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STAFF RECOMMENDATIONS:

Information

BUDGET IMPLICATIONS:
The District has budgeted $300,000 for this program in 2021. This scope of work will expend up
to $90,750.

PREVIOUS BOARD ACTION AND/OR ACTIVITY:

Phase | of the Recovery of Storage study was completed in October 2020. Phase Il was
approved in January 2021. A full description of the events related to the study is included in
“Background” below.

ISSUE SUMMARY DESCRIPTION:
On July 22, Mott MacDonald submitted the SECWCD — Fryingpan-Arkansas Storage Recovery
Study Phase Il, Task 1 Draft Final Report (Report) to District staff for review.

The Consultants will present a summary of the Report at the September 2, 2021, Resource and
Engineering Planning Committee meeting for Board consideration on September 16, 2021. The
purpose of the Report is to look at historical loss of storage space in Pueblo Reservoir due to
sedimentation, and to forecast future potential loss of storage.

From this baseline, the Southeastern District and Bureau of Reclamation will be informed as to
future measures to protect storage in the Fryingpan-Arkansas Project. Additionally, the
information will allow the District to assist stakeholders in planning for future changes in
storage.

The Consultants are recommending further studies to refine the assessment. These include:

e Updated bathymetric and surveying programs using LIDAR and multibeam survey
methodology.

e Geomorphologic and hydrological analyses to assess sediment loading and distribution
withing the Upper Arkansas River Basin.

e Numerical modeling to refine the storage capacity estimates provided in the Report.
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The Consultants recommend these steps be completed as part of guidance to assess the
impacts of Pueblo Reservoir storage capacity loss to Fryingpan-Arkansas Project storage,
operations, and storage contracts.

Background:

Phase | of the Recovery of Storage Study was completed in October 2020 and looked at the
relative costs of dredging or enlarging Pueblo Reservoir, the two best alternatives for
recovering storage space that has been lost or will be lost in the future.

Phase Il will look at other alternatives that could reduce or mitigate future sedimentation loss
or increase available storage. This will be a multi-year process with incremental steps.

At its January 21, 2021 meeting, the Board directed staff develop a statement of work or RFP
to:
1) Assess the impact of the loss of storage due to sedimentation on District storage and
operations, as well as other storage contracts; and project at what point storage loss
becomes critical to limiting Fry-Ark operations.

2) Using available GIS coverages and basin characteristics, identify and rank/prioritize
drainages that are likely major sediment sources to Pueblo Reservoir in the upper
Arkansas basin downstream of Browns Canyon.

A proposed scope of work was discussed by the Subcommittee for Recovery of Storage with the
Consultants on February 4, 2021, and suggestions made to refine the work.

Meetings were held during February and March between staff and the Consultants to design a
draft scope of work that reflects both the first and second parts included in the Board’s action.

It was determined the questions raised in the first part, to assess the impact of the loss of
storage due to sedimentation, is critical to determining the scope of the upstream study.
Although there was discussion about running the two studies concurrently, it ultimately made
the most sense to answer the question of risk prior to initiating upstream analysis.

The Consultants developed a draft scope of work to address the first part of the Board’s action
prior to proceeding to the second part.

Tasks in the scope of work include:

1) Update of the Project Management Plan

2) Study Initiation Workshop

3) Data Collection and Basis of Assessment

4) Storage Allocation Impacts Assessment and Storage Capacity Loss Forecasting Analysis
5) A review meetingin June 2021

It is anticipated that the Phase Il, Part 1 scope of work will be completed by July 16, 2021, at a
cost of $90,750.
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A notice to proceed on Phase Il of the study was issued on April 23, 2021.

Mott MacDonald (Consultants) submitted an amended project schedule that moved deliverable
dates back one week from the timetable in the draft scope of work. The timetable is below:

Table of Deliverables

Task Deliverable Submission
Date

Project Management Plan Update April 28, 2021
Project Status Meeting Minutes April 30, 2021
Project Status Meeting Minutes May 12, 2021

1 Project Status Meeting Minutes May 26, 2021
Project Status Meeting Minutes June 9, 2021
Project Status Meeting Minutes June 23, 2021

2 Project Initiation Workshop Minutes May 7, 2021
3 Basis of Assessment Memorandum May 21, 2021
4 Draft Final Report, Phase Il — Fryingpan-Arkansas Storage Recovery Study June 30, 2021
5 Review Meeting minutes July 9, 2021
Final Report, Phase Il — Fryingpan-Arkansas Storage Recovery Study July 23, 2021

° Minutes of the Final Report Presentation Meeting July 23, 2021

The Resource & Engineering Planning Committee heard an update on the Recovery of Storage
study on May 6, 2021. No further questions about the scope of the study arose.

A Project initiation kickoff meeting was held on May 7, 2021 with District staff, the Consultant
and the Bureau of Reclamation. Reclamation indicated files relating to past bathymetric surveys
of Pueblo Reservoir would be available. Staff asked the Consultant to include next-step
recommendations as part of the Final Report, keeping in mind the second part of Phase I,
which is to identify key sediment sources upstream of Pueblo Reservaoir.

Reclamation, Southeastern staff, Mott MacDonald team members and Southeastern Board
member Pat Edelmann met on Wednesday, July 7, 2021, to review information that will be
included in the Draft Final Report of Phase II, Part 1, of the Recovery of Storage Study. Mott
MacDonald has developed a model that shows sedimentation information from the 1993 and
2012 bathymetric surveys of Pueblo Reservoir. The model can be used to project where
sedimentation is likely to occur in future time periods. Mott MacDonald also overlaid this
information with known changes in excess capacity contracts and storage patterns through the
next 25 years, which will help determine the likelihood of spills. Recommendations for next
steps were also discussed.

SUGGESTED MOTION:

Information
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ATTACHMENTS:
Attachment 1: SECWCD - Fryingpan-Arkansas Storage Recovery Study Phase Il, Task 1 Draft
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Table 3.4: Projected range of future capacities of selected storage allocations, considering
historical water level fluctuations.

Figure 2-1: Distribution of monthly reservoir elevations showing 10th percentile (green),
50th percentile (blue), and 90th percentile (black).

Figure 2-2: Historical Pueblo Reservoir Water Surface Elevation timeseries.

Figure 2-3: Locations of the 31 rangelines (top) and example digitization of the 1974
bathymetric survey profile along range line 42 (bottom).

Figure 2-4: Post-processed Pueblo Reservoir bathymetric surfaces for years 1974, 1993
and 2012.

Figure 3-1: Historical Pueblo Reservoir sedimentation and debris accumulation from dam
closure (1974) to 2012 survey based on surfaces compiled and developed by Mott
MacDonald.

Figure 3-2. Large scale sedimentation zones used to analyze 1974 to 2012 sedimentation
patterns.

Figure 3-3: Linear Regression relationship example at point 39369.

Figure 3-4: Example figures showing storage capacity projection calculations in year 2023.
Top left shows the distribution of water surface elevations used to compute storage
capacity. Bottom left shows distribution of storage capacities considering the water surface
elevation and projected sedimentation. Right shows non exceedance plot of reservoir
capacity, with 10%, 50%, and 99% (full reservoir) values highlighted in red.

Figure 3-5. Projected storage capacity for active conservation pool considering
sedimentation. Project water storage (163,100 AF assumed) and Multi-Purpose Excess
Capacity (56,672 AF assumed) shown for reference
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Executive summary

Storage capacity loss within reservoirs is both a nationwide and worldwide issue. As reservoir

life decreases due to storage capacity loss, federal agencies, public and private operators, and
owners are faced with the challenge of meeting current and future water distribution demands,
while mitigating the environmental, social, and economic impacts associated with the potential

implementation of storage recovery alternatives.

The Phase I, Task 1 work summarized herein is a continuation of the Phase | — Fryingpan-
Arkansas Storage Recovery Study. The purpose of the Phase Il work is to expand upon the
results of the Phase | study through an assessment of Pueblo Reservoir storage allocation
impacts and a storage capacity loss forecasting analysis. The work has been conducted by Mott
MacDonald on behalf of the Southeastern Colorado Water Conservancy District (District). This
work facilitates the District’s goals and objectives of quantifying the impacts of Pueblo Reservoir
storage capacity loss on District operations and storage contracts and provides order of
magnitude estimates as to when storage loss becomes critical or limiting to Fryingpan-Arkansas
operations. Additionally, Mott MacDonald has developed next steps for the District’s
consideration that may be incorporated into future phases of work.

The Phase I, Task 1 study work included the execution of the following Tasks:

1. Project Management. This task included an update to the Project Management Plan
developed during the Phase | study, project status meetings, and additional
coordination with the District and Storage Recovery Strategy Committee throughout the
duration of the work.

2. Phase Il Study Initiation Workshop. This task included a coordination meeting
between the District and Mott MacDonald team members to discuss project objectives
and goals, schedule, and available data sources. This meeting was held on May 71",
2021.

3. Data Collection and Basis of Assessment. This task included data requests,
supplemental document review, data processing, identification of data gaps and the
development of a Basis of Assessment technical memorandum submitted to the District
on 21 May 2021 (included as Attachment B).

4. Storage Allocation Impacts Assessment and Storage Capacity Loss Forecasting
Analysis. This task included the engineering work and analysis necessary to quantify
impacts of Pueblo Reservoir storage capacity loss on District storage and operations.
The results of Task 4 are documented herein.

5. Review Meeting. Following completion of Task 4, Mott MacDonald held a virtual review
meeting/workshop to present and discuss the Phase Il study findings and any
recommendations for future work that have arisen during the execution of the study.
This meeting was held on July 71, 2021.

6. Phase Il Study Report and Meeting. Mott MacDonald will prepare, submit and present
the final draft of the Phase Il, Task 1 study works at District headquarters in Pueblo, CO
in August of 2021.

The Phase Il study report includes the following subsections:
Introduction

Section 1 provides an overview of document purpose, goals and objectives, and content. The
purpose of this document is to estimate historical storage loss and develop future projections of
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Pueblo Reservoir storage capacity to assess impacts on District operations and storage
contracts. Mott MacDonald notes that the estimates provided in this memorandum are order of
magnitude estimates, and that future studies and data collection should be conducted to refine
any estimates provided in this document.

Data Collection and Processing

Mott MacDonald utilized various U.S. Bureau of Reclamation (Bureau) provided data pertaining
to storage capacity to conduct this assessment. Mott MacDonald signed a Non-Disclosure
Agreement (NDA) with the Bureau to receive the 2012 bathymetric survey and topographic data
included herein. Post-processing of the data was required prior to initiating the engineering
assessment. This included digitizing the 1974 and 1993 bathymetric rangeline survey data, as
well as verifying the datum and converting the 2012 contour data survey provided by the
Bureau. Following this, Mott Macdonald generated elevation surfaces based on the 1974, 1993,
and 2012 surveys for the purpose of determining storage capacity estimates. It should be noted
that the surfaces that were created contain certain levels of error due to the sparse nature of the
data provided within the 1974 and 1993 rangeline surveys. We recommend that future surveys
be conducted using modern topographic and bathymetric surveying techniques. These updated
surveys will refine any storage capacity projections made in this document. Additional
information regarding recommended future survey programs is included within Section 4.2
herein.

Storage Allocation Impacts Assessment and Storage Loss Forecasting Analysis

Using the data collected and processed by Mott MacDonald, an engineering assessment was
conducted to produce qualitative estimates of projected Pueblo Reservoir storage capacity loss.
This assessment included an operations analysis, sedimentation assessment and forecasting,
and future storage allocation projections as detailed below.

Operations Analysis: The operations analysis investigated historical reservoir elevations
since dam closure in 1974. The analysis noted seasonal trends, which showed lower water
surface elevations in summer and early fall months, with higher elevations in late winter and
early spring. A cyclical trend in long term water surface elevations was also noted, with low
water elevations within the reservoir occurring on an approximate 10 to 11-year interval due
to periods of what appears to be drought.

Sedimentation Assessment & Forecasting: The sedimentation assessment used the
bathymetric and topographic surfaces compiled by Mott MacDonald and first compared them
to storage calculations provided in the 2012 Bathymetric Survey Report prepared by the U.S.
Bureau of Reclamation, 2015. The two sets of calculations showed similar results, with
differences ranging between 0.5 to 1.7% relative to the Bureau’s estimates. The historical
data was then used to project spatially variable reservoir sedimentation 2, 5, 10, and 25
years into the future. Projected sedimentation within the reservoir was projected relative to
the year 2021. The projections for future reservoir capacities were developed to aid the
District in future planning efforts. Projected sedimentation estimates were then used with the
compiled reservoir elevation data to develop a range of projected future storage allocation
capacities.

Future Storage Allocation Projections: Qualitative analysis was conducted for the purposes
of projecting future capacities for all storage allocations 2, 5, 10, and 25 years into the future.
The range of estimates considers varying water levels as well as prediction bounds that
account for uncertainty in the projections due to the sparse historical rangeline data (1973
and 1993). The projected future storage allocation capacity ranges are shown below in
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Table 1.1. Note that only the 10%, 50%, and 99% exceedance levels are shown. For a full
summary of the projected allocation ranges, see Attachment A.

Table 1.1: Projected range of future capacities of selected storage allocations.
Year 5 (2026)

Year 2 (2023)

Active  4,880.5 |60,000- 148,000- 209,000- | 60,000-  147,000-  207,000-
Cons. 70,000 158,000 219,000 |70,000 157,000 217,000
Inactive ~ 4,796.7 | 21,000- 17,000-  17,000- |16,000-  16,000-  16,000-
Pool 23,000 23,000 23,000 |22,000 22,000 22,000
Dead  4,764.0 | 400- 400- 400- 300- 300- 300-
2,400 2,400 2,400 2,300 2,300 2,300
Year 10 (2031) Year 25 (2046)

Active  4,880.5 |[59,000- 146,000- 205,000- |56,000-  140,000-  197,000-
Cons. 69,000 156,000 215000 |66,000 150,000 207,000
Inactive ~ 4,796.7 | 16,000- 16,000-  16,000- | 13,000-  13,000-  13,000-
Pool 22,000 22,000 22,000 |19,000 19,000 19,000
Dead  4,7640 |0-2,100 0-2,100 0-2,100 |0-1,700  0-1,700  0-1,700

Discussion and Next Steps

This assessment provides planning level estimates to identify future storage capacity loss to aid
the District in assessing impacts on future storage contracts. The analytical calculations
provided in this document contain uncertainty that should be refined to better understand future
storage capacity loss. Continuation and refinement of this assessment along with further data
collection programs will improve our understanding of the distribution of sedimentation
throughout Pueblo Reservoir and refine the storage capacity projections provided in this
document. We recommend future data collection programs and refinement studies that include,
but are not limited to, the following:

Updated bathymetric and topographic surveying programs.

Geomorphologic and hydrological analyses to assess sediment loading and distribution
within the Upper Arkansas River Basin, including quantifying sediment load from unregulated

tributaries upstream of Pueblo Reservoir.

Numerical modeling to refine the storage capacity estimates provided in this document. .
The revised sedimentation and storage capacity projections developed through the
numerical modeling will serve to better quantify impacts to Pueblo Reservoir storage
contracts. The models could then be used to evaluate the effectiveness of proposed storage
recovery alternatives such as direct sediment removal, sediment diversion, and/or other

feasible reservoir sustainability alternatives.
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1 Introduction

This engineering assessment has been developed by Mott MacDonald for the Fryingpan-
Arkansas Storage Recovery Study on behalf of the District. This document provides a storage
allocation impact assessment and storage capacity loss forecasting analysis pertaining for
Pueblo Reservoir.

This document details the results of the Phase II, Task 1 engineering assessment conducted by
Mott MacDonald for the purposes projecting future Pueblo Reservoir storage capacity losses
and providing estimates as to when storage loss becomes critical to Fryingpan-Arkansas
operations.

The objective of this document is to provide the District with the results of the storage allocation
impact assessment and storage capacity loss forecasting analysis. The primary goals and
objectives of the study were to assess the impacts of storage capacity loss on District
operations and contracts, and to provide updated information to facilitate future decision
making, study phases/tasks, and other work aimed at the evaluation of potential reservoir
storage recovery options.

The following sections summarize the work and results pertaining to Phase Il, Task 1 of the
Fryingpan-Arkansas Storage Recovery Study. These sections include data collection and
processing, an engineering assessment, discussion, and next steps.

A summary of all data collected, verification of survey datums, and post-processing efforts is
provided in Section 2 of this report. Processing of the data was conducted to identify potential
trends in reservoir water surface elevation data, digitize non-electronic survey data, and develop
bathymetric and topographic surfaces of historic reservoir elevations that were then used in the
engineering assessment.

The engineering assessment is summarized in Section 3 and documents the results from both
the sedimentation assessment as well as the future storage allocation and contract storage
capacity analysis. This analysis uses curve fitting relationships based on historical data,
combined with reservoir elevation data to project future reservoir capacity.

Section 4 summarizes the limitations associated with the analysis and projected reservoir
capacities provided in the engineering assessment. In addition, Section 4 provides
recommendations for the continuation and refinement of the results of this assessment along
with recommendations for further data collection programs and ancillary works.
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2 Data Collection and Processing

Site-specific data was collected and processed by Mott MacDonald in order to conduct this
engineering assessment. Both publicly available and District-provided data was utilized for the
sedimentation and storage-capacity analyses. This section provides a summary of the data
collection effort included as part of the engineering assessment, including data collection, datum
verification, post-processing, and survey digitization.

All data utilized within this engineering assessment was produced by the Bureau and was either
collected online within the public domain and/or provided to Mott MacDonald by the District or
Bureau. Table 2.1 summarizes all data collected and processed for this assessment.

Table 2.1: Summary of Collected Data.

Bureau — Hydromet Website Water Surface Elevation 1974 — 2021

Bureau — Hydromet Website Storage Content 1974 - 2021

Bureau — Hydromet Website Daily Mean Inflow 1984 — 2021

Bureau — Hydromet Website Daily Mean Discharge 1984 — 2021

Bureau — Hydromet Website Snow Water Equivalent 2004 — 2021

1993 Sedimentation Survey Report Bathymetric Survey Profiles 1974

1993 Sedimentation Survey Report Bathymetric Survey Profiles 1993

2012 Bathymetric Survey Report Digital Bathymetric Survey 2007 (Topographic, IFSAR), 2012
(Bathymetric)

Similar to other reservoirs, reported elevations pertinent to Pueblo Reservoir are referenced to a
site-specific vertical datum. This “Project Datum” was verified by Mott MacDonald to be tied to
the Bureau water surface elevation data, as well as the 1974 and 1993 bathymetric surveys.
However, verification was required with regards to the vertical datum of the 2012 survey data.
Following a literature review and point comparison, it was confirmed that the 2012 survey
provided by the Bureau was provided in the National Vertical Datum (NAVDS88).

The contour elevations provided in the 2012 survey data were decreased by 3.2 feet to convert
to Pueblo Reservoir project datum per the datum conversion provided in U.S. Bureau of
Reclamation, 2015. For this report, all water surface elevation data elevations, topographic and
bathymetric survey data, and other data are reported in the project datum.

Following the collection of all pertinent operations data, inclusive of reservoir elevation,
historical storage capacity, and inflow and outflow data, Mott MacDonald processed the data to
identify any potential trends and to utilize the information within the engineering assessment.
This processing included generation of historical timeseries and statistical distributions of the
Bureau - Hydromet data (U.S. Bureau of Reclamation, 2021). The Bureau provided data spans
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from dam closure in 1974 until present day and is reported as daily-average values. This data
analysis review was performed to identify any seasonal and/or long-term trends in inflows,
reservoir elevations, and storage capacity. Figure 2-1 shows the monthly distributions of
reservoir water surface elevations since dam closure provided online as part of the Bureau
hydromet data (U.S. Bureau of Reclamation, 2021). Colored areas shown within Figure 2-1 are
indicative of the different storage allocation elevation ranges within the reservoir. Reservoir
elevation exceedance data is also shown at the 10" percentile (green line), 50" percentile (blue
line), and 90" percentile (black line) as indicated within the figure legend.
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Figure 2-1: Distribution of monthly reservoir elevations showing 10th percentile (green),
50th percentile (blue), and 90th percentile (black).

The monthly distribution of reservoir elevation exceedance data shows a few notable trends as
summarized below:

The highest elevations are typically in late winter to early spring months, which is a typical
trend for reservoirs operated within the Western United States.

Reservoir elevations are typically lower over the summer to early fall months before
typically increasing in the early winter months.

The majority of water surface elevation fluctuations (10" — 90" percentile) fall within the
Active Conservation storage allocation.

Yearly distributions were also developed to identify any long-term trends in the data and to
evaluate low and high bounds for the operating reservoir elevations. A summary of the
historical elevations since dam closure in 1974 is shown below in Figure 2-2. These reservoir
elevations were used for the capacity forecasting analysis summarized in Section 3.1 herein.
Colored areas shown within Figure 2-2 are indicative of the different storage allocation elevation
ranges within the reservoir.

507102411 | TR-04-01 | July 2021



Mott MacDonald | SECWCD - Fryingpan-Arkansas Storage Recovery Study
Phase Il, Task 1 Draft Final Report

PUEBLO RESERVOIR

Flood Surcharge
Control —2%,
Joint Use
4880

48601 Active
Conservation

4800

a780 {|  Inactive

Reservoir Water Surface Elevation [ft]

4760 1
Dead

4740 +—r T + - - + - - - v
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Figure 2-2: Historical Pueblo Reservoir Water Surface Elevation timeseries.

The historical timeseries data shows a few notable trends as summarized below:

High reservoir elevations were noted in the mid-late 1980s, consistent with documented
periods of high snow water equivalents. The District also noted that the only time water
was physically spilled outside of dam safety work was during this time period.

A cyclical trend is noted, with periods of low elevations occurring at approximate 10 to 11-
year intervals..

Large variations in reservoir elevations occur mostly within the elevation range of the
Active Conservation storage allocation.

This data was used to develop regression trends and equations to determine future storage
availability, sedimentation, and capacity limits as described later in Section 3.1 herein.

As previously mentioned, a digital form of the 2012 bathymetric contour survey data provided by
the Bureau was used in this assessment. However, the 1974 and 1993 surveys were only
available as rangelines in PDF format (U.S. Bureau of Reclamation, 1994). This required
digitization and subsequent smoothing of the U.S. Bureau of Reclamation, 1994 data so that it
could be properly utilized within the engineering assessment. Thirty-one (31) elevation profiles
taken along georeferenced rangelines were digitized and processed by Mott MacDonald. Figure
2-3 shows the locations of the 31 rangelines that were digitized and used to develop the 1974
and 1993 surfaces as well as an example of the digitization process.
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Figure 2-3: Locations of the 31 rangelines (top) and example digitization of the 1974
bathymetric survey profile along range line 42 (bottom).

The digitized 1974 and 1993 transects were then combined with the above water (assumed as
top of spillway at 4,898.7 ft) topography provided by the Bureau. Topography data provided by
the Bureau (U.S. Bureau of Reclamation, 2015) was referenced to a 2007 IFSAR
(Interferometric Synthetic Aperture Radar) survey conducted within the project area limits.

Once combined, additional smoothing and bathymetric interpolation was conducted to merge
the two datasets and to extrapolate contour elevations for the 1974 and 1993 surfaces that were
not covered within the interstitial space of the rangeline surveys. The final 1974, 1993, and
2012 elevation surfaces used for the engineering assessment described in Section 3 herein are
shown in series in Figure 2-4 below.

507102411 | TR-04-01 | July 2021

11



Mott MacDonald | SECWCD - Fryingpan-Arkansas Storage Recovery Study
Phase Il, Task 1 Draft Final Report

Efevation [ft] - .-~
4890.0

Feet(U.S. surviyi
SRR NRRAEREUNNGOURRNPUBNRERNESE
0 5000 10000 15000 20000 25000 30000
Elevation [ft] .-~

4890.0

Feet(U.S. Surve:
AUt A AN R RR AN A RN ARRanRRSE
0 5000, 10000 15000 20000

25000 30000

Elevation [ft] - -~

M M Postprocessed surfaces developed
MoTT by Mott MacDonald
ACDONALD

U,SSurviyi
uloc!ll IRRNNANER

20000 25000 30000

cet

£
FERRRANENRRNN
0 5000...- 10000

15!

Figure 2-4: Post-processed Pueblo Reservoir bathymetric surfaces for years 1974, 1993
and 2012.
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While best engineering judgement was used to develop the 1974 and 1993 surfaces, there is
inherent error and subjectivity involved in the process of extrapolating contour elevations.
Therefore, when these surfaces were used to develop regression equations to predict future
storage capacity, higher prediction bounds were used to quantify the inherent error in the
digitization and bathymetric surface development process. In future phases of work, it is
recommended that additional elevation survey programs be conducted using modern survey
technologies such as multi-beam bathymetric and Light Detection And Ranging (LIDAR) to more
accurately capture present day elevations throughout the project area limits. This additional
survey would serve to refine any capacity estimates provided in the following sub-sections.
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3 Engineering Assessment

An engineering assessment was conducted to quantify the impacts of storage capacity loss on
District operations and develop storage capacity projections that can be used by the District to
assess when storage loss may become critical or limiting to District operations. The following
Sections describe the operations analysis, sedimentation assessment, and future storage
allocation projections developed by Mott MacDonald.

A sedimentation analysis was conducted using the bathymetric and topographic surfaces
described in Section 2.3.2. Before the sedimentation forecasting analysis was conducted, Mott
MacDonald compared the computed historical storage allocation capacities to those developed
by the Bureau (U.S. Bureau of Reclamation, 2015). A summary of the volume comparisons,
inclusive of Bureau estimates using the Area Capacity Computer Program (ACAP), Mott
MacDonald estimates using surface comparisons, and differences (+/-) between the two
estimates, is shown below in Table 3.1.

Table 3.1: Comparison of historical storage allocation capacity estimates developed by
the Bureau of Reclamation and Mott MacDonald

1974 1993 2012t

Flood 4,898.7 26,992 26,456 -536 27,044 26,443 -601 26,990 26,439 -551
Control
Joint 4,893.8 66,266 65,145 -1,121 65,716 64,998 -718 66,011 64,704  -1,307
Use
Active 4,880.5 234,210 238,957 4,747 229,059 230,438 1,379 219,772 218,850 -922
Conserv
ation
Inactive 4,796.7 26,895 28,252 1,357 25,792 25,673 -119 23,706 23,469  -237
Pool
Dead 4,764.0 | 3,758 5,537 1,779 2,329 4,327 1,998 1,895 1,796 -99

Total 358,121 364,347 6,226 349,940 351,878 1,938 338,374 335,258 -3,116

Notes and references
12012 Bureau results reflect the updated 2015 calculations presented in U.S. Bureau of Reclamation, 2015.

2The 1974 and 1993 Mott MacDonald surfaces were developed from digitized rangeline data provided by the U.S. Bureau of Reclamation, 1994.
2012 electronic contour data provided by the Bureau was used in for developing the 2012 volume calculation estimates developed by Mott
MacDonald.

3Differences in calculated storage allocation capacity estimates are likely due to discrepancies in the bathymetric and topographic surfaces used by
MM and the Burea, development, and inherent differences in volume calculation methodologies.

4Differences between the Bureau and Mott MacDonald calculations were incorporated into the storage capacity projections as error bounds.

Overall, the total difference in estimated capacity is likely due to differences in calculation
methodology. The Bureau used the Area-Capacity (ACAP) program, while Mott MacDonald
used a surface volumetric calculation to determine the volumes within each storage allocation.
In addition, Mott MacDonald had to digitize rangeline data to develop the 1974 and 1993
surfaces, which could contribute to the differences in the calculated storage allocation
capacities. Total differences in storage allocation capacity estimates range from 0.5to 1.7%
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relative to the total available storage within the reservoir. Differences in volume within individual
storage allocations are in the same order of magnitude. Therefore, the methodology employed
by Mott MacDonald for volume calculations is appropriate for the purposes of a planning level
analysis. These percent errors will be incorporated into the forecasting analysis described in
the following Section as prediction error bounds.

An analysis of the historical surfaces was conducted to determine the spatial distribution of
sedimentation and debris accumulation within Pueblo Reservoir since dam closure based upon
the historical 1974, 1993, and 2012 bathymetric and topographic data. Figure 3-1 shows the
spatial distribution of historical sedimentation based on the surfaces compiled and developed by
Mott MacDonald. In general, the analysis shows the highest sedimentation rates along the
reservoir thalweg (original Arkansas River Channel), with higher sedimentation noted in the
upper reaches of Pueblo Reservoir near the delta formation. In general, this matches the
analysis provided in U.S. Bureau of Reclamation, 2015 which showed sedimentation along the
thalweg, with the highest sedimentation rates located in the upper segment of the reservoir
towards the delta.

Sedimentation fft]’

Feet (U.S. Surve!

l)[II]III[

5000 10000 15000

Figure 3-1: Historical Pueblo Reservoir sedimentation and debris accumulation from dam
closure (1974) to 2012 survey based on surfaces compiled and developed by Mott
MacDonald.

Additionally, to better assess general sedimentation patterns within Pueblo Reservoir, Mott
MacDonald analyzed four “sedimentation zones” to examine large-scale patterns in
sedimentation and debris accumulation since dam closure in 1974 to 2012. Figure 3-2 shows
the four designated zones, while Table 3.2 tabulates the relative percentage of total
sedimentation from 1974 to 2012 in each zone.

507102411 | TR-04-01 | July 2021

15



Mott MacDonald | SECWCD - Fryingpan-Arkansas Storage Recovery Study
Phase Il, Task 1 Draft Final Report

Figure 3-2. Large scale sedimentation zones used to analyze 1974 to 2012 sedimentation
patterns.

Table 3.2: Comparison of historical sedimentation distribution from 1974 to 2012.

Zone Percent of Total Sedimentation [%]
1 18

2 20

3 32

4 30

Total 100

Notes and references

1 These sedimentation estimates are based on Mott MacDonald bathymetric and topographic surfaces developed from
1974 rangelines, and 2012 contour data provided by the Bureau

2 These sedimentation distributions show historic sedimentation patterns based on the surfaces developed by Mott
MacDonald. Future sedimentation patterns may change based on changes to hydraulics, sediment inflow, and other
factors.

3 Numerical modeling and additional surveys are recommended to refine the sedimentation distributions estimates.

The historical sedimentation analysis shows similar conclusions to the thalweg sedimentation
analysis presented in U.S. Bureau of Reclamation, 2015. Both analyses show a relatively
uniform distribution of sedimentation throughout the reservoir. However, sediment and debris
accumulation in zones 3 and 4 mostly impacts the Inactive Pool and Dead Pool storage
allocations. Sedimentation in zones 1 and 2, while less in terms of total sedimentation volume,
contributes more to storage capacity loss of the Active Conservation and Joint Use storage
allocations.

It should be noted that this analysis relies on rangeline data for the 1974 and 1993 historical
surveys. Therefore, the spatial resolution of the data limits the precision of this assessment and
the estimates of storage capacity loss presented herein. To facilitate increasing the accuracy of
the estimated projections provided in this document and aid in the development and scoping of
future work, it is recommended that a comprehensive survey program be conducted to refine
and compare annual storage capacity loss estimates developed by the Bureau and Mott
MacDonald.
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3.2 Sedimentation Forecasting Methodology

For the purposes of this assessment, processed elevation survey data was interpolated to a
meshed grid containing over 75,000 points distributed within the approximate project area limits
of Pueblo Reservoir. Once interpolated, a linear regression analysis of the data was conducted
at each point to approximate future sedimentation and reservoir elevations. The results of the
linear regression analysis were then used to assess potential future impacts to existing storage
allocations within the reservoir. An example of the regression analysis is shown in Figure
3-3.The results of this analysis are documented within Section 3.2.
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Figure 3-3: Linear Regression relationship example at point 39369.

It is important to note that this approach relies on historical sedimentation rates and does not
account for future changes to hydrodynamics due to sedimentation. Therefore, a numerical
modeling study is recommended in future phases of the project to refine results from this
analysis.

3.3  Future Storage Allocation Capacity Estimates

The linear regression relationships developed in the previous Section were used to project
future reservoir elevations. These projected reservoir elevations were used in conjunction with
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historical water surface elevation data to develop projected capacity statistics. The process for
developing future storage allocations is detailed below:

Forecasting regression curves are developed at over 75,000 points located throughout the
reservoir.

These forecasting curves are used to project and estimate future elevations and
sedimentation.

The projected future elevations are used in combination with the historical water surface
elevation data (post 1985 to avoid including elevations when the reservoir was filling up) to
develop a range of statistical capacities.

Projected future capacities were analyzed at the 10% non-exceedance level (i.e. 10% of the
time capacity is expected to be lower than this value), the 50% non-exceedance level, and
the 99% non-exceedance level (representing the projected maximum storage capacity
available within the reservaoir).

An analysis was conducted for overall reservoir capacity, as well as a separate analysis
broken down by individual storage allocation. The analysis focused on the projected storage
available in the Active Conservation.

Figure 3-4 shows an example of the capacity calculations for the year 2023 in the Active
Conservation storage allocation (Elevation: 4796.7 to 4880.5’). This analysis process is
repeated to develop future projected reservoir capacities for all years analyzed.

ACTIVE CONSERVATION PROJECTION: 2023 ACTIVE CONSERVATION PROJECTION: 2023
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= projection
error bounds
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Figure 3-4. Example figures showing storage capacity projection calculations in year
2023. Top left shows the distribution of water surface elevations used to compute
storage capacity. Bottom left shows distribution of storage capacities considering the
water surface elevation and projected sedimentation. Right shows non exceedance plot
of reservoir capacity, with 10%, 50%, and 99% (full reservoir) values highlighted in red.

Table 3.3 shows the projected yearly capacity loss ranges from the sedimentation analysis.
Note that these ranges are based on historical trends and the linear regression analysis
described in Section 3.1 herein. Future analysis and numerical modeling is required to refine
these sedimentation estimates for planning purposes. Table 3.4shows the computed range of
capacities within the Active Conservation, Inactive, and Dead Pool storage allocations for 2, 5,
10, and 25 years into the future. The projections for future reservoir capacities are developed to
aid the District in future planning efforts. Please note that any projections are based on the
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linear regression methodology described in the previous sub-section which is based on
historical survey data collected in 1974, 1993, and 2012. Please also note that these
projections assume that the top and bottom elevation of each storage allocation pool (as
tabulated in Table 3.1) stay constant in the future. If these elevations are altered at any point,
the analysis shown in this section and associated capacity projections must be re-analyzed.
The projected capacity for the Active Conservation Pool is also shown in Figure 3-5. Figures
showing projected future capacities for each storage allocation are provided in Attachment A.

Table 3.3: Projected future yearly capacity loss range for Dead to Joint Use Allocations.

Allocation Projected Annual Future Capacity Loss
[AF/YR]

Joint Use 50-180

Active Conservation 350-625

Inactive Pool 125-200

Dead Pool 5-55

Total 530-1,060

Notes and References

1 The Bureau provides estimates in U.S. Bureau of Reclamation, 2015 on sedimentation in the Active Conservation through Dead
Pool Allocations.

2 U.S. Bureau of Reclamation, 2015 estimate a historical average annual rate of 496.1 AF/yr. This matches general range of
estimated sedimentation calculated by Mott MacDonald in the Active Conservation through Dead Pool Allocations of 480-880 AF/yr.

3 Additional surveys are needed to refine the sedimentation projections.
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Table 3.4: Projected range of future capacities of selected storage allocations, considering historical water level fluctuations.

Year 2 (2023) Year 5 (2026) Year 10 (2031) Year 25 (2046)
Storage Top of 10" % 50" % 99" 9% 10" % 50" % 99" % 10" % 50" % 99" % 10" % 50" % 99" %
Allocation Pool [AF] [AF] [AF] [AF] [AF] [AF] [AF] [AF] [AF] [AF] [AF] [AF]
El. [ft]
Active 4,880. 60,000- 148,000- 209,000- | 60,000- 147,000- 207,000- | 59,000- 146,000- 205,000- 56,000- 140,000-  198,000-
Cons. 5 70,000 158,000 219,000 70,000 157,000 217,000 69,000 156,000 215,000 66,000 150,000 208,000
Inactive 4,796. 21,000- 17,000- 17,000- 16,000- 16,000- 16,000- 16,000- 16,000-  16,000- 13,000- 13,000- 13,000-
Pool 7 23,000 23,000 23,000 22,000 22,000 22,000 22,000 22,000 22,000 19,000 19,000 19,000
Dead 4,764. 400- 400- 400- 300- 300- 300- 0-2,100 0-2,100 0-2,100 0-1,700 0-1,700 0-1,700
0 2,400 2,400 2,400 2,300 2,300 2,300
Projected Storage Capacity: Active Conservation
PRIV R —— R, R i i AL A ) (R —— Median Capacity
4 - = 10% Capacity
99% Capacity o
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Figure 3-5. Projected storage capacity for active conservation pool considering sedimentation. Project water storage (163,100 AF
assumed) and Multi-Purpose Excess Capacity (56,672 AF assumed) shown for reference
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Based on the analysis conducted in this engineering assessment, the following qualitative
conclusions are made regarding the Pueblo Reservoir storage allocation impacts assessment
and storage capacity loss forecasting analysis. Additional data collection, analysis, and
numerical modeling is recommended as described in Section 4 herein to refine the conclusions
provided below.

Water Level Analysis:

The highest elevations are typically in late winter to early spring months. Reservoir
elevations are typically lower over the summer to early fall months before typically increasing
in the early winter months. This observed behavior generally matches the District’'s water
year (November 1 to October 31).

The majority of water surface elevation fluctuations fall within the Active Conservation
storage allocation. This means that water level fluctuations greatly impact the water
available for the District’s operations and contracts.

Sedimentation Analysis:

Sedimentation analysis relied on digitization, smoothing, and interpolation of the 1974 and
1993 rangeline data. To refine the accuracy of estimates provided in this assessment,
additional topographic and bathymetric survey programs are recommended.

Since dam closure in 1974, the spatial distribution of sedimentation and debris accumulation
within the reservoir has occurred in the thalweg and in the upper reservoir Arkansas River
delta area. Sedimentation within the delta area is expected to progress into the future.

As such, available storage capacity within the Active Conservation pool is expected to
continue to reduce. .

Projected future sedimentation is based on historical data, and therefore shows
sedimentation in the thalweg and upper delta. To refine this spatial analysis of
sedimentation and account for changes to flow patterns affecting sedimentation, humerical
modeling is recommended in future phases of work.

Storage Allocation Capacity Projections:

Storage allocation impacts due to long term sedimentation and debris accumulation within
Pueblo Reservoir will continue to increase with time. The more that sedimentation impacts
the reservoir, the more frequent/common spilling will be. It is understood that spilling will
occur in accordance with the water use by allocation shown in Figure 3.4 of Attachment B.
Multi-purpose excess capacity contracts (Spill priorities 1 through 3) will likely be impacted
when the reservoir water surface elevation is below the top elevation of the Active
Conservation storage allocation. Spilling of Project Water (Spill priority 4) may occur when
reservoir levels are at or below the median reservoir water surface elevation (50%
exceedance).

Impacts to the Active Conservation storage allocation may impact project water storage
when the reservoir is below its median water surface elevation.

Impacts to multi-purpose excess capacity contracts within the active conservation pool are
likely to be exacerbated as the overall storage capacity within the reservoir reduces due to
sedimentation and debris accumulation.

Future sedimentation is likely to worsen the impact of water level fluctuations on available
storage within the Active Conservation storage allocation pool.
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4 Discussion and Next-Steps

The results of this engineering assessment indicate, at a planning level, the projected future
sedimentation, and its impact on future storage allocations and reservoir capacity in Pueblo
Reservoir. The sedimentation and capacity projections developed by Mott MacDonald used
digitized rangeline data (U.S. Bureau of Reclamation, 1994) to develop the 1974 and 1993
bathymetric surfaces. The 2012 surface was developed from detailed contour data provided by
the Bureau. Acknowledging that there is inherent subjectivity when developing surfaces from
sparse rangeline data, large prediction bound ranges have been provided for all future storage
capacity projections provided in this document. Therefore, it is recommended that new survey
data be collected in order to refine the storage capacity projections provided in this assessment.
The projections provided in this document rely on analytical regression equations developed
from historical bathymetric data and the associated sedimentation. Sedimentation of a water
body inherently changes the hydrodynamics of the system and can therefore influence future
sedimentation of the reservoir. This is a known limitation of using historical data to project
future sedimentation. Therefore, to refine the planning level projections provided in this
estimate, detailed numerical modeling studies are recommended before developing any
additional storage recovery alternatives.

Continuation and refinement of this assessment along with further data collection programs will
improve our understanding of the distribution of sedimentation throughout Pueblo Reservoir and
refine the storage capacity projections provided in this document. The recommended next steps
will also aid the District in assessing and optimizing the storage recovery alternative design
concepts proposed and assessed as part of the Phase | — Fryingpan-Arkansas Storage
Recovery Study. Recommended future data collection programs and refinement studies
include, but are not limited to, the following:

Updated bathymetric and topographic surveying programs. A detailed survey using
combined modern LIDAR and Multibeam survey methodology will refine the sedimentation
and storage capacity loss estimates provided in this memorandum. In addition, further
surveys are necessary to develop accurate numerical models that are used to develop
storage recovery alternatives.

Geomorphologic and hydrological analyses to assess sediment loading and distribution
within the Upper Arkansas River Basin, including quantifying sediment load from unregulated
tributaries upstream of Pueblo Reservoir. Identification of unregulated tributaries carrying
the greatest sediment load is vital to understanding the sedimentation processes within
Pueblo Reservoir. Once identified, alternative measures can be designed and implemented
for these “problem” tributaries to reduce sediment load into the Arkansas River and
ultimately within Pueblo Reservoir.

Numerical modeling to refine the storage capacity estimates provided in this document.
Hydraulic and hydrologic models would be coupled to provide more refined estimates of
reservoir sedimentation than the analytical analysis provided in this assessment. The
revised sedimentation and storage capacity projections developed through the numerical
modeling will serve to better quantify impacts to Pueblo Reservoir storage contracts. The
models could then be used to evaluate the effectiveness of proposed storage recovery
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alternatives such as direct sediment removal, sediment diversion, and/or other feasible
reservoir sustainability alternatives.

This engineering assessment was conducted to provide guidance on assessing the impacts of
Pueblo Reservoir storage capacity loss on District storage, operations & storage contracts. The
considerations and future studies detailed in this document can be used to guide further
assessments of storage capacity loss and aid in developing storage recovery alternatives and
designs. Comprehensive data collection, analysis, and numerical modeling programs should be
implemented in future studies if sustainability measures are to be investigated further. Most
critical to any future assessments or storage recovery alternatives analysis is to conduct
updated bathymetric and topographic surveys within the project area limits of Pueblo Reservoir.
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Attachment A — Storage Allocation
Projection Curves

Description: This attachment presents the allocation projections for each storage allocation,
as well as the entire reservoir. These projections present capacity for each year at different
exceedance levels (which consider the variability in water surface elevation). For example,
reservoir levels are higher than the 10% level 90% of the time, higher than the 99% level 1% of
the time, etc. Note that individual projections are not shown for the Flood Control or Surcharge
storage allocations because the historical reservoir elevation data used in these calculations
never rose above these allocation’s bottom of pool elevation.

Projected Storage Capacity: Joint Use
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Figure A- 1. Projected storage capacity at the 95% and 99% exceedance levels for the
Joint Use storage allocation
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Projected Storage Capacity: Active Conservation
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Figure A- 2: Projected storage capacity at the 10%, 50%, and 90% exceedance levels for
the Active Conservation storage allocation

Projected Storage Capacity: Inactive Pool
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Figure A- 3: Projected storage capacity at the 50% (median) exceedance levels for the
Inactive Pool storage allocation. Note that because the water level never drops below the
top of Inactive Pool, capacity is only a factor of projected sedimentation and therefore all
projected exceedance level estimates (0-100%) for the Inactive Pool Storage allocation
are the same.
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Projected Storage Capacity: Dead
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Figure A- 4: Projected storage capacity at the 50% (median) exceedance levels for the
Dead Pool storage allocation. Note that because the water level never drops below the
top of Dead Pool, capacity is only a factor of projected sedimentation and therefore all
projected exceedance level estimates (0-100%) for the Dead Pool Storage allocation are
the same.
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Figure A- 5: Projected storage capacity at the 10%, 50%, and 99% exceedance levels for
the entire reservoir. Note that these exceedance levels consider the historical variability
in water surface elevations as discussed in the document.

507102411 | TR-04-01 | July 2021



Mott MacDonald | SECWCD - Fryingpan-Arkansas Storage Recovery Study
Phase Il, Task 1 Draft Final Report

Attachment B — Basis of Assessment
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1 Introduction

The Mott MacDonald team (Team) has prepared this Basis of Assessment Technical Memorandum (TM)
for the Southeastern Colorado Water Conservancy District (District) in order to summarize the results of
Task 3 — Data Collection and Basis of Assessment for Phase Il of the Fryingpan-Arkansas (Fry-Ark)
Project Storage Recovery Study. The purpose of this TM is to document requested data, project baseline
information, and data assessment methodologies and procedures that will be used to develop the Task 4
— Storage Allocation Impacts Assessment and Storage Capacity Loss Forecasting Analysis.

Table 1-1 below outlines the Task 3 sub-tasks and status of the various requests, collected data, and
review meetings pertinent to the completion of the Phase II, Task 4 work.

Table 1-1: Phase ll, Task 3 Sub-Tasks and Current Status

Phase Il, Task 3 Sub-Task Status

Request, or aid the District in requesting, all available electronic survey Submitted to the Bureau on 12 May 2021. Data
data collected by the Bureau of Reclamation (Bureau) since Pueblo Dam request received. Mott MacDonald currently
closure in 1974. At a minimum, this includes bathymetric and topographic reviewing Nondisclosure Agreement (NDA) for

survey data collected by the Bureau in May of 2012. execution.

Collect additional publicly available data (Pueblo Reservoir operating On-going. Reservoir operations, existing storage
levels, current storage allocations, current storage contracts, and other allocations, and project baseline data compiled.
data) to supplement the data collected during the Phase |, Task 5 — Mott MacDonald is compiling additional elevation
Project Baseline work. data available within the public domain.

Request, review, and document current storage contracts relative to On-going. District is compiling data for submittal to
Pueblo Reservoir storage allocations provided by the District. Mott MacDonald.

Moderate a virtual meeting with the District to review the Basis of To be scheduled by Mott MacDonald. Upon
Assessment for the purposes of ensuring that the Team and the District completion of Data Collection and Basis of

are aligned with the goals and objectives of the proposed assessment. Assessment work, Mott MacDonald will schedule a

meeting with the District to review assessment
approach and next-steps prior to proceeding with
Task 4.

This document is issued for the party which commissioned it and for specific purposes connected with the above-captioned project only. It
should not be relied upon by any other party or used for any other purpose.

We accept no responsibility for the consequences of this document being relied upon by any other party, or being used for any other
purpose, or containing any error or omission which is due to an error or omission in data supplied to us by other parties.

This document contains confidential information and proprietary intellectual property. It should not be shown to other parties without
consent from us and from the party which commissioned it.
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To facilitate achieving the District’'s goals and objectives of the Phase |l Storage Recovery Study, this TM
will remain a living document until 1 June 2021. See Section 3.3 herein for an explanation of the
significance of this date.

2  Project Baseline Categories

Project baseline categories pertinent to the Fry-Ark Storage Recovery Study Phase Il work are
summarized within Section 3 of this Basis of Assessment and include the following:

e Project Limits and Key Baseline Data;

e Pueblo Reservoir operations and historical capacities;

e Electronic Bathymetric and Topographic Survey Data;

e Operating levels, current storage allocations, and current storage contracts.

3 Basis of Assessment

To facilitate the execution of the subsequent project study tasks, the following subsections document the
Basis of Assessment per the project baseline categories listed in Section 2. This information serves as
the basis for the work that will be conducted under the Phase Il, Task 4 — Storage Allocation Impacts
Assessment and Storage Capacity Loss Forecasting Analysis.

3.1 Assessment Area Limits and Key Baseline Data

The assessment area limits for Phase Il of the Fryingpan-Arkansas (Fry-Ark) Storage Recovery Study
vary within the project areas limits of Pueblo Reservoir. For example, assessment of bathymetry and
topography for storage allocation impacts and storage capacity loss forecasting will be constrained by the
extent of the bathymetric and topographic data available to the team.

For the purposes of executing the Task 4 work, and unless otherwise indicated, the assessment area
limits extend from Pueblo Dam (downstream limit) to the upper Arkansas River delta within Pueblo
Reservoir (upstream limit), approximately 11.4 miles upstream of the dam face at an assumed water
surface elevation of 4,900 feet (USBR 2015). These are the same general project limits identified in
Phase | of this Study.

The approximate project limits of the Fry-Ark Storage Recovery Study are shown schematically in Figure
3.1 below. The figure identifies Pueblo Reservoir, Pueblo Dam, the Arkansas River (main tributary and
outlet) on the upstream and downstream end of Pueblo Reservoir, in addition to the five main tributary
creeks that flow into the reservoir. Pueblo Reservoir tributaries are shown in blue in the figure, the
reservoir itself (study area) is depicted as a turquoise color. The focus of the assessment works
conducted under Task 4 will be within the project area limits indicated within the figure unless otherwise
indicated herein and/or within subsequent project documents.
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Figure 3.1: Pueblo Reservoir Storage Recovery Study Area
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Project limits information and key baseline data that will be used for the assessment works are
summarized within Table 3-2. The table includes key baseline data specific to Pueblo Reservoir, Pueblo
Dam and the outlet structures located within the concrete buttress and/or earthen embankment dam
sections. Project parameters, dimensions, and references are indicated within Table 3-2 to ensure that
the Mott MacDonald Team members are using the most up-to-date information that is available.

Table 3-2: Pueblo Reservoir — Key Baseline Data Relative to Task 4 Work

Description Parameter Dimension
Pueblo Reservoir Original Total Storage Capacity* 358,121 ac-ft
1993 Total Storage Capacity 349,940 ac-ft
2012 Total Storage Capacity 338,374 ac-ft
Reservoir Length? 11.4 miles
Reservoir Width® 0.8 miles
Combined Inflow* 589,890 ac-ft
Drainage Area 4,669 square miles

Notes and References.

1. Values for Pueblo Reservoir storage capacity taken at spillway crest elevation 4,898.7. The original capacity was
recomputed using the segmented least squares fit option of the Bureau of Reclamation program ACAP.

2. Approximate length of reservoir at elevation 4,900.0 (USBR, 2015)

3. Average width determined by dividing the surface area by the reservoir length at elevation 4,900.0.

4. Calculated mean annual inflow to Pueblo Reservoir for water years 1974 through 2012. Value to be revised with new

inflow data provided by the District for the Phase Il work.
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3.2 Pueblo Reservoir Operations and Capacities

As the terminal storage facility for the Fryingpan-Arkansas Project, Pueblo Reservoir operations and
capacities are allocated such that the facility continues to provide irrigation and municipal water, flood
control storage, wildlife and recreation benefits, and electrical power generation. Pueblo Reservoir
operations and storage capacities are summarized in the following subsections for the purposes of
documenting the general reservoir operations information (forebay elevations) and historical storage
allocation capacities as they relate to storage recovery within the project area limits.

3.2.1 Pueblo Reservoir Operations

Forebay water surface elevation data at Pueblo Dam, provided online by the USBR, will be assessed
during Task 4 Storage Allocation Impacts Assessment and Storage Capacity Loss Forecasting Analysis.
Reservoir operations information will be used for a variety of purposes to facilitate the assessment work.
To provide additional context, several assessment activities are listed below:

e Assess reservoir storage over time, considering historical sedimentation rates;

e Develop assumptions regarding Pueblo Reservoir users and seasonal impacts relative to future
storage allocation contracts;

e Help develop confidence bounds for the future storage capacity estimates;

e Other applications, including but not limited to, water level exceedance analysis.
Previously recorded minimum and maximum forebay elevations, as well as inflow estimates to Pueblo
Reservoir were provided by the USBR and documented as part of Technical Report No. SRH-2014-15 —

Pueblo Reservoir 2012 Bathymetric Survey (USBR 2015). This information was tabulated by the USBR
(USBR 2015) and is shown in Figure 3.2 below.

Figure 3.2: Reservoir Operations Table 1974-2012 (USBR 2015)

45. RANGE IN RESERVOIR OPERATION 0

YEAR MAX. ELEV. MIN. ELEV. INFLOW, AF YEAR MAX. ELEV. MIN. ELEV. INFLOW, AF
1974 4,792.6 4,776.6 448,200 1975 4,800.4 4,790.5 567,900
1976 4821.8 4,800.1 414,900 1977 4,830.2 4,799.6 234,000
1978 4,802.2 4,779.7 401,500 1979 4,822.1 4,797.0 581,400
1980 4,835.6 4,799.5 779,300 1981 4,879.6 4,820.0 327,400
1982 4,837.3 4,798.6 618,600 1983 4,879.6 4,820.0 944,100
1984 4,884.3 4,868.0 1,007,400 1985 4,886.9 4,875.0 978,000
1986 4,883.8 4,875.8 767,400 1987 4,881.9 4,872.6 792,400
1988 4,881.1 4,851.2 454,200 1989 4,873.7 4,838.6 467,600
1990 4,851.5 4,828.2 427,200 1991 4,854.5 4,824.5 506,400
1992 4,856.5 4,823.3 522,300 1993 4,864.0 4,834.3 666,900
1994 4,868.4 4,834.4 600,900 1995 4,881.5 4,834.2 1,258,000
1996 4,888.4 4,866.4 640,900 1997 4,885.6 4,865.5 781,600
1998 4,880.7 4,852.1 580,600 1999 4.881.6 4,851.4 759,900
2000 4,885.3 4,856.0 509,300 2001 4,873.4 4,834.1 461,200
2002 4,851.7 4,826.3 202,300 2003 4,840.7 4,820.6 334,500
2004 4.841.6 4,819.9 361,100 2005 4.851.2 4,831.7 411,100
2006 4,855.7 4,831.8 485,000 2007 4,866.6 4,840.7 635,100
2008 4,880.3 4,853.0 734,200 2009 4,879.7 4,860.2 605,100
2010 48826 4,863.5 525,800 2011 4,882.6 4,857.8 622,400
2012 4,879.0 4,857.2 176,700

The maximum water surface elevation within Pueblo Reservoir was recorded in 1996 (El. 4,888.4 feet,
approximately 10 feet below the top of the Flood Control Storage elevation). The minimum water surface
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elevation within the Pueblo Reservoir was recorded in 1974 (El. 4,776.6 feet) shortly after dam
commissioning and prior to the initiation of normal operations within the Reservoir which began in August
of 1975. Since 1983, recorded minimum reservoir elevations have not been lower than el. 4,819.9 feet,
which occurred in 2004.

Updated water surface elevation statistics will be developed and documented as part of Task 4 - Storage
Allocation Impacts Assessment and Storage Capacity Loss Forecasting Analysis using publicly available
monthly operations data (USBR, 2021). This data will also be used to identify any long-term trends that
can be applied to the Task 4 work.

3.2.2 Pueblo Reservoir Capacities

Following Pueblo Dam closure in January of 1974, two survey (bathymetric and topographic) programs
have been conducted by the USBR within Pueblo Reservoir for the purposes of estimating reservoir
capacity losses due to long-term sediment and debris accumulation (USBR 1994) (USBR 2015). The first
survey program was completed in May of 1993 (approximately 19.3 years post dam closure), the second
survey program was completed in May of 2012 (approximately 38.3 years post dam closure). Since the
completion of the 2012 survey program, updates to programs, survey means and methods, and
calculations conducted by the USBR have been modified slightly within updated capacity estimates for
storage allocation elevations within the reservoir. However, cumulative storage capacity estimates have
not changed since the 2012. Based on the 2012 analysis conducted by the USBR, approximately 20,000
acre-feet storage capacity has been lost within Pueblo Reservoir due to long-term sediment and debris
accumulation.

Figure 3.3, developed by the USBR in September of 2015, shows the most recent storage allocation
capacity information for Pueblo Reservoir and will serve as the main reference for storage
capacity/allocation within Pueblo Reservoir for the Fry-Ark Storage Recovery Study.

Figure 3.3: 2015 Pueblo Reservoir Allocations (USBR 2015)

PUEBLO RESERVOIR ALLOCATIONS Dam Crest

Elev. 4925.0
Maximum Water Surface or Top of Surcharge Elev. 4919.0 (469,878 Acre - Feet)

Surcharge - 131,504 Acre - Feet

Spillway Crest Elev. 4898.7
o Top of Flood Control Elev. 4898.7 (338,374 Acre - Feet)

Flood Control - 26,990 Acre - Feet

Top of Active Conservation Elev. 4880.38 (245,373 Acre - Feet) /
D R s e e
. da~
FISH WILDLIFE RECREATION IRRIGATION MUNICIPAL

Active Conservation - 219,772 Acre - Feet

¥ % Top of Inactive Pool Elev. 4796.7 (25,601 Acre - Feet)

Inactive Pool - 23,706 Acre - Feet [
Top of Dead Elev. 4764.0 (1,895 Acre - Feet)

Dead — 1,895 Acre - Feet l ‘

Furthermore, a summary overview of storage allocations, including top elevation and capacities are
summarized within Table 3-3 below. Subsequent to dam closure in 1974, sedimentation studies
conducted in 1993 and 2012 provide updated allocation storage capacities. Additionally, allocation

Revised 9/24/2015
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capacity estimates (referenced to Figure 3.3 above) are documented within the table as they are slightly
different from the storage allocation capacities documented in 2012.

Table 3-3: Storage Allocation Summary and Capacity Loss Estimates (USBR 2015)

Storage Top of Original 1993 2012 2015 Capacity Loss —
Allocation Pool Capacity Capacity Capacity Capacity 1974 to 2015
Elevation (Acre-Feet) (Acre- (Acre-Feet) (Acre- (Acre-Feet)
(Feet) Feet) Feet)
Surcharge 4,919.0 131,504 131,504 131,504 131,504 0
Flood Control 4,898.7 26,992 27,044 26,990 26,990 2
Joint Use 4,893.8 66,266 65,716 65,522 66,011 255
Active Conservation 4,880.5 234,210 229,059 220,261 219,772 14,438
Inactive Pool 4,796.7 26,895 25,792 23,706 23,706 3,189
Dead 4,764.0 3,758 2,329 1,895 1,895 1,863
Total 19,747*

Notes: 1. Calculated below the top of Flood Control pool, el. 4,898.7 feet. Note, cumulatively the total capacity loss for 2012 and
2015 are the same. This would suggest that capacity calculations for each allocation were updated by the USBR between
2012 and 2015 in lieu of having new elevation survey data in 2015.

Following the last bathymetric survey program conducted within Pueblo Reservoir in May of 2012 by the
USBR, it was calculated that more than 7% of the total storage capacity below the top of the Joint Use
allocation (el. 4,893.8), had been lost to fluvial sedimentation and debris accumulation within the reservoir
(USBR 2015). It is certain that this percentage loss of storage capacity within Pueblo Reservoir has
increased since 2012 but has yet to be confirmed with subsequent survey programs and new area-
capacity estimates.

The bathymetric surveys described in this Section will serve as the basis for the Storage Allocation
Impacts Assessment and Storage Capacity Loss Forecasting Analysis conducted under Task 4 of this
study. The historical surveys will be used to develop a range of sedimentation rate estimates, as well as
spatial sedimentation and debris accumulation within Pueblo Reservoir since dam closure. These
estimates, in conjunction with the operation analysis, will be used to conduct an engineering assessment
of storage allocation and contracted storage capacity based upon forecasted (estimated) reservoir
storage loss in the next 2, 5, 10 and 25 years. A summary of the available electronic and bathymetric
survey data that is requested to complete this analysis is provided in the following Section.

3.3  Electronic Bathymetric and Topographic Survey Data

The Phase Il, Task 4 scope of work is developed with the assumption that, the United States Bureau of
Reclamation (Bureau) Technical Services Center will provide the available electronic files for all historical
bathymetric and topographic data collected within Pueblo Reservoir (and the surrounding project area)
since dam closure. A data request was submitted by Mott MacDonald on behalf of the District on May
12t 2021. Electronic data was requested to facilitate the development of accurate estimates of storage
capacity within existing storage allocations, estimates of capacity loss, and in assessing future impacts to
existing contracts.

Upon the request of the District and/or Bureau, Mott MacDonald is willing to sign a nondisclosure
agreement (NDA) to facilitate receipt of the requested data. If this data is unavailable, Mott MacDonald
will use existing centerline profile data provided by the Bureau to conduct the work outlined herein. This
will result in the development of storage loss predictions with larger confidence bands and modified
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recommendations for use. A summary of the known, publicly available data is provided below in Table
3-4.

Table 3-4: Summary of known, available bathymetric and topographic survey data.

Year Source Publicly Available?

1974 US Bureau of Reclamation Range line transects only, can be
digitized if raw data is not received.

1993 US Bureau of Reclamation Range line transects only, can be
digitized if raw data is not received.

2012 US Bureau of Reclamation No, cannot be digitized.

Two separate approaches have been developed based on the amount of time that The Bureau needs to
respond to the data request submitted by Mott MacDonald on May 12, 2021.

Approach 1. Should the Bureau provide the requested data in a timely manner for completion of the Task
4 work, MM proposes the following workflow to assess the bathymetric and topographic data.

— Use the 1974, 1993, and 2012 surveys to create elevation models inclusive of bathymetric and
topographic data. Smoothing, interpolation, and extrapolation of data may be needed to fill data
gaps within the assessment area limits.

— Use the surveys provided by the Bureau to assess historical sedimentation rates. Historical rates
will be used to project future sedimentation and storage capacity loss in conjunction with the
operations data analysis described in Section 3.2.1 herein.

— Itis assumed that Mott MacDonald will receive the requested data by 1 June 2021. If data is not
received by this date, Approach 2 will be implemented to facilitate completion of Phase II.

Approach 2. Should the Bureau not be able to provide the requested data by 1 June 2021, the Team
proposes the following workflow to assess the bathymetric and topographic data.

— Digitize the 1974 and 1993 transects provided in USBR, 1993.

— Create bathymetric surfaces for the original (1974) and 1993 surfaces. Smoothing, interpolation,
and extrapolation of data may be needed to fill data gaps within the Pueblo Reservoir.

— Use these surveys to assess historical sedimentation rates. Historical rates will be used to project
future sedimentation and storage capacity loss in conjunction with the operations data analysis
described in Section 3.2.1.

— Note: If this workflow is utilized, the storage loss predictions provided under Task 4 work will
include larger confidence bands and modified recommendations for use

3.4 Pueblo Reservoir Operating Levels

The Mott MacDonald Team will Conduct an operations analysis of Pueblo Reservoir, including, but not
limited to, water surface elevation exceedance analysis to characterize annual and seasonal water
surface elevation fluctuation since Pueblo Dam closure in 1974 through to Spring 2021.

Mott MacDonald has collected publicly available monthly operation levels from 1974-2021 (USBR, 2021).
This data will be used to assess any seasonal or temporal trends in operation levels over time. Any
trends identified in operation levels over time will be used in conjunction with the sedimentation rate
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analysis to assess estimated reservoir storage loss in the next 2, 5, 10, and 25 years. Note that changes
to operating levels due to future climate change are not part of this assessment.

3.5 Pueblo Reservoir Storage Allocations

Storage allocations and water use information will be used by the Mott MacDonald Team in parallel with
the operational analysis to evaluate potential impacts of future sedimentation and storage loss, as
describe in Section 3.3. The storage allocation assessment will investigate how the various storage
accounts in the reservoir are typically distributed, and how storage allocation within each storage account
has changed over time. This analysis will update the previous work conducted during Phase | of this
study.

Primary reference documents used to evaluate and assess impacts to current Pueblo Reservoir storage
allocations and existing storage contracts will include the following:

e Current and Future Challenges to Upper Arkansas Basin Water Supplies (Scanga 2019)
e Colorado’s Water Plan (Colorado Water Conservation Board 2019)

e Available documents from the Arkansas Basin Roundtable.

e Current storage contracts as provided by the District

o Additional storage allocation documentation as provided by the District.

Figure 3.4 below provides a schematic diagram of current Pueblo Reservoir storage allocation, water use
and associated allocations (USBR 2018) that will be used during the assessment.

Figure 3.4: Pueblo Reservoir Storage Rights and Water Use by allocation.

Pueblo Reservoir Operations

Conservation and Joint-use space is reserved for Project
purposes. Excess capacily in that space may be contracted for
and if so is subject to the Districts Spill Priorities.

Provisional 3-1-2018

Total capacity, 338.374 acre-feet

Flood control pool, 93,001 acre-feet
Maintained for exclusive flood control from April 15 to November 1 — 66,011 acre-feet of this space is
considered joint-use space and may be utilized from November 1 — Apnil 15

Space for the storage of out-of-District excess capacity contracts

Space for storage of in-District Ag. and M&I (without defined space ) long term and temp. contracts 56.672 af
- Mt
Winter Water over 70,000 a/f : exce::miy

219,772 Fountain Valley City of Pueblo West of Pueblo | East of Pueblo
Entities 79,900 acre- | 32,000 acre-feet of | 12,800 a/f for 38,400 acre-feet of
245,373— feet of storage for storage for Project | Project ornon- | storage for Project or g Total 163,100 2/

e v 5 ¥ o ject water st 3
Project water or non- | or non-project Project water non-project water g ff;?;xc;‘d 159, o%?gm}

project water water
70,000 a/f Winter Water

Inactive Pool, 23,706 a/f
Maintained for recreatio;l & 2;5 protection

Dead Pool 1,895 a/f S

SECWCD Fryingpan-Arkansas Storage Recovery Study



Mott MacDonald

4  Data Gaps

A data gaps analysis was conducted by the Mott MacDonald Team to assess the critical information that
is necessary to facilitate the efficient execution of the study works. Critical data gaps are defined as
missing information within the reviewed reference documentation or data that may serve as the basis for
or be supplemental to the development storage recovery methodologies or alternatives for the
environmental and engineering assessment tasks. The critical data gaps identified are tabulated below.
As discussed in Section 3.3, should the Bureau provide the requested data identified in 4-1, the Mott
MacDonald Team has developed an alternative study approach that will provide sedimentation estimates
with larger confidence bands and alternative recommendations for use.

Table 4-1. Data Gaps Analysis Summary.

Item No. Critical Data Gap Affiliated Study Tasks Purpose and Additional
Notes
1 1974, 1993, and 2012 survey  Task 4 - Storage Allocation To develop historical
data as requested from the Impacts Assessment and sedimentation rates. These
US Bureau of Reclamation Storage Capacity Loss rates will be used to forecast
Forecasting Analysis future storage loss and

impacts on storage

Task 6 - Phase Il Fryingpan- allocations and current

Arkansas Storage Recovery contracts.
Study Report
2 Current storage contracts Task 4, Task 6 Supplemental information to

support the development of
the Phase II, Task 4
assessment.

No other critical data gaps have been identified at this time. If needed, additional requests from the Study
Team will be developed and documented via email to the District in accordance with Project
Communication Plan included within the PMP.

) Next Steps

The purpose of this TM is to document the baseline information that will be used to develop the Task 4 —
Storage Allocation Impacts Assessment and Storage Capacity Loss Forecasting Analysis Report. Upon
District review and acceptance of this TM, the next step is executing the Task 4 assessment works.
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