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     District Mission 

Reliably deliver high-quality drinking water to the communities and customers we serve in the greater 
Humboldt Bay Area at a reasonable cost; reliably deliver untreated water to our wholesale industrial 
customer(s) at a reasonable cost; and protect the environment of the Mad River watershed to preserve water 
rights, water supply and water quality interests of the District. 
********************************************************************************************* 

 
How to Submit Public Comment: Members of the public may provide public comments via email until 5 p.m. 
the day before the Board Meeting by sending comments to office@hbmwd.com. Email comments must 
identify the agenda item in the email’s subject line. Written comments may also be mailed to 828 7th Street, 
Eureka, CA 95501. Written comments should identify the agenda item number. Comments may also be made 
in person at the meeting.  

 
 
 
 

Time Set Items:  
8.2 Continuing Business  McNamara & Peepe 9:15 AM 
9.b New Business FERC Part 12D - Comprehensive Assessment 9:30 AM 
10.2.c Financial FY23 Audit 10:00 AM 
10.1 Engineering Engineering 11:00 AM 
11.3.a ACWA-JPIA State of the Pool presentation from JPIA’s CEO 

Adrienne Beatty-discuss 
11:30 AM 

8.b Continuing Business CLOSED SESSION- GM recruitment 1:30 PM 
The Board will take a scheduled lunch break from 12:00 pm to 1:30 pm. 

 
1. ROLL CALL 

2. FLAG SALUTE 

3. ACCEPT AGENDA 

4. PUBLIC COMMENT 
Members of the public are invited to address the Board on items not listed on the agenda that are within the scope 
and jurisdiction of the District. At the discretion of the President, comments may be limited to three minutes per 
person. The public will be allowed to address items on the agenda when the Board takes up that item. Under the 
Brown Act, the Board may not take action on any item that does not appear on the agenda.  

 
5. MINUTES 

a. September 27, 2024, Special Joint Board Meeting with RLCSD Minutes*-discuss and possibly approve 
b. October 10, 2024, Regular Board Meeting Minutes*-discuss and possibly approve 
c. October 18, 2024, Special Board Meeting Minutes*-discuss and possibly approve 

Members of the public may join the meeting online at: 
https://us02web.zoom.us/j/86710296323?pwd=MjZldGxRa08wZ0FWOHJrUlNhZnFLQT09 

 Or participate by phone: 1-669-900-9128 Enter meeting ID: 867 1029 6323 Enter password: 484138  
 If you are participating via phone and would like to comment, please press *9 to raise your hand. 

Announcement recording of meeting: This meeting may be recorded to assist in the preparation 
of minutes. Recordings will only be kept 30 days following the meeting, as mandated by the 
California Brown Act. 
 

mailto:office@hbmwd.com
https://us02web.zoom.us/j/86710296323?pwd=MjZldGxRa08wZ0FWOHJrUlNhZnFLQT09
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6. CONSENT AGENDA *-These matters are routine in nature and are usually approved by a combined single vote unless
an item is pulled for discussion
Media articles of local/water interest (Articles a-h)*- discuss and possibly approve

7. CORRESPONDENCE
a. Arcata Land Company demand letter*-discuss

8. CONTINUING BUSINESS
a. CLOSED SESSION- GM recruitment- pursuant to Government Code - GOV § 54957 (Brown Act)

Time Set (1:30 PM)
b. 457 Plan Document Amendment*-discuss and possibly approve

8.1 Water Resource Planning*– discuss 

8.2   McNamara & Peepe (Time Set 9:15 AM) 
a. Status update

i. October Monthly Summary and Quarterly Meeting Report*-discuss
b. Site maps & historical sampling results (stormwater and well water)*-reference

9. NEW BUSINESS
a. RLCSD Policy 6000.546 & 6000.544 revision*-discuss and possibly approve
b. FERC Part 12D-Comprehensive Assessment*-discuss and possibly approve (Time set 9:30 AM)
c. CSDA Bylaw amendment and voting authority*-discuss and possibly approve
d. Trinity County Zoning Change to Ruth Lake Buffer Strip*-discuss

10. REPORTS (from STAFF)
10.1 Engineering – (Time set 11:00 AM)

a. Samoa Peninsula Waterline Right-of-Way Maintenance Project EIR-status report
b. Reservoirs Seismic Retrofit Project-status report

i. Samoa Tank Change Order1*-discuss and possibly approve
ii. Korblex Tank Change Order 1*-discuss and possibly approve

c. Essex Onsite Sodium Hypochlorite Generation Project-status report
i. Bid Award Recommendation*-discuss and possibly award

d. Collector Mainline Redundancy-status report
e. TRF Generator-status report
f. Matthews Dam Advance Assistance Seismic Stability Project*- status report
g. Collectors 1-3 Rehabilitation Summary*-discuss
h. Status report re: Other engineering work in progress

10.2 Financial 
a. October 2024 Financial Statement & Vendor Detail Report*-discuss and possibly approve
b. Fieldbrook-Glendale contract revenue and Expense Summary*-discuss
c. FY23 Audit*-discuss and possibly approve (Time set 10:00 AM)
d. Capitalization policy of Leases GASB 87 and GASB 96 – Subscription Based Information Technology 

Agreements*-discuss and possibly approve
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10.3  Operations 

a. October Operations Report*-discuss 
 

10.4 Management  
a. HBMWD Easement Survey*-discuss 
b. Dam monitoring*-discuss 

 
11. DIRECTOR REPORTS & DISCUSSION 

11.1 a.  General – comments or reports from Directors 
 
11.2 ACWA 

    Director Report, if any 
a. Region 1 Event-report out 
b. Notice of ACWA Membership Meeting-December 4, 2024*-discuss  

 
11.3 ACWA – JPIA 
Director Report, if any 

a. State of the Pool presentation from JPIA’s CEO Adrienne Beatty-*discuss (Time set 11:30 AM) 
 

11.4 Organizations on which HBMWD Serves 
a. RCEA*– report out 
b. RREDC*– report out 

 
ADJOURNMENT 
 
ADA compliance statement: In compliance with the Americans with Disability Act, if you need special assistance to 
participate in this meeting, please contact the District office at (707) 443-5018. Notification 48 hours prior to the 
meeting will enable the District to make reasonable arrangements to ensure accessibility to this meeting. (Posted 
and mailed November 8, 2024.) 
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reverse-priority order. Our approach applies to large, multi-purpose reservoirs, with highly variable 

seasonal and interannual inflows, temperature stratification during summer, minimum operational levels 

(dead pool), and seasonal flood storage requirements25. 

Fig. 1: Sacramento River flows and temperatures on July 1, 2021. 
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Sacramento streamflows and water temperatures are from the following California Data Exchange 

Center (CDEC) monitoring stations: Sacramento River at Shasta Dam-USBR (SHA), Shasta Dam-Water 

quality (SHD), Keswick (KWK), above Clear Creek (CCR), Balls Ferry Bridge (BSF), Jellys Ferry (JLF), Bend 

Bridge (BND), Red Bluff Diversion Dam (ROB), Hamilton City-main channel (HMC), Ord Ferry-main 

channel (ORD), Butte City (BTC), Colusa (COL), Wilkins Slough (WLK), Verona (VON), Freeport (FPT), Hood 

(SRH), Rio Vista Bridge (RVB), and Emmaton-USBR (EMM). Figure data sources: CDEC, USGS National 

Hydrography Dataset, California Dept of Fish and Wildlife, California Dept. of Transportation, California 

Dept of Water Resources, Consortium of International Agricultural Research Centers (CGIAR), and 

Sacramento River Temperature Task Force. 

Fig. 2: Modeled inflow and environmental water storage with stylized water demands. 

Inflow 

..... 

This diagram depicts different allocations of reservoir storage capacity for the environment and other 

water demands. Reservoir colors represent summer reservoir temperature stratification, with warmer 

water at the surface and cooler water at the depth. 

Results 
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Inflow pass-through performance 

Performance on environmental baseflow and flow shaping objectives generally improve as a larger 

portion of inflow passes through the reservoir (Fig. 3A, B). Larger pass-through flows come closer to 

mimicking natural flows and variability. Pass-through of 10% of inflows through the reservoir fails to 

meet environmental demands. In dry years, environmental baseflow deliveries average 44% of demand 

and flow shaping deliveries average 20% of demand (Fig. 3A). In wet years, the 10% pass-through 

delivers 32% of environmental baseflow demand, on average, and flow shaping deliveries average 30% 

of demand (Fig. 38). Environmental baseflow demands are met more often in dry years than wet years 

because the regulatory requirements that environmental baseflows represent are smaller in dry years 

than wet years21·22·26. For all years with 10% pass-through, the interquartile range of environmental 

baseflow shortages is 203 - 780 Mm3/yr (165-632 thousand acre-feet per year [taf/yr]) (Fig.�' and 

flow shaping shortages range from 617-762 Mm3/yr (500-618 taf/yr) (Fig. 4B). 

Fig. 3: Average percentage of months that environmental water demands are met (lines) and range of 

months that environmental objectives are met (shaded area) from 1996-2021. 
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Panels show environmental water management alternatives, with pass-through flows in dry years (A) 

and wet years (B), passthrough flows with 1.54 B m3 of cold-water storage in dry years (C) and wet years 

(D), and an Environmental Water Budget (EWB) that includes equal portions of inflow and reservoir 

storage for dry years (E) and wet years (F), and EWB with 1.54 Bm3 of cold-water storage in dry years (G) 
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and wet years (H}. Dry years include critically dry, dry, and below-normal Sacramento River Index water 
year types, and wet years include above-normal and wet year types. 

Fig. 4: Environmental objective performance by water management alternative and proportion of 

assets. 
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Panels show environmental baseflow shortages (A}, flow shaping shortages (B), and July- September 
reservoir release temperatures (C) for all environmental water management alternatives. EWB = 
Environmental Water Budget. Boxes show upper and lower quartiles, bold horizontal lines show 
medians, whiskers show 1.5 times the interquartile range, and dots show outliers. 

With 40% pass-through, flow performance improves. In that alternative, environmental baseflow 
deliveries average 90% of demand and flow shaping deliveries average 76% of demand in dry years 
(Fig. 3A), and environmental baseflows average 94% of demand and flow shaping average 68% of 
demand in wet years (Fig. 3B}. The interquartile range of shortages is 12-208 Mm3/yr for baseflows 
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(Fig. 4A) and 153-339 Mm3/yr for flow shaping (Fig. 48). However, in many months, pass-through flows 

exceed the volumes needed to meet environmental baseflow and flow shaping demands. Without 

storage, there is no ability to manage the timing of releases to use water efficiently for environmental 

benefit. 

The pass-through approach results in clear trade-offs among environmental objectives. As the portion of 

pass-through increases, performance on temperature objectives worsens as reservoir storage drops and 

the cold-water pool is depleted (Fig. 3A-D, Fig.1). In dry years, optimal stream temperature objectives 

are attained about 68% of all months with 10% pass-through flows, but only about 53% of the time when 

pass-through allocations are increased to 40% (Fig. 3A). In wet years, the trade-off between flow and 

temperature objectives is diminished, but not eliminated. In those years, stream temperature objectives 

have attained an average of 73% of months with 10% pass-through, and an average of 68% of months 

with 40% pass-through (Fig. 38). Pass-through flows in conjunction with constraining minimum reservoir 

storage is marginally useful to preserve cold-water at depth in the reservoir (Fig. 3C and D). Since 

environmental deliveries are a percentage of inflows, environmental baseflow, and flow shaping 

objectives do not change when minimum reservoir storage is constrained. 

Larger portions of environmental pass-through worsen shortages for in-basin urban and agricultural, 

refuge, system water, and out-of-basin export demands (henceforth called 'other water demands') 

(Fig. SA-D). The senior water priorities (in-basin urban and agricultural, system water, and refuges) 

average over 90% of demands, even with 40% inflow pass-through. In dry years, system water and in

basin demands average 88% of demands, and refuge demands average over 99% of demands (Fig.�

But in critically dry years, even in-basin and system water demands experience large average annual 

shortages (Supplementary Figure .1) caused by higher in-basin demand. In contrast, environmental 

shortages are largest in wet year types because environmental baseflows-which are set by regulatory 

criteria-are the largest. Average dry year shortages to junior export demands are acute, deliveries fall to 

less than 30% of demands (Fig. SA). 

Fig. 5: Average percentage of months that in-basin agricultural and urban, wildlife refuge, system 

water, and out-of-basin export water demands are met (lines) and range of months that each demand 

is met (shaded area) from 1996-2021. 



;f. 

;j 100 
E 

80 

60 ., 

40 

>- 20 
;;; 
0 

0 
£ 10% 

SECTION (a. c 

Pass-through 

Pass-through • Wet Years 

Olher water demands 

A 
B _ .,. ::s;:: & ln�Basln & Refuges 

20% 30% 40% 10% 20% 30% 

Proportion of inflow pass-through Proportion of Inflow pass-through 

40% 

: 10lass-through & Cold-Pool • Dry Years Pass-through & Cold-Pool • Wet Years 

E 
80 

60 

40 

>- 20 

} C 
> o+---�---�-----l

£ 10% 20% 30% 40% 10% 

Proportion of inflow pass-through 

D 

20% 30% 

Proportion of inflow pass-through 

EWB Storage 

;f. 

;; 
E 

100 

80 

60 ., 

40 

� 20 

0 

0 
£ 10% 20% 30% 

E 

40% 10% 

Inflow & Storage • Wet Years 

F 

20% 30% 

40% 

40% 

Proportion of EWB inflow and storage Proportion of EWB inflow and storage 

: 1iiflow & Storage & Cold-Pool • Dry Years Inflow & Storage & Cold-Pool - Wet Years 

80 

60 

40 

G 
o+-------�--� 

10% 20% 30% 40% 10% 

H 

20% 30% 40% 

Proportion of EWB inflow and storage Proportion of EWB inflow and storage 

PAGE NO. 7 

Panels show environmental water management alternatives, with pass-through flows in dry years (A)

and wet years (B), passthrough flows with 1.54 Bm3 of cold-water storage in dry years (C) and wet years 
(D), and with an Environmental Water Budget (EWB) that includes an equal portion of inflow and 
reservoir storage for dry years (E) and wet years (F), and EWB with 1.54 Bm3 of cold-water storage in dry 
years (G) and wet years (H). Dry years include critically dry, dry, and below-normal Sacramento River 
Index water year types, and wet years include above-normal and wet year types. 

When minimum reservoir storage is constrained to 1.54 Bm3 (1.25 maf) to preserve cold water deep in 
the reservoir, average deliveries fall by 6-9% for senior water demands, depending on the portion of 
inflow allocated for pass-through (Fig. SC, D). Average deliveries remain over 85% for all other demands, 
even when 40% of flows are passed through the reservoir. Junior priority export demands experience 
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considerable shortages with minimum reservoir storage when pass-through is 40%, with deliveries 
averaging close to 60% for all year types and declining to 27% during dry years (Fig.�-

Environmental water budget performance: inflow plus storage capacity 

Allocating a portion of reservoir inflow with storage capacity is invaluable for using environmental water 
efficiently because water can be stored seasonally or interannually to target environmental demands. 
For alternatives with 10% of inflow and 10% of reservoir capacity allocated for environmental 
management, reservoir inflows are insufficient to meet all flow demands (Fig. 3E, F). Environmental 
baseflows are almost always delivered, but there is not enough water for flow shaping demands and 
little buffer for critically dry periods. The interquartile shortage range is 28-375 Mm3/yr (23-304 taf/yr) 
for environmental baseflows and 763-888 Mm3/yr (618-720 taf/yr) for flow shaping demands (Fig. _1& 
�). With 30% allocation of inflows and 30% of storage for the environment, 99% of environmental 
baseflows and 96% of flow shaping demands are delivered, on average, for wet and dry years. 

Storage for environmental water enables temperature objectives to be met more frequently-both with 
and without minimum storage constraints to protect the cold-water pool. Storing environmental water 
increases reservoir storage. Average stream temperature objectives are met 64-73% of months in dry 
years (Fig. 3E) and 71-76% of months in wet years (Fig. 3F) for all modeled proportions of environmental 
water and storage. A minimum reservoir storage constraint further improves stream temperature 
objectives, since minimum reservoir storage for cold-water preservation is effectively a third asset for 
environmental management. Environmental storage capacity, dedicated inflow, and a minimum storage 
requirement maintain optimal stream temperatures for about 77-80% of months across all alternatives 
and water year types (Fig. 3G, H). With minimum storage to increase the likelihood of cold water at 
depth in the reservoir, summer stream temperatures are consistent among 10% to 40% flow and storage 
allocations, with summer median reservoir release temperatures ranging from 9.5-9.7 °C, and an 
interquartile range of 8.2 to 10.7 °C (Fig. 4C). 

When 30% or more of inflow and storage capacity is allocated to the environment in dry years, junior 
water uses face severe cutbacks (Fig. SE-H). When 40% of inflow and 40% of reservoir storage capacity 
are allocated to the environment in dry years, average deliveries near 80% for system water and in-basin 
urban and agricultural uses, and average more than 95% for refuges (Fig. SE). Increasing minimum 
reservoir storage to manage the cold-water pool has a large effect on other water demands because 
constraining minimum reservoir storage effectively shrinks storage capacity for these demands and 
reduces the total volume of water that can be carried over from wet years for use in later years (Fig.� 
!::!l-

Example of environmental water storage performance in 2019-21 

The three-year drought sequence beginning in 2019-a wet year followed by dry and critically dry years 
in 2020 and 2021-illustrates the benefits of dedicating inflow and a portion of storage capacity to 
environmental demands (Fig.§.). In this example, we compare allocating 30% pass-through (Fig.§, left 
side) with 30% of inflow and 30% of storage space for the environment (Fig.§, right side). Both 
alternatives include a minimum storage requirement of 1.54 Bm3 to increase the likelihood of cold water 
in the reservoir. Reservoir storage, the volume of water less than 12 °C, and water deliveries for 
environmental baseflows and flow shaping illustrate differences between the approaches. 
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Fig. 6: Comparison between bypassing flows to mimic natural flows and storing water for the 

environment. 
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Environmental storage and deliveries with 30% pass-through and 1.S4 billion m3 minimum reservoir 

storage for cold-water management (left side), and 30% of inflow, 30% of storage capacity, and 1.S4 

billion m3 minimum reservoir storage for cold-water management (right side) during the 2019-21 water 

year (WY) drought. Panels A and B show water storage and volume of water <12 °C , panels C and D show 

environmental baseflow deliveries and shortages, and panels E and F show flow-shaping deliveries and 

shortages. 

Environmental demands are lowest during the summer dry period, so storage capacity allows water to 

be stored throughout summer when other water demands draw down reservoir storage (Fig.§, right 

side). Increased summer storage provides dual ecosystem benefits, improving the chance of meeting 

winter peak and fall pulse flow shaping objectives while also raising reservoir storage to meet late 

summer and fall temperature objectives. With minimum reservoir storage constrained at 1.54 Bm3, the

cold-water pool can be managed to meet downstream temperature standards until late summer to early 

autumn (Fig. 6B). Carryover storage throughout 2019 and again in the winters of 2020 and 2021 is 

sufficient to meet environmental baseflow demands fully (these demands are lower in dry years than 

wet years) (Fig. 6D). As reservoir inflows are diminished with prolonged drought from 2019 through 

2021, the 30% inflow allocation cannot meet flow shaping demands, with shortages of 13% (121 Mm3) in

2020 and 37% (333 Mm3) in 2021 (Fig. 6F). The significant shortages to other demands are shown in

Figs. 2G and SH and Supplemental Fig. J. In 2021, these shortages range from 12% for wildlife refuges to 

92% for exports. Overall, non-environmental demands have an average water shortage of 4S% of their 

annual demands during 2021, greater than would have occurred from only an environmental pass

through scenario (Fig. SC, D). 

Trade-offs between environmental demands and other water demands 

Trade-offs between environmental and other water demands highlight the benefits of an environmental 

water budget , versus reservoir pass-through (Fig. Z). When the environment is allocated 10% of 

inflows-whether as pass-through or with storage capacity-most shortages accrue to environmental 

objectives. Environmental baseflows-required to meet regulatory flow and water quality standards-



sEcr10N Ca c PAGE NO. lo 

average about 8% of reservoir inflow for Shasta Reservoir27. Other water demands with water rights, 

which are prioritized in water management, receive the remaining average of 92% of reservoir inflows. 

As environmental allocations increase, shortages of other water demands increase. However, allocating 

inflows with storage capacity to manage water allows environmental water to be used more efficiently 

than pass-through. These alternatives shift tradeoff curves leftward in Fig. L toward a more optimal 

region with greater total benefit. For example, with 20% pass-through, 48% of flow objectives are 

unmet. The shortage drops to 21-26% when storage is used to manage environmental water, depending 

on the minimum reservoir storage for the cold pool. Storing water for the environment results in a much 

smaller chance of shortages for other water demands. These range from 2-9% with pass-through 

alternatives, and become 2-12% when the environment is allocated 20% of inflow and 20% of storage. 

We show that without storage to manage environmental allocations, larger pass-through flows are 

required to meet flow objectives. 

Fig. 7: Trade-offs between environmental water shortage and other demand shortage across 26 years 

of hydrologic conditions. 
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Environmental deliveries were modeled as a portion of inflow for pass-through or a portion of inflow 

with reservoir storage capacity. Percentages shown with the dots are the share of the inflow or equal 

shares of inflow and storage capacity. 

When environmental storage and flow allocations exceed 30%, considerable shortages are incurred to 

other demands (Fig. Z). Allocations to the environment beyond this point have little environmental 

benefit and incur substantial shortages to other demands. This "knee", or breakpoint in trade-offs, 

suggests that 30% of inflow and storage for an environmental water budget is adequate in our simplified 

model to meet environmental baseflows and flow shaping objectives, while additional water and storage 

for the environment would improve the likelihood that water temperature targets are met. Breakpoints 

highlight promising areas for compromise, where decision-makers are more likely to cooperate� which 

merits further exploration with more detailed modeling. 

Discussion 
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Our study reveals important insights into how to operate a reservoir that sets environmental water 

demand as a primary objective, rather than as a constraint on water supply operations. Allocating a 

percentage of inflow and a percentage of operable storage space for environmental management is most 

efficient for meeting environmental and other objectives. In our system, allocating 30% of water for the 

environment is enough to meet baseflow and flow shaping objectives when reservoir capacity is 

allocated, but is insufficient without reservoir capacity (Fig.1). Environmental storage capacity reduces 

trade-offs among environmental objectives (e.g., water temperatures versus environmental baseflow 

versus flow shaping) that occur from reservoir pass-through. Carryover storage could be used to provide 

higher flows in some years or to maintain cold water at depth in reservoirs, both of which benefit species 

survival�29·30·31. However, dry year shortages are profound for junior priority export demands, 

exacerbating existing shortages from over-allocation of available water supplies32. Setting minimum 

reservoir levels improves water temperature management, albeit with trade-offs to other demands. 

While temperature management in reservoirs is always challenging, reservoir pass-through creates the 

greatest threat to reservoir cold-water pools. In fact, our modeling suggests that without environmental 

storage, allocating more water to the environment as reservoir pass-through results in a worse outcome 

for temperature. This approach should be avoided where temperature management is an objective. Our 

study demonstrates how to incorporate thermal regimes with environmental flows for more holistic 

environmental water management. 

Our model is simple, intended as a proof-of-concept to understand and compare how portions of inflow 

and storage capacity allocated to the environment could benefit ecosystem objectives and impact other 

water demands. Our approach complements studies that prescribe environmental or functional 

flows:Z,.§.·30. It is not intended to be a guide for setting specific standards or determining the adequacy of 

environmental flows to support species and ecosystem function. Sophisticated water management and 

water temperature models exist for California's water system33·34·35·36 and most large river 

basins37·38. Those models could be applied to scrutinize and elucidate the potential benefits, tradeoffs, 

breakpoints, and impacts of inflows-plus-storage space allocation in real systems. 

Storage capacity for carryover is instrumental in managing environmental water efficiently. Designer 

flows, which alter the timing of reservoir releases to benefit ecosystem objectives while maintaining the 

volume of water delivered to other water demands, implicitly use reservoir storage for environmental 

benefit_2-10. In this way, designer flows have increased the flexibility of environmental water 

management, although they treat environmental water as a constraint on water supply and hydropower 

operations rather than an explicitly managed objective. An enlarged portfolio of environmental water 

management strategies like interannual carryover, water markets, in-lieu exchanges, and conjunctive 

management require environmental allocations and storage. 

To successfully protect aquatic ecosystems, water assigned to environmental purposes must be an 

operational priority in large, multipurpose reservoir management, and have allocated assets25. 

Environmental water budgets could create this with a proportion of inflow, reservoir storage space to 

manage it, and sometimes minimum reservoir storage levels39. A designated trustee with the authority 

to allocate and release water, prioritize ecosystem objectives, and coordinate with all other relevant 

parties could administer these environmental assets. Water and funding to support environmental water 

budgets could come from incorporating water that is dedicated to environmental uses under existing 

regulations, negotiation of agreements to enhance these allocations, purchase, new storage 

infrastructure, water user fees, and government support25. 
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While allocating assets to the environment for flexible management is a major change that could reduce 
water availability for other water users, it would also lessen regulatory uncertainty. Environmental water 
should be managed like a senior water right, with the release schedule integrated into reservoir 
operations. Under existing law, water users' obligations to comply with water quality standards, 
endangered species requirements, and other environmental laws take precedence over water supply for 
consumptive uses-i.e., this water generally carries top priority within each river system11'40. These 
regulations are managed with little margin for error, however, and environmental uses bear an 
inordinate risk of forecasting mistakes and operational errors. Moreover, for many water systems, 
environmental regulations are often relaxed during periods of acute shortage to make more water 
available for consumptive uses. All of these factors create uncertainty for the sustainable management 
of environmental water39·41. 

The above governance, policy, and funding mechanisms are not unprecedented. Examples in California 
include amendments that require water users to pass through or release an average of 40% of February
June unimpaired flows on the Lower San Joaquin River and its tributaries or voluntarily reduce water 
use 17. A Restoration Administrator manages a percentage of unimpaired inflow farther upstream in the 
San Joaquin River, which can be stored and released to provide ecosystem benefits 18. California's Water 
Storage Investment Program funds the environmental benefit portion of private water projects in 
exchange for environmental water storage and releases16. 

This study assumes storage space in an existing large reservoir for environmental management. 
Underground storage also provides opportunities for water trading and exchanges that would facilitate 
environmental water releases and carryover storage. Studies have shown that managed aquifer recharge 
in hydrologically connected groundwater basins can increase river baseflows42 and maintain cool 
groundwater43. Utilizing underground storage shows promise for capturing reservoir spills produced, in 
part, from increasing minimum reservoir storage27 and requires little new infrastructure relative to dam 
construction. 

The American West is in the midst of an ongoing megadrought� punctuated by wet periods45. Without 
a change in management to set environmental water demands as priority objectives, freshwater 
ecosystems downstream of large dams will be increasingly vulnerable to climate warming and related 
changes including declining snowpack, increased hydrologic volatility, warming stream temperatures, 
and shifting wet and dry seasonality4fr47. Previous studies have shown that regulatory environmental 
flows are likely to be significantly affected by climate warming1Q, and reservoirs will be relied upon to 
maintain environmental flows-especially during drought22. We advance environmental water 
management by demonstrating that allocating and managing reservoir storage for the environment is 
more efficient than mimicking downscaled natural flows. Droughts or other crises can be an impetus for 
improving water management to promote healthy communities and ecosystems48. For instance, 
Australia's Millennium Drought was a catalyst for improving the efficiency of environmental water 
entitlements and avoiding harm to ecosystemslS. Allocating water and storage space to manage it in 
large, multipurpose reservoirs would provide a hedge against future drought and climate variability, and 
allow coordinated management of flow and habitat within and among watersheds31. 

Methods 

Experimental reservoir overview 
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To examine environmental trade-offs with other water demands and understand temperature dynamics, 

we represented a large, multi-purpose California reservoir using a simple priority-based water balance 

operations model coupled with a one-dimensional reservoir temperature model that stratifies vertically 

(Fig . .!). The experimental reservoir has a storage capacity of 5.55 billion cubic meters (Bm3), equal to 

Shasta Reservoir. This allowed us to use Shasta Reservoir inflow data (USBR's Shasta Dam station) for 

inflows, evaporation, outflows, and flood storage27. 

Releases from the model reservoir were represented in a simplified way with a temperature control 

device that has three openings. Minimum storage of 1.54 Bm3 was a constraint in some model runs. In 

effect, this expanded the "dead space" in the reservoir that could not be used to meet downstream 

demands and helped preserve cold water in the reservoir that could be accessed with a reservoir 

temperature control device. Minimum reservoir storage targets have been recommended for large dams. 

For instance, current operations of large reservoirs like Shasta Reservoir aim for minimum storage of 

2.8 Bm3 by May 149 and about 1.54 Bm3 by October 1 to provide sufficient cold water to meet 

temperature objectives for salmonidsS0. 

Environmental water demands 

We developed three environmental water demand objectives based on the best available science: 1) 

environmental baseflows to account for minimum instream flows and water quality standards, 2) flow 

shaping to mimic aspects of a desired flow regime that support ecological processes and functions, and 

3) optimal water temperatures to restore salmonid populations, which require colder water than needed

for merely suitable temperatures. Environmental water demands have senior priority in our modeling

and receive a percentage (10-40%) of reservoir inflow (discussed in Model Run section below).

Environmental baseflows are based on ecosystem water from the Delta water accounting in Gartrell et 

al.21·22., which attribute partially multipurpose reservoir releases into distinct "buckets" to fulfill water 

demands. Ecosystem water demands are primarily determined under the federal Clean Water Act and 

Endangered Species Act, and state law counterparts. We scaled ecosystem water by the fraction of water 

that Shasta Reservoir contributes to the Delta. Environmental baseflows vary monthly and by water year 

type, reflecting regulatory requirements that supply more water to the environment in wetter years and 

less in drier years21·22 (Supplementary Figure J). Environmental baseflows average about 8% of 

reservoir inflow. 

Flow Shaping provides seasonal volumes of water for a fall pulse, winter pulse, and spring recession. 

Water managers could shape magnitude, timing, duration, frequency, and rate of change through 

reservoir releases, an approach which is compatible with delivering functional flows or other prescribed 

environmental flowsZ,�·30. A spring recession flushes fine sediment and cues all runs of out-migrating 

juvenile Chinook Salmon, a fall pulse flushes fine sediment from spawning gravels and cues downstream 

movement of juvenile winter-run Chinook Salmon and upstream movement of returning fall-run Chinook 

Salmon, and a winter pulse cues downstream movement and inundates off-channel habitat utilized by 

diverse fish communities and all runs of salmon31·51·52·53. Flow shaping supplements environmental 

baseflows and averages about 14% of reservoir inflow volume. In our model, the total annual volume 

and the within-year distribution of flow-shaping demands remain constant each year. In practice, daily 

reservoir operations would likely alter flow shaping timing, magnitude, duration, frequency, and rate of 

change over the years to best meet downstream ecological objectives54. 
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The stream temperature objective provides water temperatures optimal to enhance salmonid 

populations, with temperatures colder than 11.5 °C from June through December to improve winter-run 

egg and early fry survival, temperatures colder than 12.8 °C from December through April to improve 

pre-spawn survival for fall and late-fall Chinook Salmon runs that spawn in the mainstem Sacramento 

River, and temperatures less than 15 °C all year round to improve juvenile survival for all 

runs55·5fr57 (Supplementary Table 1). 

Other water demands 

Water demands outside of the environmental demands include: 1) wildlife refuge water demands, 2) in

basin urban and agricultural uses, 3) system water for salinity maintenance, and 4) out-of-basin water 

exports. We assigned a timeseries of monthly demands that are defined as a function of the Sacramento 

River Index water year type (Supplementary Figure J)2fr58. For simplicity, hydro power generation and 

recreation were ignored. 

The first three demands-refuge, in-basin urban and agricultural, and system water for salinity 

maintenance-share senior priority in the model, and demand varies depending on the time of year. 

These senior demands receive 60-90% of reservoir inflows (the remainder of the 10-40% allocated to 

environmental demands). The last-out-of-basin exports-is junior to the other demands. Despite our 

simplified accounting, water for some demands is multi-purpose-for example water to meet 

temperature standards could be reused to meet other demands21. 

Wildlife refuge water demands are separate from environmental demands because refuge water 

demands have water rights. Refuge demands in wet and above normal water years are equal to 684.6 

million m3 (Mm3), while demands in below normal, dry, and critically dry water years are equal to 

520.5 Mm3, as assigned by the federal Central Valley Project (CVP) Refuge Water Supply Program 59. 

Monthly values were estimated using seasonal deliveries to wildlife refuges managed by the CVP60. 

Environmental water allocations do not augment refuge demands. 

In-basin urban and agricultural demands provide water for cities and farms, which we combined for 

simplicity. Seasonal in-basin demands were modeled on CVP deliveries to the Sacramento Settlement 

Contractors and the Tehama-Colusa Cana 160. These demands increase relative to other demands in drier 

years (Supplementary Figure J). 

System water demands are from the Delta water accounting study21·22. System water is Delta outflow 

necessary to meet salinity standards for in-Delta urban and agricultural uses and exports. While these 

flows also provide ecosystem benefits, ecosystem function is not the primary objective. 

Out-of-basin export demands are modeled after observed pumping through the Tracy and Banks 

pumping plants located in the Delta60. Export demands are highest in wetter years, and significantly 

lower in critically dry years. These patterns reflect their junior water rights priority, which limits their 

access to water in dry years. 

Water balance model 

We demonstrate the impact of environmental water assets, including dedicated storage for the 

environment, using deterministic water balance simulations designed to measure the ability of a 

reservoir to meet downstream demands, including environmental baseflow, temperature objectives, 

c
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flow shaping, and other water demands with existing water allocations. The simplified water balance 
evaluates changes in reservoir storage subject to: (a) reservoir inflows, modeled after historical inflows 
into Shasta Reservoir, (b) monthly reservoir evaporation, modeled after historical reservoir evaporation 

from Shasta Reservoir, (c) reservoir releases to meet environmental and other demands, and (d) flood 
releases of any storage that encroached into the reservoir flood pool, as defined by US Army Corps of 

Engineers operating rules for Shasta Reservoirfil,, such that: 

St+1=St+lt-Et-RDDt-RFCt 

(1) 

where 5 is storage (af), / is reservoir inflow (af/month), Eis reservoir surface evaporation 

(af/month), RDD is released for downstream demands (af/month), RFC is releases for flood control 

(af/month), and tis the monthly timestep. We used measured historical inflows to Shasta Reservoir 

because historical inflows and unimpaired full natural flows into Shasta Reservoir were similar27. 

Average annual water demands for in-basin users, system water, and exports comprised the balance of 

non-flood control releases from Shasta Reservoir during the 26-year simulation period, such that: 

DIB+DSAL+DEX=126Lt=WY19962021Rt-ECOt-WETt-RFCt 

(2) 

where Dis total demand (af/year), IB is in-basin demand(-), SAL is system water demand(-), EX is export 

demand(-), R is total releases from Shasta Reservoir (af/month), ECO is releases for environmental 
demands (af/month), WET is releases for wetland refuge habitat (af/month), and RFC is releases from 

Shasta Reservoir when the flood control pool is encroached upon (af/month). 

On average, historical reservoir releases were split evenly among in-basin agricultural and urban 

demands, system water, and out-of-basin exports (e.g., D,a = DsA, = Dex), although inter-annual and 

seasonal patterns reflected observed differences between the groups. 

Flow shaping demands were added to environmental baseflow demands to create a two-tiered system 

of environmental water demands, where environmental baseflows were higher priority demands and 

flow shaping was considered lower priority. We did this to ensure that regulatory flows were maintained. 

When there was not enough water to meet all flow shaping objectives, water was allocated for the 

spring recession, then winter pulse, and finally the fall pulse flow. 

To manage multipurpose operations within our modeled reservoir, each water demand group was 

designated a proportion of reservoir inflow and the same proportion of reservoir storage capacity (e.g., 

10 % inflow and 10% storage capacity, 20% inflow, and 20% storage capacity, etc.). Within each capacity 

allocation, a water-demand-specific water balance was conducted, such that: 

Sg,t+l=Sg,t+kg•(lt-Et)-RDDg,t 

(3) 

and 
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(4) 

where g is the water demand group (environmental, in-basin, system water, refuge, and exports) and k is 
the inflow allocation to water demand group g.

Critically, storage for each water demand group (s.) was not allowed to fall below 0, requiring water 
demands to experience delivery shortfalls when the volume of stored water was less than the monthly 
demand, such that: 

RDDg,t=min(Sg,t,Dg,t) 

(5) 

and 

SFg,t=Dg,t-RDDg,t 

(6) 

where Dis equal to the downstream demand of water demand group gin timestep t and SF is equal to 
the delivery shortfall of water demand group gin timestep t.

Stored water could be carried over for future use when capacity existed; however, carryover water was 
first to be spilled for flood control. Flood control releases, which are required when reservoir storage 
encroaches into the flood control pool, were divided among the storage accounts of each water demand. 
Responsibility for flood control releases was not assigned to all demands equally; instead, releases were 
assigned in proportion to the demand group's storage held in excess of their capacity allocation. This was 
represented as: 

RFCg,t=max(Sg,t-cgFCt,0,0) 

(7) 

and 

(8) 

where c is the capacity allocation assigned to demand group g and FC is the maximum flood control 
capacity of the hypothetical reservoir in timestep t.

When flood control conditions were triggered, deliveries to all demands were credited against the spilled 
water instead of reservoir storage accounts, and demand group storage was only impacted by their 
portion of the flood control release, such that: 

Sg,t+l=Sg,t-RFCg,t 

(9) 

Reservoir storage and demand shortfalls were simulated for all five water demands for a range of pass
through, environmental storage space, and minimum storage alternatives. When results were analyzed 
for wet and dry periods, dry years include critically dry, dry, and below normal Sacramento River Index 
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water year types, and wet years include above normal and wet year types. Reservoir storage volumes 

were subsequently linked to a one-dimensional reservoir temperature model, enabling simulations to 

evaluate how environmental storage could be used to manage trade-offs between downstream 

environmental demands and river temperature objectives. 

Water temperature model 

Reservoir temperatures were estimated with Water Quality for Reservoir-River Systems (WQRRS), a 

mechanistic one-dimensional Fortran model developed originally by Chen and Orlob62 and later 

distributed by the US Army Corps of Engineers-Hydrologic Engineering Center63. Average monthly 

inflow, inflow stream temperature, and weather are the inputs. The model was run using a daily 

timestep, then averaged to a monthly timestep. 

One-dimensional reservoir water quality models are appropriate for representing large reservoirs where 

water temperature changes most in the vertical direction based on atmospheric conditions and water 

density. We chose WQRRS because it runs quickly and has been widely used64·65·6fr67. 

WQRRS is a finite difference model based on the principles of conservation of heat and mass. Heat and 

mass transfer vertically through advection and effective diffusion, and water was assumed perfectly 

mixed laterally and longitudinally. The reservoir was segmented into 90 vertical layers and each layer was 

2 m deep, for a reservoir depth of 180 m. Water temperature was the only water quality constituent 

modeled, and was estimated using the heat budget method given the one-dimensional form of the 

advection-diffusion equation: 

vacat+llxQxacax=llxAxDca2cax2+QiCi-QoC±VS 

(10) 

where C is thermal energy (kcal), Vis volume (m3), tis time (s), xis vertical distance in the reservoir 

(m), ax is advective flow (m3/s), Ax is surface area (m3), De is the effective diffusion coefficient (m3/s), Q; is 

lateral inflow (m3/s), C; is inflow thermal energy (kcal), Oo is lateral outflow (m3/s) and 5 are sources and 

sinks (kcal/s). 

Molecular and turbulent diffusion was based on temperature in WQRRS and convection was based on 

density gradient. Our hypothetical reservoir had one inflow at the upstream end of the reservoir, making 

the advection rate slower than if the inflow occurred near the dam. Inflows were instantaneously mixed 

within the reservoir layer of similar density63. Stratification was based on the relationship between 

density and water temperature. 

Atmospheric conditions drove temperature exchange at the air-water interface and surface layer mixing. 

Inflow temperatures were from the Sacramento River at Delta (DLT) station (California Data Exchange 

Center). Air temperature, wind speed (m/s), and relative humidity(%) were from the Remote Automated 

Weather Station (RAWS) at Redding Airport for 2002-21 and Lincoln, California, prior to 2002. 

Atmospheric pressure was based on elevation and was constant at 29.15 Hg. Cloud cover(% of sky) was 

unavailable and was estimated to be uniform at 0.5%. 

We represented a generalized temperature management infrastructure with a basic temperature control 

outlet. Outflows were modeled using the selective withdrawal allocation method developed by the US 

ACE Waterways Experiment Station to estimate the vertical limit of the withdrawal zone and vertical 
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velocity distribution within that zone63. We modeled one withdrawal outlet with three opening ports 

and one spillway. The deepest withdrawal port was 25 m above the reservoir bed, the middle port was 

65 m above the bed, and the upper port was 95 m above the bed. The spillway elevation was even with 

the surface of the dam when it was at capacity. In comparison, Shasta Reservoir has temperature control 

gates approximately 46 m, 61 m, 91 m, and 122 m above the reservoir bed, and the upper three gates 

have multiple shutters that can be opened to manage release temperatures. 

Model runs 

Sixteen model runs were completed to understand performance on environmental objectives and to 

quantify trade-offs with other demands (Supplementary Table l_). Below we summarize model runs: 

• Pass-through of a percentage of inflow. Four model runs represented pass-through of 10%,

20%, 30%, and 40% of inflows with no minimum reservoir storage constraint. Four more runs

represented 10-40% pass-through for the environment with 1.54 Bm3 minimum storage

(Supplementary Table l_).

• Percentage of inflow and percentage of storage capacity. Four runs varied inflow allocations

between 10 and 40% and allocated reservoir storage capacity by the same proportion, for

example, pairing 10% inflow to 10% storage, 20% inflow to 20% storage, etc. (Supplementary

Table l_). Four additional runs allocated the above inflow and storage capacity percentages with

minimum storage constrained to 1.54 Bm3 to increase the likelihood of cold water in storage that

could be accessed with a reservoir temperature control device.
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CHANGE ORDER 

received by the District. If any work was performed on the Samoa Tank project in 
connection with the changed SOW, the entire FEMA grant funding for all tanks could be 
revoked. Since it could have taken months for FEMA to complete its review of the revised 
SOW, and the review delays would significantly impact the project's schedule, the change 
was not in the best interest of the District. On September 17th the District directed Paso 
Robles Tank to proceed with the original retrofit plan. The total work suspension lasted 26 
calendar days and 17 working days. 

Submittals not related to the change could have still been processed without jeopardizing 
funding for the project. Those submittals include the Lead Compliance plan and 
Environmental Submittals. Some of the other submittals could have been related to the 
change and could not be worked on. 

Paso Robles Tank has requested 35 days, since it is the amount of time that has elapsed 
between the NTP and the notice to resume work. 

Description of the change: 

Samoa Foundation: 
PRT will amend the contract documents to include the revised foundation plans and 
construct the new design with an $80,000 cost savings to the District. 

Samoa Roof Height- Max 50': 
PRTwill amend the contract documents to include the revised roof design and construct 
the new design with a $50,000 cost increase to the District. 

Samoa Re-design Time Extension: 
The District will extend the Samoa working days by 18 days to address the number of 
working days lost during the time work was suspended by the District. 

NOTE: CONTRACTOR WAIVES ANY CLAIM FOR FURTHER ADJUSTMENTS FOR THE 
CONTRACT SUM RELATED TO THE ABOVE-DESCRIBED CHANGE IN THE WORK. 

Important Dates: 

NTP August13, 2024 Calendar days Working Calendar Working 

from NTP Days From days from Days From 

NTP Suspension Suspension 

Work August 22, 2024 9 Days 7Days 0 0 
Suspended 

Work September 17, 35 Days 25 Days 26 Days 18 Days 
Resumed 2024 

Page 2 of 7 
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CHANGE ORDER 

We are working on the VEC to replace the Samoa foundation in the same manner as what we 
are doing for Korblex. 
As noted in the RFI regarding the tank helght of Saf'noa, we did not bid the work to keep the 
height at a max of 50'. 
Shortening the tank from what we bid increases the roof plate thickness and thereby the costs. 

II we go with a new foundation, it would be a credit to the District of $80,000.00; however, 
changing the tank design down to 50' max will cost an additional $50,000.00 ... .leading to a 
$30,000.00final credit to the District to replace the foundation. 

11 that is acceptable to the Di1;1trlct, we will proceed on that path. lf it turns out that we DON'T 
have to keep the tank to a max 50' height, then the full $80,000.00 credit would go to the 
District. 
As with Korblex, the existing piping would be encased within the new foundation. 

Once the Tank Height RFI is answered, and the District confirms theywauld like a new 
foundation an Samoa, I can get the VEC for the right amount sent over. 

Thank you! 

Desiree Brumley 
Project Manager 

PASO llOBLf:S TANK, ING. 

825 26th Sl Paso Rob.Jes, CA 93446 
Office: 805-227-16411 Fax: 805-233'9654 
Mable: 805-423--9398 
E-mail: dbrumley@pasorolilestankJ:om
Website: www,pasoroblestank.com
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