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Executive Summary 

In 2014, the Bureau of Reclamation (BOR) proposed a modification of the available 

water calculation for determining flow releases on the San Juan River to the San Juan River 

Basin Recovery Implementation Program (SJRIP). Following, the SJRIP participants and 

Program Staff reviewed the 1999 Flow Recommendations and revised Navajo Dam operations 

for the San Juan River. The higher flow targets from the flow recommendations have been 

difficult to attain and the risk of shortage sharing has increased due to recent lower than average 

hydrology in the San Juan River Basin. Three meetings of SJRIP participants were held to 

review the 1999 Flow Recommendations, review new data on effects of flows on habitats and 

fishes, assess the observed flows since implementation of the flow recommendations and 

evaluate a new approach to Navajo Dam operations. The SJRIP participants concluded that 1) it 

is currently difficult to evaluate the effects of the high-flow targets because those targets were 

infrequently attained, but the flow targets from the 1999 Flow Recommendations should not be 

altered, and 2) short-duration high flow releases as prescribed by the 1999 Navajo Dam 

operation decision tree do not demonstrate benefits to habitat for native fishes in the absence of 

higher discharges.  

The SJRIP participants decided to alter how available water for instream flow 

augmentation will be calculated and to modify the Navajo Dam operation 1999 decision tree to 

increase the probability of reaching the higher flow targets while keeping the probability of 

potential shortage sharing low. Available water will be recalculated with two End of Water Year 

Storage Targets (EWYST) for the reservoir (one if a spring release occurs, another one if not). 

The Navajo Dam operation 1999 decision tree has also been modified to omit spring releases of 

5,000 cfs with durations less than 21 days to provide for longer duration releases in the future. 
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Additionally, the recommended ramp-up duration to the maximum release discharge (i.e., 5,000 

cfs) decreased to three days and the ramp-down duration increased to 14 days.   

The effects of these changes to the operational releases from Navajo Dam on the San 

Juan River’s hydrology were evaluated with the Gen4 Hydrology Model (documentation in 

preparation; Susan Behery Per. Comm.) using current levels of water depletions. Modeling 

results comparing the final modified decision tree (hereafter referred to as the 2017 decision 

tree), including the new way to calculate “available water” and 1999 decision tree indicated that 

utilizing the 2017 decision tree would increase the annual probability of reaching the two highest 

primary flow targets (i.e., 10,000 and 8,000 cfs) by 3 and 7%, respectively. The ability to meet 

each of the associated secondary targets (i.e, the secondary targets of a maximum of 10 years 

between meeting 10,000 cfs target and 6 years between meeting 8,000 cfs target) would also be 

increased. It was also apparent that releases from Navajo dam would need to match peak runoff 

from the Animas River in order reach these higher flow targets. Finally, the modeled 

modifications to the Navajo Dam operating procedures negligibly affected the likelihood of 

shortage sharing over the modeled period of record (i.e., from 0 to 1 year out of 84 years in the 

model, or 1.2%). 

Because only current depletions were considered in modeled scenarios here, any current 

or future projects that increase depletions from current levels will likely impact the ability of 

these modified Navajo Dam Operations to both meet the 1999 Flow Recommendations as well as 

provide continued low probabilities of shortage sharing. Therefore, the 1999 Flow 

Recommendations, and the 2017 decision tree developed here, should both be revisited through 

adaptive management strategies if new information emerges that substantially alters our 
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understanding of the effects of the San Juan River’s flow regime on endangered fishes or if new 

substantial depletions occur in the future. 
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Introduction 

This document summarizes the process the San Juan River Basin Recovery 

Implementation Program (SJRIP) used to modify Navajo Dam operating procedures to better 

attain targets from the 1999 Flow Recommendations (Holden et al. 1999) to aid the recovery of 

endangered Colorado Pikeminnow (Ptychocheilus lucius) and Razorback Sucker (Xyrauchen 

texanus). The 1999 Flow Recommendations were developed from research assessing the 

responses of fish populations and habitat on variable hydrographs from Navajo Dam in the San 

Juan River between 1991 and 1997 (Holden et al. 1999). This research quantified relationships 

among river discharge, geomorphology, fish habitat, and habitat availability and was used as the 

foundation for recommending base flows, primary and secondary flow targets, and perturbation 

releases. Recognizing a need for a hydrologic modeling tool to help analyze flow conditions, a 

general hydrologic Riverware model was then built that simulated water flow in the San Juan 

River Basin over space and time by incorporating known past, present, and future water 

development projects (Gen1 Hydrology Model; Holden et al. 1999). This model was used to 

simulate flows between 1929 and 1993 and the flow targets were developed to aid endangered 

fish recovery by mimicking a natural hydrograph based on statistical variability of the pre-dam 

hydrograph from this 65-year period of record. 

 The flow targets were designed to provide what the researchers thought would be 

advantageous conditions for native fishes by developing and maintaining habitats via 

environmental flows (see Box 1 with updated hypotheses for effects of flows on fishes and 

habitat). The specific flow target metrics were listed in terms of flow magnitude, duration, and 

frequency mostly during the spring runoff period (March 1 to July 31). Both primary and 

secondary targets were included as recommendations where primary targets were a specified 
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flow rate (e.g., 8,000 cfs) of a minimum duration (e.g., 10 days) with a specific annual frequency 

(e.g., 33% of years) and the secondary targets were a maximum duration between occurrences 

(e.g., not to exceed 6 years without reaching 97% of the target flow). To reach these targets 

while continuing with water development, an operating rule decision tree was developed and 

followed for Navajo Dam (Figure 1) with the understanding that the flow targets would likely be 

met if the San Juan River Basin experienced the same statistical hydrology as it did for the 

modeled period of record. Whereas the 1999 Flow Recommendations served to guide releases 

from Navajo Dam, these recommendations were designed to be adaptive as new information 

about maximizing the benefits of environmental flows for native fishes emerges.  

Between 1998 and 2015 Navajo Dam was operated following the decision tree as 

outlined in the 1999 Flow Recommendations (i.e., the 1999 decision tree). However, due to 

lower than average hydrology in the San Juan River Basin the amount of annual available water 

for environmental flows since 1999 was lower compared to earlier time periods (Figure 2). These 

successive years with drier than average annual hydrology reduced the ability of releases from 

Navajo Dam to meet the higher discharge primary and secondary flow targets (Table 1). 

Concurrently, desirable habitat characteristics (e.g., area of backwaters and secondary channels) 

have decreased over time, likely due to the lack of large spring runoffs in recent years (Lamarra 

and Lamarra 2016). This general deterioration of desirable habitats is likely attributable to the 

apparent change in hydrologic conditions and associated Navajo Dam operation experienced 

during the last 15 years in the San Juan River Basin and the increasing impact of nonnative 

vegetation that tends to stabilize river banks and reduces habitat complexity. Moreover, because 

the operation of Navajo Dam based on the 1999 decision tree assumed hydrologic conditions 

would be similar to the period of record examined, the 1999 decision tree prescribed short 
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duration spring peak releases in years with below average snow pack. These short duration 

releases resulting in moderately high flows (i.e., 5,000 cfs) were subsequently determined to not 

elicit the predicted positive responses in habitats without accompanying higher flows (i.e., ≥ 

8,000 cfs; Miller 2006). Without concurrent benefits to habitats, these short duration releases 

also impeded the ability to recover storage in the reservoir, which further decreased availability 

of water for longer duration spring releases in the future, other releases to benefit endangered 

fish (e.g., elevated base flows), and increased the risk of water shortage.  

The 1999 decision tree precluded back-to-back large spring releases, even when water 

was available to do so, further limiting the SJRIP’s ability to reach the higher flow targets. In 

2014, the Bureau of Reclamation (BOR) proposed a modification of the available water 

calculation for determining flow releases on the San Juan River to the SJRIP (Appendix I). The 

SJRIP determined that the flow recommendations, decision tree, and Navajo Dam operations 

should be revisited and revised as necessary to increase the effectiveness of Navajo Dam releases 

in aiding the recovery of the endangered fishes while continuing to provide for water 

development in the San Juan River Basin. 

This document provides a description of the decisions made by the SJRIP to manage 

environmental flows in the San Juan River considering the observed flows in the river over the 

last 15 years. Overall, the SJRIP determined there was not enough information to evaluate and 

revise the 1999 Flow Recommendation’s flow targets, but Navajo Dam operations should be 

altered to better meet these targets during periods of drought. Two key components of Navajo 

Dam operations have been modified to increase the probability of reaching desired flow targets 

as outlined in the 1999 Flow Recommendations and keeping the probability of water shortage 

sharing low. These two changes detailed in the 2017 decision tree and summarized here, are: 1) a 
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new method for calculating available water with increased reservoir storage targets, which 

interacts with 2) modification of the operating rules (2017 decision tree) for releases from 

Navajo Dam. Additionally, the hypothesized effects of the 1999 Flow Recommendations flow 

targets were updated to reflect newly acquired information and unresolved questions.  

This document includes: 1) brief summaries of the three meetings held by SJRIP 

participants to discuss potential changes to the 1999 Flow Recommendations, 2) a detailed 

description of the new process for determining available water, 3) presentation of the process for 

altering and arriving at the Navajo Dam operation 2017 decision tree, and 4) assessment of the 

proposed changes to the calculation of available water and the 2017 decision tree. 

Summary of meetings 

Three separate meetings of some SJRIP participants were conducted to evaluate the 1999 

Flow Recommendations, the observed flows in the San Juan River following those 

recommendations, Navajo Dam operating procedures, and to make recommendations as 

necessary. These meetings took the forms of a preliminary workshop (Flow Workshop I), 

followed by a smaller planning meeting (Planning Meeting), and concluded with a final 

workshop (Flow Workshop II). These summaries below describe the major objectives, desired 

outcomes, and final decisions of each meeting. Further details, including attendees, of each 

meeting are available as executive summaries and meeting notes in Appendices II-IV.  

Flow Workshop I 

The first environmental flow workshop (Flow Workshop I) was held February 12-13th, 2015 

in Albuquerque, NM, with the goal of making a decision as to the incorporation of BOR’s 

proposal to modify the available water calculation (Appendix I) and initiate a process to review 

and increase the effectiveness of implementing the Program’s 1999 Flow Recommendations 



12 

 

while continuing to reduce the risk of water shortages in the San Juan River Basin (full meeting 

notes are available in Appendix II). Additionally, until any new processes were developed, an 

interim recommendation for environmental releases in 2015 was developed. Forty-eight people 

representing the 12 SJRIP partners and other interested parties were in attendance. 

Objectives and Desired Outcomes of Workshop I 

Objectives: 

1) Review and evaluate current Navajo Reservoir and Dam operation procedures, including 

methodology for calculating available water, operation decision tree, and how different 

target reservoir elevations could affect operations 

2) Recommend the most appropriate available water calculation (for determining end-of-year 

target reservoir elevation) to best meet SJRIP goals and reduce risk of shortage in the San 

Juan River Basin 

3) Recommend a process for determining environmental releases from Navajo Dam in 2015 

4) Develop a conceptual framework to be applied in Flow Workshop II for evaluating and 

modifying the 1999 San Juan River Flow Recommendations, as needed, to best meet the 

SJRIP goals including development of an effective monitoring strategy to measure key 

uncertainties that are outlined in SJRIP’s Long Range Plan 

Desired Outcomes: 

1) Decision on available water calculation for 2015 for incorporation into flow 

recommendations 

2) Recommendations for changes to current procedures and methodology for planning and 

managing 2015 reservoir environmental releases including the process to be followed by 
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the Biology Committee (BC), Coordination Committee (CC), BOR, and the US Fish and 

Wildlife Service (USFWS) in 2015 

3) Recommendation on a conceptual framework/outline for conducting Flow Workshop II to 

evaluate and modify the 1999 San Juan River Flow Recommendations to best meet SJRIP 

recovery goals 

During the workshop several presentations were given that provided participants with 

relevant background information including: 1) Review of 1999 Flow Recommendations and 

reservoir operating procedures (Ron Bliesner; Keller-Bliesner Engineering); 2) Bureau of 

Reclamation’s operational limitations for implementing the 1999 decision tree; 3) Hydrology 

modeling analysis of Navajo Dam operations; 4) Overview and update of San Juan River 

Hydrology Model Gen3 (presentations 2-4 by Susan Behery; BOR); and 5) Environmental 

releases experiment being conducted by the Upper Colorado Endangered Fish Recovery Program 

at Flaming Gorge Dam (Beverly Heffernan; BOR). 

The focus of the workshop was discussing how to attain the higher flow targets (i.e., 8,000 

and 10,000 cfs) with desired durations from the 1999 Flow Recommendations and maintaining 

target base flows while keeping the potential risk of shortage sharing low. The 1999 operations 

decision tree used to implement the 1999 Flow Recommendations resulted in frequent low-

magnitude and low-duration (i.e., 2,500 and 5,000 cfs, ~1-week) spring releases and few years 

when releases matched the Animas River’s spring peak (i.e., releases from Navajo coinciding 

with peak Animas River flows to elevate flows downstream). Additionally, Miller (2006) found 

that when the low-magnitude targets occurred, they did not appear to maintain habitat as 

expected in the absence of the higher targets. These operations combined with the recent 

hydrologic regime have prevented the recovery of Navajo Reservoir water storage which 
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threatens the ability of the reservoir to make subsequent long-duration spring peak releases and 

maintain late summer base flows. While to date water users in the San Juan River Basin have 

never had to implement shortage sharing agreements that would have limited their water 

supplies, lower reservoir elevations could increase the risk of shortage sharing. With improved 

science, data collection, and changing hydrology, it was widely recognized that the 1999 Flow 

Recommendations needed to be revisited and perhaps revised to better achieve the desired flow 

targets while continuing to consistently provide water to users.  

Agreement was reached during the workshop to pursue a different method for calculating 

available water for environmental releases using an End of Water Year Storage Target (EWYST; 

see Modification of available water calculation and End of Water Year Storage Target below). 

The SJRIP participants agreed on two factors related to the available water calculation: 1) an 

EWYST elevation of 6,063 ft above sea level should be implemented with the option to drop to 

6,050 ft for environmental flows; and 2) the shape, timing, and duration of the spring peak 

release hydrograph should be reviewed and possibly revised to meet SJRIP’s goals. In addition, 

environmental release decisions need to include monitoring to measure responses of fishes and 

habitats to flows. In support of the recommended process for 2015, the USFWS specified that as 

long as the environmental flow release recommendations come from the SJRIP through the BC, 

they will be considered the best science available for progress toward recovery of the listed 

species and deemed to be in compliance with the 2006 Record of Decision (ROD; U.S. Bureau 

of Reclamation 2006). The SJRIP participants also agreed that unless significant changes 

occurred in the predicted hydrology and the volume of available water for 2015, the BC 

recommendation would be to forego a one-week spring peak release in 2015 (given most 

probable forecast at the time and following the 1999 decision tree). There was general support 
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for pursuing this strategy recognizing the proposed process only changed how the environmental 

water would be released from the dam on an annual basis to achieve the 1999 Flow 

Recommendations and did not change current flow targets.  

The agreement to implement the new EWYST method was based on it being an interim 

process for determining Navajo Dam environmental releases until a full evaluation of the 1999 

San Juan River Flow Recommendations could be conducted during a second workshop. A 

conceptual framework/outline for Flow Workshop II was discussed with attendees 

recommending that the Program Office (PO) take the lead on a Planning Meeting before 

conducting the second workshop. It was decided that for the purposes of the Planning Meeting 

for Workshop II, the PO would manage workshop details and logistics such as compiling 

relevant documents and reports, identifying information needed prior to the workshop, and 

developing priority hypotheses. 

Decisions: 

1) With a majority in support, attendees agreed to an EWYST of 6,063 ft with 

the flexibility to reduce to 6,050 ft for environmental flows 

2) An interim process for determining releases from Navajo Dam in 2015 and 

beyond was developed and agreed on by the majority (See Box 2) 

Outstanding tasks: 

1) Determine how available water should be used 

2) Evaluate 1999 Flow Recommendations 

3) Revise 1999 Flow Recommendations, as necessary 
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Planning Meeting 

 At the first workshop (Flow Workshop I), attendees recommended that the PO take the 

lead on planning for and organizing the second workshop by convening a subgroup to handle 

workshop details and logistics such as pulling together relevant documents and reports, 

identifying information needed prior to the workshop, and developing priority hypotheses. This 

meeting was held December 3-4th, 2015 in Durango, CO, and attended by 26 people to continue 

with the process of planning for evaluation of the 1999 Flow Recommendations (the attendance 

list and a full meeting summary can be found in Appendix III).  

Objectives and Desired Outcomes of Planning Meeting 

 There was general agreement the higher flow targets (i.e. 8,000 and 10,000 cfs) have 

been infrequently achieved since the 1999 Flow Recommendations were in place; therefore, the 

SJRIP was limited in its ability to evaluate the effects of the higher flow targets on fish or 

habitats.  

Objectives: 

1) Summarize existing information on flow-habitat-fish relationships 

2) Identify potential outstanding analyses 

3) Review history of Navajo releases (why flow recommendations have not been met?) 

4) Devise means to better meet flow recommendations and determine what to do with 

available water 

5) Develop new decision tree for flow releases 

6) Logistically determine how flow recommendations can be met 

7) Develop research/monitoring to assess effects of flows 

Desired Outcomes: 
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There were no desired outcomes listed for the meeting. 

Review of current state of knowledge 

 The meeting started with summaries, reviews, and a general discussion of the current 

state of knowledge of environmental flows on the San Juan River. The summary of existent 

knowledge of flows-habitat-fish relationships was provided in the form of several presentations: 

effects of flows and habitat variation (Vince Lamarra; Ecosystems Research Institute), larval 

fishes and their responses to flow (Michael Farrington; American Southwest Ichthyological 

Researchers), small-bodied fishes and their responses to flow (Keith Gido; Kansas State 

University), effects of flows on river temperature (Bill Miller; Miller Ecological Consultants), 

and the history of Navajo Dam releases and the flows observed on the San Juan River (Susan 

Behery; BOR). 

 Discussion then turned to potential outstanding analyses that should be conducted before 

any alterations to the 1999 Flow Recommendations would be made. While there were some 

suggestions for analyses that may provide some insight into the effects of flows on habitat, 

fishes, and temperature, there was generally agreement to proceed with revising Navajo Dam 

operations without conducting these analyses because of the infrequency in which the higher 

flow-targets were observed and the limited number of wild-spawned endangered fishes that 

experienced those flows. The SJRIP participants in attendance did call for reassessment of 

current habitat and native and nonnative fish monitoring to quantify the effects of flows in the 

future. 

 The SJRIP participants then discussed potential options for revisions to the Navajo Dam 

operation decision tree to increase the annual frequency of high spring flows. Between Flow 

Workshop I and the Planning Meeting, Brian Westfall (representing Bureau of Indian Affairs 
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[BIA]) and Susan Behery (BOR) developed a revised decision tree (referred to as the BOR Tree) 

that modified the operating rules of the 1999 decision tree by simplifying the number of nodes 

and potential releases by removing “look backs” into the determination to release spring peaks 

(Figure 3). This was the first proposed alteration that generally moved away from trying to match 

the statistical hydrology as described in the 1999 Flow Recommendations to a strategy that 

releases as much water for environmental flows each year as is available without considering 

past releases (i.e., no “look-backs”). Notably, this proposed modification continued to contain 

shorter-duration releases (i.e., 1-2 week) as well as the original prescriptively-shaped 

hydrographs (i.e., Type I, II, III, IV; Figure 4). Susan Behery and the PO followed these changes 

with the BOR Tree and further eliminated spring releases unless they would be at least a Type III 

hydrograph (3-weeks at 5,000 cfs, referred to as the Flex Tree; Figure 5). This change was made 

to functionally conserve water during drier than average years for use in wetter years when the 

likelihood of the Animas River having a large spring runoff is greater. To conserve this water 

during years without releases, the tree would prescribe two potential EWYSTs based on reservoir 

elevation levels during the forecast season. Available water would be first calculated using a 

6,050 ft EWYST. If there is sufficient available water for at least a Type III or Type IV release, a 

spring release of these magnitudes would be made. If not, then an EWYST of 6,063 ft would be 

used and any water available above that target during the year would be released via an 

operational spill. Susan Behery assessed the potential results of the San Juan River’s hydrology 

using this Flex Tree in her operations model and noted this modification, on average, allowed for 

two more Type IV releases per decade compared to the 1999 decision tree and the BOR tree for 

the period of record.  

Review of Flow Recommendations 
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 The SJRIP participants continued discussion of the merits of the original 1999 Flow 

Recommendations and determined they still provide a reasonable basis for the previously 

described flow target categories. The SJRIP participants came to a general consensus that the 

flow targets were still valid goals but the methodology to reach those targets needed to change in 

light of more recent and drier hydrology in the San Juan River Basin. Moreover, any new method 

for implementing the flow targets would need to allow for more flexible decision-making based 

on current needs of the SJRIP. Thus, any changes to the 1999 Flow Recommendations would 

focus more on operations that help mimic a natural hydrograph under current conditions and 

place emphasis on the flow targets that are harder to achieve (i.e., high flows) rather than change 

the flow targets as outlined in the 1999 Flow Recommendations. 

 Whereas the SJRIP participants in attendance decided the flow targets from the 1999 

Flow Recommendations should still remain as goals for Navajo Dam operations, they also 

agreed that the purposes and hypotheses behind these targets should be reevaluated and any new 

questions included or addressed if and when they are realized. The SJRIP participants decided 

the accompanying hypotheses (original and new hypotheses) need to answer priority questions of 

what magnitude, timing, and duration is needed to benefit native/endangered fishes and their 

habitats (e.g., what flows are needed to best disadvantage Russian olive establishment, when do 

high flows cause temperature depression that could negatively affect spawning?). Moreover, 

implementation of specific monitoring protocols to measure effects of the targeted releases and 

flows on fish and habitat should be an integral part of the flow recommendations. It was also 

noted that a scientifically-sound research program is needed that can assess the effects of releases 

and flows on fish and habitat. For example, monitoring activities need to occur before and after 

high flows to quantify variability in and changes to specific stream habitats. The list of 



20 

 

hypotheses associated with each flow target was discussed and the PO was assigned to bring an 

updated list of hypotheses to the last workshop (Flow Workshop II).  

Decisions: 

1) The SJRIP participants agreed to eliminate Type I and II hydrographs as environmental 

releases because they are not having their intended effects and the lower flow targets have 

been easier to achieve 

2) Attaining the desired frequency of high flows as described in the 1999 Flow 

Recommendations is still dependent on Animas River flows; therefore, trying to time 

Navajo Dam releases with the Animas River spring peak is a high priority 

3) The SJRIP participants decided to further refine the Flex Tree decision tree and focus on 

the shape and duration of the hydrograph with the understanding that the hydrograph does 

not have to be restricted to the four types (i.e., Types I-IV) as outlined in the 1999 Flow 

Recommendations 

Outstanding tasks: 

1) Develop draft revised decision tree that prioritizes longer duration releases 

at the expense of lower duration releases 

2) Design metrics for determining when the Animas River is “spent” 

3) Incorporate flexibility in the decision tree for other potential environmental 

releases (e.g., elevated base flows) 

4) Update hypotheses behind flow targets 

Flow Workshop II 

 The final flow workshop (Flow Workshop II) was held on April 5-6th, 2016 in 

Albuquerque, NM and was attended by 37 individuals. This workshop continued discussion of 
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altering the Navajo Dam operations decision tree, started discussion of the timing and shape of 

the hydrograph, and what to do with available water during years when there is not enough water 

available to conduct a spring release. There was also continued discussion of how the effects of 

all environmental releases will be evaluated. Detailed notes of the meeting are available in 

Appendix IV. 

Objectives and desired outcomes of Flow Workshop II 

Objectives: 

1) Reach agreement on modifications to Navajo Dam operation decision tree 

2) Review Navajo Dam operation model results comparing various decision trees 

3) Determine the duration of spring peak releases and the shape, magnitude, and volume of 

the ascending and descending limbs of a spring peak hydrograph 

4) Agree when to implement elevated target base flows in any revised decision tree 

5) Determine the timing, duration, and magnitude of base flow targets > 500 cfs 

6) Develop a monitoring program to evaluate the hypotheses and assumptions of the flow 

recommendation targets 

7) Decide on a structure for the document summarizing changes to the 1999 Flow 

Recommendations or operating procedures 

8) Discuss Navajo Dam operations for 2016 

Desired Outcomes: 

1) Decide when and how long to implement a spring peak release from Navajo Dam  

2) Decide the shape of the spring peak release (ascending and descending limbs), decide how 

and when to implement elevated base flows (>500 – 1,000 cfs target) 

3) Finalize operation decisions for 2016 and beyond 
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4) Determine a monitoring program to move forward with evaluating the flow 

recommendations 

5) Determine a process and assignments needed to finalize the outcomes of the flow 

workshops (I and II) and any revisions to the 1999 San Juan River Flow Recommendations 

or Navajo Dam operations 

Meeting Summary: 

 The meeting began with discussion of documenting the rationale behind changing Navajo 

Dam operations (i.e., decision tree) without supporting data for those changes. The general 

consensus was the justification for abandoning focus on the lower flow targets was based on 

Miller’s (2006) conclusions. The SJRIP participants reiterated and agreed that the 1999 Flow 

Recommendations targets were not being altered; Navajo Dam operations were being altered to 

better meet the 1999 flow targets. The SJRIP participants agreed that the hypotheses of the 1999 

Flow Recommendations should be updated and Navajo Dam should be operated to shift focus to 

the higher flow targets at the expense of targeting the lower flow targets. The SJRIP participants 

agreed there was no good rational to alter the original 1999 flow targets at this time but would be 

open to changes should new data emerge indicating otherwise. 

 The SJRIP participants in attendance then discussed the potential benefits of elevating 

base flows above the targeted 500-1,000 cfs currently identified in the 1999 Flow 

Recommendations. There was general agreement that elevating base flows would likely increase 

the number of flowing secondary channels and potentially increase availability of other low-

velocity habitats but at the expense of spring releases and colder temperatures. The SJRIP 

participants decided that the SJRIP’s primary focus should be on reaching higher spring flow 

targets to create and maintain habitats but then investigate effects of elevated base flows when 
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there is not enough water for a spring release. The SJRIP participants also noted that a good way 

to evaluate the effects of elevated base flows is not currently in place and some projects may 

need to be tweaked or developed in the future to do so. 

 The SJRIP participants in attendance discussed effects of potential changes to the Navajo 

Dam operation decision tree in addition to elevated base flows on the San Juan River’s 

hydrology. Susan Behery reported on modeling results using the Navajo Dam Operations model 

with three different decision trees and three different levels of base-flows for a total of nine 

scenarios. The three decision trees included the original 1999 decision tree with an increased 

EWYST of 6,063 ft, a modified BOR Tree with only Type III and IV releases and an increased 

EWYST of 6,050 ft, and a revised Flex Tree with the maximum number of days at 5,000 cfs (up 

to 60 days) with an EWYST of 6,050 ft. Generally, results indicated elevating base flows 

reduced the availability of water for higher spring releases.  The revised Flex Tree decision tree 

with the maximum number of days at 5,000 cfs (highest operational release from Navajo Dam) 

did the best job of achieving the higher flow targets compared to the other trees.  

 The SJRIP participants then began discussion of the shape of the hydrograph during 

spring releases using the Flex Tree. The general consensus was the spring release should 

decrease the amount of ramp up time because there was no biological reason for a longer ramp 

up duration and a shorter ramp up duration would increase the number of days Navajo Dam 

could release 5,000 cfs. However, the ramp down should be extended to two weeks in order to 

increase the amount and duration of low velocity habitats and flooded vegetation for larval 

endangered fishes. The SJRIP participants agreed the Flex Tree should include a rapid ramp-up 

duration of 3 days, keeping flows at 5,000 cfs until the Animas River is “spent” (definition to be 

determined at a later date) up to a total of 60 days, and a two-week ramp down (See Box 3). The 
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SJRIP participants agreed the final assessment between the original 1999 operation decision tree 

and the final revised decision tree (2017 tree) would be evaluated through analysis of a 

comparison of the river’s modeled hydrology using the Gen4 Hydrology Model (see Analysis of 

proposed changes to Navajo Dam operations below). 

Modification of available water calculation and End of Water Year Storage Targets  

The method for calculating available water was modified from the 1999 Flow 

Recommendations. Previously, the annual availability of water was calculated as: 

(1) AW = Storage + Inflow –TBF Releases – Evaporation – NIIP Diversions – Carryover Storage 

Where: 

AW is the available water for a spring release, 

Storage is the amount of water in the reservoir at a given time step, 

Inflow is the predicted water inflow into the reservoir through October 1, 

TBF Releases is the amount of water needed to meet target base flows, 

Evaporation is predicted water loss due to evaporation out of the reservoir, 

NIIP Diversions is the water predicted for use through the Navajo Indian 

Irrigation Project, 

Carryover Storage was a constant at 900,000 af. 

  

The available water was calculated at each time step until October 1. Similarly, the amount of 

operational spill was calculated as: 

(2) Spill = Inflow – Available Space – TBF Releases – Evaporation – NIIP Diversions 

Where: 

Spill is the volume of water to be spilled and 

Available Space was the difference between 900,000 af and the current water 

volume in the reservoir at each time step. 

Due to the recent drier hydrology in the San Juan River Basin, BOR suggested the 

Carryover volume of 900,000 af (or an elevation of 6,018.8 ft above sea level) should be 

increased to reduce the probability of shortage in the San Juan River Basin while acknowledging 
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a higher Carryover volume will increase the probability of operational spill. To estimate what the 

Carryover volume that would balance the tradeoff between reducing the probability of shortage 

against the increased probability of spill the BOR conducted a modeling exercise to arrive at a 

range of values that could be used as a new EWYST. Using the Navajo Dam Operations model, 

BOR modeled the period from 1971 to 2013, which included the 2012 NIIP diversions, ROD 

base release of 250 cfs with a target base flow of 500-1,000 cfs, but then added different 

EWYSTs as variable reservoir elevations between 5,990 to 6,080 ft over 10 ft increments. The 

resulting hydrology was then summarized over this time period and the frequency and volume of 

shortages and operational spill were investigated. Additionally, the predicted duration the San 

Juan River Basin could undergo varying levels of drought (i.e., 90% exceedance) before entering 

shortage sharing was modeled and quantified among the variable EWYST levels. 

Modeling results indicated a relatively narrow range of reservoir elevations that would 

simultaneously reduce the probability of shortage in the San Juan River Basin while not 

increasing the probability of operational spill (Table 2). Of the 42 modeled water years, the 

percent of years with shortage ranged from 49% at an EWYST of 6,000 ft to zero years when 

above 6,050 ft. Operational spill did not occur at EWYST values below 6,060 ft. Given these 

results, BOR recommended the EWYST be a minimum of 6,050 ft to reduce the probability of 

shortage and a maximum of 6,063 ft to avoid spill. 

The second analysis investigated the influence of variable EWYSTs and the number of 

years before the San Juan River Basin would enter shortage under different drought scenarios. 

Results similarly suggested an EWYST between 6,050 and 6,063 ft would provide up to three 

years of shortage protection at exceedance levels of 90% for the period of record. Therefore, 
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BOR suggested the EWYST should be set between 6,052 and 6,063 ft with preference for the 

higher level due to change in recent hydrology and the perceived higher risk of shortage. 

 The SJRIP participants agreed to increase the EWYST but still had concerns with setting 

a strict reservoir elevation level due to the inflexibility of the 1999 decision tree to manage 

flows. Continued discussions with the BC, BOR, and the PO resulted in the use of a somewhat 

flexible EWYST in that BOR could set the “side-boards” at 6,050 and 6,063 ft but the SJRIP 

could have the flexibility to operate between those targets in some years. This flexibility in 

EWYST was integrated into the 2017 decision tree to improve the ability of using Navajo Dam 

operations to help meet the 1999 flow recommendations. 

Modification of Navajo Dam Operation Decision Tree 

 The Navajo Dam operation 1999 decision tree was modified to address concerns that not 

all of the 1999 flow targets were being achieved and the threat of shortage sharing had increased 

during the latest drought period in the San Juan River Basin (Figure 6). Several changes were 

made to address these concerns as well as other modifications aimed at aiding endangered fish 

recovery (see Box 3). Generally, changes included 1) increasing the Navajo Reservoir target 

elevation from ~6,020 to between 6,050–6,063 ft above sea level to reduce the probability of 

shortage sharing, 2) cessation of short duration spring releases to conserve water for longer 

releases, 3) shifts in the shapes and durations of the release hydrographs to maximize the days at 

the highest discharge and increase the availability of nursery habitats, and 4) built-in flexibility 

for the use of other environmental flows as determined through adaptive management. 

Additionally, because of the shift in focus to reaching the higher flow targets, the 2017 decision 

tree omits “look-backs” from release determinations and indicates spring releases should occur if 

there is available water and the San Juan River Basin hydrology suggests high spring flows could 
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be reached with the aid of the Animas River. The 2017 decision tree for Navajo Dam was 

constructed with all of these processes in mind with the ultimate goal of maximizing the benefit 

of environmental flows for endangered fish recovery while continuing to provide for water use 

and development in the San Juan River Basin. The potential effects of these changes to the 1999 

decision tree will be evaluated through hydrologic modeling (see below), as well as through 

observed flows and monitoring programs in the future.  

Analysis of 2017 Navajo Dam Operation Decision Tree 

Hydrology Model 

 Proposed changes to the Navajo Dam operation decision tree were evaluated using Gen4 

San Juan River Hydrologic Model using RiverWare software (Zagona et al. 2001). The model 

was developed to support the SJRIP’s goals to recover populations of the Razorback Sucker and 

Colorado Pikeminnow in the San Juan River Basin while proceeding with water development. 

The model currently has the flexibility to provide alternative hydrologic conditions, in addition 

to historic hydrologic conditions, that can be used to evaluate future water availability and risks 

under different assumptions of future climatic and hydrologic conditions.  

Hydrology Model Configuration 

 The model was configured to assess how the proposed changes to the Navajo Dam 

decision tree may affect annual flow variability of the San Juan River as well as the probability 

of shortages. The hydrology of the San Juan River Basin was modeled between 1929 and 2013 

with depletions limited to “current depletions” (Table 3). The 1999 decision tree and 2017 

decision tree were evaluated by running the two different decision trees using the same 

hydrology in the San Juan River Basin. Annual flow variability between the two decision trees 

was then evaluated for their relative ability to meet the primary and secondary flow targets above 
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5,000 cfs in the 1999 Flow Recommendations (see Box 1). Specifically, the analysis quantified 

the ability of the 2017 decision tree to increase the frequency of the higher flow targets (i.e., 

>5,000 cfs) at the expense of the lower flow targets as well as decrease the number of years 

between meeting the higher flow targets all while still keeping the probability of shortage sharing 

low. 

Model Results 

Primary Targets 

 Model results indicated the 2017 decision tree could increase the SJRIP’s ability to meet 

the higher primary flow targets in the San Juan River compared to the original 1999 decision tree 

while keeping the risk of shortage low. Generally, the 2017 tree increased the frequency of 

higher flows at the expense of the lower flows. Both decisions trees resulted in meeting the 

primary flow targets for the three highest metrics but the 2,500 cfs target was not achieved with 

the 2017 decision tree (Figure 7). At the two higher flow target (10,000 and 8,000 cfs), the 2017 

tree increased the annual frequency of the targets by 3% and 7%, respectively, compared to the 

1999 decision tree, but both trees resulted in the targets being met for the period of record. At the 

5,000 cfs target, there was no difference in the frequencies at the target duration and both 

decision trees were above the target of 21 days in 50% of years. Additionally, the frequency of 

longer durations of flows above 5,000 cfs also would increase substantially using the 2017 

decision tree. At the lowest primary target (2,500 cfs), only the original 1999 decision tree 

achieved the frequency at the desired duration. Overall these results indicate using the 2017 

decision tree rather than the original 1999 decision tree increases the probability of reaching the 

higher flow targets. However, flows from the Animas River largely dictate the ability of both 
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models to reach flow targets >5,000 cfs in critical habitat because of discharge limitations from 

Navajo Dam. 

Secondary Targets 

 Modeled results similarly predicted the 2017 decision tree would increase the SJRIP’s 

ability to achieve the secondary flow targets (duration between meeting each discharge target) of 

the 1999 Flow Recommendations (Figure 8). The 1999 Flow Recommendations set a maximum 

duration of 10 years between attainment of 10,000 cfs flows. The 2017 decision tree predicted 

the duration between the target being reached was reduced from 9 to 7 years. For the 8,000 cfs 

target, current modeling of the original 1999 decision tree shows the duration between reaching 

this target would be 7 years, missing the minimum target by one year. The 2017 tree would 

perform better by decreasing the duration between target attainment to a maximum number of 4 

years during the entire period of record. Both trees were predicted to achieve the two lower-flow 

targets (i.e., 5,000 and 2,500 cfs) as suggested by the 1999 Flow Recommendations.  

 Model results also suggested the 2017 decision tree will affect elevations of Navajo 

Reservoir but have minimal impacts to the probability of shortage with current levels of 

depletions. Navajo Reservoir elevation was predicted to decrease on average from 6,063 to 6,056 

ft during the period of record with the 2017 decision tree compared to the 1999 decision tree. 

While modeled shortages never occurred using the 1999 decision tree, use of the 2017 tree 

increased the percentage of years undergoing shortage from 0 to 1 out of 84 years or 1.2%. 

Conclusion 

Through the process described above, the Navajo Dam Operations were modified to 

increase the probability of achieving the two highest 1999 Flow Recommendation flow targets 

while still providing low probabilities of shortage sharing in the San Juan River Basin. The 
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actual 1999 Flow Recommendation flow targets were not modified because there was no 

evidence to indicate they are not important for endangered fish recovery. Moreover, the modeled 

results using current depletions indicate these changes will likely increase the probability of 

reaching these higher-flow targets. Because only current depletions were considered in modeled 

scenarios here, any current or future projects that increase depletions from current levels will 

likely impact the ability of these modified Navajo Dam Operations to both meet the 1999 Flow 

Recommendations as well as provide continued low probabilities of shortage sharing. Therefore, 

the 1999 Flow Recommendations, and the 2017 decision tree developed here, should both be 

revisited through adaptive management strategies if new information emerges that substantially 

alters our understanding of the effects of the San Juan River’s flow regime on endangered fishes 

or if new substantial depletions occur in the future. 
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Box 1. Primary and secondary flow targets from the 1999 Flow Recommendations for 

the San Juan River. The hypothesized biotic and abiotic effects of each target with their evidence 

and assumptions are provided. New or modified hypotheses from the 1999 Flow 

Recommendations are noted with (*). 

 
Flow target: 10,000 cfs 

 

Duration: A minimum of 5 days between March 1 and July 31. 

 

Frequency: Flows > 10,000 for 5 days or more need to occur in 20% of the years on 

average for the period of record 1929-1993. Maximum number of consecutive years 

without meeting at least a flow of 9,700 cfs (97% of 10,000 cfs) within the 65-year period 

of record is 10 years. 

 

Hypothesized effects: 

 

Abiotic  Evidence/ assumptions 

1. Changes channel morphology and 

maintains channel complexity 

Increased number of islands after high flows 

2. Suppresses nonnative vegetation out 

of the bank full channel* 

 

Biotic  

1. Increases Colorado Pikeminnow 

reproductive success 

 

2. Important to Colorado Pikeminnow 

and Razorback Sucker 

 

3. Promote native fish abundance* (Gido and Propst 2012) 

 

Flow target: 8,000 cfs 

Duration: A minimum of 10 days between March 1 and July 31. 

 

Frequency: Flows of > 8,000 cfs for 10 days or more need to occur in 33% of the years 

on average for the period of record 1929-1993. Maximum number of consecutive years 

without meeting at least a flow of 7,760 cfs (97% of 8,000 cfs) within the 65-year period 

of record is 6 years. 

 

Hypothesized effects: 

Abiotic Evidence/assumptions 

1. Maintenance of channel cross 

section at secondary channel control 

points 

Bankfull discharge is between 7,000 and 

10,500 cfs below Farmington, with 8,000 cfs 

being representative of the bulk of the river  

2. Create larval Razorback Sucker 

habitat during peak and receding 

flows (i.e., low velocity habitats 

and/or flooded vegetation) 
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Box 1. Continued.  

4. Promotes native vegetation in the 

bank full channel* 

 

Biotic  

1. Increase abundance of native fish Bluehead Sucker and Speckled Dace showed 

a positive response to flows above 8,000 cfs 

for 1-19 days (Gido and Propst 2012)  

2. Colorado Pikeminnow reproductive 

success 

 

 

Flow target: 5,000 cfs 

 

Duration: A minimum of 21 days between March 1 and July 31. 

 

Frequency: Flows of > 5,000 cfs for 21 days or more need to occur in 50% of the years 

on average for the period of record 1929-1993. Maximum number of consecutive years 

without meeting at least a flow of 4,850 cfs (97% of 5,000 cfs) within the 65-year period 

of record is 4 years. 

 

Hypothesized effects: 

 

Abiotic Evidence/assumptions 

1. Clean backwaters and maintain low velocity 

habitat in Reach 3 at flows above 5,000 cfs 

Increases nursery habitat 

2. Suppressed nonnative vegetation in 

secondary channels* 

 

Biotic  

None  

 

Flow target: 2,500 cfs 

 

Duration: A minimum of 10 days between March 1 and July 31. 

 

Frequency: Flows of > 2,500 cfs for 10 days or more need to occur in 80% of the years 

on average for the period of record 1929-1993. Maximum number of consecutive years 

without meeting at least a flow of 2,425 cfs (97% of 2,500 cfs) within the 65-year period 

of record is 2 years. 

 

Hypothesized effects: 

 

Abiotic Evidence/ assumptions 

1. Provides secondary channel habitats for native 

fish* 

 

2. Nonnative vegetation is suppressed between 

500-2,500 cfs. Need to investigate at what flows* 
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Box 1. Continued.  

Biotic  

1. Triggers spawning by Colorado Pikeminnow  

  

 

Flow target: Timing of the peak flows noted above must be similar to historical conditions, 

and the variability in timing of the peak flows that occur historically must also be mimicked.  

 

Timing: Spring peak releases from Navajo Dam will be timed to match the Animas River’s 

spring peak. 

 

Hypothesized effects: 

 

Abiotic Evidence/ assumptions 

None  

Biotic  

1. Important for endangered fish spawning   

 

Flow target: Base flow (mean weekly non-spring runoff flow) 

 

Level: 500-1,000 cfs from Farmington, NM to Lake Powell, with 250 cfs minimum from 

Navajo Dam. 

 

Hypothesized effects: 

Abiotic Evidence/ assumptions 

1. Target base flows between 500 – 1000 likely 

increase low velocity habitats. Threshold 

effects need to be investigated.* 

Long-term decline in total channel 

area (Lamarra per. comm.) 

Biotic  

1. Important for endangered fish growth, 

survival, and spawning  

 

2. Suppress nonnative fish abundance (Red 

Shiner, Fathead Minnow and Mosquitofish)* 

(Gido and Propst 2012) 

 

Flow target: Flood control releases (incorporated into operating rule) 

 

Control: Handle flood control release as increases to base flows. 

 

Hypothesized effects:  

Abiotic Evidence/ assumptions 

1. Improve low velocity habitat quality by flushing 

sediment 

 

Biotic  

1. Suppress Red Shiner and Fathead abundance* (Gido and Propst 2012) 
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Box 2. Annual procedures for implementing releases from Navajo Dam 

 Step1 – Bureau of Reclamation (BOR) should provide the Available Water Calculation (AWC) 

based on the EYWST of 6,050 ft to the Biology Committee (BC) by April 1. 

 

 Step 2 - The BC formulates and provides a draft recommendation for Navajo Dam environmental 

flow releases to the Program Office (PO) by mid-April based on:  a) the AWC, b) Desired or 

appropriate San Juan River hydrograph, c) Review of fish and habitat responses to flow, d) 1999 

Flow Recommendations; and, e) Final 2017 Decision Tree. 

 

 Step 3 - The recommendation for Navajo Dam releases is provided to the Coordination Committee 

(CC) through the PO by mid-April. The CC reviews the recommended releases and provides any 

comments to BOR and the U.S. Fish and Wildlife Service (USFWS).  

 

 Step 4 - BOR and the USFWS work toward accomplishing the recommendation for the Navajo Dam 

releases based on the May forecast (including an ESA compliance check). If significant changes in 

the May forecast have occurred, the BC will re-evaluate the draft recommendation and submit 

modifications, if necessary (process resets to Step 2 - BC formulates and provides a draft 

recommendation to the PO).  

 

 Step 5 - BOR implements the final recommendation.
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Box 3. Description of 2017 operation decision tree for Navajo Dam 

A. Determine available water based on the End of Water Year Storage Target (EWYST) of 6,050 ft 

Navajo Reservoir elevation. 

If available water is ≥ 292,000 af (not including water needed to maintain baseflow targets of 500-

1,000 cfs), conduct a spring release (B), if not, forgo a spring release and recalculate the EWYST 

at 6,063 ft (C). 

B. Implement prescribed spring release 

The spring release should be timed to match the peak snow melt runoff from the Animas River and 

should consist of a three-day ramp up to 5,000 cfs, held at 5,000 cfs for a minimum of 21 days to a 

maximum of 60 days, followed by a 14 day ramp down. After a minimum of 21 days release at 

5,000 cfs, ramp down will begin after the Animas River is done contributing ‘substantially’ to 

discharge in critical habitat of the San Juan River. Assuming Navajo Dam is releasing 5,000 cfs, 

the ramp down will be initiated when the mean daily discharge between the Shiprock and Four 

Corners USGS gauges is ≤ 6,500 cfs and not anticipated to increase in the near future. 

C. Forgo spring release; reassess available water based on the EWYST of 6,063 ft. 

If water is available, conduct other environmental flow management (D; e.g., elevate base flow), if 

water is not available, target base flow 500-1,000 cfs (E). 

D. Other environmental flow management 

Use available water to conduct other flow management (e.g., elevate target base flows above 500-

1,000 cfs using EWYST 6,063 ft (amount of increase will be dictated by the quantity of available 

water). Conversely, use available water to implement some other recovery action for endangered 

fishes (e.g., flow spikes).  

E. Do not elevate target base flow 

Keep target base flows at 500-1,000 cfs and use EWYST 6,063 ft. 
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Tables 

Table 1. Summary of San Juan River flows between 1998 and 2015 and primary and secondary spring flow targets. For the primary targets, each value is the 

accumulating percentage of years reaching each target. Years in which the target percentages were not attained is shaded in gray. Asterisks (*) denote years in 

which the flow targets were attained. For secondary targets, each cell is the number of years passing without reaching the target, years in which minimum 

targets were exceeded are highlighted in gray. Working flow targets are 97% of actual targets to allow for gage error (e.g., 9,700 instead of 10,000 cfs). 

 Primary Targets   Secondary Targets 

Year 

5 days @ 

>9,700cfs 

in 20% of 

years 

10 days @ 

>7,760cfs 

in 33% of 

years 

21 days @ 

>4,850cfs 

in 50% of 

years 

10 days at 

>2,425cfs 

in 80% of 

years 

 

<10 yrs 

between 

>9,700 cfs 

target 

<6 yrs 

between 

>7,760 cfs 

target 

<4 yrs 

betwen 

>4,850 cfs 

target 

<2 yrs 

between  

>2,425 

target 

1998 0 0 100* 100*  1 1 0 0 

1999 0 0 100* 100*  2 2 0 0 

2000 0 0 67 100*  3 3 1 0 

2001 0 0 75* 100*  4 4 0 0 

2002 0 0 60 80  5 5 1 1 

2003 0 0 50 83*  6 6 2 0 

2004 0 0 43 86*  7 7 3 0 

2005 13* 13* 50* 88*  0 0 0 0 

2006 11 11 44 89*  1 1 1 0 

2007 10 10 50* 90*  2 2 0 0 

2008 18* 18* 55* 91*  0 0 0 0 

2009 17 17 50 92*  1 1 1 0 

2010 15 15 46 92*  2 2 2 0 

2011 14 14 43 93*  3 3 3 0 

2012 13 13 40 93*  4 4 4 0 

2013 13 13 38 88  5 5 5 1 

2014 12 12 35 88*  6 6 6 0 

2015 11 11 33 89*   7 7 7 0 
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Table 2. Modeled results (Navajo Dam Operations Model) of variable End of Water Year 

Storage Targets (EWYST) and percentage of years between 1971-2013 that were predicted to 

undergo a shortage or operational spill with the different targets in place.   

EWYST (ft) Shortage Spill 

6,000 49% 0% 

6,010 26% 0% 

6,020 16% 0% 

6,030 7% 0% 

6,040 5% 0% 

6,050 2% 0% 

6,060 0% 0% 

6,070 0% 21% 

6,080 0% 72% 
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Table 3. Annual mean (Mean), minimum (Min), and maximum (Max) modeled depletions (af) for 

the current 30 water users between 1929 and 2013 in the San Juan River Basin.  

        Annual depletion (af) 

State Type/Local Tribal Title Mean Min Max 

New 

Mexico 

Irrigation Tribal NIIP 206,500 120,700 243,000   
Hogback 7,900 5,900 9,400    
Fruitland and Cambridge 5,600 3,900 6,800    
Cudei 900 700 1,100    
NIIP Ground Water 200 (17,000) 7,400    
Jicarilla 100 0 100   

Non-Tribal Animas River 14,900 10,300 17,800    
Hammond Project 10,800 8,100 12,800    
Upper San Juan 8,300 6,100 9,800    
Farmers Mutual Ditch 6,200 4,500 7,500    
La Plata River 3,400 600 6,400    
Jewett Valley 2,800 2,000 3,200    
Above Navajo - Private 900 700 1,200  

Non-Irrigation 
 

4C Power Plant 28,800 25,500 28,800    
Navajo Evaporation 26,900 16,900 30,200    
SJ Generation Station 23,900 21,200 23,900    
Miscellaneous 11,600 11,600 11,600    
Bloomfield M&I 2,500 2,500 2,500    
Jicarilla M&I 340 340 340 

Colorado Above Navajo 
 

Pine 105,600 82,000 117,600    
Upper San Juan 32,800 26,200 38,600    
Piedra 17,500 13,100 19,500  

Below Navajo 
 

Florida 38,400 12,000 52,300    
Mancos 25,400 9,000 31,300    
Animas 18,500 14,200 21,900    
La Plata 16,200 5,700 23,800 

Utah 
  

Utah 12,300 12,300 12,300 

Other 
  

San Juan Chama 105,200 7,400 233,500    
Navajo Gallup 35,800 31,800 35,900    
Animas-La Plata 2,400 2,400 2,400 
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Figures 

 

Figure 1. Navajo Dam operation decision tree from the 1999 Flow Recommendations (Holden et 

al. 1999). Letters in each node were added to the original figure for reference. 
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Figure 2. Total annual San Juan River runoff (gray bars) and five year moving average (red line) 

of total annual runoff (million af) of the San Juan River at Bluff, UT (USGS gage 09379500) 

between 1929 and 2015. 
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Figure 3. First proposed revision to the Navajo Dam operation rule decision tree by Brian Westfall 

(BIA) and Susan Behery (BOR; BOR Tree). Major changes included removal of “look-backs”.  
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Figure 4. The four types of hydrographs developed for spring releases for Navajo Dam from the 

1999 Flow Recommendations (Holden et al. 1999). 
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Figure 5. Second proposed revision to the Navajo Dam operation rule decision tree by Susan 

Behery (BOR) and the PO (referred to as Flex Tree).  

 

 

 

 

 

 

 

 

 

Calculate Available Water (AW) under EWYST 

6050.   Is Available Water < 229,700?
--YES--> No release. EWYST changes to 6063 ft.

|

NO

|

V

229,700 af <Available Water <418,500 af --YES-->
Release Type 3.  EWYST changes to 6063 ft after 

release.

|

NO

|

V

Available Water > 418,500 af --YES-->
Release Type 4.  EWYST changes to 6063 ft after 

release.
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Figure 6. 2017 Navajo Dam operation decision tree for the San Juan River. See Box 3 for further 

details. 

 

 

 

 

 

 

 

Based on 6,063 ft 

EWYST, is there 

available water? 

No. Yes. 

No. 

Forgo spring 

release. 

Yes. 

Spring  

release. 

Is available water ≥ 292,000 af (based 

on 6,050 ft EWYST, less volume needed 

to maintain target base flows)? 

A 

B 

C 

E D 

Match Animas River peak, 3 

day ramp up, minimum of 

21 days at 5,000 (maximum 

of 60 days). After Animas 

River is spent, 14 day ramp 

down. 

B 

Other 

environmental 

flows, EWYST 

6,063 ft 

500-1,000 cfs base 

flow, EWYST 

6,063 ft 
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Figure 7. Modeled results of primary flow targets comparing the frequency and duration of San 

Juan River flows using the original 1999 decision tree and the 2017 decision tree between 1929 

and 2013. The open symbols denote flow variability at each target level using the original 1999 

decision tree. Filled symbols are the respective flow targets from the 1999 Flow 

Recommendations. The vertical bars denote the change in flow variability using the 2017 tree 

(black bars denote increases in frequency and gray bars denote decreases in frequency). 
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Figure 8. Modeling predictions of secondary flow targets for the four high flow metrics using the 

1999 and 2017 decision trees compared to the 1999 flow recommendation targets. 
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Comments and responses to first draft 
 

Below are comments (italics) and responses to those comments (bold) that were considered during 

the first revision of the Draft Revised Navajo Dam operating procedures for the 1999 San Juan 

River Flow Recommendations. 

 

Commenter: Tom Pitts, CC member representing Water Development Interests 

 

The document seems to say two different things.  It says it is NOT changing the 1999 Flow 

Recommendation (See title of document and lines 97, 154, 346) and it says it IS changing the 

1999 Flow Recommendations (see lines 122, 162, 364).    It is difficult to tell if changes are to 

the Recommendation and the Navajo Dam Operating Procedures or just the Procedures with the 

intent to achieve the higher flows. 

 

We have now tried to clarify that the SJRIP has not suggested changes to the 1999 Flow 

Recommendations but only have suggested changes to the Navajo Dam operating 

procedures.    

  

There is no discussion about improvement in the status of the endangered species under the 

current operating procedures, yet the report indicates confidence low flows are not 

helping.  (See lines 139 and 412). There needs to be an explanation of why low flow not playing 

a role in the improved status of the species and why the current frequency of high flows is not 

playing a role. it is? 

 

The purpose of this report was to accurately document the process by which the 1999 Flow 

Recommendations were reviewed and the Navajo Dam Operating procedures were revised. 

During this process, there was no discussion about the probability that the lack of high-

flow discharges in the river is aiding endangered fish recovery. Therefore, discussion of this 

proposition is not included in the report. 

  

The high flow release frequency has increased:  two more Type IV releases per decade (line 

336);  the duration between 10,000 cfs releases goes from 9 years to 7 years (line 

564),  and  target attainment from 10 years to 4 years (line 567).  However, the new operating 

procedures rely more on the Animas River to meet these targets (line 555).  If the increased 

system demand is truly concentrated in high runoff years, then this may not be a problem.  In 

normal years, where is the source of this increased volume?  It appears to come from 

the elimination of low flow targets that results in increased storage that is available for 

release.  If this is true, then why the increased reliance on the Animas River to meet targets? 

 

This is a good point, and the statement on line 555 likely led to this confusion. This sentence 

was simply trying to convey the fact that we can’t hit the high 8000 and 10000 cfs targets 

without relatively high flows out of the Animas. There is NOT an increased reliance on the 

Animas to reach targets with this new decision tree. This sentence has been reworded to: 

“However, flows from the Animas River largely dictate the ability of both models to reach 

flow targets >5,000 cfs in critical habitat because of discharge limitations from Navajo 

Dam.”  
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The document says the modification lowers the probability of shortage sharing (line 158) but 

also says that it increases the probability of shortage sharing by less than 1% (line 93).  Which is 

it?  It may be that both correct. Is the report stating that the recent drought is causing shortage 

sharing (see line 502) but the previous model did not include the recent drought? By 

implementing the modification, the probability of shortage sharing during droughts is 

lowered.  This needs to be clarified. 

 

These portions of the document have been reworded to reduce this confusion. Generally, if 

we are going to use the Gen4 hydrology model to quantify different probabilities of flows 

and shortages we needed to reword the goals of this process. Initially it was stated that we 

were trying to reach higher flow targets while REDUCING the probability of shortage. 

However, because the model runs using the 1999 Decision tree gave a zero percent 

probability of shortage (i.e., no year out of 84 experienced shortage in the model) it was 

impossible to reduce this probability, based on defining it by the model runs. Therefore, 

this verbiage has been reworded to state we were trying to increase the probability of 

reaching the high flow targets while keeping the chances of shortage sharing low.   

 

After further review of the model outputs, there is a slight increase in the modeled 

probability of shortage (from 0 to 1.2% or 1 year out of 84), and this shortage occurred 

following the back to back extremely dry years in  2002 and 2003. This level of probability 

of shortage was also corroborated by BOR initial model runs used to identify what levels to 

set the EWYST targets (see Table 2 above, e.g. EWYST 6,050 ft has 2% chance of shortage 

from results from the Navajo Dam Operations model). 

 

 

Commenter: Tom Wesche, BC member representing Water Development Interests 

 

On behalf of the Water Development Interests, I appreciate the opportunity to comment on this 

important Program document for updating Navajo Dam operation procedures in our attempt to 

better meet the 1999 flow recommendations while minimizing spill and the probability of future 

shortage sharing.  I continue to be supportive of the revised procedures we have developed 

through our workshop process and offer the following comments to hopefully clarify and 

strengthen this draft document. Once comments are received from all parties and a revised draft 

is developed, I would like to have an opportunity to review before it is finalized. Thank you. 

General Comment:  Overall, I found the document to be quite thorough, well-written, and 

understandable, although there are several exceptions to this that I will attempt to point out 

below with my more detailed comments. Also, the document would benefit from a short 

Summary/Conclusions section at the end.  I remain supportive of the revised procedures 

described and feel not only will they benefit our endangered fish recovery efforts, but also 

current water use and future development in the basin. 

A short Conclusion section has been added. 

 

More Detailed Comments and Edits (by line): 

Line 1 – Date and location information needs to be provided on the title page. 

Date and location have now been added. 
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Line 68 – Delete the first “and”. 

Done. 

 

Line 78 – Reword to say “higher discharges”. 

Done. 

 

Lines 88 to 94 – Some clarification is needed here at the end of the Executive Summary to be 

certain the reader has a clear understanding of the model results being reported.  First, I assume 

the comparisons between the 1999 and the 2017 trees were made with both trees based upon the 

revised available water calculation utilizing EWYST’s of 6050 and 6063 ft.  

Your assumption is not entirely correct; the models did not use the same EWYSTs we have 

now tried to make this clearer in the report. Several changes were made from the 1999 tree 

and these included, in addition to other factors, how “available water” was calculated each 

year. The 1999 decision tree did not ‘target’ an end of year pool elevation like the 2017 tree 

does, but rather it used a “minimum carry-over” storage level (~6,018 ft) when calculating 

the amount of “available water”. For example, if the predicted pool elevation at the end of 

the year was below 6,018 ft the 1999 decision tree would prescribe ‘no release’. If it was 

above 6,018 ft, there might be a release considering other factors (e.g., if a full hydrograph 

was recently released or not), but the model doesn’t target a specific pool elevation at the 

end of the year. Therefore, because there were several changes simultaneously made to the 

decision tree it is difficult to contribute one specific change to the observed model results.  

 

If this is not the case, there would appear to be little compelling evidence to move to the new 

2017 tree. Clarification is needed in regard to the comparisons being made.  

The compelling evidence to move to the new 2017 tree is the increased probability of 

reaching the higher flow targets while keeping the probability of shortage sharing low. The 

model results did indicate that using the 2017 decision tree with the new EWYSTs did 

result in shortage for a short period in January of 2004 after the extremely dry years of 

2002 and 2003. These model results show very similar probabilities of shortage compared 

to initial model runs conducted by BOR when evaluating new EWYSTS levels (i.e., 2% at 

EWYST 6,050 ft; see Table 2 above). Moreover, BOR also indicated that an EWYST of 

6,050 ft would provide protection against shortage for ~2 yrs, which it did in this case.  

 

Second, the frequency increases of 3 and 7% need additional explanation. Using the 7% value as 

an example, does this mean that a 3-year recurrence interval flood event would now have a 

recurrence frequency of 3.21 years (3 + (3x0.07)) or does it simply mean that in any given year, 

a flow of a given magnitude (e.g. 8000cfs) has an enhanced occurrence probability of 7%. 

Depending on a reader’s  background, these percentages could be interpreted either way.  

This is a good point. We now have tried to clarify that the model suggests that the annual 

probability of a given flow (for example 8,000 cfs target) has been increased by 7%. 

 

Thirdly, the final sentence here about shortage sharing is rather strangely worded and perhaps 

quite misleading. At first glance, I interpreted this to mean we did nothing to improve the 

shortage sharing situation by switching to the 2017 tree. However, based on my first point 

above, I don’t think this is the case. The original 1999 tree was based on an available water 
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calculation using a reservoir elevation of about 6018 ft, which according to Table 2, relates to a 

shortage sharing probability of about 18%.  Using the revised procedure, this percentage drops 

to about 0%.  This important difference needs to be clearly explained both here in the Executive 

Summary as well as later in the document on pages 23 to 26.  

This is partly true, but you are mixing “apples and oranges” here a little bit. The 6,018 ft 

used to calculate “available water” in the 1999 tree is not an EWYST, the 1999 tree doesn’t 

target a specific pool elevation at the end of the year. This 6,018 ft is rather a minimum 

carry-over storage level which is used to calculate ‘available water’ in the 1999 tree. We 

could have modeled the new EWYSTs in the 1999 decision tree and assessed those changes 

on the probability of shortage, however, the major goal of the changes to these operating 

procedures were to increase the probability of reaching the higher flow targets while 

keeping the probability of shortage low. We really don’t need model runs to tell us that 

adding an EWYST of 6,063 ft to the 1999 decision tree would reduce the probability of 

shortage, it would. However, that change would not be reflected in the model as a change in 

the number of years the basin went into shortage because it never did (i.e., no years out of 

84 experienced shortages with the 1999 tree). Moreover, just a change to a new EWYST 

doesn’t help the Program reach the higher flow targets that have not been met. Therefore 

we modeled the several changes simultaneously. 

 

Fourth, model error is mentioned on Line 94, but I don’t believe it is discussed elsewhere in the 

document. Do we have an actual estimate of what that might be or is an assumption being made 

here about model error? Either way, a brief discussion of model error in the body of the 

document would be helpful. 

This is a good point. However, there are a lot of different sources of potential error in the 

model which some may or may not be quantifiable. We really don’t have a good idea about 

how much error exists in the model and we should really keep that this model is an 

imperfect mathematical representation of hydrology in the basin rather than reality when 

discussing these results. We have removed this statement.   

 

Line 101 – Reword to read “responses of fish populations and habitat to variable…”. 

Done 

 

Line 108 – Is there a citation for Gen 1 Model? 

We have now included the Holden et al. 1999 citation for this statement. 

 

Line 140 – Reword to read “accompanying higher flows”. 

Done. 

 

Line 143 – Replace “larger” with “longer”. 

Done. 

 

Line 144 – Should be “elevated” base flows. 

Done. 
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Lines 156 to 163 –  Very long and convoluted sentence. Should be broken into two, with first ending 

at end of Line 158, and Line 159 beginning with, “These two changes, detailed in the 2017 decision 

tree, are 1)……… and 2)……..”. 

Done. 

 

Line 163 – Begin new paragraph with “The structure….”. 

Done. 

 

Lines 210 to 217 –  Add agency affiliation of each speaker. 

Done. 

 

Line 258 – Something is missing in sentence. 

Fixed. 

 

Lines 278 to 282 – Delete last sentence as it doesn’t seem to fit with preceding text. 

This sentence was omitted. 

 

Line 293 – Delete “or long range plan” as this is confusing with the Program’s LRP. 

Done. 

 

Line 295 – Suggest “research/monitoring”. 

Done. 

 

Line 372 – What is a “prescriptive hydrograph”? Brief explanation would be helpful. 

This was reworded to describe the four types of original hydrographs as well as added a 

figure at the request of another reviewer. 

 

Lines 427 & 428 – We may need to “tweak” a few monitoring projects to better evaluate flows, 

but I think this sentence is a bit over-stated regarding need for new future projects. 

We added ‘tweaked or developed’. 

 

Line 452 – Is this start of a new, major section or still a part of Workshop II? 

This is a section in Workshop II. 

 

Line 458 – Add “to” between “needed” and “meet”. 

Done. 

 

Lines 543 to 558 – See comments above for lines 88 to 94. Same apply here. This is where more 

explanation could be provided.  Also, the mention in Lines 557 and 558 regarding importance of 

Animas River flows in meeting higher flow recommendations needs to be included up front in the 

Executive Summary.  In Line 552, should it be “21” not 20 days? 

We have now included verbiage about the importance of the Animas runoff in meeting the 

higher flow targets. Line 552 should have read “21” not “20”. Good catch. 

 

Line 563 – Insert “of” between “duration” and “10”. 

Done. 
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Lines 573 to 575 –  Misleading. See comments above for lines 88 to 94. 

We don’t think this sentence is misleading. See response to similar comment above. 

 

After Line 575 – Add a Summary/Conclusions section here. 

Done. 

 

Box 1 and elsewhere – As we have little solid evidence to support the 10,000 cfs recommendation 

and no way to control flow to attain it without the Animas contribution, I suggest we consider 

merging it with the 8000 cfs recommendation and   simply calling it, “8000 cfs and greater”. 

During this process the Program participants agreed that these targets should not be 

changed until we have more information to actually evaluate them. Moreover, merging the 

8,000 cfs and 10,000 cfs target would effectively eliminate the 10,000 cfs as an actual target. 

 

Line 642 – Under Biotic 1., we should add “growth and survival” to spawning. 

Done. 

 

Line 685 – The mention of 350 cfs would appear to conflict with the 250 cfs mentioned in Box 1, 

Line 638. 

We have changed the “350 cfs” value in Box 3 to “not including water needed to maintain 

baseflow targets of 500-1,000 cfs” to avoid this confliction. This disparity occurred because 

250 cfs is the absolute minimum from the ROD while the 350 cfs is closer to reality to what 

is needed to maintain actual base flows, but this volume can be variable. 

 

 

Commenter: Bill Miller, BC member representing Southern Ute Indian Tribe 

 

Thank you for the opportunity to review and comment on the subject document.  I support the new 

modification to the operating procedures and feel it is an important modification needed to assist 

with recovery of the two listed species.  Overall it does a good job of documenting the process 

used to arrive at the proposed modification to the Navajo Dam operating procedures to meet the 

1999 Flow recommendations.  I recommend that the executive summary clearly states that the 

Flow recommendations were not changed, however, the operating procedures in the 1999 Flow 

recommendations were changed.   

This was made clearer in the executive summary. 

 

I recommend that the use of the rather vague terms “SJRIP” and “the group” be clarified to 

identify who was responsible for the discussion, decisions made and actions taken.  In most 

instances this can be clarified using the terms “SJRIP participants”, “BC members” or “Program 

Office staff” as appropriate.  The discussions and interim decisions are an important part of the 

process and should be clarified to inform the Coordination Committee members for the formal 

adoption of the report and modification to the procedures.  

We changed most of these vague terms to “SJRIP participants”. 
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I recommend the addition of a list of acronyms, which would be beneficial to readers not familiar 

with the SJRIP.  I also recommend consistent use of either the full name or use of acronym 

throughout the various sections of the document.   

Done. 

 

I have made additional comments in the MS Word version of the draft document.  Please contact 

me if you have questions. 

Comments were reviewed and addressed where appropriate. 

 

Commenter: Brian Westfall, BC member representing Bureau of Indian Affairs 

 

Thank you for drafting the “Update to Navajo Name operating procedures 

for the 1999 Flow Recommendations for the San Juan River” and providing 

the draft for comment. We have been hoping for something like this since 

2007 when we first recognized that the 1999 decision tree was calling for 

releases that were not effective in improving and maintaining habitat. We do 

have a few points that we think should be understood by the Biology 

Committee and should be clarified in the document. 

 

The executive summary states “The San Juan River Basin Recovery and 

Implementation Program (SJRIP) reviewed and revised the 1999 Flow 

Recommendations and Navajo Dam operations for the San Juan River.” This 

leaves the impression that the flow recommendations are being modified, 

when, in fact, only the Navajo Dam operating procedures are being changed. 

We suggest modifying the language to reflect what is actually being changed. 

This suggested change was made. 

 

We fully support the changes in the end-of-year storage target computations 

and the 2017 decision tree as presented in Figure 5 of the draft document for 

current depletion conditions. However, we are concerned that some may 

believe that this is the best operating procedure under all future conditions 

when it likely is not. The 1999 decision tree was based on baseline depletions, 

not current depletions and some of the statistics are still better with those 

operating criteria than the 2017 decision tree under baseline conditions (see 

the graphs below). For example, based on Gen 4 model runs completed by 

Reclamation, the 2017 decision tree results in longer maximum time between 

meeting the 8,000 cfs criteria under baseline depletions (Figure 2) when the 

goal is to meet those more frequently. We are not suggesting that the 1999 

decision tree be retained, but that the 2017 decision tree be qualified as best 

meeting the desired flow results in the river under current conditions. It 

should be further acknowledged in the document, that as more information is 

obtained, the decision tree can be modified in the future. 

This is a good point. We have added a “Conclusion” section that 

addresses this concern. 

 

We have added a few edits to the document with track changes, but have not 
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inserted language to address the concerns listed above. If the document 

acknowledges that the 2017 decision tree is designed for current depletion 

conditions and will be evaluated in the future as depletions increase and as 

more information is gained about the needed flows in the river to support 

recovery, then we can support this update to the 1999 Flow 

Recommendations. 

Please see the “Conclusion” section of the revised document. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


