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General Monitoring and Research Plan for High 1 

Flow Experimental Protocol 2 

PLAN 12.P6.11-12 3 

Start Date 4 
2011  5 

End Date 6 
2020 (as defined in the HFE Protocol Environmental Assessment) 7 

Principal Investigator(s) 8 
Helen Fairley, Paul Grams, Theodore Kennedy, Bill Persons, Barbara Ralston, David 9 

Topping, and Bill Vernieu: U.S. Geological Survey, Grand Canyon Monitoring and Research 10 
Center 11 

Geographic Scope 12 
The Colorado River ecosystem from the forebay of Glen Canyon Dam to the 13 

westernmost boundary of Grand Canyon National Park (river miles -15 to 277) 14 

Project Goals 15 
The goal of this experimental project is to test the hypothesis that a series of sand-16 

enriched high flows will be an effective strategy for rebuilding and maintaining sandbars using 17 
dam operations (Topping and others, 2006). The details of high flow triggering criteria are in the 18 
{date} Environmental Assessment for the Development and Implementation of a Protocol for 19 
High-Flow Experimental Releases from Glen Canyon Dam, Arizona, 2011 through 2020 20 
(hereafter referred to as the HFE EA). 21 

 22 
The second goal will be to evaluate the effects of implementation of the High Flow 23 

Experiment Protocol on a variety of other priority AMP resources including aquatic food base, 24 
native fish, Lees Ferry trout and angler satisfaction, riparian vegetation, campsites, and 25 
archaeological sites. Special focus will be on assessing the effects of the seasonal timing of high 26 
flows on Lees Ferry rainbow trout early life-stage survival, recruitment, downstream migration 27 
and HFE impacts on native fishes especially the endangered humpback chub (Gila cypha). 28 

Need for Project  29 

Previous high flow experiments (HFE) from Glen Canyon Dam were conducted in 1996, 1997 30 
2000, 2004, and 2008.  These experiments generally concluded that the only tool available for 31 
rebuilding sand bars using dam operations is to release short duration high flows after tributary 32 
floods deposit new sand into the main channel of the Colorado River. The HFE EA is intended to 33 
build on the knowledge gained in the previous experiments and implement HFEs on a more 34 
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regular basis.  A brief summary of some elements of the protocol as described in the November 35 
19, 2010 draft EA follows: 36 

“The timing of high-flow releases would be March/April or October/November; the 37 
magnitude would be from 31,500 cfs to 45,000 cfs.  The duration would be from less than one 38 
hour to 96 hours.  39 

This protocol is intended to be experimental in nature in order to learn how to incorporate 40 
high releases into future dam operations in a manner that effectively conserves sediment in the 41 
long-term.  A number of hypotheses may be tested through this experimental protocol, 42 
including the timing of a high release to the delivery and availability of sediment in the river 43 
channel.  Two approaches are: (1) the “store and release” approach that allows sediment to 44 
become stored in the channel over time before a high release, and (2) a “rapid response” 45 
approach in which a high release is timed to coordinate with a flood event in the Paria River.  46 
The store and release approach was used for the three prior HFEs and has been shown to be 47 
effective at redepositing sediment.  The second approach has not been tried but is considered 48 
to have scientific merit.  This rapid response alternative requires a short notice for dam 49 
operators, researchers, and downstream recreational users.   50 

Developing this protocol is important in order to implement a strategy for high-flow 51 
releases over a period of time longer than one year or one event.  In the past, Reclamation has 52 
done three single-event HFEs and the benefits to sediment have been temporary.  One purpose 53 
for this protocol is to assess whether multiple, sequential, predictable HFEs conducted under 54 
consistent criteria can better conserve sediment resources while not negatively impacting other 55 
resources.” 56 

The purpose of this general science plan is to outline how ongoing monitoring and research 57 
projects (USGS, 2011) will address the evaluation of the effectiveness of the HFEs.  Changes to 58 
this science plan may be needed based on availability of funds and as HFEs are implemented and 59 
adjusted in an adaptive management framework (Williams and other, 2008).  Additional revisions 60 
may also be required to address additional experimental activities that may be identified in the 61 
Long Term Experimental and Management Plan EIS, which will be initiated by the Department 62 
of the Interior in 2011. 63 
 64 

The proposed approach will rely on existing quality of water, sediment, aquatic biology 65 
and other resource monitoring projects to assess the effects of HFEs. No new studies would be 66 
added, however, some existing monitoring and research efforts would be expanded or adjusted to 67 
provide information that is directly relevant to the evaluation of the HFEs.  68 
 69 

This science plan is focused on assessing the effects of the “store and release approach” 70 
described in the HFE EA.  A separate science plan could be developed to assess the effects of the 71 
“rapid response approach” described in the HFE EA, once the details of that approach are more 72 
fully described. It is expected that many of the studies described below will inform both HFE 73 
approaches, but more specific short term investigations may be needed to evaluate the efficacy of 74 
the rapid response approach. 75 

Strategic Science Questions  76 
A major task of GCMRC in 2010 was the synthesis of the results of the 1996, 2004 and 2008 77 
high flow experiments (Melis and others, in press).  The concluding chapter of the synthesis by 78 
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Wright and Kennedy (in press) provides direction that is relevant to the primary focus of HFE 79 
science activities: 80 

 81 
 “HFEs are an important tool for rebuilding sandbars.  The three previous HFEs have 82 

demonstrated the effectiveness of individual HFEs for rebuilding sandbars, particularly when 83 
they occur after sand has been stored on the channel bed downstream from the dam. A logical 84 
next step in the adaptive-management process of the GCDAMP is to evaluate the cumulative 85 
effects of multiple HFEs over longer periods of time. This would be helpful because it is still 86 
uncertain whether sandbar building during HFEs can offset or exceed the sandbar erosion that 87 
occurs during periods of typical dam operations between HFEs. Thus, it is important to 88 
consider the frequency of HFEs and the erosion of sandbars between HFEs for future HFE 89 
planning. The fundamental sandbar-related science question therefore is:  90 

 91 
• Can sandbar building during HFEs exceed sandbar erosion during 92 

periods between HFEs, such that sandbar size can be increased and 93 
maintained over several years? 94 

 95 
Based on studies that have been conducted to date, HFEs do not appear to be a tool 96 

that can be used to benefit humpback chub.  Rainbow trout pose a threat to juvenile 97 
humpback chub rearing in the mainstem near the confluence with the Little Colorado River 98 
due to increased competition and predation.  Beneficial effects of the March 2008 HFE on 99 
rainbow trout populations appear to be largely responsible for the 38-fold increase in rainbow 100 
trout observed near the confluence between 2006 and 2009.  A large increase in rainbow trout 101 
near the confluence with the Little Colorado River also occurred in the year following the 102 
1996 HFE.  The November 2004 HFE did not benefit rainbow trout populations, but a 103 
preexisting downward trend in rainbow trout populations and the absence of data make this 104 
finding highly uncertain.  Thus, natural-resource managers might consider proceeding with 105 
caution when implementing any HFE strategies, particularly those involving frequent spring-106 
time events, because currently (2010) the biological response to HFEs appears to be 107 
inconsistent with management goals for humpback chub. A logical next step in the HFE 108 
process is evaluating whether the seasonal timing of HFEs affects the rainbow trout 109 
recruitment response.  If fall-timed HFEs do not lead to increases in rainbow trout 110 
populations near the confluence with the Little Colorado River (or it is later demonstrated 111 
that rainbow trout do not exert strong influence on humpback chub rearing), then managers 112 
might be able to balance goals for sandbars and native fish without the need for substantial 113 
rainbow trout mitigation or removal.  The fundamental fish-related science question therefore 114 
is:  115 

• Does the seasonal timing of HFEs influence the rainbow trout response? 116 

An adaptive-management process for HFE decision-making would be flexible and 117 
incorporate relevant scientific information, such as near real-time information about sediment 118 
conditions downstream from the dam and information on adult population trends for rainbow 119 
trout and humpback chub, as well as other resources.  Indeed, as more HFEs are conducted, 120 
strong links connecting other resources to dam operations may be identified and incorporated 121 
into subsequent HFE strategies.  An integrated science-based strategy would allow for 122 
effective management of the available post-dam sand supply while considering the impacts of 123 
the strategy on other resources within an adaptive-management framework.”  124 

In addition to these fundamental strategic science questions, the HFE science plan will focus on 125 
assessing the effects of HFEs on other priority AMP resources, including the aquatic food base, 126 
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native fish (especially humpback chub), Lees Ferry trout and angler satisfaction, riparian 127 
vegetation, recreational campsites, and archaeological sites.  128 

Table 1 identifies the specific HFE science questions associated with these resources that would 129 
be addressed with available funding included in the approved Glen Canyon Dam Adaptive 130 
Management Program Biennial Budget and Work Plan—Fiscal Years 2011-12 (USGS, 2011) 131 
(hereafter referred to as the FY 2011-12 BWP).  These HFE science questions were developed by 132 
GCMRC based on the high flow synthesis report (Melis and others, in press), other relevant 133 
literature, and input provided by the HFE EA cooperating agencies.  134 

Wright and Kennedy (in press) emphasize that there is substantial uncertainty about the outcome 135 
that may result from implementation of the HFE protocol.   For example, the biological responses 136 
to fall HFEs are difficult to predict. Thus, modification of the HFE protocol may be required 137 
based on knowledge gained from biological responses to future HFEs.  Modification of the 138 
protocol in response to sandbar-monitoring results may also be required, and a different HFE 139 
strategy may be justified during wet and dry climatic periods.  Because of these uncertainties, the 140 
annual “status check” outlined in the EA will be a critical component of an adaptive HFE 141 
strategy. This status check would involve reviewing recent monitoring data for sand budgets, 142 
sandbar size, native and nonnative fish population trends and other resource responses. Based on 143 
the findings of these reviews, the HFE protocol may need to be adapted to address undesirable 144 
resource responses.  Likewise the HFE science plan may need to be adapted based on new 145 
knowledge and learning and to address new science questions.      146 

Science questions and related projects that had to be deferred due to funding constraints are 147 
provided in Appendix A. 148 

Methods and Tasks 149 
Tasks related to high flow monitoring and research are summarized below.  Refer to the 150 

individual project descriptions in the FY 2011-12 BWP for more detailed descriptions.  151 
Implementation of these projects assumes that (a) the respective annual work plan projects are 152 
funded at the level indicated in the approved BWP and (b) additional funding is not available to 153 
provide expanded research and monitoring of the effects of the HFE protocol. Additional funding 154 
or reprogramming of existing the FY 2011-12 BWP would be required to expand the scope of the 155 
work.  While the tasks are listed separately below, in reality many of the studies are linked.  156 
Studies will be coordinated and integrated as needed to provide a comprehensive assessment of 157 
the effect of the HFE on priority AMP resources.  The priority focus will be to address and 158 
answer, to the extent possible, the HFE science questions identified in Table 1.  159 

Task 1. Monitoring In-Channel Sediment Storage—SedTrend 160 

Information Needs 161 

HFE protocol science question: Will multiple high flows conducted over a period of several 162 
years result in net increases in sandbar area and volume (time domain to be addressed in the 163 
course of HFE protocol development)?   164 

This question is related to CMIN 8.2.1. -- Track, as appropriate, the biennial or annual 165 
sandbar area, volume, and grain-size changes within and outside of eddies between 5,000 166 
and 25,000 cfs stage, by reach; CMIN 8.5.1. -- Track, as appropriate, the biennial sandbar 167 
area, volume, and grain-size changes above 25,000 cfs stage, by reach; CMIN 8.1.1. -- 168 
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Determine and track the biennial sandbar area and fine-sediment volume and grain-size 169 
changes within eddies below 5,000 cfs stage, by reach; and CMIN 9.3.1. -- Determine and 170 
track the size, quality, and distribution of camping beaches by reach and stage level in Glen 171 
and Grand Canyons. 172 

HFE protocol science question: With the available sand supply (i.e. tributary inputs) is the 173 
approach of using repeated floods to build sandbars sustainable?   174 

This question is related to all of the CMIN’s listed for question 1 and the following:  CMIN 175 
7.4.2. -- Determine and track flow releases from Glen Canyon Dam, under all operating 176 
conditions, particularly related to flow duration, upramp, and downramp conditions; CMIN 177 
8.1.3. -- Track, as appropriate, the monthly sand and silt/clay volumes and grain-size 178 
characteristics, by reach, as measured or estimated at the Paria and LCR stations, other 179 
major tributaries like Kanab and Havasu Creeks, and “lesser” tributaries; and CMIN 8.1.2. 180 
-- What are the monthly sand and silt/clay export volumes and grain-size characteristics, by 181 
reach, as measured or estimated at Lees Ferry, Lower Marble Canyon, Grand Canyon, and 182 
Diamond Creek Stations? 183 

Project Description 184 
This project addresses the HFE protocol science question 1 by tracking net changes in the 185 

area and volume of sandbars at stages above and below 8,000 cfs. This project also address HFE 186 
protocol science question 2 by tracking changes in sand storage for the study period. The 187 
SedTrend channel mapping project is designed to monitor the cumulative results of multiple high 188 
flows over a 5 to 10 year period. The results from previous high flow monitoring demonstrate that 189 
high flows build sandbars and that the magnitude of bar building is greatest when sand 190 
concentrations are highest. The question that is unresolved, which this program seeks to address, 191 
is whether repeated high flows and intervening dam operations can result in maintenance or 192 
increase in sandbars over longer periods of time. This objective of the project is described in 193 
detail in the goal 8 project description (PHY 8.M2.11-12).  In summary, these monitoring data 194 
will allow us to determine at the end of the experimental period whether the continued use of high 195 
flows is likely to be a sustainable approach to building and maintaining sandbars or whether more 196 
sand than the tributaries supply is required to avoid progressive sand export and erosion.  Because 197 
the objective is to monitor sandbars and the channel in a “typical” condition, the channel mapping 198 
should occur 6 months or more following a high flow.  Thus, in some years that have high flows, 199 
channel mapping may be postponed or deferred. In the event channel mapping is deferred, about 200 
$110,000 in logistical and other expenses would be available for other uses. Personnel are 201 
retained to continue with data processing and reporting. Please refer to project PHY 8.M2.11-12 202 
in the FY 11-12 BWP for more details on this project. 203 

Task 2. Monitor High-Elevation Sandbar Study Sites 204 

Information Needs 205 

HFE protocol science question: Will multiple high flows conducted over a period of 10 206 
years result in net increases in sandbar area and volume? (see above for CMINs) 207 

Project Description 208 
This project addresses HFE protocol science question 1 by tracking changes in sandbar 209 

area and volume at the long-term sandbar monitoring sites above the stage of 8,000 cfs.  While 210 
the focus of task 1 is monitoring total changes in sand storage, including sandbars, at infrequent 211 
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measurement intervals, this task will monitor a subset of sandbars at more frequent intervals. See 212 
the goal 8 project description for a summary of the methods and the Goal 9 project description for 213 
a summary of the campsite monitoring component.  To enable comparison with historical 214 
conditions, it is essential that this task monitor the same set of study sites (up to about 50 sites) 215 
that have been the basis of past sandbar monitoring. The data collected in task 1, above, and task 216 
4, below, will be used to address the issues relating to the use of this small set of monitoring sites 217 
relative to the large number of sandbars that are in Grand Canyon. Only be collecting and 218 
analyzing the more spatially robust data outlined in tasks 1 and 4 will it be possible to improve 219 
the understanding of the behavior of these study sites relative to system wide behavior. In the 220 
absence of high flows, the repeat surveys of these sites have documented that the sandbars 221 
gradually erode.  For this reason, the monitoring is scheduled to occur every two years unless a 222 
high flow occurs. Similarly, the surveys done immediately before and after high flows have 223 
repeatedly documented deposition.  While continued quantification of the precise magnitude of 224 
deposition associated with each high flow would be beneficial, it is not critical monitoring. 225 
Instead, we propose to perform a survey approximately 6 months following each flood and use 226 
that as the benchmark monitoring record. This monitoring would be accomplished by the regular 227 
biennial sandbar survey unless the high flow occurs in an off year.  In that case, an additional 228 
monitoring trip would be required. (This trip would also collect campsite data, as described under 229 
Task 3). A sandbar monitoring trip is currently planned for FY 2011, so FY 2012 is the first year 230 
that this need could occur. Monitoring of the immediate response of future high flows would be 231 
limited to information gained by daily photographs taken by remote cameras. The photographic 232 
data would allow comparison of the degree of sandbar building between past and future high 233 
flows. Currently 18 sandbar monitoring sites are instrumented with remote cameras. We propose 234 
installing cameras at an additional 20 sites before the next high flow. Please refer to project PHY 235 
8.M2.11-12 in the FY 11-12 BWP for more details on this project. 236 

 237 

Task 3. Monitor Campable Area at High-Elevation Sandbar Study Sites 238 

Information Needs 239 
HFE protocol science question:  Will multiple high flows conducted over a period of 240 

several years result in net increases in campable area within the Colorado River ecosystem (time 241 
domain to be addressed in the course of HFE protocol development)?    242 

 243 
This question is related to CMIN 9.3.1. --Determine and track the size, quality, and 244 

distribution of camping beaches by reach and stage level in Glen and Grand Canyons (top-245 
ranked goal 9 CMIN);  EIN 9.3.1.  -- How do the size, quality and distribution of camping 246 
beaches change in response to an experiment performed under the 1996 Record of Decision, 247 
unanticipated event, or other management action?; and SSQ 3-9.  -- How do varying flows 248 
positively or negatively affect campsite attributes that are important to visitor experience? 249 

Project Description 250 
Monitoring the high-elevation campsite study sites (a subset of the NAU sandbar time 251 

series) is necessary to maintain continuity in the campable area monitoring record.  Monitoring is 252 
currently scheduled to occur every two years unless a high flow occurs (see the goal 9 project 253 
description under REC 9.R1.11-12 for a summary of the planned campsite monitoring 254 
component.)  In the absence of high flows, repeat surveys of the campable area at these sites have 255 
documented that the lower elevation portions of the sandbars erode while campsites on the higher 256 
elevation open sand areas that form the major component of campable area in the CRE also 257 
decrease, although much of the change appears due to vegetation encroachment and aeolian 258 
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reworking of open sand areas.  While continued quantification of the precise magnitude of 259 
deposition and erosion associated with each high flow would be beneficial, it is not critical; 260 
instead, we propose to perform a campable area survey approximately 6 months following each 261 
high flow in conjunction with the proposed sand bar monitoring program following each HFE and 262 
will use that as the benchmark monitoring record. This monitoring would be accomplished by the 263 
regular biennial sandbar survey unless the high flow occurs in an off year.  In that case, an 264 
additional monitoring trip would be required. A sandbar monitoring trip is currently planned for 265 
FY 2011, so FY 2012 is the first year that this need for supplementary funding could occur. 266 
Please refer to project REC 9.R1.11–12 in the FY 11-12 BWP for more details on this project. 267 

Task 4. Repeat Systemwide Inventory of High-Elevation Sand Deposits  268 

Information Needs 269 

HFE protocol science question:  Will multiple high flows conducted over a period of 270 
several years result in net increases in sandbar area and volume? (See above for CMINs) 271 

Project Description 272 
 This project addresses HFE protocol science question 1 by tracking changes in sandbar 273 

area throughout the CRE between Lees Ferry and the upper end of Lake Mead above the stage of 274 
8,000 cfs.  Remote sensing can provide a system-wide quantitative measure of the area of sand 275 
exposed above the water surface at the time of imagery collection (usually about 8,000 cfs).  276 
Collection and processing of these data will provide the long-term monitoring of the area of 277 
exposed sand to evaluate the cumulative result of multiple high flows and intervening operations 278 
over the experimental period.  These data will also be used to evaluate the degree to which the 279 
more precise measurements made of sandbar volume in task 2 are representative of sandbar 280 
trends throughout the CRE. These data will also be used to quantify changes in vegetation 281 
distribution that may result in increases or decreases in the area of exposed sand.  See Goal 8 282 
(PHY 8.M2) and goal 12 (DASA 12.D9) for more detailed project descriptions. This is part of the 283 
regular monitoring program that addresses high flows and does not require additional funding 284 
when high flows occur. Remote sensing data collection is scheduled to occur every 4 years. 285 

Task 5. Monitor Archaeological Site Condition and Stability in Response to 286 
Repeated HFEs  287 

Information Needs 288 

HFE protocol science question:  Will multiple high flows conducted over a period of 289 
several years improve archaeological site condition as reflected in increased sand deposition, 290 
increased site stability, and reduction in rates of erosion (time domain to be addressed in the 291 
course of HFE protocol development)?   292 

This question is related to CMIN 11.1.1 -- Determine the condition and integrity of 293 
prehistoric and historic sites in the CRE through tracking rates of erosion, visitor impacts, 294 
and other relevant variables; EIN 11.1 -- Determine the efficacy of treatments (e.g., 295 
alternative flows) for mitigation of adverse effects to historic properties; SSQ 2-1. -- Do dam 296 
controlled flows affect (increase or decrease) rates of erosion and vegetation growth at 297 
archaeological sites and TCP sites in the CRE, and if so, how?; and SSQ 2-4. -- How 298 
effective are various treatments (e.g., repeated high flow events) in slowing rates of erosion 299 
at archaeological sites over the long term? 300 
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Project Description 301 
The monitoring protocols being developed and piloted by GCMRC as part of project 302 

CUL 11.R1.11-12 are specifically designed to be applicable for evaluating physical changes at 303 
archaeological sites tied to changes in sediment supply under a variety of dam operations.  The 304 
planned monitoring program, which will be piloted starting in FY11, will allow GCMRC and 305 
AMP stakeholders to objectively determine whether changes in sand bar area and volume 306 
resulting from repeated high flows translate into measurable changes in the amount and rates of 307 
sediment being deposited at or eroded from a sample of archaeological sites distributed 308 
throughout the CRE.   In the current work plan, baseline measurements will be collected in FY11 309 
at approximately 30 sites selected from a stratified population of cultural sites in the CRE; this 310 
stratified random sample be used to evaluate system-wide changes at archaeological sites due to 311 
dam operations, including changes resulting from any high flows conducted as part of the HFE 312 
protocol or any subsequent alternative flow experiments.  Completing a robust evaluation of high 313 
flow effects on archaeological sites requires implementation of the cultural monitoring project 314 
(CUL11.R1.11-12) as currently planned; no additional monitoring beyond what is already 315 
described in project CUL 11.R1.11-12 is anticipated to be needed to evaluate the effects of an 316 
HFE protocol at archaeological sites, although timing of the monitoring trips may be adjusted to 317 
maximize the potential of the monitoring data to track HFE effects. 318 

 319 

Task 6. Monitoring Sediment Flux  320 

Information Needs 321 

HFE protocol science question:  With the available sand supply (i.e. tributary inputs) is the 322 
approach of using repeated floods to build sandbars sustainable? (see above for CMINs) 323 

Project Description 324 
This project addresses HFE protocol science question 2 by tracking sand inputs and 325 

export, by reach. Monitoring of sediment (sand and finer) flux during future high flows will be 326 
conducted as part of the regular goal 7 downstream integrated quality of water program. The 327 
methods, monitoring sites, and planned products are described in the goal 7 (PHY 7.M1) project 328 
description. This task does require added work during a high flow to maintain the monitoring 329 
record because the instrumentation is vulnerable to high dam releases and additional samples are 330 
required to maintain instrument calibration.  331 

Task 7. Monitoring the Aquatic Food Base  332 

Information Needs 333 
HFE protocol science question:  What is the effect of a fall HFE on the food 334 
base at Lees Ferry?   335 
 336 
This task is also central to answering questions related to the following HFE science 337 
questions (see Tasks 8, 10 and 11 below): 338 

• How does HFE timing and frequency affect Lees Ferry rainbow trout population 339 
dynamics and outmigration?  340 

• Is it possible to manage the Lees Ferry trout population with a spring HFE held 341 
at slightly different times? 342 
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• What are the direct (for example, displacement) and indirect (for 343 
example, increases in rainbow trout) effects of HFEs on humpback 344 
chub?  345 

This question is related to Strategic Science Question 3-5. How is invertebrate flux 346 
affected by water quality (for example, temperature, nutrient concentrations, turbidity) 347 
and dam operations?   348 

Project Description 349 
The aquatic food base (AFB) project has been working since 2006 to establish a 350 

monitoring protocol that accurately captures key metrics relevant to other resources in the 351 
Colorado River, including rainbow trout and humpback chub. Based on their work to date the 352 
aquatic food base research scientists have determined that monthly monitoring of benthic 353 
organisms at Lees Ferry and at Diamond Creek, and monthly monitoring of drifting organisms is 354 
important information that supports assessment of all Glen Canyon Dam release regimes, whether 355 
modified low fluctuating flows, an experimental high flow, or other flows. Quarterly AFB 356 
sampling in Lee Ferry and Diamond Creek is included in the final FY 11 BWP (BIO 1.1M.11); 357 
while monthly sampling was funded for FY 12.  GCMRC recommends additional funding to 358 
implement monthly sampling of AFB in FY 11 and beyond to support the evaluation of the future 359 
HFEs.  The monthly sampling protocol was effective at detecting significant changes in AFB at 360 
Lees Ferry in response to the March 2008 HFE.  These data helped explain the strong positive 361 
rainbow trout response in Lees Ferry. Monthly AFB sampling is recommended to provide the 362 
statistical power needed to detect potential changes in the AFB due to future HFEs.  Collecting 363 
these data in years without a high flow provides important baseline information, including 364 
assessment of seasonal variability. Collecting these data in years when an HFE occurs allows 365 
assessment of the amount of change, if any, which occurs as a result of the high flow. See project 366 
BIO 1.1M.11-12 for a more detailed description of this project. 367 

Task 8. Lees Ferry Fish Monitoring and the Paria River to Badger Rapids 368 
Study   369 

Information Needs 370 

HFE protocol science questions: How does HFE timing and frequency affect Lees Ferry 371 
rainbow trout population dynamics and outmigration? Is it possible to manage the Lees 372 
Ferry trout population with a spring HFE held at slightly different times? 373 

The answer to these questions relates to RIN 4.2.7. What dam release patterns most 374 
effectively maintain the Lees Ferry rainbow trout trophy fishery while limiting rainbow 375 
trout survival below the Paria River? 376 

Project Description 377 
Monitoring of the adult rainbow trout population in the Lees Ferry reach has been 378 

conducted regularly since the closure of Glen Canyon Dam in 1963. In 2010, in response to the 379 
2009 Protocol Evaluation Panel for Monitoring Grand Canyon Fishes, GCMRC and cooperating 380 
agencies, especially the Arizona Game and Fish Department, made some adjustments to the 381 
protocols for monitoring fish between Glen Canyon Dam and Lees Ferry. Monitoring of stratified 382 
random sites continues to be conducted as a tool to monitor adult rainbow trout. In addition, a 383 
sampling trip to specifically look for nonnative fishes is now conducted. The monitoring of 384 
rainbow trout redds (egg nests composed of gravel) and age-0 abundance, conducted in the 2000s 385 
as a research project, has now been added to the Lees Ferry fish monitoring, specifically because 386 



GCMRC Public Review Draft – January 7, 2011 

 10 

of the utility of this method in assessing impacts of dam operations on young life stages of 387 
rainbow trout. A new research project included in the final FY 11-12 BWP adds additional fish 388 
monitoring below Lees Ferry. This additional work is intended to evaluate the age structure of 389 
rainbow trout and timing of their movement immediately downstream from Lees Ferry. The new 390 
work below Lees Ferry, conducted from the mouth of the Paria River to Badger Rapids, is also 391 
intended to begin establishing the relationship, if any, between the size and condition of the Lees 392 
Ferry rainbow trout population to downstream movement, as might occur in response to a high 393 
flow. The new monitoring between the Paria River and Badger Rapids is intended to be a 394 
precursor to and inform potential trout removal efforts in this reach. See projects a BIO 4.1M.11-395 
12 and BIO 2.E18.11-12 for more details.  396 

Task 9. Evaluate Lees Ferry Recreation Experience Quality  397 

Information Needs 398 
HFE protocol science question:  How will multiple high flows conducted over the next 399 

10 years affect recreational experience quality in the Colorado River corridor in Glen Canyon?   400 
 401 
This question is related to CMIN 9.1.1 -- Determine and track the changes attributable to 402 

dam operations in recreational quality, opportunities and use, impacts, serious incidents, and 403 
perceptions of users, including the level of satisfaction in the Colorado River Ecosystem; EIN 404 
9.1.1  -- How do recreational use trends, impacts, and perceptions change in response to an 405 
experiment performed under the Record of Decision, unanticipated events, or other management 406 
action?; SSQ 3-6.  -- What Glen Canyon Dam operations (ramping rates, daily flow range, etc.) 407 
maximize trout fishing opportunities and catchability?; SSQ 3-7.  -- How do dam controlled flows 408 
affect visitors’ recreational experiences, and what is/are the optimal flows for maintaining a high 409 
quality recreational experience in the CRE?; and SSQ 3-8.  -- What are the drivers for 410 
recreational experiences in the CRE, and how important are flows relative to other drivers in 411 
shaping recreational experience outcomes? 412 

Project Description 413 
The FY2011-2012 BWP includes a recreation experience valuation study for the Glen 414 

Canyon reach of the Colorado River.   This study will evaluate the value and relative importance 415 
of a suite of biophysical attributes that are affected by dam releases and which anglers and other 416 
visitors determine to be important to maintaining a high quality recreation experience in the 417 
uppermost reach of the CRE.  This study will also update monetary values associated with current 418 
recreational activities in the Glen Canyon reach.  The intent of this study is to provide a 419 
foundation for evaluating how different dam operations, including future high flow experiments, 420 
affect the biophysical attributes of the Glen Canyon reach that visitors value and consider to be 421 
important for maintaining a high quality recreation experience in the Glen Canyon reach.  See 422 
project REC 9.R4 for specific details of the proposed study approach. 423 

Task 10. Mainstem and Little Colorado River Fish Monitoring and Near 424 
Shore Ecology Study 425 

Information Needs 426 
HFE protocol science question:   427 
1. What are the direct effects of a fall HFE on displacement of humpback chub?  428 
2. What are the indirect effects of increases in rainbow trout associated with HFEs on 429 

humpback chub? 430 
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 This task is also related to RIN 2.2.8. What combination of dam release patterns and 431 
nonnative fish control facilitates successful spawning and recruitment of humpback chub 432 
in the Colorado River ecosystem? 433 

Project Description 434 
The direct and indirect effects of HFE on humpback chub will be assessed based 435 

primarily on the three projects in the FY11-12 BWP:  (1) The Mainstem Fish Monitoring Project, 436 
(2) Little Colorado River Fish Monitoring Project, and (3) the Near Shore Ecology (NSE) Study.  437 
These studies will also utilize information from the aquatic food base project (Task 7, above) to 438 
help assess the relative effects of factors that may be contributing to changes in humpback chub 439 
populations. 440 

 441 
Monitoring of the Colorado River mainstem fish community has been conducted by 442 

various researchers on an irregular schedule since the 1940s. More consistent, systematic 443 
monitoring began with BOR’s Glen Canyon Environmental Studies that began in the 1990s. 444 
Since 1996 mainstem monitoring has been conducted by GCMRC and cooperating agencies, 445 
especially the Arizona Game and Fish Department. The principal long-term, full river monitoring 446 
has been 2 river-wide electroshocking trips, usually conducted in the spring. For four years in the 447 
decade of the 2000s this regular pair of trips was accompanied by intensive data collection 448 
associated with the mechanical removal project conducted between river miles 55 and 75. 449 
Together these data provide a picture of the distribution and relative abundance of the most 450 
common large bodied fish species in the mainstem. Backwater seining trips, conducted during the 451 
mid 1990s and from 2003 to present, have provided a picture of the relative abundance, 452 
distribution, and species composition of native and nonnative small-bodied fishes (juveniles and 453 
adults) in backwaters. Together these efforts have provided the currently available Grand Canyon 454 
fish data, and have also shown where additional data are needed. The existing fish data show 455 
where larger concentrations of the more common species are most likely to be found and how 456 
those populations have fluctuated over time. The constraints and challenges of sampling widely in 457 
a large, turbid river are also highlighted in these data because the methods show that only some 458 
gear types are effective in the Colorado River, making some aquatic habitat types as well as fish 459 
life stages difficult, if not impossible, to sample. The springtime mainstem monitoring is planned 460 
for years when a large-scale mechanical removal trip is not conducted because a mechanical 461 
removal effort will require the people, time, and equipment that would otherwise be available for 462 
the spring mainstem monitoring.   See BIO 2.4M.11-12 for more details. 463 

 464 
Data collected as part of the mainstem monitoring along with the systematic and 465 

intensive sampling of humpback chub in the Little Colorado River (see BIO 2.M1.11-2) have 466 
previously been and will continue to be used with the ASMR model to provide estimates of adult 467 
humpback chub population size and survival and inferential assessments of juvenile humpback 468 
chub population responses to HFEs.   469 

 470 
GCMRC and cooperators, primarily the University of Florida, have established an 471 

intensive habitat-specific research program, the NSE project, to help define small-bodied fish 472 
distributions (including juvenile humpback chub) and responses to flow changes in the mainstem 473 
just below the mouth of the Little Colorado River.  The NSE Study is providing the first direct 474 
estimates of juvenile humpback chub abundance and survival in the mainstem just below the 475 
Little Colorado River.  Combined with mainstem and LCR fish monitoring, these sampling 476 
efforts and resulting population estimates can be used to assess positive or negative short-term 477 
(<1-year) responses of fish populations to HFEs from events such as downstream displacement.   478 
In addition, these projects can be used to help assess long-term responses in humpback chub (and 479 
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other fish species) populations due to increases in rainbow trout populations or changes in aquatic 480 
food base that may be associated with repeated HFEs.  481 

 482 
In 2011, the NSE project will be conducting field studies below the confluence of the 483 

Little Colorado River.  Using juvenile fish previously tagged during summer and fall 2010 and 484 
sampling efforts for these fish planned for 2011 (July, August, September, and October trips), this 485 
intensive effort will be able to detect large, localized (within sampling reach) changes in small 486 
bodied fish.  Any detected change could be due to downstream displacement of tagged fish from 487 
an HFE, predation by rainbow trout, or other unknown factors.  A key expected outcome is that 488 
the NSE project will be able to provide a direct assessment of small-bodied and juvenile fish 489 
population responses following a spring 2011 HFE whereas previous assessments primarily 490 
assessed juvenile population responses indirectly by assessing adult populations in subsequent 491 
years.  GCMRC is considering possible modifications to the NSE Study to allow for more 492 
definitive assessment of the direct and indirect effects of a HFE on humpback chub. 493 

 494 
NSE field work is scheduled to end in the fall of 2011 and reports will be finalized and 495 

published in 2012.  It may be necessary to continue some components of the NSE study to 496 
address the key science questions related to the effects of repeated HFEs on humpback chub. 497 
However, funding to support continuation of the NSE project has not been identified.  See BWP 498 
project BIO 2.R15.10–11 for more details on the NSE project. 499 

 500 

Task 11. Riparian Vegetation Monitoring 501 

Information Needs 502 
HFE protocol science question :  How does HFE timing and frequency affect 503 
woody riparian and marsh vegetation composition? How does riparian vegetation 504 
influence sandbar building, campable area, and wind-blown transport of sand? 505 
 506 
The task is also related to RIN 12.9.1 What is the impact on downstream 507 
resources of short-term increases to maximum flow, daily fluctuations, and 508 
downramp limits?   509 
 510 
Addressing the questions and information will require integration with Task 2-5. 511 

Project Description 512 
Together with cooperators, GCMRC has been monitoring the riparian vegetation 513 

community in the 2000s. Because of the distribution and extent of the vegetation community, 514 
GCMRC has been developing methods that use remotely sensed overflight imagery to assess 515 
vegetation changes. Part of this development has included identification of the limitations of the 516 
overflight data. An important limitation is that understory plants and herbaceous species, are 517 
difficult if not impossible to detect from aerial data. Therefore, the GCMRC monitoring program 518 
includes a field component that monitors vegetation at established vegetation transects on a 519 
biennial schedule. Repeated sampling at established vegetation transects allows for the 520 
establishment of natural variability versus changes associated with a large-scale disturbance, like 521 
a controlled flood. Vegetation monitoring using transects is scheduled to take place in 2011 and 522 
odd-numbered years thereafter. Supplemental monitoring of vegetation in 2012 would be needed 523 
if a controlled flood occurred in 2012 and subsequent even number years (2014, 2016, etc). 524 
Monitoring vegetation in years with a high flow release allows for assessment of high flow short 525 
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and long term impacts to riparian vegetation. The approved budget covers the cost of field 526 
transect monitoring in 2011. See BIO 6.1M.11-12  and DASA 12.D9.11-12 for details. 527 

Task 12. Kanab Ambersnail Monitoring  528 

Information Needs 529 

HFE protocol science question:  How do KAS populations and habitat vary over a 10 530 
year period of repeated high flows? 531 

This task is also related to  CMIN 5.1.1. Determine and track the abundance and 532 
distribution of Kanab ambersnail at Vaseys Paradise in the lower zone (below 100,000 533 
cfs) and the upper zone (above 100,000 cfs);  RIN 5.1.9. How can incidental take for 534 
Kanab ambersnail at Vaseys Paradise be minimized?; and  RIN 5.2.2. How does the size 535 
and quality of the habitat used by Kanab ambersnail change in response to an experiment 536 
performed under the 1996 Record of Decision, unanticipated event, or other management 537 
action? 538 

Project Description 539 
Knowing the extent of habitat is needed in the event of a high flow experiment to develop 540 

a biological opinion and to determine snail densities. Changes in snail numbers can be associated 541 
with changes in vegetation. Vegetation monitoring at Vaseys Paradise indirectly monitors the 542 
snails by assuming that if the preferred habitat is present, snails are present. Total habitat can be 543 
measured using remote methods, but the composition of the habitat may still require on-the-544 
ground sampling. 545 

  546 
Annual monitoring will focus on determining the  percent cover, diversity, and 547 

distribution of vegetation that constitutes KAS habitat.  This project will: 548 
• Monitor relocated vegetation associated with high-flow experimental conservation 549 

measures 550 
• Sample vegetation plots at Vaseys Paradise to determine patch composition and areal 551 

extent (fall of each year) and sample for the presence of KAS in plots 552 
• Compare previous vegetation composition to previous vegetation/habitat surveys to 553 

assess habitat 554 
• Provide abundance estimates of snails  555 

In prior experimental high flows the low-elevation habitat for Kanab ambersnail has been 556 
temporarily removed during the experiment, then replaced so as to maintain this habitat. The cost 557 
of implementing this management action is approximately $16,400 in addition to annual 558 
monitoring costs. Refer to BIO 5.R1.11 for more details. 559 

560 
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Task 13. Lake Powell and Lees Ferry Water Quality Monitoring 561 

Information Needs 562 

HFE protocol science question:   How do high flow releases affect water quality 563 
(especially DO and temperature) in the fore bay of Lake Powell and in the Colorado 564 
River between the Dam and Lees Ferry?   565 

Project Description 566 
Monitoring of the water quality in Lake Powell, the reservoir impounded by Glen Canyon 567 

Dam, provides an important piece of information in the assessment of any high-flow release 568 
impacts to the reservoir itself or to downstream resources that rely on the water released from the 569 
dam. Data from the Lake Powell monitoring program provides a basis from which the effects of a 570 
high-flow release can be evaluated.  As part of the GCDAMP work plan, regular water-quality 571 
monitoring of the Lake Powell forebay is conducted on a monthly basis.  The entire reservoir is 572 
sampled at multiple locations on a quarterly basis. This monitoring will be conducted in years 573 
without a high flow release to support continued characterization of the reservoir and effects to its 574 
water quality. 575 

 576 
Existing monitoring of Lake Powell water quality provides an important baseline. 577 

Leading up to a high flow release this standard monitoring is particularly important for 578 
establishing antecedent conditions, which vary from year to year. Immediately following a high 579 
flow release, additional water quality monitoring is needed to assess changes in water quality that 580 
may occur. Changes to the released water quality, especially dissolved oxygen, were observed in 581 
previous high flow releases. 582 

 583 
In years with a high flow release, some additional monitoring will be conducted so that 584 

high flow impacts to the water-quality of the reservoir and dam releases can be assessed. The 585 
primary focus will be the establishment of additional monitoring sites in the Glen Canyon Dam 586 
tailwater during the high-flow release to assess changes in combined releases between the dam 587 
and Lees Ferry.  See BIO 7.1M.11-12 for details 588 

Task 14. Evaluate Effects to Hydropower from Repeated HFEs  589 

Information Needs 590 
HFE protocol science question What are the effects of repeated HFEs on hydropower 591 
production and marketable capacity at Glen Canyon Dam? 592 
 593 
This task is also  relevant to CMIN 10.1.  Determine and track the marketable capacity 594 
and energy produced through dam operations in relation to various release scenarios; 595 
and  SSQ 3-4.  What are the projected hydropower costs associated with the various 596 
alternative flow regimes being discussed for future experimental science (as defined in 597 
the next phase experimental design)? 598 

Project Description 599 
In FY2011-2012, GCMRC proposes to undertake an evaluation of WAPA’s GTMax 600 

model and explore the utility of this model and potentially other existing models for assessing 601 
economic costs associated with alternative operating scenarios at Glen Canyon Dam.  Depending 602 
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on the outcome of this assessment, the GTMax model or an alternative model may be used to 603 
assess potential costs and benefits to hydropower from implementing a series of HFEs, as well as 604 
for evaluating other alternative experimental operational scenarios in the future.  See project: 605 
HYD 10.R1.11-12 for specifics about the proposed study. 606 

Products/Reports 607 
Primary reporting of results of the above tasks will be performed in the context of annual 608 

reporting and publications as described in the work plans associated with each individual 609 
monitoring project (see individual project descriptions in the FY 2011-12 BWP).   In addition, a 610 
summary of relevant results and findings specific to each individual HFE will be provided in 611 
USGS Open-file Reports and/or Fact Sheets in the following fiscal year. A thorough analysis and 612 
synthesis of results of the multi-year experiment will be provided at the conclusion of the HFE 613 
protocol experiment.   614 

Budget 615 
GCMRC anticipates that the tasks described above will be funded as part of ongoing 616 

monitoring and research projects included in the approved GCDAMP BWP, including the use of 617 
experimental funds as summarized in Table 2.  Changes to the work plans included in the FY 11-618 
12 BWP or in the allocation of experimental funds (Table 2) could adversely impact 619 
implementation of the tasks described above and the ability to address the science questions listed 620 
in Table 1.  Several funding shortfalls are identified in Table 2, including: 621 

1. No funding is currently available to collect and analyze monthly aquatic food base 622 
samples (as opposed to quarterly sampling which is now funded) ($100K in FY 11).   623 

2. The NSE study is suited to assessing the direct and indirect effects of repeated HFEs 624 
on humpback chub.  Only one field season remains in this project (FY11) and 625 
adjustments or amendments to the NSE study will be needed to specifically address 626 
issues related to the impacts of rainbow and brown trout on humpback chub or assess 627 
possible displacement of young humpback chub by a fall HFE (amount to be 628 
determined) 629 

3. No funding is currently available for annual riparian vegetation monitoring ($50K 630 
every other year beginning in FY 12) 631 

4. No funding is currently available for to monitor water quality in the forebay of Lake 632 
Powell and the tailwater of GCD shortly before and after an HFE ($9.3K) 633 

 634 
Finally, additional funding would be needed to address the HFE science 635 

questions/projects outlined in Appendix B and to implement a yet to be developed science plan 636 
for the “rapid response HFE” described in the HFE EA.   637 
 638 
Science Support for a Potential Spring 2011 HFE 639 
 640 
A scaled-down version of this plan would be implemented in response to a potential March-April 641 
2011 HFE owing to the short lead time available to plan and execute a full scale science plan.  642 
The primary focus of that plan would be to assess the rainbow trout response to a spring HFE, 643 
preferably, at a time later than either the 1996 or the 2008 HFE.644 
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Table 1.  HFE science questions that will be the focus the HFE EA Science Plan 645 
    646 
 647 
Sandbars,  Camping Beach, and Archaeological Sites 648 
1. Will multiple high flows conducted over a period of 10 years result in net increases in 649 

sandbar area and volume? 650 
2. With the available sand supply (i.e. tributary inputs) is the approach of using repeated floods 651 

to build sandbars sustainable? 652 
3. Will multiple high flows conducted over a period of 10 years result in net increases in 653 

campable area within the Colorado River ecosystem? 654 
4. Will multiple high flows conducted over a period of 10 years improve archaeological site 655 

condition as reflected in increased sand deposition, increased site stability, and reduction in 656 
rates of erosion? 657 

 658 
Aquatic Food Base and Fish 659 
5. What is the effect of a fall HFE on the food base at Lees Ferry? 660 
6. How does HFE timing and frequency affect Lees Ferry rainbow trout population dynamics 661 

and out-migration? 662 
7. Is it possible to manage the Lees Ferry trout population with a spring HFE held at slightly 663 

different times? 664 
8. What are the direct effects of a fall HFE on displacement of humpback chub?  665 
9. What are the indirect effects of increases in rainbow trout associated with HFEs on humpback 666 

chub? 667 
 668 
Recreation 669 
10. How will multiple high flows conducted over a period of 10 years affect recreational 670 

experience quality in the Colorado River corridor in Glen Canyon? 671 
 672 
Riparian Vegetation and Springs 673 
11. How does HFE timing and frequency affect woody riparian and marsh vegetation 674 

composition? 675 
12. How does riparian vegetation influence sandbar building, campable area, and wind-blown 676 

transport of sand? 677 
13. How do Kanab ambersnail populations and habitat vary over a 10 year period of repeated 678 

high flows? 679 
 680 
Water Quality 681 
14. How do high flow experiments affect water quality (especially DO and temperature) in the 682 

forebay of Lake Powell and in the Colorado River between the Dam and Lee’s Ferry? 683 
 684 
Hydropower 685 
15. What are the effects of repeated HFEs on hydropower production and marketable capacity at 686 

Glen Canyon Dam? 687 
 688 
 689 
 690 

691 
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Table 2A.  FY 2011 budget for research and monitoring projects related to the proposed 692 
high flow experimental protocol as included in the approved FY 2011-12 BWP.  The amount of 693 
Experimental Funds that will be used in year with and without an HFE is also shown.   694 
 695 

Task Project 
Number 

FY 11 
Budget* 

Exp Funds 
No HFE 

Exp funds 
With HFE 

Task 1 – SedTrend PHY 8.M2.11-12 $464,476 $250,000 $140,000 
Task 2 – Sandbar monitoring   PHY 8.M2.11-12 See task 1          50,000 50,000 
Task 3 – Campable area monitoring REC 9 R1.11-12 74,319   
Task 4 – Remote sensing of sandbars DAS 12.D9.11-12 243,873   
Task 5 – Archeological site monitoring CUL 11.R1.11-12 352,279   
Task 6 – Sediment flux monitoring PHY 7.M1-11-12 984,888  110,000 
Task 7 – Aquatic food base monitoring BIO 1.M1.11-12 236.568 a a 
Task 8 – Lees Ferry trout     

• Adult and YOY trout 
monitoring 

BIO 4.M2.11-12 215,710 22,709 22,709 

• Paria to Badger Rapid Study BIO 2.E18.11-12 432,518 195,918 195,918 
Task 9 – Lees Ferry recreation 
experience 

REC 9.R4.11 25,000 25,000 25,000 

Task 10 – Native Fish      
• Mainstem fish monitoring BIO 2.M4.11 283,090   
• LCR fish monitoring BIO 2.M1.11 572,942   
• Nearshore Ecology Study BIO 2.R15.11   697,039   b 

Task 11 – Riparian vegetation      
• Veg transect ((biannual) BIO 6.M2.11 149,883   
• Veg Mapping BIO 6.M1.11 84,883   

Task 12 – Kanab Ambersnail 
Monitoring w/o mitigation 

BIO 5.M1.11 20,506   

Task 13 – Lake Powell and Lee Ferry 
Water Quality 

BIO 7.R1.11 182,002  c 

Task 14 – Hydropower  HYD 11.WAPA 106,950  d 
Total  $5,126,926 $543,627 $543,627 

*  FY 11 budget is based on the assumption that no HFE will be conducted.  Budget amounts will 696 
be adjusted up or down depending on whether an HFE is conducted. 697 
 698 
a. $100K needed in FY 11 to restore monthly food base sampling  699 
b. Additional funding would be needed to amend/extend the NSE project to address effects of 700 

HFEs on juvenile HBC (displacement and rainbow trout effects) 701 
c. $9,300 required to monitor water quality in the forebay of Lake Powell and the tailwater of 702 

GCD shortly before and after a HFE 703 
d. Scope of the economic analysis will depend on ultimate scope of  Goal 10 (Hydropower) 704 

activities supported in the BWP 705 
706 
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Table 2B.  FY 2012 budget for research and monitoring projects related to the proposed 707 
high flow experimental protocol as included in the approved FY 2011-12 BWP.  The amount of 708 
Experimental Funds that will be used in year with and without an HFE is also shown.   709 
 710 

 *  FY 12 budget is based on the assumption that no HFE will be conducted.  Budget amounts 711 
will be adjusted up or down depending on whether an HFE is conducted. 712 
 713 
a. Additional funding would be needed to amend/extend the NSE project to address effects of 714 

HFEs on juvenile HBC (displacement and rainbow trout effects) 715 
b. $50K additional required for annual vegetation monitoring 716 
c. $9,300 required to monitor water quality in the forebay of Lake Powell and the tailwater of 717 

GCD shortly before and after a HFE 718 
d. Scope of the economic analysis will depend on ultimate scope of  Goal 10 (Hydropower) 719 

activities supported in the BWP 720 
 721 
   722 

723 

Task Project 
Number 

FY 12 
Budget 

Exp Funds-
No HFE 

Exp funds 
With HFE 

Task 1 – SedTrend PHY 8.M2.11-12 $429,183 $250,000 $140,000 
Task 2 – Sandbar monitoring   PHY 8.M2.11-12 See task 1          50,000 
Task 3 – Campable area monitoring REC 9 R1.11-12 40,298   
Task 4 – Remote sensing of sandbars DAS 12.D9.11-12 254,975   
Task 5 – Archeological site monitoring CUL 11.R1.11-12 359,362   
Task 6 – Sediment flux monitoring PHY 7.M1-11-12 1,002,389  110,000 
Task 7 – Aquatic food base monitoring BIO 1.M1.11-12 329,349 100,000 100,000 
Task 8 – Lees Ferry trout     

• Adult and YOY trout 
monitoring 

BIO 4.M2.11-12 223,710 22,709 22,709 

• Paria to Badger Rapid Study BIO 2.E18.11-12 453,029 195,918 195,918 
Task 9 – Lees Ferry recreation 
experience 

REC 9.R4.11 25,000 25,000 25,000 

Task 10 – Native Fish      
• Mainstem fish monitoring BIO 2.M4.11 539,107   
• LCR fish monitoring BIO 2.M1.11 595,001   

• Nearshore Ecology Study BIO 2.R15.11 Reporting 
only   a 

Task 11 – Riparian vegetation      
• Veg transect ((biannual) BIO 6.M2.11 0 b b 
• Veg Mapping BIO 6.M1.11 61,063   

Task 12 – Kanab Ambersnail 
Monitoring w/o mitigation 

BIO 5.M1.11 20,684   

Task 13 – Lake Powell and Lee Ferry 
Water Quality 

BIO 7.R1.11 188,063  c 

Task 14 – Hydropower  HYD 11.WAPA ??  d 
Total  $4,521,213 $568,627 $643,627 



GCMRC Public Review Draft – January 7, 2011 

 19 

Appendix A.  List of deferred science questions and related projects to address those 724 
questions 725 
 726 
To be complete later 727 
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