaquin River is diverted at or above Sack Dam for
agricultural uses. Between Sack Dam and the confluence with Salt Slough, the
San Joaquin River is often dry. From Salt Slough to Fremont Ford, most of the
flow in the San Joaquin River is derived from irrigation and wildlife area returns
carried by Salt and Mud sloughs. This reach typically has the poorest water
quality of any reach of the river.

As the San Joaquin River progresses downstream from Fremont Ford, water
quality generally improves at successive confluences, specifically at those with
the Merced, Tuolumne, and Stanislaus Rivers.

Previous versions of CALSIM |1 used a form of the “Kratzer Formula” to indicate
salinity (TDS, converted to EC) in the San Joaquin River above the Stanislaus
confluence. However, new planning questions related to source-specific water
quality management in the San Joaquin River Basin have necessitated an
improved CALSIM I representation of the Vernalis salinity estimation. In
conjunction with this east side hydrology refinement effort, Reclamation’s
response has been to introduce mass-balance routing capabilities in CALSIM 11
through development of the San Joaquin River Water Quality Module version
1.00 (WQ Module ver1.00). The module disaggregates the Vernalis salinity
estimate (i.e., flow rate multiplied by salt concentration) into source components
from Lander Avenue to Vernalis. It also provides a modeling framework that can
be updated with new source information as knowledge of the Basin progresses
(from DRAFT--San Joaquin River Water Quality Module version 1.00 for
CALSIM 11, 16 December 2004). A complete description of the new water
quality module is found in Attachment 2 of this document.
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10. Historical Comparison

Unique to CALSIM I, the operations of the San Joaquin Basin depicted by
CALSIM 11 can be reviewed from a validation perspective. While the operations
of the Sacramento River Basin facilities have been extremely dynamic in terms of
regulatory and operational objectives and extremely flexible in terms of using
supplies between reservoir systems, the San Joaquin Basin projects are
functionally quite independent of each other and have had relatively constant
operational objectives for several if not decades of years. This relatively stable
history of operations allows the CALSIM 11 simulation of operations to be
compared to historical operations. A comparison of these two circumstances is
described in this section.

Friant Division

The water delivery function is integral to the development of the benchmark
operation for the Friant Division. Most comparable are modeled and recorded
diversions after 1961. Prior to 1961, Friant water user facilities were not
completely built, and many of the facilities in the Tulare Lake Basin were
incomplete.

While at times noticeable differences occur between historical and simulated
annual delivery and river release volumes, the differences are reconciled in many
instances and are largely due to the inability of the model to reflect discretionary
and intermittent actions, such as flood management and canal maintenance.
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Friant Dam Operations

Simulation vs. Historical
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Figure 10-1: Millerton Lake Storage and Total Friant Dam River Release
Friant-Kern and Madera Canal Deliveries
Simulation vs. Historical
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Figure 10-2: Friant-Kern and Madera Canal Diversions
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Fresno River

The operation of Hensley Lake (Hidden Dam) began in 1976. The operation is
coordinated with available supply from Friant Dam to satisfy water supply needs
of Madera ID. The simulation compares very well to the historical operation,
particularly when considering the integrated operation of the reservoir.

Hidden Dam Operations
Simulation vs. Historical
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Figure 10-3: Hensley Lake Storage and River Release

Chowchilla River

The operation of Eastman Lake (Buchanan Dam) began in 1976. The operation is
coordinated with available supply from Friant Dam to satisfy water supply needs
of Chowchilla WD. The simulation compares reasonably well to the historical
operation, particularly when considering the integrated operation of the reservoir
and changes in the historical operating criteria.
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Buchanan Dam Operations
Simulation vs. Historical
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Figure 10-4: Eastman Lake Storage and River Release

Merced River

The operation of New Exchequer and Merced ID diversions compare very well to
the historical operation. Deviations from the historical operation occur due to
maintenance of the reservoir.
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Exchequer Dam Operations
Simulation vs. Historical
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Figure 10-5: Lake McClure Storage and Total Release
Merced River Flow Below Crocker-Huffman and Merced ID Diversions
Simulation vs. Historical
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Figure 10-6: Merced ID Diversion and Merced River Flow
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Tuolumne River

The following graphics depict the simulated and historical operation of the New
Don Pedro Project. The simulation of operations as depicted by reservoir storage
and canal diversions tracks well with the historical operation. As with other
systems, a drought sequence similar to the 1987 through 1992 had not been
experienced previously. Water delivery decisions were developed annually,
without certainty as to the length of the drought, and in reaction to local concerns
including the use of groundwater as an alternative to surface supplies.

New Don Pedro Dam Operations

Simulation vs. Historical
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Figure 10-7: New Don Pedro Storage and River Release
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Turlock IDand Modesto ID Canal Deliveries

Simulation vs. Historical
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Figure 10-8: Turlock ID and Modesto ID Diversions

Stanislaus River

Simulated Stanislaus River operations and diversions track well with historical
operations and diversions (see Figure 10-9 and Figure 10-10). The closeness of
the simulation results to the actual recorded operation is somewhat coincidental in
recognition of the change in operational objectives that have occurred at New
Melones in recent history. The constraints upon diversions to the South San
Joaquin ID and Oakdale 1D have not changed over time, and their simulation is
considered consistent with historical operations.

An additional effort was performed for New Melones that validated the CALSIM
Il logic for consistency with the operation of the IPO allocation procedures. Due
to the numerous changes in hydrology and operations within CALSIM I,
including a revised result for water quality and flow upstream of the Stanislaus
River confluence, new results of CALSIM |1 (in terms of a New Melones
operation) could not be directly compared with previous planning studies
(including the STANMOD studies used to develop the IPO).

To validate the consistency between IPO procedures used in CALSIM Il and
STANMOD, the revised depiction of the San Joaquin River above the confluence
of the Stanislaus River and below Goodwin Dam was replaced in CALSIM 11
with the flow and quality results (from SANJASM and STANMOD) that were
used during the development of the IPO. Other assumptions used in the original
IPO studies such as the assumed full diversion of Agreement water by the South
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San Joaquin ID and Oakdale 1D were also forced into the CALSIM 11 logic. The
result of the effort proved the consistency of the CALSIM I1 logic to the
procedures of the IPO with an almost-exact match in results.

New Melones Dam Operations

Simulation vs. Historical
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Figure 10-9: New Melones Storage and Stanislaus River Flow at Goodwin Dam

Oakdale IDand South San Joaquin ID Canal Deliveries
Simulation vs. Historical
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Figure 10-10: South Main and Joint Main Canal Diversions
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Calaveras River

The following chart compares the historical New Hogan operation to the
CALSIM 11 simulation. The actual operation of New Hogan has changed over
time, due in part to increases in demands, facility improvements, and use of
supply from the Stanislaus River. The model compares reasonably well to
historical operations. The main difference is the drawdown of Hew Hogan early
in drought sequences. CALSIM Il tends to maintain higher storage levels than
has occurred in the past.

New Hogan Dam Operations
Simulation vs. Historical

300 . 300

250 1\ A PN A f\ r\ ’\ {\(\j\ : i 200
iy YT AV :
2% N g
2 5o 0 %
3 o
:
E 100 ; . . . i -0 .g
g . | ‘ ;Z : . ‘ X §
- 50 " : I l -2000:

A me\\ﬁ i cnckibbd

Release (CALSIM ) - - - - - - - Release (Historical) Storage (CALSIM Il) - - ----- Storage (Historical)

Figure 10-11: New Hogan Storage and Total Release

San Joaquin River Main Stem
The following chart compares the annual historical and simulated flow at

Vernalis. Historical flows are adjusted to include high flows that bypassed the
Vernalis gage.
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San Joaquin River Annual Flow at Vernalis
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Figure 10-12: Annual San Joaquin River Flow Volume at Vernalis

San Joaquin River Flow at Vernalis and Newman
Simulation vs. Historical
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Figure 10-13: San Joaquin River Flow Volume at Vernalis and Newman
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12. Reference Tools

Numerous electronic files support the development of the data used in CALSIM I
for the depiction of hydrology and operations for the San Joaquin River Basin.
These files accompany this documentation and are described by the following
listing and file structure.

__Isupporting_Files

Land_Use.xls
This MS Excel spreadsheet contains land use information that was
developed from GIS coverage. The information is processed within the
spreadsheet to determine the land use within each demand area in the San
Joaquin River Basin east side. The spreadsheet results are directly input
to the CU model. East side M&I demands are also developed within this
spreadsheet.

Madera_flood.xls
This MS Excel spreadsheet contains data used to develop rules for routing
flood flows from Friant Dam through the Madera Canal to the Fresno
River.

Merced_min.xls
This MS Excel spreadsheet contains minimum flow requirements for the
Merced River.

SOD_CVP_demands.xls
This MS Excel spreadsheet contains CVP demands south of the Delta that
are used in CALSIM I11. Linkage between demands and San Joaquin west
side returns are defined in the spreadsheet.

SJR_input.xls
This MS Excel spreadsheet contains all of the San Joaquin River Basin
time series inputs to CALSIM 1.

SJR_Schematic.xls
This MS Excel spreadsheet contains a schematic of the San Joaquin River Basin
as represented by CALSIM Il nodes and arcs.

@ Accretions

This directory contains Microsoft Excel (MS Excel) spreadsheets used to estimate
San Joaquin River Basin accretions for river reaches simulated in CALSIM 11,
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Calaveras_acc-dep.xls
MS Excel spreadsheet used to calculate Calaveras River accretions from
New Hogan to Bellota.

Chowchilla.xls
MS Excel spreadsheet used to estimate Chowchilla River seepage losses,
water supply available to Chowchilla WD, and inflow to Eastman Lake.

Fresno.xls
MS Excel spreadsheet used to estimate Fresno River seepage losses, water
supply available to Madera ID, and inflow to Hensley Lake.

Merced.xls
MS Excel spreadsheet used to estimate Merced River accretions from
Exchequer Dam to Crocker-Huffman Dam, Crocker-Huffman Dam to
Cressey, and Cressey to Stevinson. This spreadsheet includes estimated
inflow to Lake McClure.

SJR_USfromMerced.xls
MS Excel spreadsheet used to estimate accretions for a region of the San
Joaquin River Basin upstream from the San Joaquin River confluence with
the Merced River. This upstream boundary of this region is the San
Joaquin River below Friant Dam, Fresno River below Hidden Dam,
Chowchilla River below Buchanan Dam, and Mendota Pool.

Stanislaus.xls
MS Excel spreadsheet used to estimate Stanislaus River accretions from
New Melones Dam to Tulloch Reservoir, from Tulloch Reservoir to
Goodwin Dam, and from Goodwin Dam to Ripon.

Tuolumne.xls
MS Excel spreadsheet used to estimate Tuolumne River accretions from
LaGrange Dam to Modesto.

@ SJR_Mainstem

This directory contains MS Excel spreadsheets used to estimate San Joaquin
River main stem accretions.

SJR_mainstem_div.xls
MS Excel spreadsheet used to estimate San Joaquin River main stem
diversions from the west bank of the river.

SJR_main.xls

MS Excel spreadsheet used to estimate San Joaquin River main stem
accretions. A mass-balance is performed between the San Joaquin River
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at Vernalis, the San Joaquin River at Newman, the Stanislaus River at
Ripon, and the Tuolumne River at Modesto. Accretions calculated using
regression results from Mainstem_regression.xIs are incorporated to bring
the accretions to a projected level of development.

Accretion_636_639.xls
MS Excel spreadsheet used to allocate San Joaquin River accretions to
upstream and downstream of Maze Boulevard.

Mainstem_regression.xlIs
MS Excel spreadsheet used to perform regression analysis to bring San
Joaquin River accretions to projected level of development and remove
obvious gage errors.

Oristimba_DelPuerto.xls
MS Excel spreadsheet containing historical and estimated flows from
Oristimba and Del Puerto Creeks entering the San Joaquin River main
stem.

Regression_032604.xls
Memorandum on the methods used to perform the San Joaquin River main
stem accretions regression analysis (MS Word file).

@ SJR_present

This directory contains presentation (and supporting) files on the development of
the San Joaquin Valley depiction in CALSIM II.

sjr.ppt
MS PowerPoint presentation on the development of the San Joaquin River
Basin in CALSIM II.

sjr_HO.xls
MS PowerPoint presentation on the development of the San Joaquin River
Basin in CALSIM II, formatted for printing handouts.

Land Use Aggregation.pdf
This Adobe Acrobat file contains an image of the San Joaquin Valley
demand area boundaries.

Land use with Aggregation Areas.pdf

This Adobe Acrobat file contains an image of the San Joaquin Valley
demand area boundaries and corresponding land use.
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@ Water Districts

This directory contains MS Excel spreadsheets used to perform water budgets for
the main irrigation and water districts in the east side of the San Joaquin Basin.
Results of the calculations performed in these spreadsheets are input to CALSIM
Il through lookup tables, time series DSS data, and WRESL code. River specific
information is also included.

Madera_budget.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM Il inputs for Madera ID.

Chow_budget.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM I1 inputs for Chowchilla WD.

Merced_budget.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM Il inputs for Merced ID.

Turlock Balance.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM Il inputs for Turlock ID. Also included are data relating to New
Don Pedro inflow, flood control storage, and minimum LaGrange Dam
releases.

Modesto Balance.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM Il inputs for Modesto ID.

OID South Balance.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM 11 inputs for Oakdale 1D south of the Stanislaus River.

SSJID_OID North Balance.xls
MS Excel spreadsheet containing water budget information to develop
CALSIM Il inputs for South San Joaquin ID and Oakdale 1D north of the
Stanislaus River.

@ CU_model-CUAW

cu.exe
This file is an executable version of DWR’s CU model.

@ dsa49a

cuinput
CU model input file for DSA 49A.
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@ dsa49b

This sub-directory contains CU input files for demand areas within DSA 49B.

D Modesto

cuinput
CU model input file for Modesto ID.

@ OID_north

cuinput
CU model input file for Oakdale ID north of the Stanislaus River.

B OID_south

cuinput
CU model input file for Oakdale ID south of the Stanislaus River.

@ SJR_blw_stan

cuinput
CU model input file for non-district lands east of and adjacent to the San
Joaquin River downstream of the confluence with the Stanislaus River
(i.e., north of the confluence.

@ SJR_tuol-stan

cuinput
CU model input file for non-district lands east of and adjacent to the San
Joaquin River between the Tuolumne and Stanislaus Rivers.

_ss3

cuinput
CU model input file for South San Joaquin ID.

@ Stan_R

cuinput
CU model input file for non-district lands adjacent to the Stanislaus River.

@ dsa49c

This sub-directory contains CU input files for demand areas within DSA 49C.

1209

cuinput
CU model input file for non-district lands east of Turlock 1D (DAU 209).
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B SJR_merc-Tuol

cuinput
CU model input file for non-district lands east of and adjacent to the San
Joaquin River between the Merced and Tuolumne Rivers.

@ tuol R

cuinput
CU model input file for non-district lands adjacent to the Tuolumne River.

@ Turlock

cuinput
CU model input file for Turlock ID.

@ dsa49d

This sub-directory contains CU input files for demand areas within DSA 49D.

o

cuinput
CU model input file for non-district lands east of Merced ID (DAU 211).

o1

cuinput
CU model input file for non-district lands west of Merced ID (DAU 212).

oug

cuinput
CU model input file for non-district lands east of Madera ID (DAU 214).

RPT

cuinput
CU model input file for non-district lands west of Madera ID (DAU 215).

@ Chow

cuinput
CU model input file for Chowchilla WD.

D Madera

cuinput
CU model input file for Madera ID.
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B Merced

cuinput
CU model input file for Merced ID.

@ Merced R

cuinput
CU model input file for non-district lands adjacent to the Merced River.

@ DWR_CU_Model

This sub-directory contains the DWR CU model, including source code and tools
to compile the source code using the Lahey FORTRAN compiler. The following
files are contained within this sub-directory.

AMTEMP.BAT
AUTOMAKE.DEP
automake.fig
AUTOMAKE.RSP
cu.exe

Cu.for
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