Staff Report

for the Special Meeting of the Board of Directors, November 18, 2020

TO: Board of Directors

FROM: Doug Roderick, P.E., Interim Engineering Manager
Greg Jones, M.B.A., Interim General Manager

DATE: November 10, 2020

SUBJECT: Water Planning Projections (FATR #1041)
ENGINEERING

RECOMMENDED ACTION:

Receive a presentation from staff and HDR consultants regarding the Water
Planning Projections presented in the supply and demand technical memoranda
and file associated TM's.

BACKGROUND:

It is a best practice and good stewardship for NID to plan ahead for future supply
and demand conditions. Projecting these conditions is a dynamic process and
should be updated on a regular basis to reflect trends, constraints, and needs as it
relates to the District’s service area, infrastructure, and policies.

NID hired HDR to update a 50-year outlook for hydrology, supply, and demand
technical memoranda projections, identified as Water Planning Projections. These
Projections are flexible, “what-if” scenarios to be used as reference points in a
number of NID planning documents and other management and policy-setting
efforts, including the Plan for Water (a.k.a. Raw Water Master Plan), 5-year Capital
Improvement Planning, annual capital project planning, annual operational
budgets, strategic planning, and the Agriculture and Urban Water Management
Planning process. The Projections consist of three studies that analyze the
hydrology, water supply, and water demand that help NID anticipate if its water
storage and delivery system will provide sufficient water to meet customer
demands over time and under variable conditions. The resulting methodology,
assumptions, and findings are presented in a suite of technical memorandums
prepared by HDR and were released to the public for review and comment on
August 27, 2020.



The need to update the Projections is driven by changes in system-wide supply
and demand characteristics, including regulatory flow directives, natural system
losses, demand growth rates, carryover storage potential, and climate change
impacts, to name a few. Changes to supply and demand projections are
anticipated to modify over time, and NID will update and revise the Projections as
necessary. NID’s last update to the Projections were within the 2011 Raw Water
Master Plan Update.

It is important to note that alternative management strategies, specific projects,
individual policies, and/or other mitigating factors that may derive from the
Projections are not a part of the Technical Memoranda. Any and all future
mitigating projects and alternatives which may derive from these Projections will be
addressed separately through various Board-directed planning and policy actions.

A brief overview of the make-up of the Projections are briefly described below:

Hydrologic Analysis Technical Memorandum

The goal of the Hydrologic Analysis is to understand a range of outcomes based
on various greenhouse gas emissions reduction scenarios and to determine the
unimpaired flow, the amount of water available in the natural watershed without
influence (i.e., regulation of stream flow by man-made structures such as dams or
diversions). The State of California anticipates conditions under climate change to
include warmer temperatures, declining snowpack, more intense precipitation
events, more droughts, and more area burned by wildfire. These factors, among
others, will ultimately impact the amount of water available in a watershed in any
given year.

The result of this analysis is the unimpaired runoff in NID’s watersheds under
various climate change scenarios.

Water Supply Analysis Technical Memorandum

The Water Supply Analysis uses the unimpaired runoff results from the Hydrologic
Analysis to determine available water supply to NID over time and under certain
conditions. NID’s four main sources of water are: natural snowmelt and resulting
runoff, reservoir storage carryover (unused from prior year), contract water
purchases, and recycled water released by treatment plants and later diverted to
NID irrigation canals.

The Water Supply Analysis has been updated to consider the impact of drought,
climate change, contract purchases, and new FERC license conditions for
environmental flows on its water supply system. An additional carryover storage
model is also used to determine what NID reservoir storage carryover will be from
year to year.

The result of this analysis is the amount of water available to NID during average
and wet years, as well as during a 5-year drought scenario. It is the amount



available to meet regulatory required environmental flows, customer demand for
raw or irrigation water, customer demand for treated or drinking water, municipal
purchases, and to cover system losses.

Water Demand Projection Model Update Technical Memorandum

The Water Demand model used in this projection has been used to assess future
water demands on NID’s water storage and delivery system since the models
development in 2005. The assumptions in the model have been updated to reflect
current trends, constraints and needs. The five components of total water demand
are: the demand for raw or irrigation water, the demand for treated or drinking
water, required environmental flows, system losses, and municipal purchases.

Calculating demand in the model is a simple process of multiplying the projected
water demand factor by the number of customers or parcel size in order to
effectively assume a state of the NID community in 50 years. Assumptions
incorporated in the model include demand growth rates, soft service area
saturation and system conveyance losses. The model is primarily used as a
‘what-if” / “point-in-time” assessment and has the ability to be updated as
conditions or policy directives change.

The original Demand Model, reviewed and adopted by the NID Board of Directors,
was built by Kleinschmidt Associates as part of the Raw Water Master Plan in
2005 and updated in 2011. The revised and updated model is consistent with
previous model methodology and approach. This model was chosen to update as it
maximizes the previous efforts rather than adopting a new analysis approach.



Timeline for Public Input and Overview

Date Activity

8/27/2020 Release Technical Memoranda (Hydrology/Supply/Demand)
8/24/2020 Public Technical Clarifications Zoom Conference
10/12/2020 Final Day for Public Comments

10/12 - 11/18/20  Updates to Website FAQ's, Comment Collection

11/18/2020 BOD Presentation

How NID Uses Water Planning Projections

The need to update NIDs Water Planning Projections at this time is driven by
upcoming state-required Urban and Raw Water Master Plans, a long-range Plan
for Water planning effort, new Yuba-Bear System Federal Energy Regulatory
Commission requirements, and climate change impacts. Below is a summary of
these required and other planning efforts.

Urban Water Management Plan

The Urban Water Management Plan (UWMP) requires all municipal water
providers to project its supplies and demands over the next 20 years, describe its
conservation efforts and impacts, consider drought impacts, describe its water
shortage contingency plan, consider indoor and outdoor water budgets, as well as
other elements to report progress. The plan is due to the state every five years,
with the next plan due June 30, 2021.

The plan is functionally a summary of NID’s key performance indicators for the
next 20 years to support its capabilities to meet its customer’'s demands. However,
in order for there to be common reporting across all water agencies, the plan
requirements have been standardized. Its pre-formatted tables and data entry
forms do not allow for NID to fully investigate and present its unique situation.
Therefore, many agencies conduct their detailed planning efforts in a customized
manner that best fits their needs and uses the UWMP as a method to report out
findings and status.

Agricultural Water Management Plan

The Agricultural Water Management Plan (AWMP) is similar to the Urban Water
Management Plan, as both are state-mandated reports due every five years. The
AWMP requires an agricultural water provider to present information about its
agricultural water customers, water usage, conservation efforts, and other
management elements. However, the AWMP is a backward-looking document,
only reporting on past data and results. The report does not have a forward-looking
supply and demand projection element. The AWMP is also due to the state every
five years, with the next plan due in April 2021.

Raw Water Master Plan
In the past, NID conducted its analyses of supply and demand needs through the
Raw Water Master Plan process. However, NID is now facing a much broader




scope of issues and impacts that range beyond any previous internal or state-
mandated planning efforts. For this reason, NID is creating the Plan for Water to
customize the efforts directly to NID’s specific needs. The Nevada Irrigation
District's Raw Water Master Plan was last updated in 2005 and adopted in 2013.
The Plan for Water is scheduled to be updated beginning in 2021.

Plan for Water: A Long-Range Decision Tool to Guide NID’s Water Management

This process is an open and comprehensive look by NID and the community at the
potential limitations of its available water resources and the impacts of new
regulations, changes in land use, climate change, and community vision. Though
science will play a part in understanding NID’s long-term risks and projected
impacts, the Plan for Water will not identify individual programs or projects needed
to meet future demand. Rather, it will identify solution-based strategies which are
consistent with the values of the community while meeting the needs of the District.

The Plan for Water is born of the FERC relicensing effort, climate change impacts,
financial requirements, and new regulatory requirements. The Plan for Water does
not re-analyze or revisit any new requirements set by FERC or the State. Instead,
it sets these requirements as the new normal and looks ahead 50 years to
anticipate potential supply/demand scenarios and identify alternative solutions
through public input, community engagement, and Board direction.

NID began the Plan for Water process in 2018. To meet the regulatory
requirements to submit the UWMP and AWMP in April of 2021, NID must begin the
UWMP and AWMP development process ahead of the Plan for Water process.
NID plans to re-engage in the Plan for Water effort in Q3, 2021.

Public Questions, Comments & Requests

Staff has been encouraged by the amount of interest these Projections have
garnered from the public. NID has received numerous questions from the public
which have since been answered in writing and are currently uploaded for review
on the NID website at: https://nidwater.com/2020/08/water-planning-projections/.

In addition to the questions, NID has received a number of comments and requests
which require an additional level of review and analysis which have not been
budgeted for this process. The additional comments and requests all merit Board
input, as much of the answers the public seeks are related to Board policy and
direction. As such, staff has compiled all the comments and questions in this
packet for public record and review. Staff anticipates these comments and
requests will be incorporated into the early stages of the Plan for Water process.

It is not the intent of this presentation today to review all of the questions, nor is it
the intent today to evaluate and discuss the additional comments and requests
from the public. Although staff is extremely respectful of the degree of interest and
public involvement, staff believes that these comments and requests will be better


https://nidwater.com/2020/08/water-planning-projections/

discussed, answered, and addressed during the Plan for Water, and to a limited
extent during the development of the AWMP and UWMP.

The Projections are dynamic and are intended to be updated on a regular basis to
reflect trends, constraints, and District needs. Long-range planning ultimately
involves forecasting & projecting future conditions based on realistic, valid, and
supportive assumptions. Regardless of the technology, science, or process used,
assumptions still must be made to produce a forecast and can be changed. These
assumptions assume what the community will be and look like throughout the
planning horizon of 50 years. There is a wide range of assumptions that can be
made for any particular data point, all of which may be equally valid. The purpose
of the updated Water Planning Projections is to delineate a point-in-time, forward-
looking, and possible assumption of NID’s 50-year supply and demand
characteristics supported by industry standards and reasonable methodology.

This item supports Goal No. 3 of the District’'s Strategic Plan by developing and
managing our resources that protects and provides for local control of our
community's most valuable assets — a fairly priced and available water supply.

BUDGETARY IMPACT:
None

ATTACHMENTS: (5)
e Hydrology TM
Demand TM
Supply TM
Public Questions & Answers
Public Input Received
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Introduction

Nevada Irrigation District (NID) is an independent public agency that is governed by a
five-member elected Board of Directors and employs approximately 200 full- and part-
time employees. The District supplies water to nearly 25,000 homes, farms, and
businesses in portions of Nevada, Placer and Yuba counties in the foothills of Northern
California’s Sierra Nevada. Water is collected from mountain watersheds and stored in a
system of reservoirs. As water flows to its customers in the foothills, it is used to
generate clean, hydroelectric energy in excess of 354 gigawatts per year, to maintain
environmental flows, and to provide public recreation opportunities. NID supplies both
treated drinking water and crop irrigation water. Approximately 90 percent of NID’s
annual demand is made up of raw water/agricultural demand during the irrigation
season.

NID’s water supply system is a “store and release” system, in that reservoirs store snow
melt and seasonal rains for release during the typically dry irrigation seasons. Based on
the timing of seasonal precipitation events, NID’s water supply management is
dependent on a combination of springtime snowmelt and winter period rains to fill its
storage reservoirs. While there is some natural runoff during the summer months, much
of this water is required to meet necessary environmental flows in the rivers; therefore,
the irrigation season demand is met primarily with withdrawals from storage reservoirs.
Careful management and operation of storage reservoirs is essential to capture the
maximum amount of runoff, minimize spillage from reservoirs, and ensure there is
sufficient volume available in reservoirs to accommodate runoff during the spring snow
melt and storm events.

Raw Water Master Plan Update

A key planning document for NID is its Raw Water Master Plan (RWMP), originally
developed in 1985. The primary purpose of the RWMP is to assess the adequacy of the
existing water storage and conveyance system to accommodate current and future water
demand. Since 1985, the RWMP has been updated in two phases. The phase | update
was completed in 2005 (Kleinschmidt et al. 2005), and the phase Il update was
completed in 2011 (Kleinschmidt Associates 2011). The RWMP provides information to
NID’s Board of Directors to make decisions about how NID will operate within the RWMP
planning horizon.

NID’s water supply comes from four main sources: natural runoff (including snowmelt)
from the contributing watershed areas, reservoir carryover storage, contract water
purchases, and recycled water. Events such as drought and climate change create
imminent challenges for NID in maintaining a sustainable water supply system.
According to NID’s RWMP (Kleinschmidt Associates 2011), the margin between average
watershed runoff volume and NID customer demand is diminishing. Increased future
demands within NID’s service area will result in increased demand on water storage and
greater drawdown of NID’s reservoirs, especially during summer months when there is
little natural runoff.
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The 2011 RWMP was based on projected 2032 water management practices. The
following updates are needed to reflect current standards and anticipated operations:

e Expand the planning horizon to 50 years, to be consistent with other regional
planning studies (Sustainable Groundwater Management Act and the 2018 California
Water Plan Update)'.

e Update customer demand projections to reflect the new planning horizon.

e Consider hydrologic impacts from climate change, which is expected to change the
volume and timing of watershed runoff relative to existing conditions.

e Include new Federal Energy Regulatory Commission (FERC) license conditions,
which will generally increase flow in rivers downstream of NID reservoirs for
environmental benefit, resulting in less available water to meet NID customer
demand.

¢ Include new long-term water purchase agreement with Pacific Gas and Electric
(PG&E).

o Expand the extreme drought water supply analysis from 3 years to 5 years, per
Executive Order SB-37-16(8).

1.2 Projections of Climate Change Impacts on Watershed
Runoff

The State of California recently published its Fourth Climate Change Assessment
(Thorne 2018) to proactively address the current and future impacts of climate change
and to make California more climate-resilient. California anticipates conditions under
climate change to include:

o Warmer temperatures;

e Rising sea levels;

¢ Declining snowpack;

¢ More intense precipitation events;
e More droughts; and

e More area burned by wildfire.

In recent years, California has experienced increased temperatures, more frequent heat
waves, and highly variable precipitation including a severe drought from 2012 through
2017.

" There is not a strict rule on planning horizons, although Integrated Regional Water Management Plans
and Urban Water Management need “at least” 20 years. The Sustainable Groundwater Management
Act (SGMA ) stipulates that the planning and implementation horizon is a 50-year time period over
which (groundwater sustainability) plans and measures will be implemented in a basin to ensure that the
basin is operated within its sustainable yield. Other related plans have followed suit, such as the 2018
California Water Plan Update. The new 2020 guidelines for UWMPs may require a 50-year planning
horizon.
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Climate in California is exceptionally variable, ranging from extremely wet in some years
to extremely dry in others. While total precipitation is not expected to change
substantially on average, future climate projections all tend towards more extreme
conditions, meaning wetter wet years and drier dry years (Thorne 2018). With a warmer
climate, more precipitation will fall as rain rather than snow (Thorne 2018). By 2050,
average water supply from snowpack is projected to decline by one-third. If greenhouse
gas emissions are not reduced, average water supply from snowpack is projected to
decline by two-thirds by 2100 (Thorne 2018).

In the Sierra Nevada, where NID’s water supply network is located, air temperatures are
projected to increase on average by 6 to 10°F by the year 2100, resulting in an increase
in the rain to snow transitional elevation by 1,500 to 3,000 ft during winter snow storms
(Dettinger et al 2018). Snowpack is projected to be eliminated below about 6,000 feet,
and snowmelt runoff will occur earlier than it has historically (Dettinger et al 2018).

Climate change will impact NID’s water supply. NID’s Mountain Division storage
reservoirs rely heavily on snowmelt runoff capture in the spring for use throughout the
summer and fall dry season to meet customer demands and to maintain reservoir
carryover storage to protect against future drought. The loss of snowpack in watersheds
in the northern Sierra Nevada region of California will result in increased winter runoff,
and reductions in spring runoff (Dettinger et al 2018). Changes to timing in watershed
runoff to reservoirs north of the American River basin are expected to decrease end-of-
year reservoir carryover storage as a result of reservoirs filling earlier (Dettinger et al
2018). A decline in carryover storage will limit the capability of NID to maintain water
deliveries in dry years, and particularly during multi-year droughts. Severe droughts are
projected to increase under climate change (Thorne 2018).

Study Goals and Objectives

The goal of this study is to assemble hydrologic data sets representative of historic and
projected climate change conditions for the year 2070 to support the RWMP update.
These data sets will cover a range of projected likely outcomes based on various
scenarios of greenhouse gas emissions reductions. Hydrologic data sets will be used to
develop a supply analysis to quantify how much of the projected runoff is available for
water supply. Projected demands in 2070 are currently under development and will be
presented in a separate technical memorandum. NID will use information from the water
supply analysis and demand analysis technical memorandums to determine if projected
supply will be able to meet projected demands in support of its RWMP update.

If projected water supply is not able to meet projected demand, it is necessary to analyze
various reasonable, practical, and feasible demand-side and supply-side alternatives to
bridge the gap between supply and demand. A system operations model approach will
be used to evaluate potential alternatives to assess the relative benefit of each to create
a resilient and sustainable water system for NID and its customers. An existing reservoir
operations model has been expanded to include additional raw water delivery points
within NID’s service area. Unimpaired hydrology, fundamental input to the reservoir
operations model, will utilize the projected 2070 unimpaired hydrology data sets
described in this report.
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This study builds upon existing unimpaired hydrology data and modeling tools developed
for the joint FERC relicensing of NID’s Yuba-Bear Hydroelectric Project (FERC Project
Number 2266) and PG&E’s Drum-Spaulding Hydroelectric Project (FERC Project
Number 2310). These data and tools were accepted by FERC and other state and
federal agencies to adequately represent conditions within the two hydroelectric project
areas and were used to evaluate impacts to water resources as a result of potential
operations and facilities modifications during the relicensing process.

2 NID’s Water Supply Network

NID currently has a water supply network and storage facilities located in four major
watersheds: 1) the Middle Yuba River; 2) tributaries of the South Yuba River; 3) Deer
Creek; and 4) the Bear River. All four of these watersheds ultimately flow into the
Feather River, and are part of the Sacramento River basin, which drains into the
Sacramento-San Joaquin Delta, and then into San Francisco Bay. Figure 2-1 illustrates
the general regional location of NID’s existing water supply network and storage system.
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Figure 2-1. Area of NID’s existing water supply network and storage system in relation to
San Francisco Bay, California, and tributary watersheds.

Mountain Division Boundary ~_

Foothill Division Boundary
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Facilities located in the Middle Yuba and South Yuba river watersheds belong to NID’s
Mountain Division. These facilities include Jackson Meadows Reservoir, Bowman Lake,
French Lake, Faucherie Lake, Sawmill Lake, Jackson Lake, and Milton Diversion
Impoundment. Facilities located in the Deer Creek and Bear River watersheds belong to
NID’s Foothill Division. These facilities include Rollins Reservoir, Scotts Flat Reservoir,
and Lake Combie. Watershed runoff is collected in Mountain Division reservoirs and
then is diverted through the Bowman-Spaulding Canal to PG&E'’s Lake Spaulding. From
Lake Spaulding, water is routed to the Foothills Division down either the South Yuba
Canal to the Deer Creek watershed, where water is then supplied to NID customers in
the Nevada City-Grass Valley area, or down the Drum Canal along the Bear River,
where the water is used to generate power before supplying NID customers in southern
Nevada County and Placer County. NID’s service area is shown in Figure 2-2. Mountain
Division and Foothill Division facilities are described in more detail in Appendix A.
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Figure 2-2. Map of NID’s service area.
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3 Unimpaired Hydrology Data Sets

Unimpaired flow is defined as the hydrologic response of watershed basins with no
influence (i.e., regulation) of stream flow by man-made structures such as dams or
diversions. Quantification of unimpaired flow is important because it is used to estimate
watershed runoff. Watershed runoff is the largest contributor to NID’s water supply
(Kleinschmidt Associates 2011). Climate change is projected to change the quantity and
timing of runoff in mountain division watersheds that contribute to NID’s water supply.
Comparisons between historical and 2070 projections of unimpaired hydrology
developed for this study will help quantify how climate change is going to impact NID’s
watershed runoff and reservoir carryover storage within the planning horizon of the
RWMP. Unimpaired hydrology will be used in the RWMP:

1. To quantify the volume of runoff available to NID, relative to historical conditions,
based on water rights;

2. To assess NID’s ability to meet projected customer demand (separate technical
memorandum; and

3. As input to an operations model (described in Section 4) to quantify the
cumulative effects of projected changes in the watershed (e.g., hydrologic
changes, increased demand, increased environmental flow requirements).

Watersheds that contribute runoff to NID’s water supply are either ungaged (flow is not
measured by a stream gage) or highly regulated, or both. Because it is not possible to
directly measure runoff in these watersheds it is necessary to synthesize unimpaired
hydrology to quantify how much water is available to NID, both historically and under
projected climate change conditions. Unimpaired hydrology data sets were developed
for Water Years? 1976 through 2011. The lower bound of 1976 was chosen based on
availability of stream gage data. The upper bound of 2011 is based on the available
period of record of projected hydrologic data provided by the California Water
Commission (CWC 2016) for climate change assessments.

This section of the report describes the existing unimpaired hydrology data set
developed in 2008 during FERC relicensing, updates that have been made to this data
set post-FERC relicensing, and the methodology used to transform the historical
unimpaired hydrology data set to represent projected conditions in 50 years (2070) as a
result of three climate change scenarios.

3.1 Historical Unimpaired Hydrology

Historical unimpaired hydrology data sets were developed for Water Years 1976 through
2008 for a total of 59 sub-basins in portions of the Middle Yuba, South Yuba, and Bear
rivers (NID 2012) as part of joint FERC relicensing of NID’s Yuba-Bear Hydroelectric
Project and PG&E’s Drum-Spaulding Project. Appendix B details the gage-proration
methodology used to develop these data. Unimpaired hydrology data were used as the
basis of numerous environmental assessment studies and as input to a reservoir

2 Water years are defined as October 1 of the previous year through September 30 of the year
documented.
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operations model (described in Section 4) to simulate joint operating conditions of the
two hydroelectric projects. The reservoir operations model was validated using the
unimpaired hydrology for three different hydrologic years, wet, normal and dry, and a
continuous period of ten Water Years representative of recent historical operations.
Validation results showed very good correlation of modeled versus historic regulated
hydrology with respect to the timing, magnitude and duration of flows, demonstrating that
the unimpaired hydrology closely simulates actual historic discharge volumes (Devine
Tarbell & Associates 2008).

Historical synthetic unimpaired hydrology data were developed using a gage proration
method (Mann et al 2004) to estimate flows for each sub-basin. Gage proration
assumes that runoff is proportional to the drainage area and average annual precipitation
depth. Flows were calculated for the sub-basin of interest by scaling the hydrograph of a
nearby gaged, unimpaired reference basin with similar elevation and physiography using
the following equation:

Atarget )( Ptarget

Qtarget = (A )Qreference
reference

P reference

Where: Qtarget is the flow (cubic feet per second) for the sub-basin of interest
Qreference is the flow (cubic feet per second) for the reference basin
Atarget is the drainage area (square miles) for the sub-basin of interest
Areterence iS the drainage area (square miles) for the reference basin
Piarget is the mean annual precipitation (inches) for the sub-basin of interest
Preference is the mean annual precipitation (inches) for the reference basin

USGS Gage South Yuba River at Cisco (USGS 11421000) was used as the reference
gage for sub-basins above 5,000 feet in elevation and Pilot Creek above Stumpy
Meadows Reservoir (USGS 11431800) was used for lower elevation sub-basins.

The original FERC unimpaired hydrology data set ended in Water Year 2008 and did not
cover all areas of the watershed where NID stores water, diverts water, or has water
rights, as it only addressed sub-basins within the FERC project boundary. As part of this
study, daily average unimpaired hydrology data have been redeveloped for the Bear
River lower basin and sub-basins were added for Deer Creek, Coon Creek, and Auburn
Ravine. As a result, the total number of sub-basins included in the historical unimpaired
hydrology dataset has increased from 59 to 68. The period of record has also been
extended to include Water Years 2009 through 2011.

The additional watersheds include areas that are lower in elevation than sub-basins in
the existing FERC unimpaired hydrology data set. For example, sub-basins in Auburn
Ravine range in elevation from approximately 200 ft to 1,700 ft. Pilot Creek, the original
reference gage for low-elevation sub-basins, is representative of mid-elevation
watersheds (4,250 feet to 6,250 feet), but is not applicable to lower elevation watersheds
because of differences in quantity and timing of snowmelt runoff contributions.
Therefore, four additional reference gages were compiled to better represent the
extended elevation ranges. A combined gage proration technique was used to
incorporate available data for Water Years 1976 through 2011. The method subdivided
sub-basin areas into elevation bands and prorated area-weighted gage data associated
with each elevation range. For consistency, unimpaired hydrology was redeveloped for
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all Bear River sub-basins in the FERC relicensing dataset using the updated
methodology. Unimpaired hydrology for all other sub-basins from the original FERC
relicensing dataset were extended to 2011 using the same methodology as used for the
FERC relicensing, as described in Appendix B. Historical unimpaired hydrology for all 68
sub-basins is provided in Appendix E.

3.2 Projected 2070 Unimpaired Hydrology

Hydrologic projections for future conditions representative of year 2070 were developed
using simulated historical and projected runoff from the Variable Infiltration Capacity
(VIC) model (Liang et al. 1994) to translate gage-proration historical unimpaired
hydrology (described in Section 3.1) into projected unimpaired hydrology. The analysis
employed daily historical and 2070 future conditions VIC model runoff predictions for
water years 1976 through 2011 provided by the California Water Commission (CWC
2016).

The VIC model is a gridded hydrologic model that simulates land-surface-atmosphere
exchanges of moisture and energy at each model grid cell. The CWC provided VIC
model data for the state of California on a grid spatial resolution of approximately 14
square miles. Recommendations and guidance for using the climatological input and
model results were provided for Water Storage Investment Program (WISP) grant
applicants (CWC 2016) and for other water supply climate studies, such as the
Sustainable Groundwater Management Program overseen by the California Department
of Water Resources (DWR 2018). Data are provided for three climate change scenarios:

¢ Median climate change conditions, based on 20 global climate models (GCMs) and
representative concentration pathway (RCP) combinations?;

e Drier/extreme-warming (DEW) conditions, representing a pessimistic trajectory of
greenhouse gas emissions throughout this century*; and

o Wetter/moderate-warming (WMW) conditions, representing an optimistic trajectory of
greenhouse gas emissions throughout this century?.

CWC developed meteorology for the three climate projections by applying perturbations
to the historical precipitation and temperature time series, a method known as “climate
period analysis” (CWC 2016, DWR 2018). The modeled future inter-annual variability is
based on the reference period from which change is being measured, so all differences
between the future and historical simulations are a result of the climate change signal
alone (DWR 2018). Therefore, each future scenario exhibits a similar temporal pattern
and the relative distribution of water year types remains the same as the historical
record. This methodology does not account for potential changes in inter-annual
variability, such as prolonged drought sequences, although the frequency of dry years is
expected to increase along with an overall increase in year-to-year variability (Pierce
2018).

3 The 20 climate model and RCP combinations were composed of 10 general circulation models, each
run with two RCPs: one optimistic (RCP 4.5) and one pessimistic (RCP 8.5).

4 Based on GCM HadGEM2-ES and emission scenario RCP 8.5.
5 Based on GCM CNRM-CM5 and emission scenario RCP 4.5.
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3.2.1 Methods

A geographic information system (GIS) was used to overlay the unimpaired hydrology
sub-basin boundaries on the VIC model grid (Figure 3-1). Total VIC model daily runoff (in
millimeters) was calculated for each basin as the sum of surface runoff and baseflow
from grid cells completely contained within the basin and the values from grid cells
weighted by the fractional area intersected by the basin boundary. Daily basin-averaged
VIC results were generated for each unimpaired hydrology basin for all three 2070
climate projection scenarios and the historical scenario provided by the CWC.

Figure 3-1. Unimpaired hydrology sub-basins divided by VIC model grid cells.

A comparison of gage-proration historical hydrology to VIC model runoff for water years
1976 to 2011 indicates significant differences in timing and magnitude of flow. Figure 3-2
demonstrates the scattered correlation between VIC model and gage-proration daily
runoff in the 41.3 square mile Cisco basin. VIC model flows were calculated by
multiplying runoff depth by basin area and converting to cubic feet per second (cfs).
Figure 3-3 demonstrates a much tighter correlation on an annual time scale, although
VIC model volumes are approximately 28 percent greater. The exceedance diagram in
Figure 3-4 further illustrates the significant differences in annual volume. The monthly
temporal distribution of flows is shown in Figure 3-5. Both gage-proration flows and VIC
model flows peak in May as a result of snowmelt in the higher elevation basin. VIC
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model flows are slightly higher than gage-proration flows from January through March
and slightly lower from April through December.

Figure 3-2. Comparison of gage-proration and VIC model historical mean-daily runoff at
Cisco Basin.

12 | November 12, 2020



Hydrologic Analysis Technical Memorandum - Final Report

Figure 3-3. Comparison of gage-proration and VIC model historical mean-annual runoff at
Cisco Basin.

Figure 3-4. Comparison of gage-proration and VIC model historical mean-annual runoff
probability of exceedance at Cisco Basin.
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Figure 3-5. Comparison of gage-proration and VIC model historical monthly runoff at
Cisco Basin.

Although the VIC Model was recalibrated for 12 large upper watersheds in the
Sacramento and San Joaquin River Basins for water years 1970 through 2003 (CWC
2016), model bias can impact results at the smaller scale of the unimpaired hydrology
sub-basins. The study sub-basins range in size from less than a square mile to 82
square miles, with an average size of less than 10 square miles. VIC model bias results
from multiple factors, including the coarse spatial model resolution, spatial and temporal
errors in gridded climate input, complexities of snowmelt simulation, base flow and
groundwater interactions, and other model uncertainties. The gage-proration historical
hydrology can also be considered a model with its own inherent uncertainties; however,
for the purposes of this study it is considered to be the more accurate data set based on
successful verification using the FERC relicensing operations model (Devine Tarbell &
Associates 2008) and gage—summation (Appendix B). The existing gage-proration
hydrology has been used extensively for FERC relicensing and other NID operations
studies and is considered to be the historical unimpaired baseline hydrology for this
study.

The differences in timing and volume between VIC model historical and future flows are
used to develop a transformation of the gage-proration historical hydrology to represent
potential future flows. Therefore, a bias correction approach is needed to address the
model differences in volume and timing of historical gage-proration and VIC model flows
to effectively use the VIC model results for prediction of future flow conditions.

There is no standardized method for bias correction and different approaches can yield
significantly different results (Pierce et al. 2015). We chose an approach based on the
variable perturbation method used in California’s fourth climate change assessment to
estimate impacts on the State Water Project (Wang et al. 2018). The method was
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developed for monthly flows, so required some modification to be applied to daily flows,
as described in the following paragraphs.

The variable perturbation method applied by Wang (2018) is similar to the cumulative
distribution function transform (CDF-t) bias correction described by Pierce (2015). The
VIC model projected results were bias-corrected using CDF-t applied first to daily flows
using a month-long time window, and subsequently to annual flows. The CDF-t method
assumes that the historical mapping between the model and observed cumulative
distribution functions applies to the future period (Pierce et al. 2015). The methodology
used to develop future hydrology is described in detail in Appendix C and a summary of
the steps is provided below:

1.

Evaluate the correlation between daily gage-proration hydrology and VIC model
historical runoff depths across all basins. In general the best correlation did not
occur between the exact geographically corresponding basins due to various bias
errors as described above, with the large VIC model grid scale relative to basin
size and lack of calibration at the basin scale likely being significant factors. In
addition, the gage-proration method is a function of a small number of reference
basins which results in some self-similarity of constructed flows in different basins.
The best correlated VIC model results were chosen to be used as the reference
hydrology for each basin.

Develop linear regressions between each best correlated basin pair and apply to
the VIC model historical and projected runoff depths to create the baseline VIC
model flows for each unimpaired hydrology sub-basin and each emissions
scenario. Because flow volumes differ so significantly between gage-proration
flows and VIC model flows when using basin area proration to transform VIC
model depths to flows, as shown in Figure 3-2, linear regression was chosen as a
reasonable alternative method.

Calculate cumulative distribution functions (CDF) of the VIC model historical flows
and the VIC model projected flows for each calendar month. Determine the ratio
of projected to historical flows for each quantile.

Map each gage-proration historical daily flow to the corresponding VIC model
historical quantile associated with that flow in the corresponding month. The ratio
of VIC model projected flow to VIC model historical flow for that CDF quantile is
used as the perturbation ratio for that daily historical flow. A perturbation ratio was
determined and applied to each day in the historical record.

Calculate CDFs of VIC model historical and projected annual volumes to
determine perturbation ratios using the same method as for monthly flows
described in Step 3.

Map each gage-proration historical annual flow to the corresponding VIC model
historical quantile associated with that annual flow to determine the annual
perturbation ratios. Apply the annual perturbation ratios to the daily flows
calculated in Step 4 for each year in the historical record.

Multiply the results of Step 6 by the ratio of the annual volume of gage-proration
historical flows to the annual volume of perturbed flows from Step 4 so that the
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final volume ratio of projected to historical annual flows is equivalent to the VIC
model annual ratio at that quantile.

8. A final adjustment was made if needed to correct discrepancies from the total
period of record volume ratio of VIC model projected to VIC model historical flows.

A schematic of the transformation steps is given in Figure 3-6.

The transformed gage-proration historical flows are intended to represent potential future
hydrology for each emissions scenario. Different methods of developing future flows
may result in differences in temporal distributions and magnitudes of individual peak
flows on a daily basis. However, general trends demonstrating changes in annual
distributions are expected to be similar between methods.
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Figure 3-6. Schematic of methodology used to develop projected flows.

4. Map Gage-Proration Historical daily flow to
corresponding quantile on VIC Model Historical flow
CDF for the correct month. Apply corresponding
perturbation ratio to Gage-Proration Historical daily
flow.

L

5. Create CDFs of annual VIC Model Historical and
Projected flows and find ratios of annual
Projected/Historical volumes at each quantile.

3.2.2 Results
Projected unimpaired hydrology data were developed for all three 2070 climate change
scenarios for the 68 unimpaired hydrology sub-basins by applying the methodologies
described in Section 3.2.1 and is provided in Appendix E. Hydrologic basins were

aggregated into four larger basins to compare projected hydrology to historical gage-
proration hydrology. The four locations, Middle Yuba at Milton Diversion Dam, Canyon
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Creek at Bowman Dam, Bear River at Rollins Dam, and Deer Creek at Scotts Flat Dam,
represent approximately 32 percent of the total area covered by the 68 basins. They
were selected as example locations because of their significance within NID’s overall
water supply network and because they represent a mix of watersheds from the
Mountain Division and Foothills Division, demonstrating the variations in climate change
impacts from higher- to lower-elevation watersheds.

Middle Yuba at Milton Diversion Dam and Canyon Creek at Bowman Dam represent two
higher-elevation watersheds, located in the Middle and South Yuba watersheds,
respectively. Middle Yuba at Milton Diversion Dam comprises two sub-basins (Jackson
Meadows Reservoir and Milton Reservoir) with a total watershed area of 39.7 square
miles. The watershed ranges in elevation from approximately 5,690 feet to over 8,000
feet. Canyon Creek at Bowman Dam comprises five sub-basins (French Lake,
Faucherie Lake, Sawmill Lake, Jackson Lake and Bowman Lake) with a total watershed
area of 23.7 square miles and an elevation range from 5,390 feet to over 8,000 feet.

Bear River at Rollins Dam, and Deer Creek at Scotts Flat Dam represent two lower-
elevation watersheds. Bear River at Rollins Dam comprises five sub-basins (Bear Valley,
Drum Afterbay, Dutch Flat Afterbay, Little Bear at Alta, and Rollins Reservoir) with a total
watershed area of 103.5 square miles and an elevation range from 1,927 feet to
approximately 5,750 feet. Deer Creek at Scotts Flat Dam comprises two sub-basins (SF
Deer Creek above Cascade and Deer Creek above DS Canal) with a total area of 22.0
square miles and ranging in elevation from 2,940 feet to approximately 5,000 feet.

Figures 3-7 through 3-10 show monthly percent of historical annual average unimpaired
runoff for all three 2070 climate change scenarios along with historical unimpaired flow at
these four locations. Monthly comparisons for the full period of record are included in
Appendix D.
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Figure 3-7. Monthly percent of historical annual average unimpaired runoff (Water Years
1976 through 2011) at Milton Diversion Dam on the Middle Yuba River under historical
conditions and under projected 2070 climate change conditions.

Figure 3-8. Monthly percent of historical annual average unimpaired runoff (Water Years
1976 through 2011) at Bowman Dam on Canyon Creek under historical conditions and
under projected 2070 climate change conditions.
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Figure 3-9. Monthly percent of historical annual average unimpaired runoff (Water Years
1976 through 2011) at Rollins Dam on the Bear River under historical conditions and
under projected 2070 climate change conditions.

Figure 3-10. Monthly percent of historical annual average unimpaired runoff (Water Years
1976 through 2011) at Scotts Flat Dam on Deer Creek under historical conditions and
under projected 2070 climate change conditions.
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In the high-elevation watersheds that are historically snowfall dominant during the wet
season, the 2070 peak runoff months occur earlier in the Water Year and are more
distributed during the rainy season relative to historical conditions as a result of the shift
in precipitation from snowfall to rainfall (Figures 3-7 and 3-8). The 2070 scenarios
generally exhibit higher percentages of flows from December through March, and lower
percentages from May through July. The prominent historical May snowmelt peak is no
longer evident at Milton Diversion Dam and is broader and shifted to March at Bowman
Dam, which has greater runoff contributions from higher elevation watersheds.

In the low-elevation watersheds that are historically rainfall dominant in the wet season,
the shifts in runoff pattern are not as pronounced. This is because the largest
contribution to runoff occurs as direct runoff of rainfall during the rainy season and future
scenario changes in the snowmelt contribution are small relative to the total annual runoff
volume. The Median and colder, wetter WMW scenarios indicate higher flows in
December through March and flows slightly less than historical in the drier months
(Figures 3-9 and 3-10).

Changes in runoff volume are not directly proportional to changes in precipitation volume
between scenarios. Variation of temperature, and rainfall intensity and duration impact
hydrologic processes and parameters simulated by the VIC model, such as rainfall
losses to interception, detention and groundwater storage, evapotranspiration and
sublimation, and changes in infiltration parameters under different degrees of soil
saturation. A comparison of VIC model historical and future precipitation and flow
indicates that losses are reduced relative to historical for the WMW scenario, with a
larger percentage of precipitation transformed to runoff, likely due to more saturated
conditions, more intense precipitation, and reduction of snow pack. Losses are higher
for the warmer, drier DEW scenario, likely due to drier soils and increases in
evapotranspiration.

Table 3-1 summarizes the percent of average annual historical runoff at the four
locations. Table 3-2 summarizes annual volumes at each location. The 2070 WMW
scenario is approximately 25 percent wetter than historical conditions in the higher
elevation example watersheds and nearly 50 percent wetter in the lower elevation
watersheds. The 2070 DEW scenario is about 8 to 10 percent drier, and the Median
scenario is 6 to 9 percent wetter. The results indicate that there is potential for
significantly higher runoff volume during wet years and lower runoff volume during dry
years than experienced under historical climate conditions.

Table 3-1. Percent of average annual historical runoff.

Percent of Average Annual Historical Runoff
Location
2070 DEW! 2070 Median? 2070 WMW?3
Middle Yuba River at Milton Diversion Dam 92% 104% 126%
Canyon Creek at Bowman Dam 92% 104% 125%
Bear River at Rollins Dam 90% 109% 148%
Deer Creek at Scotts Flat Dam 90% 108% 147%

' Drier, extreme warming scenario based on GCM HadGEM2-ES and emission scenario RCP 8.5.

2 Median scenario based on 10 general circulation models, each run with two emission scenarios: one optimistic (RCP 4.5) and one
pessimistic (RCP 8.5).
3 Wetter, moderate warming scenario based on GCM CNRM-CM5 and emission scenario RCP 4.5.
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Table 3-2. Annual Flow Volumes for four location under historical conditions and under
projected 2070 climate change conditions.

Annual Flow Volumes in Acre-Feet
Scenario R“invigf:: I\YII?I'tJ:n Canyon Creek Bear_ River at Deer Creek at
Diversion Dam at Bowman Dam Rollins Dam Scotts Flat Dam

Average 89,004 91,068 156,830 30,983

Historical Maximum 192,731 165,289 488,342 102,800
Minimum 12,557 17,362 8,262 1,747

Average 81,748 83,976 142,322 31,677

2070 DEW' Maximum 197,825 169,670 416,588 92,156
Minimum 11,817 16,381 7,633 1,753

Average 92,632 94,258 170,217 37,191

2070 Median? Maximum 208,767 179,314 535,430 115,882
Minimum 11,865 16,628 8,176 1,830

Average 112,013 113,861 231,518 50,457

2070 WMW? Maximum 248,617 212,318 697,622 150,901
Minimum 15,950 19,873 8,888 1,984

' Drier, extreme warming scenario based on GCM HadGEM2-ES and emission scenario RCP 8.5.

2 Median scenario based on 10 general circulation models, each run with two emission scenarios: one optimistic (RCP 4.5) and one
pessimistic (RCP 8.5).
3 Wetter, moderate warming scenario based on GCM CNRM-CM5 and emission scenario RCP 4.5.

The three 2070 scenarios represent different projections of greenhouse gas emission
trajectories (CWC 2016). The WMW and DEW scenarios represent bookend estimates
of runoff under optimistic and pessimistic trajectories, respectively. The median scenario
represents a moderate trajectory of greenhouse gas emissions. The annual exceedance
probabilities demonstrate the bracketing of potential outcomes as shown in Figures 3-11
through 3-14. These figures indicate that the WMW scenario is significantly wetter than
historical conditions with differences increasing in higher volume years. The Median
scenario has wetter wet years, but generally shows a similar pattern of annual average
flow over an exceedance probability of about 40 percent. The DEW scenario shows drier
dry years for exceedance probabilities greater than 40 percent, slightly more so for the
higher elevation watersheds, and variable higher flows in comparison to historical
conditions.
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Figure 3-11. Average Annual Runoff Volume Exceedance Probabilities (Water Years 1976
through 2011) at Milton Diversion Dam on the Middle Yuba River under historical
conditions and under projected 2070 climate change conditions.

Figure 3-12. Average Annual Runoff Volume Exceedance Probabilities (Water Years 1976
through 2011) at Bowman Dam on Canyon Creek under historical conditions and under
projected 2070 climate change conditions.
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Figure 3-13. Average Annual Runoff Volume Exceedance Probabilities (Water Years 1976
through 2011) at Rollins Dam on the Bear River under historical conditions and under
projected 2070 climate change conditions.

Figure 3-14. Average Annual Runoff Volume Exceedance Probabilities (Water Years 1976
through 2011) at Scotts Flat Dam on Deer Creek under historical conditions and under
projected 2070 climate change conditions.
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2070 Drought Projections

The prevalence of droughts in California is expected to increase under climate change
(Thorne 2018). The 2070 unimpaired hydrologic data sets (median, DEW, and WMW)
provided by the CWC (2016) do not include additional years of drought relative to
historical conditions as a result of the climate period analysis method used to estimate
the future meteorology driving the VIC model (DWR 2018). The relative distribution of
wet, normal and dry years are the same as for the modeled historical period of record
because the data sets are perturbations of historical conditions representative of 50
years into the future. Nonetheless, it is possible to draw conclusions on what drought
conditions might look like in the future under climate change. While the hydrologic
datasets do not include the recent multi-year drought, from 2012 to 2016, there are dry
years in the 1976 through 2011 period of record, including 1977, which was considerably
drier than any one single year in the recent drought.

Unimpaired runoff in sub-basins where NID has water rights was summed for each water
year in the period of record, Water Years 1976 through 2011, to rank the Water Years
from wettest to driest. The driest year in the period of record was consistently Water
Year 1977 in all of the 2070 hydrologic data sets, and in the historical data set (Appendix
E). Because watershed runoff is the largest contributor to NID’s water supply, 1977 is
assumed to be the Water Year with the lowest water supply available to NID in the
hydrologic period of record (DWR 2016). A comparison of Water Year 1977 runoff under
2070 conditions relative to historical runoff is shown in Figure 3-15. Peak runoff occurred
earlier (April) in the 2070 scenarios as compared to historical (May). Dry month base
flows (October through December, and July through September) in the 2070 scenarios
were similar to historical base flows. Both the Median and DEW 2070 scenarios were
approximately 5 percent drier than historical, while the WMW 2070 scenario was 17
percent wetter than historical, as summarized in Table 3-3. WY 1977 was slightly drier
relative to the period of record average for both the Median and WMW 2070 scenarios,
as compared to historical unimpaired.
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Figure 3-15. Monthly percent of average sum of runoff in sub-basins with NID water
rights for the driest year in the hydrologic period of record, Water Year 1977, under 2070
conditions relative transformed VIC historical conditions.

3-3. Runoff statistics for WY 1977 under historical conditions and under projected 2070
climate change conditions based on sum of runoff in sub-basins with NID water rights.

Scenario Percent of Historical Percent of Scenario
Annual WY 1977 Runoff Average Annual Runoff

Gage-Proration Historical 100% 10%

Median 2070" 96% 9%

DEW 20702 94% 10%

WMW 20703 117% 9%

" Drier, extreme warming scenario based on GCM HadGEM2-ES and emission scenario RCP 8.5.

2 Median scenario based on 10 general circulation models, each run with two emission scenarios: one optimistic (RCP 4.5) and one
pessimistic (RCP 8.5).
3 Wetter, moderate warming scenario based on GCM CNRM-CM5 and emission scenario RCP 4.5.

4 Reservoir Operations Model

Future increases in water demand within NID’s service area, coupled with anticipated
periods of drought and ongoing climate change, create imminent challenges for NID in
maintaining a sustainable water system for its service area. NID will perform an
accounting of water supply and demand for average conditions and for drought
conditions within the planning horizon of the RWMP. If the analysis indicates that
projected supply will not be able to meet projected demand it may be necessary to
analyze various reasonable, practical, and feasible ways (alternatives) to bridge the gap
between supply and demand. A reservoir operations model (Ops Model) will be used to
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evaluate potential alternatives to assess the relative benefit of each to create a resilient
and sustainable water system for NID and its customers.

A HEC-ResSim (US Army Corps of Engineers 2013) reservoir operations model (Ops
Model) was previously developed in support of the Yuba-Bear/Drum-Spaulding
hydroelectric project FERC relicensings (Devine Tarbell & Associates 2008). The Ops
Model was accepted by FERC and other state and federal agencies to adequately
simulate conditions within the two hydroelectric project areas and was used to evaluate
impacts to water resources as a result of potential operations and facilities modifications
during the relicensing process.

The Ops Model simulates operating conditions of the two hydroelectric projects, which
include a complex network of reservoirs, diversions, canals, and a combined 16
powerhouses. ltis a tool that can be used to determine potential sensitivity of the
system to changed constraints, including future projections of climate change, customer
demand and environmental flow requirements. Unimpaired hydrology is a fundamental
input to the Ops Model. The unimpaired hydrology data sets described in Section 3 were
developed to be compatible with the Ops Model’'s physical and temporal input
requirements.

Modifications to the Reservoir Operations Model

Since the end of the FERC relicensing process, several updates have been made to the
Ops Model, including an extension of the period of record hydrology, extensions of the
watershed simulation area to include more of the Bear River and Deer Creek basins, and
2070 projections of customer demand and climate change. Each of these changes are
described below.

Simulation Period of Record

The FERC relicensing simulation period of record included water years 1976 through
2008. The simulation period of record has been extended through 2011, to coincide with
the historical unimpaired hydrology period of record extension, described in Section 3.1,
and the projected 2070 unimpaired hydrology period of record, described in Section 3.2.
In addition to extending the inflow hydrology time series, other input time series were
extended in order for the Ops Model to simulate the longer period of record. These
include minimum instream flow requirements at multiple locations throughout the
watershed, Smartsville Index based Water Year types (FERC 2014) that affect reservoir
operations, and aggregated NID and Placer County Water Agency (PCWA) raw water
demands.

Bear River Watershed Extension

The Ops Model developed for FERC relicensing simulated the Bear River from the
headwaters down to the Bear River Canal Diversion Dam. NID also owns and operates
Lake Combie, located approximately 13 river miles downstream of the Bear River Canal
Diversion Dam. NID makes releases to Combie Phase | Canal from Lake Combie and
maintains a minimum instream flow of 5 cfs in the Bear River below Lake Combie, per
California Department of Fish and Wildlife’s minimum flow requirement (Water Rights
Permit Number 5803). The Ops Model was modified to include additional reaches of the
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Bear River from the Bear River Canal Diversion Dam to the inflow to South Sutter Water
District's Camp Far West Reservoir, located approximately 19 river miles downstream of
Lake Combie (Figure 4-1).

Figure 4-1. Screen-shot of the Ops Model Bear River extension, from the Bear River
Canal Diversion Dam to the inflow to Camp Far West Reservoir.

The Ops Model was originally configured to make deliveries to the Combie Phase |
Canal (Ops Model demand node NID-3) without explicit simulation of Lake Combie. A
representation of Lake Combie was added to the Ops Model, with a storage capacity of
approximately 5,555 ac-ft at normal-maximum water-surface elevation. Historically,
reservoir storage in Lake Combie is drawn down each fall to allow for collection to
storage under NID’s Bear River water rights.

The Bear River watershed extension was validated by comparing simulated and
historical Lake Combie storage (BR-900) and Bear River flow below Lake Combie (BR-
300) for water years 2001 through 2011. Figure 4-2 shows the comparison of Lake
Combie storage, and Figure 4-3 shows the comparison of Bear River flow below Lake
Combie. Simulated results correlate very well to observed data. The model and
calibration analysis are provided in Appendix F.
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Figure 4-2. Comparison of historical and simulated Lake Combie Storage, Water Years
2001 through 2011.

Figure 4-3. Comparison of historical and simulated flow in the Bear River below Lake
Combie, Water Years 2001 through 2011.

41.3 Deer Creek Watershed Extension

The Ops Model developed for FERC relicensing did not explicitly simulate Deer Creek.
The model simulated flow through the Deer Creek Powerhouse, which was delivered to a
demand node (NID-4) to assess delivery shortages to Deer Creek from NID’s Mountain
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Division storage via the South Yuba Canal. It did not include local inflow contribution
from the Deer Creek watershed or the simulation of Scotts Flat Reservoir. NID owns and
operates Scotts Flat Reservoir as a storage reservoir and diverts water from Deer Creek
at multiple locations.

The Ops model was modified to simulate Scotts Flat Reservoir, diversions from Deer
Creek, and a minimum instream flow below Cascade Canal Diversion (Figure 4-4).
Diversions from Deer Creek are represented as two demand nodes, one representing
diversions upstream of Scotts Flat Reservoir (demand node NID-4, Cascade Canal) and
diversions downstream of Scotts Flat Reservoir (aggregated demand node NID-5, D-S
Canal, Newtown Canal, Tunnel Canal, and Keystone Canal). Simulated inflows to Deer
Creek include imported water from NID’s Mountain Division storage through the South
Yuba Canal, local watershed accretion, and wastewater effluent from the Nevada City
wastewater treatment plant.

Figure 4-4. Screenshot of the Ops Model Deer Creek extension.

For FERC relicensing, existing water delivery demands in the Ops Model for NID and
Placer County Water Agency (PCWA) were based on the average of historical gage data
for Water Years 2001 through 2009. For consistency, the same methodology was
applied here to develop the revised NID-4 and new NID-5 demand patterns, which were
used to validate the model. The irrigation season typically runs from mid-April through
mid-October. Therefore, April and October demand patterns were split between the first
half of the month and the second half of the month. NID-4 demand pattern (Figure 4-5)
is based on historical flow data at the head of the Cascade Canal (DC-102). NID-5
demand pattern (Figure 4-5) is based on the summation of historical D-S Canal,
Newtown Canal, Tunnel Canal, and Keystone Canal flow data (DC-145, DC-131, DC-
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140, and DC-127). These demand patterns were converted into a daily demand time
series for the simulation period of record. The Ops Model removes up to this amount of
flow from Deer Creek, if available, after meeting all minimum instream flow requirements.
If there is inadequate supply to meet demand, it is accounted for as a delivery deficit, or
an unmet demand.

Figure 4-5. Simulated Deer Creek existing water demand at Ops Model node NID-4 (above
Scotts Flat Reservoir) and NID-5 (below Scotts Flat Reservoir).

The Deer Creek watershed extension was validated by comparing simulated historical
Scotts Flat Reservoir storage (DC-900) and Deer Creek flow below Scotts Flat Reservoir
(DC-125) for water years 2001 through 2011. Figure 4-6 shows the comparison of
Scotts Flat Reservoir storage, and Figure 4-7 shows the comparison of Deer Creek flow
for controlled releases below Scotts Flat Reservoir.
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Figure 4-6. Comparison of historical and simulated Scotts Flat Reservoir storage, Water
Years 2001 through 2011.

Figure 4-7. Comparison of historical and simulated controlled releases (excludes spill) in
Deer Creek below Scotts Flat Reservoir, Water Years 2001 through 2011.

32 | November 12, 2020



Hydrologic Analysis Technical Memorandum - Final Report

4.1.4 Projected 2070 Conditions

For FERC relicensing, the Ops Model was configured to simulate existing conditions and
projected conditions. Projected conditions were representative of historical hydrology
and projected 2062 NID and PCWA customer demand. NID’s 2062 projected demand
was based on extrapolation of 2032 projected demand from the RWMP Phase Il update
(Kleinschmidt Associates 2011). This projection included NID’s soft service areas
assuming historical demands. PCWA'’s 2062 projected demand was based on data
received from PCWA. FERC projected conditions did not include hydrologic changes
resulting from climate change.

For this study, the Ops Model has been updated to represent projected conditions in 50
years (2070), including climate-changed input hydrology data (described in Section 3.2),
and updated projections of NID customer water demand (HDR 2020). PCWA demands
were not modified, assuming that 2062 projected demands adequately represent 2070
projected demands. All projected model runs will include anticipated FERC license
conditions (FERC 2014). A copy of the Ops Model is provided in Appendix F.

NID water demands in the Ops Model are represented by 5 delivery nodes. Table 4-1
summarizes the areas represented by each node.

Table 4-1. Summary of water delivery nodes included in the Ops Model.

Ops Model Node Diversion Location NID Gages Represented by
Demand Node
NID-1 Rock Creek YB64+YB86+YB108+YB255
NID-2 Auburn Ravine YB132+YB259
NID-3 Combie Phase | Canal BR301
NID-4 Cascade Canal DC-102
NID-5 Deer Creek downstream of | b6 1454pC131+DC140+DC 127
Scotts Flat Reservoir

Output from the demand model (HDR 2020) was not an exact match for the NID-1 Ops
Model node. Output for Fiddler Green from the 2011 RWMP and from the updated
demand model were used to scale irrigation season deliveries developed for FERC
relicensing for 2062. Figure 4-8 shows a comparison of NID-1 demand inputs to the Ops
Model for historical 2001-2009 average demands, the old 2062 projected demands and
the updated 2060 demands.
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Figure 4-8. Demand time series for Ops Model node NID-1, historical 2001-2009 average
(blue), old 2062 projection (red), new 2060 projection (green).

Output from the demand model (HDR 2020) was not an exact match for the NID-2 Ops
Model node. Output for Auburn Ravine Natural (Wise P.H. to Hwy 65) from the 2011
RWMP and from the updated demand model were used to scale irrigation season
deliveries developed for FERC relicensing for 2062. Figure 4-9 shows a comparison of
NID-2 demand inputs to the Ops Model for historical 2001-2009 average demands, the
old 2062 projected demands and the updated 2060 demands.

Figure 4-9. Demand time series for Ops Model node NID-2, historical 2001-2009 average
(blue), old 2062 projection (red), new 2060 projection (green).
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Output from the demand model (HDR 2020) is an exact match for the NID-3 Ops Model
node. Output for Combie Phase | (Dam to Bear River Siphon) from the 2011 RWMP and
from the updated demand model were used to scale irrigation season deliveries
developed for FERC relicensing for 2062. Figure 4-10 shows a comparison of NID-3
demand inputs to the Ops Model for historical 2001-2009 average demands, the old
2062 projected demands and the updated 2060 demands.

Figure 4-10. Demand time series for Ops Model node NID-3, historical 2001-2009 average
(blue), old 2062 projection (red), new 2060 projection (green).

Output from the demand model (HDR 2020) is an exact match for the NID-4 Ops Model
node. Historical 2001-2009 diversions were scaled to updated demand model output for
Cascade System. Figure 4-11 shows a comparison of NID-4 demand inputs to the Ops
Model for historical 2001-2009 average demands, the old 2062 projected demands and
the updated 2060 demands.
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Figure 4-11. Demand time series for Ops Model node NID-4, historical 2001-2009 average
(blue), old 2062 projection (red), new 2060 projection (green).

Output from the demand model (HDR 2020) is an exact match for the NID-5 Ops Model
node. Historical 2001-2009 diversions were scaled to updated demand model output for
D/S (Deer Creek South Canal to D.S. Ext Pumps) plus Deer Creek Natural. Figure 4-12
shows a comparison of NID-5 demand inputs to the Ops Model for historical 2001-2009
average demands and the updated 2060 demands (NID-5 was not included in the
original FERC Relicensing Ops Model).

Figure 4-12. Demand time series for Ops Model node NID-5, historical 2001-2009 average
(blue) and new 2060 projection (blue).
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Conclusion

Environmental and energy policies in California (Senate bills 100 and 350) and
worldwide (Paris Agreement) aim to reduce greenhouse gas emissions. How much
greenhouse gas emissions are reduced is expected to dictate to what extent climate
change will affect our environment. Acknowledging this as a source of uncertainty, three
projections of 2070 climate-changed hydrology data were developed representing a
median greenhouse gas emissions trajectory, a pessimistic greenhouse gas emissions
trajectory, and an optimistic greenhouse gas emissions trajectory.

The projected unimpaired hydrology developed for each scenario was investigated in
detail for two higher-elevation and two lower-elevation watersheds. The study indicates
that the effects of climate change will significantly impact the timing and volume of
watershed runoff, NID’s primary source of water supply, especially in NID’s Mountain
Division watersheds.

The prominent May peak of snowmelt runoff is no longer apparent in the projected
hydrology on the Middle Yuba at Milton Diversion Dam and shifted from May to March at
Bowman Dam on Canyon Creek. The rainy season runoff distribution shifts to a broader
peak from December through May, with significantly lower flows than current conditions
from May through July.

The lower watersheds do not exhibit as extreme a shift in the runoff temporal distribution;
however, the winter months (December through March) are generally wetter under the
Median and WMW projections. The three potential future scenarios investigated
demonstrate the uncertainty with respect to impacts on magnitude of changes in runoff
volume. The optimistic WMW scenario indicates up to 148 percent of historical runoff
volume in lower watersheds and the pessimistic DEW scenario reduces runoff volumes
to approximately 90 percent of historical and indicates the potential for drier dry years.
The median scenario indicates a slight increase over historical runoff volumes, with
wetter wet years. NID is proactively updating its RWMP to assess the possible impacts of
climate change and other projected changes within its service area on its ability to
maintain a sustainable water system in the future.

The hydrologic projections presented here are intended to be used by NID to assess the
adequacy of existing water storage and conveyance systems to provide a reliable water
supply throughout the RWMP planning horizon. Projected unimpaired hydrology will be
used to assess water supply availability in a subsequent tech memo. Projected
unimpaired hydrology will be used:

e To quantify watershed runoff under climate change.

e To quantify carryover storage using the Ops Model with projected demands and
anticipated FERC license minimum instream flow requirements.
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Appendix A — Water Supply Network Description

Introduction

The purpose of this appendix is to describe Nevada Irrigation District’s (NID) water
supply network. Statistics based on historical gage data are presented to quantify
regulated flow within watersheds that contribute runoff to NID’s water supply.

Network Overview

NID’s water supply network is characterized by high elevation storage and low
elevation power generation via a network of natural and man-made conveyances.
Water is stored and released from the high-elevation reservoirs based on NID’s
consumptive needs and reservoir carryover storage targets. Discretionary releases
for water supply are made from Jackson Meadows Reservoir and Jackson, French,
Faucherie, and Sawmill reservoirs during the spring runoff season through late fall.
Releases from Jackson Meadows Reservoir are conveyed to Bowman Lake via the
Milton-Bowman Tunnel. Releases from Jackson, French, Faucherie, and Sawmill
lakes are stored and released by Bowman Dam through Bowman Powerhouse into
the Bowman-Spaulding Conduit Diversion Impoundment.

While the majority of the Bowman-Spaulding Conduit flow is provided by releases at
Bowman Lake, five small diversion structures (known as “feeders”) on creeks that
run perpendicular to the alignment of the Bowman-Spaulding Conduit also provide
water to the conduit. These feeders augment flows in the conduit up to its capacity,
and spill the remainder into their respective natural drainages downstream of the
conduit. Flows upstream of the Bowman-Spaulding Conduit in Texas, Fall, and
Rucker creeks are regulated by upstream reservoirs owned and operated by PG&E.

Flows from the Bowman-Spaulding Conduit are then passed through PG&E’s Lake
Spaulding into PG&E’s Drum and South Yuba canals. Water transported into the
South Yuba Canal is diverted into South Fork Deer Creek to supply NID customers in
the Nevada City-Grass Valley area. This water is largely diverted at the Cascade
Canal Diversion Dam located immediately downstream, but is also used to manage
Scotts Flat Reservoir storage. Releases from Scotts Flat Reservoir provide water to
four other downstream diversions downstream along Deer Creek.

Water transported into the Drum Canal is passed through PG&E’s Drum Forebay
into the Bear River at PG&E’s Drum Afterbay. Water is diverted and returned
several times along the Bear River reach upstream of Rollins Reservoir by NID and
PG&E for power generation. Daily volumes are scheduled by NID and PG&E for
downstream consumptive demand.
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Rollins Reservoir is NID’s major low-elevation storage reservoir on the Bear River.
Rollins Reservoir is a multipurpose facility that meets municipal, irrigation, domestic
water supply, recreation, and power generation needs. From Rollins, water supplies
NID customers in southern Nevada County and Placer County.

The following sections summarize historical flows within NID’s water supply network
by watershed, from the Middle and South Yuba rivers, the primary source of
watershed runoff, and from Bear River and Deer Creek, where NID’s customer
demand is concentrated. There is also an overview of historical reservoir carryover
storage.

Middle Yuba River

Middle Yuba River is a predominantly snowmelt-fed stream, with peak runoff
occurring from March through June. Runoff is stored in Jackson Meadows
Reservoir, which has a usable storage capacity' of 64,641 ac-ft (NID 2012).
Discretionary releases are made from Jackson Meadows Reservoir during the spring
runoff season through late fall. These releases are conveyed to Bowman Lake via
the Milton-Bowman Tunnel. The FERC license of NID’s Yuba-Bear Hydroelectric
Project (FERC Project Number 2266) includes minimum instream flow requirements
below Jackson Meadows Reservoir and Milton Diversion Dam. Releases to the
Middle Yuba River below Milton Diversion Dam are unrecoverable to NID. Figure A-
1 shows a map of these facilities.

' Not all reservoir storage is usable. Unusable storage is made up of either dead storage or minimum-
pool storage. Dead storage is storage volume within a reservoir that is located below the lowest
reservoir outlet. Minimum-pool storage is a regulatory requirement to maintain reservoir storage above
a certain level.
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Figure A-1. Map of NID facilities located within the Middle Yuba River watershed.
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Average historical monthly flows in the Middle Yuba River Watershed are shown in
Table A-1. There is approximately 2.5 square miles of contributing watershed area
between Jackson Meadows Dam and Milton Dam.

Table A-1. Historical Average Monthly Flows in the Middle Yuba River Watershed.

Average Monthly Inflow’ (cfs) Total

Location
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF)

Middle Yuba
River Below | 101 | 980 | 502 | 354 | 672 | 97.9 | 1182 | 1546 | 1535 | 1041 | 825 | 1408 | 76.0

Jackson

Meadows Dam?

Milton-Bowman
Tunnel Outlet®

Middle Yuba

River Below 5.7 6.0 19.9 30.3 27.0 18.6 47.7 1134 | 874 16.8 3.8 4.4 23.0
Milton Dam*

" Common period of record for all gages 10/01/1975 — 9/30/1987, 7/17/1994 — 9/30/2004, 10/01/2008 — 9/30/2009
2 Middle Yuba River below Jackson Meadows Dam flow from USGS Gage 11407900

3 Milton-Bowman Tunnel outlet flow from USGS Gage 11408000

4 Middle Yuba River below Milton Dam flow from USGS Gage 11408550

Key: cfs = cubic feet per second TAF = thousand acre-feet

South Yuba River Tributaries

Canyon Creek is a tributary to the South Yuba River. It is a predominantly snowmelt-
fed stream, with peak runoff occurring from March through June. The combined
usable storage capacity? in the Canyon Creek watershed is 90,048 ac-ft. The largest
storage reservoir is Bowman Lake, with a usable storage capacity of 68,363 ac-ft,
followed by French Lake with a usable storage of capacity of 13,940 ac-ft, Faucherie
Lake with a usable storage of capacity of 3,740 ac-ft, Sawmill Lake with a usable
storage of capacity of 3,030 ac-ft, and Jackson Lake with a usable storage of
capacity of 975 ac-ft (NID 2012) Discretionary releases are made from Jackson,
French, Faucherie, Sawmill, and Bowman lakes during the spring runoff season
through late fall. Bowman Lake also receives inflow from the Middle Yuba River
through the Milton-Bowman Tunnel. Water is released from Bowman Lake and is
either diverted to the Bowman-Spaulding Canal or released to Canyon Creek below
the Bowman-Spaulding Canal Diversion Dam. NID’s FERC license includes
minimum instream flow requirements below Bowman-Spaulding Diversion Dam,
which are unrecoverable to NID. Feeder creeks that run perpendicular to the
alignment of the canal augment flows up to its capacity.

153.1 | 848 | 408 | 322 | 455 | 759 | 689 | 948 | 88.2 | 90.0 | 90.1 | 126.0 | 59.9

2 Not all reservoir storage is usable. Unusable storage is made up of either dead storage or minimum-
pool storage. Dead storage is storage volume within a reservoir that is located below the lowest
reservoir outlet. Minimum-pool storage is a regulatory requirement to maintain reservoir storage above
a certain level.
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Figure A-2 shows a map of NID’s facilities in the South Yuba River watershed.
Average monthly flows from gages in the South Yuba River watershed are shown in
Table A-2.
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Figure A-2. Map of NID facilities located within the South Yuba River watershed.
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Table A-2. Historical Average Monthly Flows in the South Yuba Watershed.
Average Monthly Inflow! (cfs) Total

Location

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF)

Canyon Creek
Below 4.9 9.4 26.0 243 323 47.0 55.3 | 107.2 | 85.5 14.9 4.7 5.1 25.1
Bowman Lake?

Bowman-
Spaulding 194.2 | 154.8 | 139.2 | 90.2 | 127.5 | 129.6 | 116.4 | 1346 | 168.4 | 199.1 | 247.2 | 243.9 [ 1175
Canal Intake®

Bowman-
Spaulding
Canal above | 202.1 | 169.9 | 164.4 | 110.5 | 170.4 | 196.9 | 206.7 | 232.1 | 211.2 | 209.5 | 248.0 | 249.4 | 143.1
Lake
Spaulding*
T Common period of record of all gages is 10/01/1975- 9/30/2003, 10/01/2005 — 9/30/2017

2 Canyon Creek below Bowman Lake flow from USGS Gage 11416500
z Bowman-Spaulding Canal Intake flow from USGS Gage 11416000

Bowman-Spaulding Canal above Lake Spaulding from USGS Gage 11416100
Key: cfs = cubic feet per second TAF = thousand acre-feet

Bear River

The Bear River is a predominantly rainfall-fed stream, with peak runoff occurring
from December through May. Both NID and PG&E use the Bear River as a
conveyance reach for water originating in the Yuba River and American River
watersheds, and both have water rights to natural runoff in the Bear River. Water is
diverted by NID and PG&E from Lake Spaulding to the Bear River through the Drum
Canal. Both imported and natural water in the Bear River pass through a series of
powerhouses before entering Rollins Reservoir, the primary storage reservoir on the
Bear River, with a usable storage capacity?® of 54,453 ac-ft (NID 2012). A portion of
the releases from Rollins Reservoir are diverted immediately downstream to the Bear
River Canal by NID and PG&E. NID also diverts water from the Bear River to the
Combie Phase | Canal, located approximately 13 miles downstream of Rollins
Reservoir at Lake Combie. Figure A-3 shows a map of facilities located in the Bear
River watershed. Average monthly flows for gages in the Bear River watershed are
shown in Table A-3. Flows in Table A-3 represent a blend of imported and natural
water. Not all of the flows reported in Table A-3 are available to NID for use as water

supply.

3 Not all reservoir storage is usable. Unusable storage is made up of either dead storage or minimum-
pool storage. Dead storage is storage volume within a reservoir that is located below the lowest
reservoir outlet. Minimum-pool storage is a regulatory requirement to maintain reservoir storage above
a certain level.



Nevada Irrigation District | Hydrologic Analysis Technical Memorandum
Appendix A — Water Supply Network Description

Figure A-3. Map of NID facilities located within the Bear River watershed.



Nevada Irrigation District | Hydrologic Analysis Technical Memorandum
Appendix A — Water Supply Network Description

Table A-3. Historical Average Monthly Flows in the Bear River Watershed.
Average Monthly Inflow! (cfs) Total

Location

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF)

Bear River near
Emigrant Gap?

Drum Canal®* | 314.4 | 381.0 | 431.0 | 428.2 | 449.4 | 509.1 | 600.2 | 668.0 | 649.6 | 623.2 | 579.6 | 328.4 | 360.0

8.3 11.8 24.8 25.0 36.1 73.3 81.5 | 100.0 | 61.0 24.6 15.6 121 28.6

Bear River
below Drum 6.8 8.9 15.4 16.7 28.0 32.6 39.8 32.8 15.8 12.2 13.5 11.6 14.1
Afterbay*

Dutch Flat No 2
Flume®

147.8 | 191.6 | 234.9 | 243.5 | 300.6 | 359.8 | 351.1 | 378.2 | 346.2 | 332.5 | 302.,5 | 162.3 | 202.2

Bear River
below Dutch 18.0 141 30.0 21.1 40.9 31.1 54.7 32.5 33.5 28.7 25.9 26.1 21.4
Flat Afterbay®

Chicago Park

Flume’ 302.9 | 417.6 | 5184 | 555.5 | 599.6 | 668.9 | 697.7 | 749.4 | 683.3 | 621.9 | 567.2 | 323.4 | 404.6

Bear River

below Rollins® 1154 | 177.1 | 439.1 | 568.4 | 743.5 | 758.7 | 680.1 | 542.2 | 364.4 | 248.3 | 186.2 | 150.6 | 298.7

Bear River
below Lake 36.7 | 160.3 | 447.8 | 558.3 | 745.0 | 845.4 | 7049 | 478.7 | 276.3 | 139.7 | 68.8 54.8 | 270.9
Combie®

T Common period of record of all gages is 12/18/1978 — 9/30/2017
2 Bear River near Emigrant Gap flow from USGS Gage 11421710

3 Drum Canal flow from USGS Gage 11414170

4 Bear River below Drum Afterbay flow from USGS Gage 11421770
5 Dutch Flat No 2 Flume flow from USGS Gage 11421760
6
7
8
9

Bear River below Dutch Flat Afterbay flow from USGS Gage 11421790
Chicago Park Flume flow from USGS Gage 11421780
Bear River below Rollins Dam flow from USGS Gage 11422500
Bear River below Lake Combie flow from NID Gage BR300
Key: cfs = cubic feet per second TAF = thousand acre-feet

Deer Creek

Deer Creek is a predominantly rainfall-fed stream, with peak runoff occurring from
December through May. Water is also imported into Deer Creek by NID from the
Bowman-Spaulding Conduit through the South Yuba Canal. Local watershed runoff
and imported water are stored in Scotts Flat Reservoir, which has a usable storage
capacity* of 43,547 ac-ft (Kleinschmidt Associates 2011). Figure A-4 shows a map
of NID facilities located in Deer Creek. Water is released from Scotts Flat Reservoir
from mid-April through mid-October to meet seasonal NID customer demand.
Average monthly flows for gages in the Deer Creek watershed are shown in Table A-
4.

4 Not all reservoir storage is usable. Unusable storage is made up of either dead storage or minimum-
pool storage. Dead storage is storage volume within a reservoir that is located below the lowest
reservoir outlet. Minimum-pool storage is a regulatory requirement to maintain reservoir storage above
a certain level.
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Figure A-4. Map of NID facilities located within the Deer Creek watershed.
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Table A-4. Historical Average Monthly Flows in the Deer Creek Watershed.

Average Monthly Inflow! (cfs) Total
Location
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep (TAF)
Chg;l:‘aBllzuff 53.7 411 38.3 39.3 39.7 41.6 23.6 51.3 63.2 61.9 61.7 60.2 | 34.8
Deer Creek
below Scotts | 42.8 121 111 17.9 24.5 40.5 56.2 62.8 69.8 83.9 89.2 83.6 | 36.0
Flat Reservoir®
Deer Creek
near 38.2 422 | 1447 | 250.1 | 3159 | 304.7 | 163.0 | 65.6 16.0 5.1 3.9 53 |106.1
Smartsville*

" Common period of record of all gages is 10/1/1975-9/30/2018

2 Chalk Bluff Canal flow from Gage YB-34

3 Deer Creek below Scotts Flat Reservoir flow from NID Gage DC-125

4 Deer Creek near Smartsville flow from USGS Gage 11418500
TAF = thousand acre-feet

Key: cfs = cubic feet per second

Reservoir Storage

Reservoir (carryover) storage is the second largest source of water supply available

to NID to meet customer demand. Historical reservoir storage is summarized in

Table A-5 for Water Years 1976 through 2017. April 15 is the approximate starting

date of the irrigation season, June 15 is the approximate end date of rainfall and

snowmelt runoff, and October 14 is the approximate end data of the irrigation

season. Any storage left in reservoirs at the end of the irrigation season is

considered carryover storage. Carryover storage is stored water held in reserve for

droughts or for emergency supply to avoid water shortages, and to meet

environmental flow requirements.
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Table A-5. Historical average reservoir storage on April 15, June 15, and October
14, for Water Years 1976 through 2017.

Average Reservoir Storage (ac-ft)
Location
April 15 June 15 October 14

Jackson Meadows' 41,056 57,973 36,974
Jackson Lake 941 1,230 845
French Lake 10,334 12,384 7,131
Faucherie Lake 3,840 3,955 2,865
Sawmill Lake 3,019 3,006 2,153
Bowman Lake? 43,463 60,896 42,517
Total Mountain Division Storage 102,653 139,445 92,485
Rollins Reservoir® 55,256 54,405 34,625
Lake Combie 5,628 5,115 3,057
Scotts Flat Reservoir 46,343 44,588 29,647
Foothill Division Storage 107,127 104,108 67,329
Total Storage* 209,780 243,553 159,814
Total Usable Storage® 200,562 234,335 150,596

1.2 Based on 2009 bathymetric survey storage capacity curve (Devine Tarbell & Associates 2009).

3 Based on 2007/2008 bathymetric survey storage capacity curve (Devine Tarbell & Associates 2009).
4 Sum of the total Mountain Division storage and the Foothill Division storage.

5 Total storage minus 9,218 ac-ft of dead storage and/or minimum pool storage.

Key: ac-ft = acre-feet

Not all reservoir storage is usable. System-wide, a total of 9, 218 ac-ft of reservoir
storage is considered either dead storage or minimum-pool storage, as summarized
in Table A-6, and is not available for use. Dead storage is storage volume within a
reservoir that is located below the lowest reservoir outlet. Minimum-pool storage is a
regulatory requirement to maintain reservoir storage above a certain level. The
estimate of system-wide amount of usable storage has increased from previous
studies (Kleinschmidt et al 2005, Kleinschmidt Associates 2011) primarily because of
changes to regulatory requirements for Jackson Meadows Reservoir. Previous
values included a 21,000 ac-ft regulatory minimum-pool, which is no longer required.
Dead storage values have also been updated based on new bathymetric surveys for
Jackson Meadows and Rollins reservoirs. The usable storage reported in Table A-5
is the total storage minus 9,218 ac-ft.
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Table A-6. Unusable reservoir volume in NID’s storage reservoirs.

Reservoir Unusable Storage (ac-ft)
Jackson Meadows 2,486"
Jackson Lake 0
French Lake 0
Fauchierie Lake 2492
Sawmill Lake 0
Bowman Lake 02
Rollins Reservoir 2703
Lake Combie 1,2134
Scotts Flat Reservoir 5,000%
Total 9,218

Reservoir storage at elevation 5,933 ft, the low-level outlet invert. Based on 2009 bathymetric survey storage capacity curve
(Devine Tarbell & Associates 2009).

California State Water Resources Control Board regulatory minimum-pool requirement.

Reservoir storage at elevation 5,401 ft, the low-level outlet invert. Based on 2009 bathymetric survey storage capacity curve
(Devine Tarbell & Associates 2009).

Reservoir storage at elevation 1,970 ft, the low-level outlet invert. Based on 2007/2008 bathymetric survey storage capacity curve
(Devine Tarbell & Associates 2009).

Reservoir storage at elevation 1,580 ft, practical level to avoid souring accumulated sediment causing extreme water quality
issues.

California Department of Fish and Wildlife regulatory minimum-pool requirement.
Key: ac-ft = acre-feet
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Appendix B — Development of Historical Gage-
Proration Unimpaired Hydrology

Introduction

The purpose of this appendix is to document the methods used to develop historical
unimpaired hydrology. Unimpaired flow is defined as the hydrologic response of
watershed basins with no influence (i.e., regulation) of stream flow by man-made
structures such as dams or diversions. Quantification of unimpaired flow is important
because it is used to estimate watershed runoff, required for understanding the timing
and volume of water supply available to NID. Watersheds that contribute runoff to NID’s
water supply are either ungaged or highly regulated, or both. Because it is not possible to
directly measure runoff in these watersheds it is necessary to synthesize unimpaired
hydrology to quantify how much water is available to NID from runoff.

HDR first developed an unimpaired hydrology data set for Water Years' 1976 to 2008
during the joint FERC relicensing of NID’s Yuba-Bear Hydroelectric Project and PG&E’s
Drum-Spaulding Project (Nevada Irrigation District 2012). These data sets have been
updated and extended to include additional sub-basins and cover a longer period of
record from Water Year 1976 through 2011. The lower bound of 1976 was chosen
based on availability of stream gage data. The upper bound of 2011 is based on the
available period of record of VIC model hydrologic data provided by the California Water
Commission (CWC 2016) used for climate change assessments.

Gage Summation versus Gage Proration Methodology

This study applied two common approaches used to derive unimpaired hydrology in
regulated watersheds: (1) gage summation using relevant stream and reservoir gages
within the basin of interest, and (2) gage proration using data from nearby gaged
reference basins with similar rainfall-runoff response to construct synthetic unimpaired
hydrographs for the basin of interest.

The gage-summation method directly uses observed (i.e., gage) data to calculate
unimpaired flow based on the regulated flow and storage data associated with man-
made structures. For example, a reservoir will typically accumulate inflows during winter
months and release outflows during summer months. This buffering of basin through-
flow can be removed from the hydrograph using the daily change in reservoir storage in
conjunction with reservoir discharge data to back calculate the unimpaired flow (Qinfiow)
using the hydrologic water budget equation:

" Water years are defined as October 1 of the previous year through September 30 of the year
documented.
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AS = Qinflow - Qoutﬂow - Qlosses

Where: AS is the change in storage (cfs);
Qinflow is the inflow (cfs);
Qoutfiow is the outflow (cfs); and
Quosses is the sum of all losses, e.g. evaporation (cfs).

The gage-summation method also incorporates stream flow gage data from contributing
drainage areas and accounts for losses from diversion flows.

The gage-summation method is subject to inaccuracies typically found in reservoir
storage and stream flow gage data. A small error in reservoir elevation can result in a
large error in calculated flow. Errors are evident in the summation data as negative
inflows, as well as random or atypical hydrologic fluctuations. Accumulation of error from
the gage data can render a significant portion of the synthesized daily unimpaired flow
data to be unreliable. Also, data gaps in the gage record present a significant problem
for use of the summation method.

A second approach, the gage-proration method (Mann et al 2004), characterizes
unimpaired flows throughout a region of interest by utilizing flow data from a nearby
unimpaired reference basin that has good gage data. The gage-proration method
applied in this study gives an estimate of unimpaired flows for a given watershed of
interest by scaling the reference basin’s hydrograph as follows:

_ Atarget Ptarget
Qtarget - A Qreference

reference Preference

Where: Qtarget is the flow (cubic feet per second) for the sub-basin of interest;
Qreference is the flow (cubic feet per second) for the reference basin;
Atarget is the drainage area (square miles) for the sub-basin of interest;
Areference is the drainage area (square miles) for the reference basin;
Ptarget is the mean annual precipitation (inches) for the sub-basin of interest;
and
Preference is the mean annual precipitation (inches) for the reference basin.

Drainage areas were taken directly from USGS records where available, or by using
Geographic Information System (GIS) data to delineate watersheds. Mean annual
precipitation values were calculated using GIS to sum gridded mean-annual precipitation
data published by the PRISM Climate Group (http://www.prism.oregonstate.edu/) for
each basin.

Development of the FERC Relicensing Unimpaired Hydrology
Dataset

Unimpaired hydrology data were developed for the joint FERC relicensing of NID’s Yuba-
Bear Hydroelectric Project (FERC Project Number 2266) and PG&E’s Drum-Spaulding
Hydroelectric Project (FERC Project Number 2310). A report detailing the development
of the unimpaired flow data can be found in Appendix E12 of Exhibit E of NID’s
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application for a new FERC license (Devine Tarbell & Associates 2008). These data
were accepted by FERC and other state and federal agencies to adequately represent
historical unimpaired hydrology within the two hydroelectric project areas and were used
during the relicensing process to evaluate impacts of potential operations and facilities
modifications.

Gage summation was used as the initial approach for calculating unimpaired hydrology,
However, during the development process it was determined that this method was not
feasible for most of the sub-basins, primarily due to a lack of data for the full Period of
Record (Water Years 1976 through 2008) at many locations (Devine Tarbell and
Associates 2008). Therefore, two suitable reference basins were identified, one for
basins with elevation greater than 5,000 feet and one for basins with elevation less than
5,000 feet, so that gage-proration could be utilized as a first step for synthesizing
unimpaired flow data.

The South Yuba watershed above the stream gage at Cisco (USGS gage 11414000)
was used as the gage-proration reference basin for high-elevation sub-basins (Upper
Yuba-Drum Watershed) and the Pilot Creek watershed above Stumpy Meadows
Reservoir stream gage (USGS gage 11431800) was used as the reference basin for low-
elevation sub-basins (Lower Yuba-Drum Watershed). The distribution of high-elevation
and low-elevation sub-basins is shown in Figure B-1. The South Yuba above Cisco
location was selected as the reference basin because: 1) it is located within the Upper
Yuba-Drum Watershed and is hydrologically similar to the other high-elevation sub-
basins of interest; 2) it has very good data quality for the entire POR; and 3) its hydrology
is largely unimpaired. The Pilot Creek watershed has good gage data with a full POR
and its hydrology is completely unimpaired. Although the Pilot Creek sub-basin is
located outside (to the south of) the Lower Yuba-Drum Watershed, it is representative of
the lower-elevation sub-basins in terms of watershed setting, elevation, and shape.

The South Yuba at Cisco gage measures runoff from its entire watershed, which ranges
in elevation from approximately 5,600 ft-msl at the gage to over 9,000 ft-msl at Castle
Peak. To account for differences in elevation between other sub-basins in the Upper
Yuba-Drum Watershed and the Cisco basin (both in range of elevations and percent of
basin with a certain range of elevations), historical Cisco unit-area flow was parsed into
discrete 1,000 ft elevation bands to be used as runoff spectrum for the other sub-basins
based on their relative elevation ranges. Unique monthly average elevation corrections
by elevation band were developed for each water year in the period of record using
historical Cisco flow to distribute the relative runoff within each elevation band. Monthly
flow errors were limited to no more than 2 percent for the entire Cisco basin within any
given month. Utilization of unit-area flows by elevation band created more realistic
seasonal unimpaired hydrographs, accounting for impacts of differing sub-basin
elevation ranges on temporal runoff patterns from snowmelt.
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Figure B-1. Map of the upper and lower basins, and the Pilot Creek reference
basin.

South Yuba at
Cisco Gage

Pilot Creek at Stumpy
Meadows Gage *

Adequate gage data were available to calculate gage-summation unimpaired hydrology
at 3 locations in the Upper Yuba-Drum watershed: the Middle Yuba at Milton Diversion
Dam (Figure B-2), Canyon Creek at Bowman Dam (Figure B-3), and Fordyce Creek at
Fordyce Dam (Figure B-4). The gage-summation hydrology was used to validate the
gage-proration methodology using the Cisco watershed as a reference basin.
Unimpaired flow data at Bowman Dam and Fordyce Dam compared well between
methods. The comparison for Milton Diversion Dam, however, showed a distinct
difference between the two methodologies. The difference was thought to be caused
either by a faulty gage (or gages) in the Milton Diversion Dam sub-basin, or a poor
matchup between the Cisco reference basin and the Middle Yuba River sub-basins being
modeled. With input from FERC relicensing participants, monthly scaling factors were
developed to adjust the gage-proration unimpaired hydrology based on comparison to
gage-summation unimpaired hydrology. The average scaling factor for Water Years
1976 through 1986 is 0.75, and for Water Years 1987 through 2008 is 0.70.

B-5



Nevada Irrigation District | Hydrologic Analysis Technical Memorandum
Appendix B — Development of Historical Gage-Proration Unimpaired Hydrology

Figure B-2. Comparison of Gage summation and gage proration unimpaired
hydrology for the Middle Yuba River at Milton.

Figure B-3. Comparison of Gage summation and gage proration unimpaired
hydrology for Canyon Creek at Bowman Dam.
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Figure B-4. Comparison of Gage summation and gage proration unimpaired
hydrology for Fordyce Creek at Fordyce Dam.

Combined Gage-Proration Technique to Redevelop Low-
Elevation Unimpaired Hydrology

The original FERC unimpaired hydrology data set does not cover all areas of the
watershed where NID stores water, diverts water, or has water rights, as it only
addressed sub-basins within the FERC project boundary. As part of this study,
additional daily average unimpaired hydrology data were developed for sub-basins in:

¢ The Bear River downstream of the Bear River Canal and upstream of Camp Far
West Dam;

e Deer Creek above Lake Wildwood Dam;

e Coon Creek downstream of Halsey Afterbay and Rock Creek Reservoir and above
Camp Far West Canal; and

¢ Auburn Ravine above Hemphill Canal.

The additional watersheds include areas that are lower in elevation than sub-basins in
the existing FERC unimpaired hydrology data set. For example, sub-basins in Auburn
Ravine range in elevation from approximately 200 ft to 1,700 ft. Pilot Creek, the original
reference gage for low-elevation sub-basins, is representative of mid-elevation
watersheds (4,250 feet to 6,250 feet), but is not applicable to lower elevation watersheds
because of differences in quantity and timing of snowmelt runoff contributions.
Therefore, additional reference gages were compiled to better represent the extended
elevation ranges, summarized in Table B-1. Figure B-5 is a location map showing the
reference basins used.
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Table B-1. Reference gages used to develop unimpaired hydrology for low-
elevation sub-basins.

Gage Name

USGS Gage Number

Start Date

End Date

Elevation Range

Drainage Area

11413326*

(ft) (mi?)
Cosumnes River at 11335000 10/1/1975 9/30/2011 250 — 7,500 534.6
Michigan Bar
Oregon Creek above Log 11409300 10/1/1975 9/30/2000 2,000 — 6,000 23.0
Cabin Diversion
South Honcut Creek near 11407500 10/1/1975 9/30/1986
500 — 3,500 30.6
Bangor A05775 (DWR) 7/6/2006 9/30/2011
Pilot Creek above Stumpy 11431800 10/1/1975 9/30/2011 4,250 — 6,250 116
Meadows
114133202 +
Deadwood Creek (sum)' 114133233 + 10/1/1994 9/30/2011 3,000 — 4,000 5.0

' Water Years 2005 and 2006 are missing.

A WN

Key: ft = feet

Deadwood Creek near Strawberry Valley, CA.
Owl Gulch near Strawberry Valley, CA.
Deadwood Creek Power Plant near Strawberry Valley, CA.
mi2 = square miles
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Figure B-5. Map of reference basins used in unimpaired hydrology development
and sub-basins (center of figure) where the reference basin data were applied.
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The combined gage proration method subdivides both reference and target sub-basin
areas into elevation bands and prorates the reference gage data by area and
precipitation associated with each elevation band.

B AUPU At]Pt]
Qtarget = Z}, [Zl [Ql (Z] AijPij> (ZiAijPiJ')”

Where: Qtarget is the flow (cubic feet per second) for the sub-basin of interest;

j refers to the elevation band

i refers to the reference basin

Qi is the flow (cubic feet per second) for a reference basin;

Ajj is the drainage area (square miles) for the reference basin (i) and the
elevation band (j);

Pj is the mean annual precipitation (inches) for the reference basin (i) and the
elevation band (j);

Ay is the drainage area (square miles) for the elevation band (j) of sub-basin
of interest; and

Py is the mean annual precipitation (inches) for the sub-basin of interest and
the elevation band (j).

The combined gage proration method prorates gage data from multiple reference basins
based on drainage area and average annual precipitation by 250 ft elevation bands. The
benefits of using multiple reference gages to develop unimpaired hydrology include:

e Duplicate records allow coverage of reference gage data gaps.

¢ Inclusion of reference gages to the north and south of the target basins removes
regional biases of individual reference basins.

o Reference gages can be selected based on similarities in watershed elevation
ranges to the target sub-basin elevation range.

e Errors from individual gages are muted.

This method was used to develop unimpaired hydrology for the new sub-basins listed
above, as well as to redevelop the unimpaired hydrology for all previous sub-basins in
the Bear River watershed for consistency.

This combined gage proration approach was also used to develop unimpaired hydrology
for Don Pedro Hydroelectric Project (FERC Project Number 2299) relicensing (Turlock
Irrigation District and Modesto Irrigation District 2017).

Validation of the Combined Gage Proration Method

While the shape of a daily hydrograph is important for sub-daily operations decisions,
reservoirs buffer their inflow making the shape less important than the overall inflow
volume for studies of water supply in regulated watersheds. In the Bear River, Rollins
Reservoir buffers both natural and imported flow. Combined gage-proration monthly
inflow volumes to Rollins Reservoir were compared to reconstructed natural monthly
inflow volumes to validate the combined gage proration technique.
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Reconstruction of Rollins Reservoir Natural Inflow

On a short-term (daily, weekly) basis, gage summation hydrographs are prone to error
due to a number of factors, including missing data, poor data, intermittent data collection,
measurement rounding, ungaged evaporation, canal leakage, and canal spillage. On a
monthly basis, these errors are averaged out, but can still result in a poor representation
of natural inflow.

Rollins Reservoir gage summation includes twelve gages in the Bear River basin. All
twelve gages have a limited overlapping period of record, from October 1, 1992 to
September 30, 2005. The Towle Diversion gage (PG&E gage YB-93), a critical gage
used in the summation, had the shortest period of record. The following updates were
made to minimize some of the known shortfalls of the historical gage record to improve
and expand the gage summation period of record:

1. Towle Diversion (YB-93) flow was synthesized to estimate missing gage data. A
regression equation was developed to estimate flow at YB-93 using gage records
from January 2, 1993 through September 30, 2005 of inflow to Alta Forebay (YB-
117), Canyon Creek below Towle Diversion (YB-282), and Canyon Creek above
Towle Diversion (YB-280).

2. Gage records of imports to the Bear River from Drum Canal (YB-137) and South
Yuba Canal (YB-139) waste gates are very poor. As an alternative, drainage-area-
proration of Pilot Creek above Stumpy Meadows was used to synthesize the natural
flow in the Bear River at Emigrant Gap (YB-198). Waste gate imports were
calculated by subtracting the synthetic natural flow from YB-198 gaged flow.

Gage summations were calculated daily and then averaged monthly. Even with the
adjustments described above, there are some months when the calculated natural inflow
to Rollins Reservoir was negative or unusually high. To smooth these data, a
reconstruction of monthly Rollins Reservoir inflow volumes was created using linear
regression of monthly volumes from three unimpaired USGS gages: Cosumnes River at
Michigan Bar (USGS 11335000), Oregon Creek above Log Cabin (USGS 11409300),
and Slate Creek above Diversion Dam (USGS 11413300+11413250). The Cosumnes
River and Slate Creek basins both have a larger snowmelt component than the Bear
River, so monthly multipliers were developed to reshape the gaged volumetric record.
Figure B-6 shows the regressions used to reconstruct monthly natural inflow to Rollins
Reservoir.
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Figure B-6. Linear regressions of natural inflow to Rollins Reservoir from three
unimpaired USGS gages.

There is some geographic variability in the amount of precipitation received during large
storm events. This is why three gages were selected for this analysis, including one
gage to the north (Slate Creek) and one to the south (Cosumnes River), relative to the
low-elevation sub-basins for which unimpaired hydrology was being developed. An
average of monthly volumes from the north and the south result in a better fit to Rollins
Reservoir inflow than either the north or the south alone. Averages using the Cosumnes
River and Oregon Creek regressions were used to reconstruct unimpaired inflow to
Rollins Reservoir for Water Years 1976 through 2000. Averages using the Cosumnes
River and Slate Creek regressions were used to reconstruct unimpaired inflow to Rollins
Reservoir for Water Years 2001 through 2011. A comparison of the final reconstructed
natural inflow to Rollins Reservoir compared to gage-summation inflow is shown in
Figure B-7.
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Figure B-7. Final reconstruction of monthly average natural inflow to Rollins
Reservoir compared to monthly average gage summation inflow.

Validation Results

Gage-proration unimpaired hydrology for the Bear River above Rollins Reservoir was
compared to the reconstructed natural monthly inflow to Rollins Reservoir to validate the
combined gage proration technique, as shown in Figure B-8. Validation results show
that unimpaired hydrology developed using the combined gage proration technique is
able to reasonably represent reconstructed natural inflow to Rollins Reservoir. The
combined gage proration technique was used to develop daily average unimpaired
hydrology for all sub-basins in the Bear River, Deer Creek, Coon Creek, and Auburn
Ravine watersheds.
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Figure B-8. Results of gage proration monthly inflow volumes compared to
reconstructed natural inflow to Rollins Reservoir.

Summary

Unimpaired hydrology is a fundamental input to NID’s Operations Model, described in
Section 4 of the Hydrologic Analysis Technical Memorandum. The historical unimpaired
hydrology data set was developed to be compatible with the Operations Model’s physical
and temporal input requirements. Historical unimpaired hydrology was developed for 68
sub-basins in the Middle Yuba, South Yuba, Deer Creek, Bear River, Coon Creek, and
Auburn Ravine watersheds for Water Years 1976 through 2011 using several methods.

A precipitation-weighted gage-proration method, using the South Yuba River at Cisco as
a reference basin, was used to develop historical unimpaired hydrology for sub-basins in
the Middle Yuba and South Yuba rivers, building on previously developed methods for
FERC relicensing (Devine Tarbell & Associates 2008). The previous period of record
(Water Years 1976 through 2008) for sub-basins in these watersheds was extended
through Water Year 2011.

Combined gage proration, using a mix of low-elevation stream gages, was used to
develop historical unimpaired hydrology for the remaining watersheds. Previously
developed unimpaired hydrology for the Lower Yuba-Drum Watershed from the FERC
relicensing was replaced with newly developed combined gage-proration unimpaired
hydrology.
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Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Middle Yuba River at Milton Diversion Dam - Historical Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 24.1 36.5 21.0 17.0 25.8 534 118.7 181.7 264 35 39 17.1 44.1 0.2 332.8
1977 9.7 4.7 3.6 3.0 8.4 9.5 575 65.2 388 4.5 23 13 17.3 0.6 116.9
1978 1.0 5.6 54.1 82.4 53.9 178.1 238.1 576.6 447.8 80.2 11.7 16.4 145.9 0.4 871.9
1979 1.4 6.5 93 322 33.1 53.9 1735 516.1 129.1 17.9 5.8 3.9 82.3 1.0 779.1
1980 14.5 4.4 26.4 424.6 199.9 95.6 305.7 521.9 333.1 91.1 9.7 7.8 169.5 0.7 4,563.7
1981 8.9 14.3 20.5 22.2 64.1 64.9 228.1 226.6 424 8.8 37 3.6 58.8 1.0 5353
1982 13.4 466.4 483.6 88.7 381.0 176.3 374.7 743.7 369.6 80.0 11.8 219 266.2 2.7 4,484.7
1983 82.7 69.7 81.3 67.5 71.6 205.0 138.4 661.3 1,008.0 3229 46.8 18.6 232.1 6.1 1,460.3
1984 299 351.9 319.8 144.5 87.9 147.4 2135 534.7 2125 29.1 8.4 6.4 174.1 29 1,743.0
1985 12.8 62.3 20.8 23.3 23.8 472 332.1 320.8 71.2 9.1 4.6 11.6 78.3 2.8 606.7
1986 8.4 16.7 312 114.2 603.3 474.7 382.4 445.5 186.5 135 4.8 7.8 187.8 1.6 3,932.2
1987 8.6 1.9 1.7 10.6 423 67.1 239.1 146.5 229 9.4 3.7 0.5 46.0 0.4 390.8
1988 24 54 38.7 28.0 32.0 89.1 159.8 1283 51.3 10.8 4.7 1.4 46.0 0.7 252.3
1989 1.9 435 24.6 21.3 455 363.2 488.4 3843 158.9 15.6 12.4 13.5 1313 1.5 1,501.1
1990 33.8 29.8 23.1 522 37.0 107.1 319.2 195.7 99.5 15.8 123 10.9 78.0 2.0 5153
1991 7.1 4.0 6.3 7.1 13.7 110.9 147.8 332.0 174.9 26.3 8.1 6.9 70.8 33 1,390.7
1992 113 13.9 13.4 9.7 51.1 90.1 270.5 100.6 222 143 6.5 3.0 50.2 2.7 501.4
1993 8.8 11.7 30.5 79.0 443 228.5 343.1 767.2 384.1 63.3 11.7 8.8 165.8 2.6 1,235.4
1994 11.2 2.0 18.3 13.7 20.6 73.4 198.4 228.6 37.8 6.4 52 4.6 51.8 0.7 528.3
1995 4.2 26.8 14.6 159.8 112.7 370.5 290.9 742.8 818.5 276.6 23.4 2.8 2375 22 2,232.7
1996 8.3 6.3 105.3 110.0 384.9 182.1 368.9 822.2 200.6 348 4.5 8.5 185.7 2.8 2,2579
1997 4.1 65.8 419.0 608.9 106.4 166.9 371.1 362.7 103.3 16.2 8.6 12.6 188.3 1.5 7.411.1
1998 72 215 22.0 103.2 89.7 184.9 221.0 454.1 699.6 158.1 16.0 12.6 165.7 2.8 1,067.3
1999 8.9 38.2 47.7 75.2 110.9 111.7 227.6 662.4 394.4 457 12.3 6.1 145.1 3.6 1,310.6
2000 10.0 11.8 214 70.4 1243 117.6 368.4 460.2 108.9 15.6 58 9.8 110.1 24 1,034.1
2001 7.5 83 11.2 10.7 17.8 69.0 154.6 246.7 20.3 5.9 75 4.7 473 2.8 463.2
2002 4.8 26.7 36.8 67.1 55.5 102.5 360.6 389.8 129.8 13.1 4.1 33 99.5 29 671.4
2003 6.3 35.1 85.0 117.2 98.6 177.8 199.2 499.5 268.4 223 9.6 6.4 127.3 1.2 917.0
2004 4.1 6.8 49.6 31.9 67.0 180.7 3153 343.1 88.0 16.2 4.9 22 92.5 1.2 602.8
2005 15.7 9.6 282 34.9 386 107.7 208.4 837.2 338.7 455 10.3 4.1 140.7 2.7 3,382.8
2006 4.0 17.9 606.5 201.4 245.0 155.1 324.8 767.8 266.7 25.0 7.6 58 219.5 1.9 6,824.5
2007 4.9 20.0 30.1 25.1 84.3 132.0 218.7 2263 39.2 12.5 8.2 6.5 67.1 4.0 407.3
2008 16.7 8.4 15.4 34.0 23.1 542 203.4 4159 86.0 14.7 6.3 53 73.9 49 798.0
2009 19.5 49.7 16.9 27.2 81.6 149.6 272.3 574.1 98.5 11.5 6.7 3.0 109.5 2.4 1,778.7
2010 9.5 8.6 16.0 26.1 245 58.8 162.5 390.0 564.9 54.6 6.3 3.0 110.3 1.5 1,295.9
2011 49.1 45.3 168.0 74.8 72.0 107.5 279.0 520.1 847.5 283.0 23.8 9.6 206.8 1.0 1,262.0

Average 132 433 81.2 83.9 99.6 140.7 257.7 438.7 246.9 52.0 9.6 7.6 122.9 0.2 7411.1
10% Exc. 19.6 65.2 138.0 157.5 153.8 276.5 468.4 815.1 675.1 136.1 15.0 14.3 365.5 - -
20% Exc. 11.7 344 61.0 90.2 102.2 193.9 383.9 666.0 436.3 57.1 11.7 10.3 182.8 - -
50% Exc. 5.8 10.4 20.0 32.9 49.3 91.8 217.7 387.8 130.4 14.1 6.7 5.6 27.9 - -
80% Exc. 3.0 4.6 10.2 14.4 21.1 49.7 118.6 186.6 283 6.5 4.7 29 6.7 - -
90% Exc. 1.9 2.5 6.7 9.4 15.1 35.6 81.5 110.9 17.7 5.2 3.7 1.6 4.1 - -
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Middle Yuba River at Milton Diversion Dam - Historical Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 1,482 2,174 1,289 1,046 1,486 3,284 7,060 11,172 1,570 213 238 1,016 32,031
1977 595 277 223 183 466 581 3,421 4,012 2,310 275 139 75 12,557
1978 60 333 3,327 5,065 2,994 10,953 14,170 35,454 26,643 4,934 719 977 105,629
1979 89 387 574 1,978 1,837 3,315 10,327 31,736 7,683 1,104 358 229 59,616
1980 894 262 1,625 26,105 11,499 5,878 18,189 32,092 19,819 5,605 599 462 123,029
1981 544 848 1,263 1,366 3,560 3,990 13,572 13,935 2,524 538 225 217 42,582
1982 825 27,751 29,737 5,457 21,158 10,839 22,298 45,731 21,992 4916 726 1,301 192,731
1983 5,085 4,149 4,997 4,149 4308 12,604 8,235 40,660 59,979 19,855 2,878 1,107 168,006
1984 1,836 20,937 19,663 8,887 5,059 9,064 12,703 32,876 12,645 1,789 516 379 126,354
1985 787 3,707 1,281 1,430 1,323 2,902 19,764 19,728 4,234 557 284 691 56,688
1986 515 996 1,916 7,022 33,508 29,185 22,753 27,394 11,098 830 292 464 135,974
1987 531 116 105 654 2,348 4,127 14,228 9,007 1,360 579 227 33 33,315
1988 146 321 2,383 1,720 1,842 5,476 9,509 7,890 3,053 663 292 83 33,378
1989 116 2,591 1,513 1,308 2,530 22,335 29,064 23,629 9,453 961 765 802 95,066
1990 2,077 1,770 1,418 3,208 2,057 6,586 18,994 12,031 5,921 971 756 650 56,439
1991 437 237 387 474 760 6,821 8,792 20,411 10,406 1,617 501 408 51,250
1992 692 825 824 593 2,941 5,543 16,093 6,187 1,320 879 401 178 36,477
1993 541 694 1,873 4,858 2,461 14,049 20,414 47,171 22,858 3,894 718 522 120,052
1994 691 117 1,125 841 1,145 4,514 11,807 14,056 2,246 394 322 274 37,533
1995 258 1,593 900 9,824 6,257 22,781 17,312 45,674 48,706 17,007 1,440 164 171,916
1996 512 373 6,473 6,764 22,138 11,196 21,954 50,554 11,935 2,138 279 503 134,818
1997 252 3,917 25,765 37,438 5,909 10,261 22,079 22,300 6,145 994 530 752 136,343
1998 440 1,281 1,350 6,348 4,982 11,370 13,152 27,924 41,626 9,724 983 749 119,931
1999 546 2,271 2,935 4,627 6,158 6,870 13,544 40,729 23,469 2,811 757 365 105,082
2000 616 699 1,316 4,332 7,148 7,233 21,919 28,299 6,481 960 357 583 79,943
2001 460 496 687 660 989 4,246 9,199 15,171 1,208 366 464 278 34,224
2002 295 1,586 2,260 4,127 3,083 6,300 21,457 23,966 7,725 803 250 199 72,052
2003 385 2,089 5,223 7,207 5,474 10,931 11,850 30,716 15,971 1,369 589 380 92,184
2004 253 402 3,049 1,960 3,856 11,109 18,764 21,095 5,234 995 302 131 67,150
2005 965 574 1,736 2,145 2,142 6,622 12,402 51,476 20,153 2,799 635 246 101,895
2006 248 1,064 37,294 12,381 13,605 9,536 19,324 47,207 15,867 1,538 466 348 158,878
2007 303 1,191 1,851 1,543 4,684 8,116 13,011 13,916 2,335 767 506 388 48,611
2008 1,030 500 944 2,089 1,327 3,334 12,100 25,570 5,118 907 385 318 53,621
2009 1,202 2,957 1,038 1,672 4,531 9,200 16,202 35,297 5,861 706 413 181 79,261
2010 582 512 984 1,603 1,358 3,613 9,667 23,983 33,612 3,356 384 179 79,834
2011 3,019 2,694 10,329 4,600 3,999 6,611 16,604 31,982 50,428 17,398 1,461 573 149,698

Average 814 2,575 4,991 5,157 5,581 8,649 15,332 26,973 14,694 3,200 588 450 89,004
Maximum 5,085 27,751 37,294 37,438 33,508 29,185 29,064 51,476 59,979 19,855 2,878 1,301 192,731
Minimum 60 116 105 183 466 581 3,421 4,012 1,208 213 139 33 12,557
10% Exc. 1,659 3,812 14,996 9,355 12,552 13,327 22,017 46,451 37,619 7,664 874 889 154,288
20% Exc. 965 2,591 4,997 6,764 6,158 11,109 20,414 40,660 22,858 3,804 726 691 134,818
50% Exc. 543 922 1,569 2,676 3,322 6,846 14,199 26,482 8,589 995 465 380 79,888
80% Exc. 258 373 944 1,308 1,486 4,127 10,327 13,935 2,524 663 292 181 42,582
90% Exc. 197 269 630 657 1,234 3,325 8,996 10,089 1,908 466 244 147 33,801
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Middle Yuba River at Milton Diversion Dam - 2070 Median Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 25.8 51.8 27.7 20.7 61.4 130.2 75.5 453 22,6 4.0 4.5 19.9 40.7 0.3 298.9
1977 15.0 7.4 5.8 4.7 16.5 15.5 48.0 424 299 7.0 3.6 2.0 16.4 1.0 121.5
1978 13 73 162.2 2949 206.7 363.7 225.7 287.1 85.6 28.1 15.2 235 141.9 0.5 1,717.2
1979 23 10.1 14.6 118.2 123.0 168.2 176.0 295.9 37.6 23.8 9.0 6.0 82.0 1.5 1,788.6
1980 14.2 4.6 43.6 919.6 502.5 188.0 243.0 198.3 38.7 219 10.2 8.1 182.2 0.8 6,641.8
1981 10.4 18.3 384 52.6 183.4 162.6 199.9 60.9 222 10.9 4.6 4.6 63.1 1.2 645.9
1982 11.6 605.0 854.0 230.5 792.7 270.3 356.2 289.2 40.9 203 11.0 33.6 289.2 25 5,651.2
1983 104.6 155.3 318.7 339.4 350.6 593.4 120.0 458.2 430.6 58.7 64.1 32.5 252.1 10.2 4,111.7
1984 23.0 444.5 703.6 319.8 191.8 204.5 121.7 167.1 239 14.4 7.1 54 185.9 24 3,025.6
1985 16.6 116.8 342 46.0 69.3 138.6 354.1 106.2 28.0 12.3 6.3 16.3 78.2 39 653.1
1986 72 152 48.1 2842 1,040.0 607.3 265.1 128.0 25.6 9.4 4.1 6.7 197.9 1.4 3,889.5
1987 8.9 2.0 1.8 11.6 109.9 135.7 180.5 34.8 17.4 9.6 38 0.6 424 0.5 1,072.7
1988 22 5.0 71.8 53.4 74.4 154.3 82.4 29.6 19.8 9.9 4.4 13 424 0.6 632.4
1989 2.2 67.7 41.8 34.0 116.3 716.0 457.7 1283 289 13.2 13.5 16.9 136.5 1.8 2,958.9
1990 30.9 36.5 327 156.5 103.5 196.9 270.8 46.2 252 15.4 12.9 11.4 779 2.1 1,448.7
1991 13.1 73 11.6 14.2 28.1 380.7 1455 159.1 50.5 25.0 15.0 12.7 72.5 6.0 4,591.2
1992 10.2 13.7 12.8 9.2 100.4 155.0 195.4 27.6 17.9 12.7 6.2 2.8 46.6 2.6 378.5
1993 11.7 18.0 75.2 3113 184.9 499.2 385.8 457.0 67.6 28.8 16.5 12.4 172.8 37 2,226.8
1994 14.6 2.6 29.7 19.5 39.9 189.3 178.5 75.0 232 8.5 7.0 6.1 49.5 1.0 483.6
1995 6.2 46.7 279 698.2 371.7 832.8 327.8 440.2 270.1 44.7 23.9 4.1 258.0 33 4,431.5
1996 8.1 6.1 237.0 2747 892.2 2733 2822 3425 30.7 19.8 4.4 8.2 195.8 2.8 3,904.0
1997 3.1 71.4 741.0 802.8 193.9 186.5 248.9 76.5 18.5 9.1 6.6 9.6 198.6 1.1 5,819.6
1998 10.1 38.2 42.6 476.0 349.2 4733 230.5 2123 177.2 324 20.6 17.8 172.5 4.0 3,133.2
1999 11.2 582 141.6 2349 348.5 241.6 222.0 340.6 67.2 23.6 15.8 79 141.7 4.7 1,747.9
2000 10.5 13.8 443 183.1 352.7 217.8 326.2 162.7 254 14.7 6.3 10.7 112.9 2.7 2,369.1
2001 10.4 11.7 15.7 15.1 354 156.9 145.5 84.0 223 83 10.6 6.6 43.6 3.9 460.5
2002 6.2 434 81.7 230.6 180.0 223.6 359.3 1423 31.3 15.6 52 43 109.7 3.7 700.5
2003 6.5 46.1 228.6 347.8 250.6 288.6 132.7 193.6 42.0 152 10.0 6.6 130.5 1.2 2,413.1
2004 5.0 8.1 132.4 94.3 207.6 311.3 296.8 107.4 273 16.4 59 2.6 100.9 1.5 1,537.9
2005 229 15.8 84.5 138.2 181.6 309.2 234.7 569.8 71.5 29.8 17.0 6.8 140.4 4.4 2,653.5
2006 3.6 18.4 1,064.1 478.9 475.7 234.4 239.8 288.0 333 12.3 6.8 53 238.2 1.7 8,319.7
2007 52 24.8 51.9 49.0 230.2 228.7 159.7 50.7 19.0 12.9 8.6 6.8 69.5 4.2 1,337.2
2008 24.0 12.6 29.1 101.2 63.1 164.2 206.9 200.3 34.1 20.8 9.4 8.0 72.9 7.4 529.4
2009 22.6 84.9 31.4 74.7 2833 305.9 248.5 264.0 28.9 13.5 8.4 3.8 113.0 3.0 1,850.8
2010 20.2 19.7 43.1 118.4 116.7 2339 242.8 264.4 239.7 40.3 14.4 6.9 113.2 35 887.5
2011 56.1 85.0 680.3 314.1 297.8 270.3 304.1 269.8 296.0 50.4 24.3 14.1 221.8 1.4 3,303.9

Average 155 61.0 172.4 218.7 253.7 2839 2303 195.7 68.6 19.8 11.6 9.8 127.9 0.3 8,319.7
10% Exc. 24.1 105.3 322.8 373.4 370.0 450.4 463.7 450.2 168.9 345 19.9 17.0 3272 - -
20% Exc. 15.6 49.1 171.8 2933 298.4 346.9 379.6 330.1 68.3 29.5 145 12.7 209.8 - -
50% Exc. 6.5 13.1 27.0 110.7 181.7 208.0 175.0 115.1 29.3 16.8 83 6.7 29.7 - -
80% Exc. 35 55 12.9 18.6 36.5 130.9 68.6 42.6 214 7.8 4.8 3.6 8.3 - -
90% Exc. 2.2 2.8 9.1 12.6 23.1 104.6 49.1 33.8 18.3 5.7 4.2 1.5 5.0 - -
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Middle Yuba River at Milton Diversion Dam - 2070 Median Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 1,589 3,081 1,704 1,273 3,532 8,007 4,494 2,784 1,342 246 277 1,182 29,512
1977 924 441 356 292 919 954 2,857 2,606 1,780 432 222 119 11,900
1978 78 437 9,973 18,135 11,482 22,366 13,429 17,656 5,092 1,728 935 1,396 102,707
1979 138 600 898 7,267 6,831 10,340 10,475 18,195 2,239 1,466 556 357 59,362
1980 872 274 2,680 56,542 28,903 11,560 14,457 12,195 2,305 1,345 629 484 132,247
1981 640 1,091 2,363 3,234 10,187 9,997 11,896 3,747 1,323 672 284 274 45,708
1982 714 35,998 52,511 14,171 44,025 16,620 21,196 17,783 2,436 1,250 677 1,997 209,377
1983 6,432 9,244 19,598 20,870 19,473 36,488 7,138 28,172 25,621 3,610 3,939 1,932 182,517
1984 1,412 26,452 43,264 19,664 11,031 12,572 7,243 10,275 1,422 886 437 321 134,979
1985 1,019 6,949 2,105 2,827 3,847 8,521 21,068 6,530 1,667 755 389 969 56,647
1986 442 904 2,957 17,474 57,758 37,342 15,776 7,873 1,526 577 253 401 143,281
1987 544 119 108 715 6,104 8,343 10,739 2,141 1,033 589 234 34 30,702
1988 136 299 4,412 3,282 4,282 9,489 4,902 1,822 1,177 609 273 78 30,761
1989 135 4,029 2,569 2,091 6,458 44,024 27,237 7,890 1,722 812 829 1,004 98,799
1990 1,898 2,173 2,010 9,622 5,745 12,106 16,112 2,838 1,500 944 791 680 56,420
1991 805 436 710 871 1,558 23,409 8,660 9,784 3,003 1,540 924 753 52,455
1992 625 816 788 563 5,776 9,532 11,627 1,695 1,065 781 381 169 33,819
1993 721 1,071 4,622 19,140 10,271 30,696 22,959 28,099 4,020 1,774 1,016 739 125,128
1994 895 155 1,828 1,199 2,214 11,639 10,620 4,610 1,381 520 429 366 35,856
1995 380 2,778 1,718 42,933 20,641 51,208 19,503 27,067 16,074 2,750 1,471 242 186,764
1996 498 363 14,575 16,893 51,321 16,805 16,792 21,057 1,825 1,216 272 490 142,106
1997 192 4,248 45,560 49,360 10,770 11,468 14,811 4,706 1,102 562 405 574 143,759
1998 623 2,275 2,620 29,266 19,394 29,099 13,718 13,055 10,545 1,995 1,266 1,060 124,917
1999 691 3,464 8,709 14,442 19,354 14,858 13,213 20,943 3,996 1,450 973 468 102,561
2000 647 819 2,726 11,258 20,290 13,390 19,409 10,002 1,510 905 390 638 81,983
2001 638 698 967 931 1,967 9,645 8,657 5,163 1,329 509 654 392 31,549
2002 378 2,584 5,026 14,182 9,998 13,746 21,378 8,751 1,865 960 321 256 79,445
2003 401 2,745 14,055 21,388 13,917 17,746 7,895 11,904 2,500 936 613 396 94,495
2004 304 483 8,144 5,801 11,942 19,139 17,663 6,606 1,627 1,008 364 157 73,238
2005 1,410 942 5,193 8,497 10,085 19,013 13,965 35,033 4,254 1,830 1,046 405 101,672
2006 223 1,094 65,429 29,447 26,421 14,415 14,271 17,711 1,979 759 421 314 172,484
2007 317 1,476 3,190 3,011 12,785 14,062 9,502 3,119 1,130 794 530 406 50,321
2008 1,479 748 1,788 6,225 3,628 10,094 12,310 12,314 2,030 1,282 578 478 52,954
2009 1,388 5,053 1,929 4,594 15,735 18,812 14,789 16,235 1,719 827 517 227 81,825
2010 1,244 1,169 2,650 7,280 6,482 14,384 14,448 16,258 14,264 2,480 885 412 81,958
2011 3,451 5,057 41,831 19,316 16,540 16,618 18,095 16,588 17,614 3,100 1,497 842 160,548

Average 952 3,627 10,599 13,446 14,213 17,458 13,703 12,033 4,084 1,219 713 584 92,632
Maximum 6,432 35,998 65,429 56,542 57,758 51,208 27,237 35,033 25,621 3,610 3,939 1,997 209,377
Minimum 78 119 108 292 919 954 2,857 1,695 1,033 246 222 34 11,900
10% Exc. 1,534 6,003 42,548 29357 27,662 33,592 21,132 24,062 12,405 2238 1,156 1,121 166,516
20% Exc. 1,388 4,029 14,055 19,664 19,473 22,366 18,095 17,783 4,020 1,728 935 842 142,106
50% Exc. 644 1,093 2,703 9,059 10,521 14,223 13,842 10,139 1,803 940 543 409 81,970
80% Exc. 317 441 1,718 2,091 4,282 9,997 8,660 3,747 1,342 609 321 256 45,708
90% Exc. 165 331 843 901 2,873 9,005 7,190 2,695 1,154 541 272 163 31,155
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Middle Yuba River at Milton Diversion Dam - 2070 Median Change in Volume Relative to Historical in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 106 907 415 227 2,047 4,723 -2,567 -8,387 -228 33 39 166
1977 329 164 132 109 452 372 -563 -1,406 -531 157 83 44
1978 18 104 6,646 13,070 8,488 11,413 -740 _ -3,207 216 419
1979 49 213 324 5,290 4,995 7,024 149 -13,541 -5,444 362 199 127
1980 =22 12 1,054 _ 5,682 -3,732 _ -4,259 30 23
1981 9 243 1,101 1,869 6,627 6,007 -1,676 -10,188 -1,201 133 59 56
1982 -111 8,247 8,714 5,781 -1,102 -49 696
1983 1,347 5,004 -1,097 -12,489 1,061 826
1984 -423 5,516 10,777 3,507 -5,460 -11,222 -903 -79 -58
1985 232 3,242 824 1,397 2,524 5,619 1,304 -13,198 2,567 198 105 278
1986 -73 -92 1,041 10,452 _ 8,156 -6,978 9,572 -253 -39 -63
1987 13 3 3 61 3,756 4216 -3,489 -6,866 -327 9 7 1
1988 -10 -22 2,030 1,562 2,439 4,013 -4,608 -6,069 -1,876 -54 -19 -5
1989 20 1,438 1,057 783 390 [EIGMN iz | sme | -149 64 202
1990 -179 403 592 6,414 3,688 5,520 -2,883 -9,193 -4,420 =27 35 30
1991 368 199 324 397 799 -131 -10,627 -7,403 -76 424 345 1,205
1992 -67 -8 -37 -30 2,835 3,989 -4,466 -4,491 -255 -20 -9 _
1993 180 371 2,749 _ 7,811 2,545 298 217 5,076
1994 204 38 703 358 7,125 -1,187 -9,446 -865 107 91 -1,678
1995 122 1,185 818 2,191 31 s ||
1996 -14 -11 8,102 10,129 5,608 -5,162 -7 -13 7,288
1997 -60 331 11,922 4,862 1,207 -7,269 -125 -178 7,416
1998 183 994 1,270 566 283 311 4,986
1999 145 1,193 5,774 9,816 13,196 7,988 -331 216 104
2000 31 119 1,410 6,926 13,142 6,157 -2,511 -4,971 34 55
2001 178 201 281 271 977 5,400 -543 -10,008 121 144 190 114
2002 83 998 2,766 10,055 6,914 7,446 -79 -5,859 157 71 56 7,393
2003 16 656 8,831 _ 8,444 6,815 -3,955 -13,471 433 25 16 2311
2004 51 81 5,095 3,841 8,086 8,030 -1,100 -3,607 13 61 26 6,088
2005 445 368 3,457 6,352 7,943 12,390 1,563 -969 412 159 -223
2006 -24 30 _ 12,816 4,879 -5,053 =779 -45 -34 _
2007 14 285 1339 1,468 8,100 5,946 -3,509 -10,797 -1,205 27 24 18 1,710
2008 449 249 844 4,137 2,301 6,759 209 -13,256 -3,088 375 194 160 -668
2009 186 2,096 892 2,922 11,204 9,612 -1,413 121 104 46 2,565
2010 662 657 5,677 5,124 10,771 4,781 7,725 501 233 2,124
2011 433 2,363 12,541 10,007 1,491 36 268

Average 138 1,052 -1,981 126 133 3,628
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Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Middle Yuba River at Milton Diversion Dam - 2070 WMW Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 224 68.4 323 226 63.7 160.0 122.5 86.8 245 43 4.8 212 52.7 0.3 451.2
1977 16.8 8.4 6.7 5.4 18.0 18.7 80.2 62.2 355 8.0 4.1 23 22.1 1.1 1253
1978 13 79 197.3 339.6 229.1 436.7 3143 405.2 157.7 30.5 16.2 25.7 180.3 0.5 2,218.1
1979 24 10.9 16.0 138.5 1329 208.1 260.8 426.8 479 25.7 9.7 6.4 107.3 1.7 2,151.6
1980 12.6 4.8 51.0 1,074.0 640.1 219.9 317.3 276.4 62.2 24.0 10.6 8.4 224.2 0.8 7,020.3
1981 10.1 18.6 40.2 54.0 1955 178.4 265.3 106.7 22.8 10.6 4.5 45 74.9 1.2 8353
1982 9.2 1,131.6 864.4 221.0 928.2 263.4 3439 320.2 58.7 18.2 9.7 29.1 344.6 22 5,942.4
1983 61.9 210.3 314.6 331.8 342.4 6133 170.7 541.5 675.0 108.7 205.1 29.7 300.4 9.2 4,489.4
1984 14.8 907.1 687.9 313.4 185.4 198.1 148.7 202.8 278 12.8 6.3 4.8 225.5 2.1 2,925.8
1985 16.1 160.5 38.1 474 66.4 161.5 448.5 189.5 30.1 12.2 6.3 16.2 99.0 39 823.0
1986 6.5 14.6 45.7 283.7 1,273.5 662.3 299.3 176.4 31.1 85 3.7 6.1 2273 1.3 4,353.4
1987 9.3 2.1 1.9 12.5 136.6 160.3 248.9 60.7 18.5 10.0 4.0 0.6 54.6 0.5 1,726.5
1988 24 54 88.8 62.6 79.5 185.9 140.4 50.5 22,6 10.7 4.8 1.4 54.6 0.7 835.8
1989 22 142.2 48.0 34.9 120.9 834.4 542.4 204.5 34.5 13.0 13.2 17.2 167.5 1.8 3,580.8
1990 229 46.1 41.4 185.5 107.2 235.2 369.9 89.9 32.7 16.9 14.1 12.5 97.6 24 1,738.7
1991 11.0 6.2 9.9 11.9 23.5 386.3 189.9 2373 55.2 21.1 12.6 10.6 81.9 5.1 4,699.5
1992 9.9 152 14.0 9.8 116.7 184.3 275.1 43.5 19.4 13.6 6.6 3.0 58.7 2.7 518.2
1993 10.5 19.5 83.3 339.6 186.1 575.9 489.5 579.4 1135 29.6 16.7 12.5 2053 37 2,706.9
1994 14.0 25 31.0 19.2 37.1 204.9 232.6 126.2 234 8.1 6.7 59 59.4 0.9 594.7
1995 5.8 54.0 29.3 743.7 388.4 928.3 406.5 585.0 436.1 80.0 24.8 3.8 307.4 3.1 4,787.5
1996 7.6 57 246.9 281.2 1,122.2 280.2 3353 411.6 39.9 18.5 4.1 7.7 226.7 2.6 4,139.5
1997 3.0 144.7 814.4 890.2 204.5 205.4 273.9 129.5 21.2 8.9 6.4 9.3 227.4 1.1 6,870.4
1998 9.7 46.6 45.5 504.7 388.3 521.4 2715 300.8 302.6 36.8 19.6 17.0 204.9 3.8 3,613.9
1999 11.6 104.5 172.9 269.8 415.1 279.9 294.4 459.6 116.2 24.6 16.3 8.1 179.7 4.8 2,195.2
2000 9.8 14.8 51.0 203.6 430.0 2384 409.3 250.5 285 14.9 6.4 10.8 137.7 2.7 3,333.2
2001 10.5 11.9 16.2 15.3 353 175.3 198.8 157.5 23.0 8.4 10.8 6.7 55.9 4.0 560.9
2002 6.1 62.3 93.7 2435 181.2 2454 451.5 245.0 36.8 15.4 5.1 42 132.1 3.7 786.2
2003 6.7 63.6 262.8 398.7 282.6 346.6 194.9 268.0 67.1 15.8 10.3 6.9 160.2 1.3 2,761.0
2004 49 8.0 148.9 96.9 239.5 341.4 3725 180.6 29.6 16.2 58 2.6 120.1 1.4 2,261.7
2005 21.8 15.9 96.5 149.0 175.1 3422 319.6 816.5 115.4 30.1 17.0 6.8 176.2 4.4 4,637.0
2006 37 222 1,239.6 540.8 623.9 265.4 301.2 3743 50.5 12.7 7.0 54 286.6 1.8 10,165.7
2007 5.0 275 54.5 50.1 264.5 239.5 209.7 91.4 19.3 12.5 83 6.6 81.1 4.1 1,929.4
2008 215 11.4 28.5 100.5 54.7 1753 256.4 277.2 339 18.9 8.5 73 83.1 6.7 607.7
2009 19.2 160.8 333 74.4 325.8 319.4 313.7 369.5 30.6 12.8 8.0 3.6 137.8 2.8 3,016.2
2010 15.5 17.8 428 114.1 98.2 2533 301.1 377.8 380.3 36.9 13.0 6.3 138.0 3.1 1,355.8
2011 35.4 106.0 770.2 342.9 322.5 301.9 393.7 375.9 496.1 104.3 26.8 14.1 274.0 1.4 3,665.3

Average 126 101.7 187.8 236.9 290.2 315.2 293.6 2738 1033 23.7 15.5 9.6 154.6 0.3 10,165.7
10% Exc. 23.6 134.0 331.9 405.4 394.5 472.7 568.6 547.6 307.7 354 19.7 16.2 374.6 - -
20% Exc. 155 58.6 191.4 308.6 3244 369.0 457.7 427.1 1125 29.6 145 12.7 2459 - -
50% Exc. 6.5 13.0 28.4 112.4 182.8 224.1 247.4 210.6 32.5 16.1 8.2 6.2 31.4 - -
80% Exc. 3.4 53 134 18.4 353 149.2 108.3 752 23.1 7.7 49 34 8.2 - -
90% Exc. 2.2 3.0 8.8 11.1 22.8 128.9 76.1 52.2 18.8 5.9 4.0 1.6 4.9 - -
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Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Middle Yuba River at Milton Diversion Dam - 2070 WMW Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year

Water Year October November December January February March April May June July August September Total
1976 1,379 4,071 1,987 1,388 3,666 9,840 7,287 5,338 1,457 262 296 1,264 38,234
1977 1,033 500 410 331 1,000 1,148 4,774 3,824 2,110 489 252 135 16,005
1978 83 473 12,133 20,882 12,723 26,852 18,701 24914 9,382 1,875 994 1,531 130,544
1979 149 646 985 8,515 7,383 12,796 15,517 26,244 2,853 1,583 598 384 77,654
1980 778 284 3,135 66,036 36,817 13,519 18,881 16,997 3,702 1,477 650 501 162,776
1981 623 1,104 2,473 3,321 10,859 10,968 15,789 6,563 1,357 652 276 266 54,250
1982 568 67,332 53,147 13,591 51,552 16,195 20,466 19,686 3,494 1,120 594 1,732 249,478
1983 3,806 12,515 19,344 20,405 19,015 37,711 10,157 33,295 40,163 6,686 12,609 1,766 217,472
1984 912 53,976 42,296 19,268 10,667 12,184 8,846 12,469 1,657 786 386 283 163,729
1985 990 9,552 2,342 2913 3,687 9,928 26,687 11,653 1,791 747 385 967 71,644
1986 399 866 2,809 17,442 70,725 40,726 17,810 10,847 1,850 524 229 363 164,591
1987 569 124 114 766 7,585 9,859 14,814 3,732 1,100 615 244 35 39,559
1988 147 324 5,458 3,852 4,570 11,430 8,354 3,105 1,344 661 295 84 39,624
1989 133 8,462 2,954 2,144 6,712 51,303 32,274 12,573 2,055 802 809 1,025 121,245
1990 1,408 2,742 2,544 11,405 5,951 14,463 22,009 5,526 1,947 1,039 868 746 70,650
1991 676 367 606 732 1,307 23,752 11,298 14,594 3,284 1,300 776 632 59,322
1992 607 903 858 602 6,711 11,330 16,372 2,675 1,154 837 407 181 42,637
1993 647 1,160 5,124 20,880 10,336 35,412 29,129 35,629 6,754 1,820 1,025 746 148,661
1994 860 149 1,905 1,180 2,058 12,597 13,840 7,763 1,395 501 413 352 43,012
1995 359 3,213 1,801 45,727 21,572 57,081 24,188 35,969 25,948 4,916 1,528 228 222,531
1996 464 338 15,182 17,292 64,551 17,227 19,953 25,306 2,374 1,140 253 457 164,539
1997 186 8,608 50,075 54,735 11,360 12,631 16,296 7,960 1,263 546 392 556 164,607
1998 594 2,772 2,801 31,034 21,563 32,057 16,515 18,497 18,006 2,262 1,202 1,012 148,315
1999 714 6,216 10,630 16,590 23,056 17,212 17,518 28,257 6,912 1,514 1,004 484 130,106
2000 602 879 3,135 12,519 24,733 14,656 24,357 15,404 1,697 915 393 641 99,930
2001 646 707 997 943 1,961 10,776 11,831 9,682 1,370 515 662 397 40,485
2002 373 3,709 5,763 14,973 10,063 15,090 26,867 15,067 2,189 950 316 252 95,610
2003 414 3,787 16,158 24,515 15,696 21,312 11,598 16,478 3,992 971 633 408 115,963
2004 300 477 9,156 5,961 13,776 20,994 22,164 11,106 1,759 998 359 155 87,205
2005 1,343 944 5,936 9,163 9,723 21,039 19,019 50,204 6,868 1,849 1,047 405 127,540
2006 228 1,323 76,217 33,255 34,651 16,316 17,922 23,014 3,003 778 429 320 207,457
2007 307 1,638 3,353 3,080 14,689 14,726 12,480 5,621 1,147 769 513 393 58,715
2008 1,320 677 1,755 6,182 3,144 10,781 15,255 17,047 2,019 1,160 522 432 60,294
2009 1,178 9,568 2,050 4,572 18,093 19,638 18,668 22,720 1,819 788 490 215 99,798
2010 956 1,061 2,634 7,013 5,454 15,575 17,916 23,230 22,630 2,270 799 372 99,909
2011 2,178 6,305 47,359 21,083 17,913 18,564 23,427 23,116 29,518 6,412 1,649 839 198,362

Average 776 6,049 11,545 14,564 16,259 19,380 17,472 16,836 6,149 1,459 953 571 112,013
Maximum 3,806 67,332 76,217 66,036 70,725 57,081 32,274 50,204 40,163 6,686 12,609 1,766 249,478
Minimum 83 124 114 331 1,000 1,148 4,774 2,675 1,100 262 229 35 16,005
10% Exc. 1,361 9,560 44,827 32,144 35,734 36,561 25,522 30,776 20,318 2,266 1,125 1,144 202,909
20% Exc. 1,033 6,305 15,182 20,882 21,572 23,752 22,164 24914 6,868 1,820 994 839 164,539
50% Exc. 615 1,132 3,045 10,284 10,763 15,332 17,664 15,235 2,083 960 518 407 99,920
80% Exc. 307 471 1,801 2,144 4,570 11,330 11,831 6,563 1,395 652 316 252 54,250
90% Exc. 168 331 922 854 2,601 10,352 9,502 4,581 1,303 519 265 168 40,054
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Hydrologic Analysis Technical Memorandum

Middle Yuba River at Milton Diversion Dam - 2070 WMW Change in Volume Relative to Historical in ac-ft (Water Years begin October 1st of previous year)

Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Water Year October November December January February March April May June July August September Total
1976 -103 1,897 698 342 2,181 6,556 227 -5,834 -114 49 58 248 6,204
1977 438 224 187 148 533 566 1,353 -188 -200 215 112 60 3,448
1978 23 140 8,806 15,817 9,729 15,900 4,531 -10,540 -3,059 275 554 24,915
1979 60 259 411 6,537 5,547 9,481 5,191 -5,491 -4,830 480 241 154 18,039
1980 -117 22 1,510 7,640 692 -4,127 51 39
1981 79 255 1211 1,955 7,299 6,978 2217 7,372 -1,167 114 51 49
1982 -257 _ 8,134 5,356 -1,832 -3,796 -131 431
1983 -1,279 8,366 14,347 16,256 14,708 1,922 -7,365 -13,169 9,731 659
1984 -924 _ 10,381 5,608 3,119 -3,857 -10,988 -1,003 -131 -96
1985 204 5,845 1,061 1,483 2,364 7,026 6,923 8,075 2,443 190 101 276 14,956
1986 -115 -130 893 10,420 11,541 -4,943 -9,247 -306 -63 -101 28,617
1987 38 9 9 112 5,237 5,732 586 -5,275 -260 35 17 2 6,244
1988 2 3 3,075 2,132 2,728 5,954 -1,156 -4,786 -1,709 -2 3 1 6,246
1989 18 5,871 1,442 836 4,182 _ 3,210 -11,056 7,399 -159 44 223 26,179
1990 -669 971 1,126 8,197 3,894 7,878 3,015 -6,504 -3,973 68 112 96 14,211
1991 239 129 220 258 547 16,930 2,506 -5,818 -7,122 -317 275 224 8,072
1992 -85 79 34 8 3,770 5,787 279 -3,511 -166 -42 6 3 6,160
1993 106 466 3,251 16,021 7,876 _ 8,715 -11,542 _ 2,074 308 223 28,609
1994 169 32 780 339 912 8,083 2,033 -6,293 -851 106 91 77 5,479
1995 101 1,620 901 15,315 6,875 -9,705 -12,090 88 64
1996 -47 -35 8,709 10,528 6,031 -2,001 -997 -25 -46 29,721
1997 -66 4,691 -& 5,451 2,370 -5,784 -449 -138 -196 28,265
1998 154 1,491 1,450 16,581 _ 3,363 -9,426 -7,462 219 263 28,384
1999 168 3,945 7,695 11,963 16,899 10,342 3,974 -12,472 -1,298 247 119 25,025
2000 -14 179 1,819 8,188 17,585 7,424 2,438 -12,895 -4,785 -45 36 58 19,988
2001 186 211 310 283 972 6,531 2,632 -5,489 162 149 198 118 6,260
2002 78 2,123 3,503 10,846 6,980 8,790 5,410 -8,900 -5,536 146 66 52 23,559
2003 29 1,699 10,934 17,308 10,223 10,381 -252 -11,979 -398 45 29 23,779
2004 47 74 6,107 4,001 9,920 9,885 3,400 -9,989 -3,475 3 57 24 20,055
2005 378 370 4,200 7,019 7,581 14,416 6,616 -1,273 -13,286 -950 413 160 25,645
2006 -20 259 _ 6,781 -1,402 -12,864 =760 -37 -28
2007 4 447 1,503 1,537 10,004 6,610 -531 -8,295 -1,188 2 7 5 10,105
2008 291 177 811 4,093 1,817 7,446 3,154 -8,523 -3,099 254 138 114 6,673
2009 24 6,611 1,012 2,901 13,562 10,437 2,466 -12,578 -4,042 81 77 34 20,538
2010 374 548 1,650 5,410 4,096 11,962 8,249 -753 -10,982 -1,086 414 193 20,075
2011 -841 3,611 16,483 13,914 11,953 6,823 -8,866 -10,986 188 265

Average 38 3,475 6,555 -1,741 365 121 23,009
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Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Middle Yuba River at Milton Diversion Dam - 2070 DEW Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 214 345 27.8 225 414 114.7 60.1 36.5 254 4.6 52 22.7 347 0.3 179.9
1977 15.4 7.8 6.1 5.0 14.5 16.2 48.6 39.1 30.8 7.4 38 2.1 16.4 1.0 61.2
1978 1.5 8.5 211.6 2939 179.3 378.0 2185 201.8 51.0 334 18.4 255 135.4 0.6 3,321.5
1979 24 10.6 15.2 87.1 86.7 137.5 140.6 174.6 35.8 24.9 9.5 6.3 60.9 1.6 1,152.1
1980 11.7 4.8 445 739.3 666.3 158.4 219.2 130.0 26.8 22.6 10.8 8.6 168.7 0.8 4,875.7
1981 8.6 14.5 26.0 27.7 146.6 108.0 130.6 34.2 18.6 9.4 4.0 4.0 435 1.0 738.5
1982 9.4 128.1 1,040.3 191.4 1,112.5 222.1 391.3 180.4 23.0 19.2 10.6 219 273.9 24 7,240.6
1983 59.2 78.0 2422 319.4 334.6 5283 922 373.6 183.9 59.0 550.7 34.7 238.7 11.7 4,082.2
1984 15.6 120.8 972.3 288.1 186.2 199.6 100.5 102.2 214 16.0 7.9 6.0 170.8 2.7 4,666.6
1985 15.7 50.8 285 30.7 452 107.9 296.9 59.3 26.6 12.3 6.3 15.6 57.7 39 603.9
1986 6.0 11.0 33.0 185.1 1,327.9 403.7 187.1 56.9 16.7 7.8 35 57 179.1 12 4,733.9
1987 8.9 2.0 1.8 10.9 118.9 109.5 126.6 26.7 17.2 9.7 38 0.6 35.7 0.5 1,886.4
1988 25 57 70.3 28.6 54.4 141.0 58.4 26.7 21.7 11.2 5.0 1.5 35.6 0.7 923.9
1989 2.7 30.8 36.7 30.8 119.2 655.0 497.4 84.5 31.4 16.0 183 18.4 1283 22 2,263.9
1990 16.8 23.6 243 99.2 58.9 165.8 208.5 30.6 22.1 15.0 12.7 11.3 57.3 2.1 908.2
1991 13.1 73 11.5 14.2 253 281.0 96.0 86.5 41.3 24.8 15.0 12.6 52.8 6.0 2,842.1
1992 8.8 12.4 12.8 9.2 94.8 1253 130.2 23.0 17.8 12.8 6.2 29 37.7 2.6 363.6
1993 11.9 18.3 70.6 274.1 148.5 524.9 381.9 373.0 46.8 353 20.5 15.4 160.7 4.6 1,703.7
1994 13.8 25 243 17.5 29.1 144.5 138.0 45.5 220 8.2 6.8 6.0 382 0.9 4352
1995 7.6 37.2 27.5 651.1 428.8 826.8 339.0 387.7 123.9 49.7 49.8 5.0 2443 4.1 4,128.4
1996 6.7 5.0 227.0 191.8 L1115 201.8 192.9 187.8 18.8 16.1 37 6.8 177.1 23 4,461.9
1997 2.9 223 907.7 566.0 166.1 152.6 250.1 38.0 15.1 8.4 6.1 8.9 179.9 1.0 4,082.7
1998 12.4 255 39.5 423.1 4259 437.7 249.1 152.0 85.0 383 28.6 21.8 160.1 4.8 3,740.3
1999 13.0 38.1 167.1 216.4 412.1 231.8 219.4 249.0 414 27.1 18.4 9.2 1353 5.4 3,252.1
2000 79 10.0 36.7 121.0 339.6 161.3 241.7 82.7 204 12.6 55 9.2 86.2 23 3,132.1
2001 10.4 11.9 15.9 15.3 26.8 141.1 115.8 49.9 223 8.4 10.8 6.7 36.3 4.0 433.7
2002 6.2 219 59.3 169.9 1352 187.1 308.3 75.0 28.5 15.7 53 43 84.2 3.8 633.1
2003 6.6 24.6 246.9 2773 227.6 244.1 97.9 125.6 26.8 152 10.1 6.7 108.9 1.2 32124
2004 4.8 79 93.0 352 203.1 277.8 242.0 57.8 25.0 15.7 57 2.6 80.3 1.4 2,532.6
2005 26.0 20.7 73.0 103.9 136.5 342.0 226.4 554.4 56.4 38.6 22.3 8.9 134.7 5.8 3,782.4
2006 32 11.4 1,236.6 334.1 548.6 1773 191.8 171.2 19.3 10.7 6.0 4.6 225.4 1.5 9,716.6
2007 4.5 15.2 37.2 29.3 210.8 174.5 99.9 27.8 16.0 11.2 75 5.9 52.2 3.6 1,967.9
2008 232 12.7 24.1 70.7 383 129.7 153.2 110.7 323 20.8 9.5 8.1 529 7.4 498.0
2009 17.3 32.5 21.6 51.3 307.5 249.1 172.0 150.4 25.6 12.7 8.0 3.6 86.1 2.8 2,931.5
2010 17.5 223 423 81.6 78.2 225.0 2129 165.8 121.2 453 16.4 79 86.4 4.0 911.9
2011 27.0 50.1 907.0 286.1 271.3 249.4 252.2 187.9 124.1 49.9 474 15.9 206.2 1.6 4,941.2

Average 123 26.1 196.2 175.0 274.1 248.1 196.9 135.0 412 20.7 272 9.9 112.8 0.3 9,716.6
10% Exc. 24.2 53.5 271.9 353.0 382.7 481.8 450.8 315.0 82.4 39.6 24.4 17.8 266.1 -- -
20% Exc. 16.6 34.0 104.2 262.0 2853 328.8 3228 201.8 452 34.1 163 13.5 142.6 - -
50% Exc. 6.8 12.9 259 46.6 1355 170.1 101.1 62.7 26.7 16.0 8.1 73 27.6 - -
80% Exc. 35 58 12.8 17.1 31.0 98.2 523 312 19.6 7.7 5.1 34 8.2 - -
90% Exc. 2.2 2.9 8.6 12.6 21.0 83.7 44.1 26.6 15.8 5.9 3.8 1.6 5.0 - -

Print date: 11/18/2019



Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Middle Yuba River at Milton Diversion Dam - 2070 DEW Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 1,315 2,051 1,709 1,381 2,382 7,055 3,577 2,246 1,509 281 318 1,350 25,175
1977 948 466 376 309 807 996 2,889 2,406 1,830 456 235 126 11,843
1978 94 506 13,009 18,073 9,956 23,239 13,002 12,411 3,033 2,055 1,132 1,516 98,028
1979 146 631 934 5,353 4,813 8,456 8,368 10,737 2,131 1,529 586 375 44,060
1980 717 288 2,736 45,457 38,327 9,739 13,041 7,994 1,594 1,389 664 511 122,456
1981 529 863 1,602 1,701 8,143 6,643 7,773 2,102 1,105 579 244 236 31,520
1982 578 7,623 63,968 11,771 61,787 13,659 23,284 11,091 1,370 1,178 651 1,302 198,263
1983 3,639 4,639 14,892 19,640 18,585 32,485 5,486 22,972 10,942 3,625 33,859 2,064 172,828
1984 961 7,187 59,783 17,712 10,712 12,272 5,980 6,283 1,276 983 489 359 123,997
1985 966 3,022 1,754 1,886 2,509 6,633 17,664 3,645 1,586 755 390 931 41,741
1986 371 656 2,030 11,380 73,749 24,824 11,132 3,500 997 482 213 339 129,672
1987 548 120 108 669 6,601 6,736 7,531 1,643 1,024 593 236 34 25,843
1988 154 340 4,325 1,761 3,129 8,667 3,476 1,644 1,294 688 310 88 25,876
1989 166 1,830 2,256 1,893 6,618 40,272 29,600 5,198 1,871 984 1,122 1,093 92,902
1990 1,033 1,404 1,497 6,100 3,268 10,195 12,409 1,880 1,315 925 782 671 41,478
1991 803 436 710 870 1,406 17,276 5,714 5318 2,460 1,524 924 752 38,193
1992 541 740 786 567 5,455 7,703 7,746 1,415 1,059 787 384 171 27,354
1993 734 1,087 4,341 16,854 8,247 32,272 22,723 22,933 2,784 2,173 1,262 917 116,328
1994 851 151 1,494 1,077 1,614 8,886 8,214 2,799 1,309 506 418 356 27,674
1995 469 2,215 1,689 40,033 23,815 50,836 20,170 23,837 7,374 3,054 3,062 298 176,850
1996 412 300 13,959 11,792 63,936 12,409 11,478 11,549 1,119 992 225 406 128,575
1997 178 1,328 55,810 34,800 9,225 9,385 14,880 2,336 898 515 375 532 130,262
1998 763 1,519 2,426 26,014 23,654 26,912 14,821 9,343 5,056 2,353 1,761 1,298 115,920
1999 800 2,265 10,272 13,305 22,889 14,255 13,058 15,309 2,463 1,663 1,134 546 97,958
2000 488 597 2,259 7,438 19,535 9,919 14,384 5,085 1,211 774 336 549 62,575
2001 643 707 978 941 1,490 8,676 6,893 3,070 1,326 517 663 398 26,302
2002 383 1,302 3,644 10,449 7,508 11,505 18,344 4,610 1,693 964 325 259 60,986
2003 405 1,464 15,181 17,053 12,640 15,012 5,823 7,726 1,594 937 620 400 78,855
2004 295 467 5,716 2,163 11,684 17,082 14,399 3,555 1,487 965 352 152 58,316
2005 1,597 1233 4,486 6,391 7,583 21,029 13,472 34,087 3,356 2372 1373 531 97,511
2006 196 679 76,034 20,540 30,470 10,904 11,410 10,525 1,151 658 369 275 163,212
2007 274 906 2,289 1,800 11,705 10,732 5,944 1,708 953 688 459 351 37,810
2008 1,425 753 1,484 4,347 2,206 7,973 9,115 6,806 1,925 1,278 582 482 38,375
2009 1,066 1,934 1,325 3,153 17,077 15,317 10,238 9,250 1,523 778 489 214 62,364
2010 1,078 1,325 2,603 5,015 4,342 13,834 12,671 10,197 7,212 2,786 1,008 470 62,542
2011 1,661 2,980 55,771 17,593 15,069 15,337 15,010 11,556 7,387 3,066 2,913 946 149,288

Average 756 1,556 12,062 10,758 15,359 15,253 11,714 8,299 2,450 1,274 1,674 592 81,748
Maximum 3,639 7,623 76,034 45,457 73,749 50,836 29,600 34,087 10,942 3,625 33,859 2,064 198,263
Minimum 94 120 108 309 807 996 2,889 1,415 898 281 213 34 11,843
10% Exc. 1,370 3,001 55,791 23,277 34,399 29,592 19,257 19,121 6,134 2,579 1,567 1,300 156,250
20% Exc. 1,033 2,051 13,959 17,712 22,889 21,029 14,880 11,549 2,784 2,055 1,132 931 128,575
50% Exc. 610 997 2,358 6,246 8,736 11,888 11,444 5,801 1,554 965 536 438 62,559
80% Exc. 295 467 1,484 1,701 3,129 8,456 5,980 2,336 1,151 593 325 259 31,520
90% Exc. 172 320 860 905 1,910 6,896 5,600 1,794 1,042 511 240 161 26,089
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Hydrologic Analysis Technical Memorandum

Middle Yuba River at Milton Diversion Dam - 2070 DEW Change in Volume Relative to Historical in ac-ft (Water Years begin October 1st of previous year)

Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Water Year October November December January February March April May June July August September Total
1976 -167 -122 420 335 897 3,771 -3,483 -8,925 -62 68 79 334 -6,856
1977 353 190 153 126 341 415 -531 -1,606 -480 181 95 51 =713
1978 35 174 9,682 13,008 6,962 12,287 -1,167 -2,880 413 539 -7,601
1979 57 244 361 3,376 2,976 5,141 -1,958 -5,552 426 228 146 _
1980 -177 26 1,111 3,860 -5,148 -4,216 65 50 -573
1981 -16 15 339 336 4,583 2,653 -5,799 -11,833 -1,419 40 19 18 -11,063
1982 -247 _ 6,314 2,820 986 -3,738 -75 1
1983 -1,446 490 9,895 15,491 14,277 2,749 -17,688 -16,229 _ 958
1984 -874 -13,750 _ 8,825 5,653 3,208 -6,722 -11,369 -806 -28 -20
1985 179 -685 473 456 1,186 3,731 -2,100 -16,083 -2,648 198 106 240
1986 -144 -340 114 4,358 -4,361 -11,621 _ -10,101 -348 -79 -126 -6,302
1987 16 4 3 15 4253 2,609 6,696 7,364 336 14 8 1 7471
1988 9 18 1,943 41 1,286 3,191 -6,034 -6,246 -1,758 25 18 5 -7,502
1989 50 -761 743 585 4,089 17,937 536 _ -7,582 22 357 291 -2,164
1990 -1,044 -367 78 2,892 1,211 3,609 -6,585 -10,151 -4,606 -46 25 21 -
1991 367 199 323 396 647 10,454 -3,078 -15,094 -7,946 -92 423 344
1992 -151 -84 -38 -26 2,514 2,160 -8,347 -4,772 -261 -92 -17 -8 -9,123
1993 193 393 2,468 11,996 5,787 _ 2,309 _ -1,721 544 395 -3,724
1994 160 34 369 236 469 4,372 -3,593 -11,257 -938 112 96 81 -9,860
1995 211 622 788 17,557 2,858 -13,953 1,622 e ||
1996 -99 -73 7,486 5,027 1,213 -10,476 -1,145 -54 -98 -6,243
1997 -74 -2,590 -2,638 3,316 -876 -7,199 -479 -155 -220 -6,081
1998 322 238 1,076 15,542 1,668 -7,370 778 549 -4,011
1999 254 -6 7,337 8,678 16,732 7,385 -486 -1,148 377 181 -7,123
2000 -127 -103 942 3,107 12,387 2,686 7,535 -5,270 -186 221 -34 _
2001 183 211 292 281 501 4,431 -2,306 -12,102 118 151 199 119 -7,922
2002 88 -284 1,384 6,322 4,425 5,205 -3,113 -6,031 161 75 60 -11,066
2003 20 625 9,958 9,845 7,166 4,081 6,027 -14,377 -432 32 20 _
2004 42 65 2,667 203 7,827 5,973 -4,365 -17,541 -3,747 -30 50 21 -8,834
2005 632 659 2,750 4,246 5441 14,407 1,070 -17,389 -16,797 427 738 286 -4,383
2006 -52 -385 8,159 16,865 1,368 -7914 -14,716 -880 -97 =73
2007 -29 -285 439 257 7,020 2,616 -7,066 -12,208 -1,382 -79 -47 -37
2008 395 253 539 2,258 879 4,638 -2,985 -3,193 372 198 163
2009 -136 1,022 287 1,481 12,546 6,117 5,964 4,338 72 76 33
2010 496 813 1,619 3,413 2,984 10,221 3,004 -13,786 -570 624 290
2011 -1,358 286 12,993 11,070 8,726 -1,594 -14,332 1,452 372 410

Average -58 -1,019 -1,927 1,086 141 -7,256

Print date: 11/18/2019



Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Canyon Creek at Bowman Dam - Historical Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 395 56.0 322 304 33.7 71.7 111.4 144.9 13.0 33 12.4 122 46.8 1.0 431.0
1977 2.1 4.7 34 33 8.4 15.6 106.9 106.6 31.9 2.4 1.4 13 24.0 0.4 189.3
1978 1.0 32 69.4 87.4 69.6 2148 2414 563.9 414.7 50.6 4.6 6.0 1442 0.4 858.5
1979 1.6 34 55 34.7 26.7 114.6 220.7 518.7 115.9 5.0 1.4 0.6 87.9 03 771.8
1980 14.5 37.1 438 446.8 163.6 71.3 322.8 4542 301.1 61.5 3.7 25 160.7 0.7 4,778.8
1981 4.7 3.7 11.1 17.4 97.8 79.3 276.7 206.9 21.2 1.3 1.1 4.0 59.9 0.9 659.6
1982 11.8 460.5 385.3 62.7 355.1 126.8 339.1 583.0 336.7 53.1 4.5 15.4 226.1 23 3,574.0
1983 143.8 89.6 75.9 64.4 71.5 195.3 142.0 621.4 872.4 3222 432 11.1 222.1 42 1,342.1
1984 33.6 396.2 292.3 121.9 82.8 161.2 206.6 503.4 188.8 139 23 32 167.3 1.6 1,718.9
1985 8.1 80.0 33.9 26.2 41.7 73.1 368.1 301.4 42.1 2.0 1.9 3.8 81.7 1.2 671.5
1986 34 6.0 41.2 173.1 540.1 419.2 326.1 438.8 168.8 6.8 1.7 8.6 175.4 1.5 3,504.1
1987 159 5.7 4.8 8.4 55.0 88.1 3225 138.0 10.8 1.9 1.6 1.2 54.1 0.9 495.0
1988 3.1 4.0 36.7 31.9 65.0 140.4 198.7 129.9 38.2 2.6 1.1 1.4 54.3 1.0 305.5
1989 1.2 46.2 32.6 28.1 63.8 406.3 490.8 387.9 1425 35 2.0 45 1343 1.0 1,697.4
1990 20.8 25.7 22.7 59.4 37.1 161.0 3415 172.4 66.8 2.6 1.1 13 76.0 0.9 539.6
1991 2.0 1.5 1.7 2.0 6.1 109.3 220.8 345.9 168.5 13.8 1.4 1.2 73.1 1.1 1,214.6
1992 24 6.6 11.2 12.8 92.1 154.0 346.2 95.6 5.0 4.1 24 12 60.7 1.1 640.2
1993 4.4 9.8 33.1 108.7 68.8 287.4 408.7 757.0 356.9 42.0 2.8 1.8 174.1 1.1 1,183.4
1994 3.8 3.1 9.7 15.0 16.4 1252 2459 216.3 16.4 1.0 1.1 1.5 54.8 0.8 553.3
1995 2.7 14.3 23.5 205.9 1322 359.9 3249 665.2 700.6 281.7 21.1 2.5 2283 1.4 22212
1996 25 34 1113 96.4 420.6 2237 381.8 597.6 206.0 1233 6.5 55 180.6 22 2,427.8
1997 4.4 91.5 414.4 480.2 100.4 211.8 388.7 3523 82.2 3.6 2.4 3.0 179.0 1.3 6,190.5
1998 4.8 18.4 36.0 171.5 93.9 265.5 270.2 486.6 762.7 188.7 6.6 39 192.4 22 1,537.4
1999 6.1 39.8 82.7 1113 89.0 138.8 3253 743.6 340.7 252 4.2 3.1 159.5 1.8 1,427.1
2000 3.8 11.7 81.9 107.3 138.2 171.0 437.7 619.3 98.3 42 1.7 2.1 139.8 1.6 1,394.7
2001 4.2 82 12.4 13.3 23.7 168.0 2442 305.4 11.7 25 1.2 1.8 66.8 1.1 586.2
2002 1.7 239 472 100.8 94.7 140.7 445.6 453.6 143.9 4.8 12 1.2 121.5 1.1 824.7
2003 1.2 40.1 120.6 180.6 115.7 2383 199.6 520.1 286.2 8.7 33 2.7 143.4 1.2 951.0
2004 2.0 7.8 493 385 85.9 310.0 389.7 346.7 49.8 23 12 1.9 107.2 1.0 644.5
2005 5.6 15.8 43.6 53.4 70.8 155.2 258.0 7283 301.9 289 1.9 1.4 139.2 1.2 2,904.2
2006 34 11.8 615.2 143.5 2412 116.7 302.8 601.5 270.7 17.5 24 25 194.2 1.7 6,065.1
2007 3.1 12.4 483 36.7 113.8 188.4 240.5 212.0 18.9 1.2 1.1 1.4 72.9 0.9 525.2
2008 55 72 10.7 272 33.1 121.5 271.6 353.8 65.2 2.1 1.1 1.2 75.1 1.0 668.8
2009 2.9 237 10.9 63.7 119.1 190.2 3332 574.6 88.9 25 1.2 1.2 117.7 0.9 1,810.2
2010 6.7 4.5 12.1 357 45.7 1123 222.8 4189 533.2 355 14 1.2 119.0 1.1 1,265.3
2011 64.6 67.2 202.9 103.1 91.7 103.7 319.3 507.2 785.5 273.9 15.0 2.5 211.5 1.2 1,175.8

Average 123 45.7 85.3 91.8 108.8 1732 2942 4215 2238 4.5 46 34 125.7 0.3 6,190.5
10% Exc. 15.2 76.5 1355 153.6 185.9 353.4 525.2 757.5 649.4 126.6 6.9 7.1 389.8 - -
20% Exc. 7.9 38.8 73.0 103.8 1113 237.7 434.6 6243 409.8 472 4.0 3.5 198.5 - -
50% Exc. 2.6 7.9 27.5 423 66.3 117.3 255.7 387.1 108.8 4.6 1.7 1.7 30.8 - -
80% Exc. 13 33 9.7 16.3 28.6 68.8 139.7 181.9 154 1.5 12 1.2 25 - -
90% Exc. 1.2 22 4.8 10.7 16.7 55.4 107.3 106.5 7.4 1.1 1.1 1.2 1.3 - -
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Canyon Creek at Bowman Dam - Historical Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 2,427 3,330 1,981 1,868 1,938 4,411 6,629 8,907 774 204 762 728 33,959
1977 131 278 210 202 464 958 6,359 6,556 1,899 146 84 75 17,362
1978 65 191 4,265 5,377 3,863 13,207 14,364 34,670 24,674 3,109 284 357 104,425
1979 96 202 339 2,131 1,484 7,044 13,132 31,896 6,896 305 87 34 63,646
1980 892 2,210 2,696 27,474 9,408 4,755 19,209 27,927 17,918 3,780 226 148 116,641
1981 289 219 681 1,072 5,431 4,875 16,463 12,722 1,260 77 69 235 43,394
1982 728 27,403 23,693 3,856 19,720 7,794 20,181 35,850 20,037 3,267 278 914 163,720
1983 8,841 5,333 4,669 3,960 4,305 12,009 8,448 38,211 51,911 19,814 2,658 660 160,818
1984 2,067 23,577 17,973 7,497 4,761 9,909 12,291 30,955 11,234 853 144 193 121,456
1985 498 4,758 2,087 1,610 2,314 4,493 21,903 18,535 2,505 123 114 228 59,167
1986 212 356 2,532 10,645 29,998 25,776 19,407 26,982 10,045 421 103 514 126,990
1987 976 336 295 518 3,055 5415 19,192 8,487 645 114 100 69 39,202
1988 193 239 2,256 1,961 3,740 8,634 11,823 7,989 2,275 160 69 80 39,420
1989 74 2,752 2,006 1,726 3,544 24,985 29,206 23,851 8,478 215 126 269 97,231
1990 1,278 1,529 1,395 3,652 2,058 9,898 20,320 10,600 3,976 159 70 76 55,009
1991 120 89 103 120 341 6,723 13,137 21,266 10,027 850 88 72 52,936
1992 147 395 688 789 5,296 9,471 20,601 5,878 297 253 145 71 44,029
1993 270 581 2,035 6,682 3,820 17,672 24317 46,543 21,236 2,582 173 105 126,014
1994 234 187 596 923 913 7,697 14,633 13,299 974 62 69 87 39,673
1995 168 853 1,442 12,659 7,341 22,129 19,335 40,904 41,689 17,323 1,297 148 165,289
1996 156 204 6,842 5,928 24,192 13,757 22,717 36,747 12,257 7,583 402 328 131,113
1997 269 5,445 25,482 29,529 5,574 13,020 23,132 21,665 4,891 223 149 180 129,559
1998 292 1,095 2,212 10,545 5,218 16,322 16,078 29,923 45,384 11,601 408 232 139,310
1999 377 2,368 5,085 6,845 4,943 8,536 19,356 45,720 20,272 1,548 261 183 115,493
2000 234 695 5,037 6,596 7,951 10,512 26,046 38,079 5,851 257 104 124 101,487
2001 261 491 760 815 1,317 10,333 14,531 18,781 698 155 77 108 48,326
2002 105 1,423 2,905 6,201 5,260 8,651 26,516 27,890 8,561 294 77 72 87,956
2003 76 2,388 7,416 11,102 6,427 14,651 11,874 31,980 17,028 535 201 162 103,839
2004 121 466 3,032 2,366 4,942 19,060 23,190 21,321 2,963 144 72 112 77,789
2005 347 940 2,682 3,282 3,932 9,544 15,354 44,784 17,963 1,777 120 85 100,810
2006 207 702 37,825 8,822 13,397 7,175 18,016 36,985 16,111 1,075 148 148 140,612
2007 193 740 2,969 2,255 6,318 11,586 14,313 13,037 1,124 76 69 81 52,760
2008 341 431 659 1,672 1,904 7,468 16,162 21,752 3,880 132 69 69 54,539
2009 180 1,411 672 3,915 6,612 11,695 19,824 35,332 5,291 156 72 72 85,232
2010 411 266 744 2,192 2,537 6,904 13,258 25,759 31,725 2,182 85 72 86,136
2011 3,972 3,997 12,477 6,341 5,092 6,377 19,002 31,185 46,742 16,840 924 148 153,099

Average 757 2,719 5,243 5,642 6,095 10,651 17,509 25916 13,319 2,733 283 201 91,068
Maximum 8,841 27,403 37,825 29,529 29,998 25,776 29,206 46,543 51,911 19,814 2,658 914 165,289
Minimum 65 89 103 120 341 958 6,359 5,878 297 62 69 34 17,362
10% Exc. 1,672 5,046 15,225 10,873 11,403 18,366 23,754 39,558 36,707 9,592 585 436 146,855

20% Exc. 728 2,752 5,085 7,497 6,612 13,757 21,903 36,747 20,272 3,109 278 235 129,559

50% Exc. 248 721 2,234 3,754 4,852 9,508 18,509 27,436 8,519 300 117 136 92,594

80% Exc. 131 266 681 1,610 2,058 6,723 13,137 13,037 1,899 146 72 72 48,326

90% Exc. 101 203 467 802 1,401 4,815 11,849 8,697 874 119 69 72 39,547
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Canyon Creek at Bowman Dam - 2070 Median Unimpaired Flow in cfs (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Average Minimum Maximum
1976 319 62.7 43.5 45.8 66.4 139.1 60.1 32.1 11.4 29 10.9 11.0 43.1 0.9 320.9
1977 3.8 83 6.0 5.8 16.4 31.6 105.4 58.3 32.8 4.2 2.4 22 23.0 0.6 221.0
1978 1.2 3.6 204.1 273.7 2243 432.6 207.9 262.0 66.0 24.6 52 6.8 142.8 0.5 2,034.5
1979 22 4.8 7.7 125.8 71.1 292.1 227.7 292.4 38.1 6.9 2.0 0.8 89.7 0.4 2,153.1
1980 12.1 41.6 78.9 843.6 388.2 145.5 2383 154.0 31.1 19.4 33 22 162.9 0.6 5,652.8
1981 4.9 3.9 13.6 26.2 230.6 173.0 227.6 51.2 14.9 1.3 1.2 4.1 61.3 0.9 1,439.1
1982 10.2 580.0 652.7 168.3 744.2 215.4 307.8 2242 338 20.6 4.0 244 2449 2.1 4,323.7
1983 187.2 185.6 268.8 288.5 319.4 565.3 125.7 452.9 359.7 53.6 51.3 16.8 239.7 6.4 3,883.1
1984 239 462.1 629.0 264.6 184.2 225.6 118.1 157.4 247 9.5 1.9 2.6 175.5 1.3 2,735.4
1985 9.1 120.2 62.0 34.8 114.6 177.7 3449 85.4 222 22 2.1 43 80.9 1.4 673.1
1986 2.7 4.7 59.3 430.0 899.1 536.3 206.0 117.1 242 5.0 13 6.7 186.6 1.2 3,912.7
1987 13.9 52 4.4 7.1 1285 156.8 2433 32.5 9.6 1.6 1.5 1.1 49.7 0.8 1,302.1
1988 25 32 535 51.9 137.7 199.5 106.4 273 16.4 2.0 0.9 1.1 49.9 0.8 476.5
1989 1.2 65.2 53.5 432 143.9 773.9 427.6 1203 28.6 34 2.1 4.6 139.0 1.0 2,757.7
1990 18.4 264 25.1 173.6 79.5 251.1 285.1 39.3 21.0 25 1.1 13 77.0 0.9 1,773.7
1991 32 2.5 2.8 32 10.2 3755 261.9 158.3 499 16.6 23 2.0 74.5 1.9 4,184.0
1992 22 6.1 103 11.8 175.8 247.7 271.2 26.8 4.5 37 22 1.1 62.9 1.0 1,151.1
1993 4.9 11.5 65.0 379.6 231.8 608.0 411.5 419.0 49.1 224 33 2.1 1843 1.3 2,608.9
1994 43 35 10.9 17.2 23.6 259.1 204.9 63.0 14.1 1.1 12 1.6 50.5 0.9 529.9
1995 34 19.1 36.6 8293 369.0 764.0 336.1 360.2 193.5 382 20.4 3.1 247.9 1.7 4,800.4
1996 23 3.1 2183 230.2 960.2 326.1 286.4 229.3 29.7 24.8 58 49 190.5 1.9 3,738.6
1997 3.1 94.3 705.9 656.7 183.6 267.7 253.7 72.5 16.9 2.5 1.7 2.1 189.5 0.9 4,943.3
1998 5.6 263 742 691.4 310.3 604.4 261.4 215.1 201.4 335 7.8 4.6 203.0 2.6 3,942.7
1999 6.5 59.6 236.2 391.6 250.2 266.6 285.1 376.5 43.6 16.1 4.5 33 161.6 1.9 2,525.3
2000 33 10.8 195.6 316.5 319.1 242.6 3315 236.4 22,6 3.6 1.5 1.8 140.0 1.4 2,117.7
2001 52 10.2 15.2 16.4 45.6 3643 226.0 117.9 13.6 3.0 1.5 22 68.7 1.4 1,465.0
2002 1.8 31.1 97.6 281.0 237.6 2593 388.4 167.0 29.6 49 13 1.2 1243 12 808.9
2003 1.0 39.7 250.7 492.8 217.7 360.9 108.6 177.4 354 6.5 2.6 22 141.7 1.0 2,064.7
2004 1.8 7.4 95.7 97.0 201.3 540.4 303.6 93.1 19.8 2.1 1.1 1.8 113.6 0.9 1,444.0
2005 73 20.4 112.0 182.5 262.5 339.9 254.7 430.5 50.7 21.5 25 1.8 140.2 1.5 2,145.5
2006 2.8 11.0 1,013.8 349.2 446.5 183.8 203.3 2145 30.5 10.3 2.0 2.0 205.4 1.4 6,612.7
2007 2.7 11.5 91.9 65.5 261.5 256.0 160.5 4.0 12.5 1.1 1.0 1.2 74.4 0.8 1,397.2
2008 7.1 9.3 14.5 58.8 94.4 287.7 273.1 1333 293 2.7 1.4 1.5 76.0 13 569.9
2009 3.0 28.8 13.0 183.8 333.4 340.4 284.4 2403 26.4 2.6 1.2 1.3 120.2 0.9 2,019.8
2010 10.4 7.5 212 136.6 199.8 367.5 277.8 232.1 181.0 29.3 23 2.1 121.7 1.8 1,594.5
2011 67.0 114.2 733.3 350.7 305.1 251.3 331.3 245.1 269.9 42.9 16.7 32 227.4 1.5 3,139.6

Average 132 58.5 171.6 236.8 255.4 328.6 248.5 176.6 572 12.5 49 3.8 130.1 0.4 6,612.7
10% Exc. 16.9 114.2 320.4 377.9 371.8 510.4 480.9 414.0 125.6 35.0 7.7 7.9 3263 - -
20% Exc. 7.8 449 188.5 282.1 293.5 3783 386.6 286.3 49.1 24.9 4.1 33 2163 - -
50% Exc. 2.8 8.9 30.5 124.0 191.3 237.9 204.8 105.7 27.8 4.6 1.9 2.0 28.2 - -
80% Exc. 1.6 33 10.1 19.4 48.1 151.7 85.3 38.0 14.8 1.6 12 12 2.7 - -
90% Exc. 1.2 2.5 6.3 11.2 21.8 122.6 59.0 30.9 7.0 1.0 1.1 1.1 1.5 - -

Print date: 11/18/2019



Hydrologic Analysis Technical Memorandum Appendix D. Comparisons of Projected and Historical Hydrology at Select Locations

Canyon Creek at Bowman Dam - 2070 Median Unimpaired Volume in ac-ft (Water Years begin October 1st of previous year)

Water Year October November December January February March April May June July August September Total
1976 1,959 3,730 2,675 2,815 3,817 8,555 3,576 1,976 681 181 673 652 31,290
1977 231 492 371 358 909 1,944 6,271 3,583 1,950 256 149 133 16,646
1978 73 217 12,550 16,827 12,455 26,599 12,373 16,112 3,927 1,515 321 405 103,373
1979 135 284 474 7,736 3,951 17,962 13,551 17,977 2,269 425 122 47 64,932
1980 742 2,478 4,852 51,874 22,328 8,945 14,180 9,472 1,852 1,190 203 133 118,247
1981 301 229 835 1,612 12,806 10,637 13,541 3,150 884 79 71 245 44,391
1982 629 34,511 40,133 10,349 41,332 13,242 18,313 13,787 2,012 1,268 248 1,454 177,278
1983 11,509 11,045 16,526 17,740 17,740 34,762 7,483 27,846 21,404 3,294 3,157 997 173,502
1984 1,468 27,499 38,677 16,269 10,596 13,869 7,027 9,676 1,473 584 117 156 127,411
1985 556 7,153 3,814 2,138 6,364 10,927 20,523 5,252 1,322 137 129 256 58,571
1986 165 277 3,644 26,441 49,932 32,973 12,260 7,202 1,439 310 80 399 135,122
1987 858 306 269 472 7,138 9,643 14,479 1,997 569 101 90 63 35,985
1988 153 190 3,292 3,194 7,921 12,265 6,330 1,680 974 125 54 64 36,243
1989 75 3,877 3,287 2,653 7,994 47,583 25,446 7,398 1,699 211 127 272 100,623
1990 1,131 1,573 1,544 10,676 4,418 15,442 16,965 2,418 1,250 154 68 74 55,712
1991 197 146 170 198 569 23,086 15,585 9,734 2,968 1,020 144 118 53,934
1992 135 363 634 726 10,110 15,228 16,137 1,648 266 227 133 65 45,671
1993 302 682 3,995 23,339 12,871 37,385 24,485 25,765 2,923 1,380 201 122 133,452
1994 262 210 669 1,059 1,312 15,933 12,191 3,872 838 67 76 97 36,587
1995 210 1,135 2,250 50,990 20,496 46,975 19,998 22,149 11,513 2,349 1,256 185 179,505
1996 140 183 13,425 14,152 55,234 20,048 17,043 14,098 1,770 1,524 359 294 138,269
1997 191 5,613 43,404 40,377 10,197 16,457 15,094 4,457 1,003 154 106 128 137,181
1998 347 1,567 4,563 42,514 17,232 37,164 15,557 13,223 11,983 2,062 483 275 146,969
1999 403 3,544 14,521 24,076 13,896 16,393 16,963 23,147 2,593 991 278 195 117,001
2000 201 643 12,029 19,463 18,356 14,916 19,724 14,533 1,345 222 92 110 101,634
2001 320 605 938 1,006 2,533 22,402 13,450 7,251 808 182 93 132 49,719
2002 108 1,849 6,001 17,277 13,195 15,943 23,112 10,270 1,759 300 79 74 89,966
2003 60 2,365 15,416 30,302 12,092 22,188 6,464 10,909 2,106 401 159 128 102,591
2004 113 440 5,882 5,965 11,581 33,228 18,068 5,725 1,176 130 67 105 82,481
2005 447 1,213 6,888 11,221 14,577 20,901 15,157 26,469 3,019 1,319 154 110 101,474
2006 170 653 62,336 21,471 24,795 11,299 12,095 13,187 1,815 634 122 122 148,697
2007 169 687 5,650 4,026 14,524 15,744 9,548 2