Glen Canyon Dam Adaptive Management Work Group
Agenda Item Form
September 20, 2017

Agenda Item
Basin Hydrology and 2018 Dam Operations

Purpose of Agenda Item

To increase understanding of water supply, forecasted hydrologic conditions, and projected reservoir
conditions and operations for the current and upcoming water years.

Action Requested

Information item only; while we will answer questions, no action is requested.

Presenter

Paul Davidson, Hydraulic Engineer, Bureau of Reclamation, Upper Colorado Region

Previous Action Taken

By the Department of the Interior:

On December 15, 2016, Secretary Jewell signed the Record of Decision for the Glen Canyon Dam
Long-Term experimental and Management Plan Final Environmental Impact Statement (LTEMP
ROD). Pursuant to the LTEMP ROD, general monthly release volume patterns were phased in
between January 1, 2017 and will be fully implemented by September 30, 2017. Beginning October
1, 2017 LTEMP ramp rates and daily fluctuations will be implemented.

Relevant Science

N/A

Summary of Presentation and Background Information

The presentation will cover information pertinent to AMWG members regarding the current water
supply and forecasted hydrologic conditions within the Upper Colorado River Basin. Anticipated
reservoir conditions and operations at Lake Powell/Glen Canyon Dam for the remainder of WY
2017 and projections for WY 2018 will be discussed. The presentation will also cover the potential
range of annual release volumes from Lake Powell in WY 2018 and the corresponding projected
monthly release volumes and ramp rates under LTEMP.

The Bureau of Reclamation applies best professional judgment in conducting actual operations and
in response to changing conditions throughout the water year. These efforts are undertaken in
coordination with the DOI/DOE agencies, the Basin States, AMWG and TWG, to consider
changing conditions and adjust projected operations.
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Presenter
Presentation Notes
Green line is inflow, Blue line elevation, Gold line is release.
Peak inflow occurred on 6/13/2017 of 60,600 cfs
Peak elevation reached on 7/11/2017 at 3635.8 feet, with a content of 15.5 maf, or 64% full. 
14.35 foot gain from 2016 peak elevation of 3621.45 feet
Current elevation on 9/18/2017 is 3629.26 feet, content of 14.8 maf.  
7-day average inflow rate of 6400 cfs, and release of 14,800 cfs. 



Upper Basin Storage
Data Current as of:

Upper Colorado River Drainage Basin
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Presenter
Presentation Notes
Historic Apr-Jul inflow for Fontenelle,
Close to historic A-J unreg inflow for Flaming Gorge, just short of 10 kaf


Lake Powell 2017 Operating Tier

Upper Elevation Balancing
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Presenter
Presentation Notes
 In August 2016, and using the interim guidelines, the 24-Month Study projected Lake Powell's elevation to be 3,605.8 ft, which means that Lake Powell is operating in the UEB Tier in water year 2017. (this was documented in the 2017 AOP)
 Under the UEB Tier, there is the potential for a shift in Powell's operations to either equalization or balancing releases based on projections in the April 24-Month Study.
 This last April, a shift to balancing releases did occur and we are currently projecting Lake Powell to release 9.0 maf.




Potential Lake Powell Monthly Release Volume Distribution
Release Scenarios for Water Year 2017
Updated September 2017

WY 2017 Release Scenarios
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Presenter
Presentation Notes
WY-2017 monthly release shown here, grey historic and blue projected.
These patterns are characteristic of the LTEMP volume patterns.
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Presenter
Presentation Notes
Blue bars are observed inflows for past 50 years; Horizontal line is 30-year average; 
Red bar is the first seasonal forecast for WY 2018, issued Aug 1st forecast.
Gold bars are the WY 2018 min and max forecasts.
Dark blue is the projected end of WY 2017 forecast, 12.23 maf (113%)

10.831 = WY 30-yr avg;  
7.16 = A-J 30-yr avg
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Lake Powell 2018 Operating Tier

Upper Elevation Balancing
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Presenter
Presentation Notes
 In August 2017, the 24-Month Study projected Lake Powell's end of Dec elevation to be 3,627.34 ft, which means that Lake Powell will operate in the UEB Tier in during water year 2018. 
Under the UEB Tier, there is the potential for a shift in Powell's operations to either equalization or balancing releases based on projections of end of water year elevations in the April 24-Month Study.
 This month’s September 24-MS, a shift to balancing releases is currently projecting Lake Powell to release 9.0 maf.



Water Year 2018 Operating Tier

Operating Tier determined with the August 2017 24-Month Study

Powell Inflow WY 2018

Scenario Release Projection

Upper Elevation Balancing Tier
PrObabIe w/ Projected April shift to Balancing
Minimum 9.0 maf release

Upper Elevation Balancing Tier

Most w/ Projected April shift to Balancing

Probable 9.0 maf release

Upper Elevation Balancing Tier
PrObable w/ Projected April shift to Equalization
Maximum

13.8 maf release
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Presenter
Presentation Notes
Using the interim guidelines again for each forecasted inflow scenario, these are the projected 2018 operations.


Potential Lake Powell Release Scenarios
Water Year 2018 Release Volume as a Function of Unregulated Inflow Volume
based on September 2017 24-Month Study Conditions
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Presenter
Presentation Notes
WY-2018 Releases:
Uncertainty spreads the large differences between Min and Max forecasted inflows.
<click 1> The Min and Most are projected to be 9.0 maf based on forecasted WY Unreg inflow volumes.
<click 2> Not much chance of an 8.23 maf release given the WY unreg inflow being less than 2.4 maf.
<click 3> Max projected release of 13.8 maf based on 17.5 maf Unreg inflow.
Glen Canyon Powerplant maximum release at this point is calculated to be 16.65 maf

Notes:
8.23 maf (0 – 2.4 maf)
8.23 – 9.0 (2.4 – 3.3 maf)
9.0 maf (3.3 – 12.3 maf)
11.7 maf (fill Lake Mead controls at 1105 elevation),(12.3 – 15.0 maf)


Lake Powell End of Month Elevations
Historic and Projected based on Aug 2017 Modeling
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Presenter
Presentation Notes
Excel file:  T:\WRG\Reservoir Operations\Paul\1_Powell Ops\1_Ops Spreadsheets\24 Month Study Data\Powell_Projected_Ele_MMM2017.xlsx

• This figure shows both historic and projected end of month pool elevations at Lake Powell. 
• To the left, the black line represents observed pool elevation for the past year. To the right is a range of projected elevations given the uncertainty in inflows and releases with the light blue line representing most probable, red representing probable maximum, and dark blue representing probable minimum scenarios.  
• Even with wide range of potential inflows, the projected end of calendar year 2018 pool elevation for all three scenarios would place WY 2019 in Upper Elevation Balancing Tier. The final operating tier determination for WY 2019 will be made in August 2018.
MIN/MAX range 3597-3654

WY 2018 release projections
Most:  9.0 maf release
Max:  13.8 maf release 
Min:  9.0 maf release 


Lake Mead End of Month Elevations

Projections from the August 2017 24-Month Study Inflow Scenarios

Historical | Future
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Presenter
Presentation Notes
15% chance of shortage in 2019


Percent of Traces with Event or System Condition
Results from August 2017 CRSS!234 (values in percent)

Event or System Condition 2018 2019 | 2020 | 2021 | 2022

Equalization Tier 20 29 27 29 31

Equalization — annual release > 8.23 maf 20 29 27 28 30

Equalization — annual release = 8.23 maf 0 0 (0] 1 1

Upper | upper Elevation Balancing Tier 80 68 55 52 52
Basin Upper Elevation Balancing — annual release > 8.23 maf 75 52 41 35 37
- Upper Elevation Balancing — annual release = 8.23 maf 5 15 15 17 !
Lake Upper Elevation Balancing — annual release < 8.23 maf 0] 1 0] 0] 1
Powell Mid-Elevation Release Tier 0 < 17 15 12
Mid-Elevation Release — annual release = 8.23 maf 0 0 0 0 2

Mid-Elevation Release — annual release = 7.48 maf 0] 3 17 15 10

Lower Elevation Balancing Tier 0 0 0 4 5

Shortage Condition — any amount (Mead < 1,075 ft) 0 15 42 45 52

Lower Shortage — 1st Jevel (Mead < 1,075 and = 1,050) 0] 15 40 35 33
Basin Shortage — 2 Jevel (Mead < 1,050 and = 1,025) 0] 0 2 10 15
_ Shortage — 3" level (Mead < 1,025) 0 0 0 1 5
Lake Surplus Condition — any amount (Mead 2 1,145 ft) 0 0] 7 12 17
Mead Surplus — Flood Control 0 0 1 2 3
Normal or ICS Surplus Condition 100 85 51 43 31

1Reservoir initial conditions based on results from the August 2017 most-probable 24-Month Study.
2 Percentages computed from 110 hydrologic inflow sequences based on resampling of the observed natural flow record from 1906-2015 for a total of

110 traces analyzed.
3 Percentages shown may not sum to 100% due to rounding to the nearest perce
134 Percentages shown may not be representative of the full range of future

possibilities that could occur with different modeling assumptions.


Presenter
Presentation Notes
CRSS results from August 2017 most-probable 24-MS:
 <click 1> 2018 
20% chance of an April adjustment to Equalization tier, with relases > 8.23 maf
80 % chance of UEB tier, 75% being > 8.23 maf, and 5% = 8.23 maf
LC will be 100% operating in Normal or ICS surplus condition.
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Presenter
Presentation Notes
LTEMP monthly volume distributions based on annual release volumes, from 7.0 to 14 maf.


LTEMP Monthly Release Volumes 2018

Month 7.00 7.48 8.23 9.50 10.50 11.00 12.00 13.00

OCT 480 480 640 640 640 640 640
NOV 500 500 640 8 640 640 640

DEC 600 600 720 720 720 720

JAN 660 720 760 1040 1100 1230

FEB 590 640 680 920 970 1080

MAR 620 675 710 970 1030 1150

APR 550 600 640 870 920 1020

MAY 550 600 630 860 910 1020

JUN 580 630 660 : 910 960 1060

JUL 650 710 750 1020 1080 1200

AUG 700 760 800 1090 1160 1280

SEP 520 565 600 820 870 960 1060
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Presenter
Presentation Notes
<click 1> MIN & MOST probable show 9.0 maf release year
<click 2> MAX probable shows 13.8 maf release year.


2018 Hydrograph

LTEMP Release Operational LTEMP Daily LTEMP hourly
Volume, (kaf) Considerations Release Fluctuations Ramp Rates (cfs),
Volume, (kaf)* (cfs)** (down/up)

640 630 5,700 2,500/4,000
640 630 5,700 2,500/4,000
720 740 6,700 2,500/4,000
860 860 7,700 2,500/4,000
750 750 6,800 2,500/4,000
800 800 7,200 2,500/4,000
710 /700 6,300 2,500/4,000
710 /700 6,300 2,500/4,000
750 760 7,600 2,500/4,000
850 860 8,000 2,500/4,000
900 900 8,000 2,500/4,000
670 670 6,000 2,500/4,000

» *Modifications of monthly volumes reached between BOR and WAPA

» **LTEMP Dalily fluctuations determined by,
9 x monthly vol (Sep — May), and 10 x monthly vol (Jun — Aug)



Presenter
Presentation Notes
This table is for the Most Probable 2018 monthly volume release pattern.  
The light blue numbers reflect operational considerations for hydro-power, because of unit maintenance at Aspinall (Late Aug through Dec) Unit exciter replacements, some of the monthly release volumes were slightly adjusted, but still is a typical of LTEMP pattern.

LTEMP daily fluctuations are determined by 9 x monthly volumes (Sep – May), and 10 x monthly volumes (Jun-Aug)
LTEMP hourly ramp rates are set for 2,500 cfs down, and 4,000 cfs up. (All months)



Projected Lake Powell Monthly Release Volume Distribution
Release Scenarios for Water Year 2018
Based on September and August 2017 modeling

WY 2018 Release Scenarios
Aug Probable Min™: 9.0 maf
Sep Most Probable: 9.0 maf
Aug Probable Max*: 13.8 maf

W Probable Min B Sep Most Probable  ®Probable Max

* Prababile Min and Max annual relsases volume (s based on August Min and Max inflow forecasts



Presenter
Presentation Notes
Comparing the 3 different scenarios of Min, Most, and Max operations.


Glen Canyon Power Plant Planned Unit Outage Schedule for Water Year 2018

Unit Oct | Nov | Dec | Jan Feb Mar | Apr May | Jun Jul Aug | Sep
Number 201712017 ]| 2017 |1 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018
1 1 1
| |
2
| |
1 | 1
3 |
4 (o
6
7 |
8
Aviﬂgsble 6 4 5 4 5 5 5 6/8 8 8 8 7
Ca(gfasc)lty 20,800 13,100 13,100 13,200 16,800 16,800 13,300 21,000 28,300 28.300 28,300 24,500
Capacity | a5 | 960 | 1.150 | 990 | 1.020 | 1.030 | 990 | 1,500 | 1.680 | 1.740 | 1.740 | 1.540
(kaf/month)
Max (kaf) | 630 | 630 | 740 [ 1450 | 1,280 | 1,350 | 1,200 | 1,200 | 1,260 | 1,420 | 1,520 [ 1,241 [13.80
Most (kaf)2 | 630 | 630 | 740 | 860 | 750 | soo | 700 | 700 | 760 | 860 | 900 | 670 |9.0
Min (kaf) | 630 | 630 | 740 | 860 | 750 | 800 | 700 | 700 | 760 | 860 | 900 | 670 |9.0

18

1 Projected release, based on Aug 2017 Min and Max Probable
Inflow Projections and 24-Month Study model runs

2 Projected release, based on Sep 2017 Most Probable Inflow

Projections and 24-Month Study model runs

(updated 9-8-2017)
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Presenter
Presentation Notes
Unanticipated continued maintenance on unit #1.  (cracked rotor)

<click 1> Possible HFE would have 6 power units available :
(max capacity = 20,700 cfs plus 15,000 cfs bypass for a total peak release of about 35,700 cfs
(max capacity = 22,700 cfs if reserves & regulation removed) plus 15,000 bypass, 37,700 cfs


Sand Budget Model Results

o As of 9-18-2017, not enough sediment input to trigger a
fall 2017 HFE

[ ] Actual flow as0f3/17/201 ere currently insufficient

.r’.EtLIE|SEdiI'I'IE'It1‘:|EtEl asof 9 2:00 iment to support an HFE
Graph updated 3/13/201 0

GCMRC's most recent ah Results ofSuspended Sand Budget Model Results, Jul 2017-Nov 2017
Release and Calculated Sediment Load in Colorado River

As of 9/18/2017
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Questions?

Paul Davidson
801-524-3642

Hydraulic Engineer, Glen Canyon
Reclamation, Upper Colorado Region
Resource Management Division
Water Resources Group
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