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NOTICE 

Special Meeting 

Thursday, July 21, 1994 
1 :00 p.m. 

Conference Room 3A 
Department of Environmental Quality 

811 S. W. Sixth Avenue 
Portland, Oregon 

SPECIAL MEETING OF THE COMMISSION TO CONSIDER A 
REQUEST FROM THE NATIONAL MARINE FISHERIES SERVICE 

(NMFS) FOR A TEMPORARY RULE 

1:00 p.m. 

1:10 p.m. 

1:30 p .m ... 

1:45 p.m. 

2:15 p.m. 

2:45 p.m. 

3:30 p.m. 

Call to order 

Summary of Results and Impacts of 1994 National Marine 
Fisheries Service Supplemental Spring Spill Program 
(Gary Fredericks, NMFS) 

Summary of Results and Recommendations of the National 
Marine Fisheries Service Panel on Gas Bubble Disease 
(NMFS) 

Rationale for National Marine Fisheries Service Request 
for Temporary Rule on Total Dissolved Gas (NMFS) 

Staff Report on Request for Temporary Rule on Total 
Dissolved Gas (Robert Baumgartner, DEQ) 

Comment Period 

Commission Discussion and Action 

/ 



Notes: 

AGENDA 

ENVIRONMENTAL QUALITY COMMISSION MEETING 

Friday, July 22, 1994 

Pacific University 
Multi-Purpose Room 

University Center 
2043 College Way 

Forest Grove, Oregon 

REGULAR MEETING 

REGULAR MEETING BEGINNING AT 9:00 A.M. 

Because of the uncertain length of time needed for each agenda item, 
. the Commission may deal with any item at any time in the meeting. If 
a specific time is indicated for an agenda item, an effort will be made 
to consider that item as close to that time as possible. However, 
scheduled times may be modified if agreeable with participants. 
Anyone wishing to be heard or listen to the discussion on any item 
should arrive at the beginning of the meeting to avoid missing the 
item of interest. 

Public Forum: The Commission will break the meeting at approximately 
11:30 a.m. for the Public Forum if there are people signed up to speak. 
The Public Forum is an opportunity for citizens to speak to the Commission 
on environmental issues and concerns not a part of the agenda for this 
meeting. Individual presentations will be limited to 5 minutes. The 
Commission may discontinue this forum after a reasonable time if an 
exceptionally large number of speakers wish to appear. 

A. Approval of Minutes 

B. Approval of Tax Credits 

C. Boundary Expansion for Portland Area Vehicle Inspection Program 

0 



ENVIRONMENTAL QUALITY COMMISSION SPECIAL MEETING 
DEQ Headquarters, Room 3A 

1:00 p.m ~_,. 

1:10 p.m. 

1:30 p.m. 

1:45 p.m. 

2:15 p .m. 

12:45 p.m. 

3:15 p.m. 

3:45 p.m. 

4:30 p.m. 

811 SW Sixth Avenue 
Portland, · Oregon 

July 21, 1994 

Revised Agenda 

Call to Order 

summary of Results and Impacts of 1994 Na.tional 
Marine Fisheries Service Supplemental ·Sprinq Spill 
Program (Gary Predericks, . NMFS) 

Summary of Results and Recommendations of the 
National Marine Fisheries Service Panel on Gas 
Bubble Disease (Steve Grabowski, NMFS) 

Rationale for National Marine Fisheries Service 
Request for Temporary Rule on Total Dissolved Gas 
(Merritt Tuttle, NMFS) · . ~ 

Rationale for Tribal Fisheries ·Agencies Re~st for . 
Temporary Rule on Total Dissolved Gas (~ Pitt, 
Confederated Tribe of the Warm Springs Reservation, 
and Bob Beinith, CRITFC) 

Position of State Fisheries Agencies on need for 
TOG variance for summer supplemental spill proqram 
(Douglas DeBart and Phil Schneider, ODFW) 

Staff Report on Request for Temporary Rule on Total 
Dissolved Gas (Robert Baumgartner, DEQ) 

Comment Period 

Commission Discussion and Action r 

1 Please note the time set aside for State Fisheries Aqencies 



State of Oregon 
Department of Environmental Quality Memorandumt 

Date: July 21, 1994 

To: Environmental Quality Comm· 

From: Fred Hansen, Director 

Subject: Agenda Item 1, EQC 

Total Dissolved Gas Temporary Rule. Columbia River 

Statement of the Issue 

The Commission is requested to adopt a temporary rule for total dissolved gas (TDG) in 
the Columbia River. The request comes from the National Marine Fisheries Service 
(NMFS) dated July 6, 1994. A second submittal sent to the Governors of Oregon and 
Washington, a copy of which was sent to us, was received on July 18, 1994. This came 
from the Columbia River Inter Tribal Fish Commission (CRITFC). This submittal 
speaks to a daily average TDG of 120% and a maximum of 125 % . It is the 
understanding of the Department that this second submittal does not represent a separate 
request at this time but rather is intended to be information submitted in support of the 
NMFS request. 

The current applicable criteria is 110 % TDG. The proposed criteria for temporary rule 
adoption provided by the NMFS: 

an average of 115 % TDG with a maximum of 120%, until August 23, 1994: 

The NMFS request is supported by their Biological Opinion for the operation of the 
Columbia River projects through 1998. 

The Commission is asked to adopt an temporary rule for TDG in the Columbia River to 
support a summer spill program. This rule would be similar to, and address the same 
issues as the temporary rule provided for a spring spill program. The maximum 
allowable period for temporary rule is 180 days. Since the Commission has already 
adopted two temporary rules on this same issue, the maximum time period that this 
proposed temporary rule could be operative is reduced by the 41-day period of the 
previous temporary rules, for a maximum of 139 days or through December 7, 1994. 

tAccommodations for disabilities are available upon request by contacting 
the Public Affairs Office at (503)229-53 l 7(voice)/(503)229-6993(TDD). 
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Backi:round 

One stock of salmon in the Columbia River has been identified as endangered; Snake 
River sockeye, and two as threatened; Snake River spring/summer chinook, and Snake 
river fall chinook. The NMFS has developed plans for addressing flow management and 
fish passage alternatives in the Columbia River. The methods of fish passage and 
relative benefits of these alternative transport options are debated. Consensus estimates 
of overall survival relative to alternative transport methods for juvenile fish passed 
through the Columbia, or as returning adults are not available. 

One method of fish passage is increased spill. Increased spill results in reduced 
mortality at each dam compared to turbine passage, resulting in improved system in-river 
passage survival for juveniles. The NMFS also believes that increase spill results in an 
unmeasurable decrease in mortality of adult "fall backs" . 

Potential benefit from transport, via truck or barge, is debated, especially when 
measured as adults returning to spawning grounds . The relative increase in-river 
survival associated with spill is debated, often dependent upon controversial model 
application and model parameter selection. Total in-river passage, which excludes 
barge or truck transport, mortality for the summer juvenile migrants is variously 
estimated as greater than 95 % to 99 % . 

The ODFW citing the "FLUSH" model estimated improved survival for instream 
migrants of z 45 percent measured relative to the in-river passage survivors. For 
example, if in-river passage mortality was 99 % , in-river survival would then be 1 % [1-
(99%/100)]. Under a higher spill program achieving 80% fish passage efficiency, a 
45 % increase would result in an increase for in-river_ passage survival increasing the 
estimated of 1 % to near 1.45 % . The in river passage mortality would decrease from 
99.00% to 98.55%. Although the overall net difference for in-river passage appears 
small, the estimated difference relative to the survivors of 45 % is significant. 
Information provided by ODFW estimates a range of in-river survival that depends on 
both reservoir volume management option and spill alternative that range from 0. 3 % to 
2.9%. 

The Bonneville Power Administration (BPA) applies a different model "CRiSP", which 
includes an estimate of the impact of elevated gas pressure on in-river survival, for 
assessing the NMFS flow requests. The predicted in-river survival improvement is 
limited, 1. 1 % for the current levels of spill and 1.13 % under the biological opinion 
spills for a comparative increase of < 3 % . There is no estimate of differential survival 
for an option of ·80% FPE for comparison with the estimates provide by ODFW. To 
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simulate overall system survival through the estuary the "CRiSP" model calculates both 
transportation and in-river passage survival. The model simulates an overall system 
(transport + in river) survival of 25 .12 % under the current spill levels and 25 .15 % 
under the biological opinion spill levels. The benefit, if any, of transport measured as 
adults returning to the spawning grounds is debated . 

Increased spill will result in increased levels of TDG. The effect of TDG has been 
extensively studied in the laboratory, however, limited field studies are available. 
Elevated levels of TDG can result in direct acute mortality, or sub acute mortality. The 
response of fish and aquatic life to elevated levels of TDG depends on several factors 
including hydrostatic compensation. Fish and aquatic life would avoid the effects of 
GBD if they increase total pressure by moving to deeper water. However, it is debatable 
how effective fish are at detecting and avoiding the influence of elevated gas pressure 
through hydrostatic compensation. Information on the depth distribution of fish in the 
Columbia River is limited. 

The benefits of increased spill can only be achieved up to the point where negative 
impacts due to elevated gas pressure occur. Precise prediction of mortality in the 
Columbia River cannot be made. The degree of risk associated with elevated gas 
pressure is provided in a large body of published and peer reviewed literature. The 
perception of risk associated with elevated gas bubble disease will in part depend on the 
duration of exposure, the degree of exposure, and any deference given to in-situ studies 
in contrast to controlled laboratory studies. 

The risk associated with alternative criterion levels is discussed in the attached report, 
and summarized in the following table: 
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Summary, Acute risk associated with elevated TDG levels 

TDG Reference Risk 

< 105 Current criteria Negligible risk under al"most all circumstances. 
for shallow water 

- 110 Current Mortality threshold under prolonged exposure under 
criterion. shallow water (1 m) conditions. Method of mortality 

may be indirect and uncertain. Negligible risk where 
depth compensation available. 

- 115 Acute Threshold Direct mortality thresholds identified for juveniles and 
for juveniles and adults. Signs of GBD will become apparent as bubbles 
adults in shallow in gills and blood circulatory system. Depth 
water compensation would add additional levels of protection. 

120- Acute threshold Apparent threshold for juvenile salmonids held in deep 
125 for juveniles in volition live cage studies in Columbia River. Risk of 

field studies. mortality depends upon duration of exposure. 

125 to Significant signs From field bio-assays the degree of impact and rate of 
130 and mortality, mortality is dependent upon exposure duration and TDG 

field bio-assays level. Any appreciable duration above these levels 
could be expected to result in some mortality to 
migrating juvenile salmonids. 

130+ Acute levels Field bio-assays and historical observations of acute 
response. 

There is less information available for assessing the potential impacts to other aquatic 
life existing in the Columbia River. Increased levels of TDG would increase the risk to 
resident salmonids and other aquatic life, especially those inhabiting shallow water 
habitats. Limited information collected by NMFS during the spring spill program 
indicate that levels of TDG near 115% did not result in external signs, or increased 
mortality to resident fish. 

Authority to Address the Issue 

The EQC has authority to adopt rules, including water quality standards, under ORS 
468.020 and 468B.048. 
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Alternatives and Evaluation 

There are three alternatives; 

1) reject the NMFS proposal, 
2) accept the NMFS proposal, or 
3) develop an alternative temporary criteria for TDG in the Columbia River. 

In order to proceed with options 2 or 3 the Commission must make a statement of its 
findings that failure to act promptly will result in serious prejudice to the public interest 
or the interest of the parties concerned and the specific reasons for its findings of 
prejudice. 

The supporting information for a finding of prejudice is contained in the NMFS 
biological opinion. Efforts to protect the threatened and endangered salmon include a 
variety of efforts. Included in these efforts is the spill program. To achieve the benefits 
of the spill program will require modification of the TDG criteria for the Columbia 
River. 

The requested temporary criteria of 115 % TDG level is not without risk. The level of 
risk is difficult to quantify . However, 115 % TDG levels would be expected to be below 
the direct lethal thresholds for migrating juvenile or adult salmonids even under shallow 
depths. Depth compensation and limited exposure periods to intermittent spills would act 
to further reduce the potential risk to adult and juvenile salmonids. It is unlikely that 
migrating juveniles would be at shallow depths for long enough exposure periods to 
result in direct mortality due to elevated gas pressure. Although estimates of risk are 
not precise, the described benefits of the spill program appear to justify any potential 
additional risk of mortality associated with elevated levels of TDG in t_he range of 115 % , 
with a maximum of 120 % TDG. 

The 115 % TDG criteria allows the NMFS to achieve the spill levels defined in their 
1994-1999 biological opinion. Therefore, option 3 for an alternative temporary TDG 
criteria is not recommended, nor is an alternative TDG criteria evaluated in this report. 
However, the long term enhancement of the threatened and endangered salmonid stocks 
in the Columbia River may need to evaluate the risk associated with higher levels of 
TDG and benefits to instream survival from higher spill levels. 

Summary of Any Prior Public Input Opportunity 
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Given the timing of the submittal by NMFS the Department has had no time to allow for 
public or peer review of the information presented or staff reports. 

Conclusions 

•The spill program is an integral component of the NMFS biological 
opinion, and efforts to protect and preserve threatened and endangered 
stocks of salmonids in the Columbia River. 

•The benefit of increased spill for passage over the dam compared to turbine 
passage for migrating juvenile salmonids is generally accepted at a range of 5-
18 % mortality for turbine passage and 0 to 3% for spill, per dam. 

•Overall in-river mortality is high with estimates ranging from above 95 % to 
near 99 % . The net benefit of the spill program on overall in-river survival is 
debated, and estimates are dependent upon model theory and assumptions. 
However, even a small percentage increase in juvenile instream survival of the 
threatened or endangered fi sh is important. The net benefit to system survival is 
further debated due to alternative transport methods of fish passage. 

•The benefits of spill can be achieved as long as the risk to mortality of increased 
TDG, whether direct or indirect, do not outweigh the benefits of the spill 
program. 

•The proposed level of TDG of an average of 115 % , with a maximum of 120 % 
approaches thresholds identified as directly acute for long exposure in shallow 
water for adult and juvenile fish . Depth compensation and in termittent exposure 
will reduce the relative risk associated with a TDG level of 115% . The 115% 
level is below a threshold of observed acute conditions in field studies (120% 
TDG). 

Proposed Findines 

The proposed spill request is an integral component of the NMFS biological opinion. 
Failure to act will jeopardize the ability to achieve the goals described in the biological 
opinion for protecting migrating juvenile salmonids. 

The benefits of spill can be obtained without undue risk due to elevated gas levels in the 
Columbia River at levels of 115 % TGP. 
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Recommendation for Commission Action 

As presented in Attachment A of the Department Staff Report together with the 
supporting findings presented in Attachment B, it is recommended that the Commission 
adopt the proposed temporary rule for TDG in the Columbia River. 

Attachments 

A. Proposed Action, temporary rule. 
B. Supporting Findings, A.G. Approval. 
C. Staff reports . 
D. Statement of need. 

Reference Documents (available upon request) 

Available upon request 

RPB 

1. Statutory Authority 
2. Applicable Rule(s) 
3. Supporting Technical References 

Approved : 

Section: 

Division: 
\ 

Report Prepared By: Baumgartner, Robert P . 

Phone: 229-5877 

Date Prepared: 7 /20/ 84 

e:\wp51 \tdgofsta 



Draft 
TEMPORARY RULE 

Total Dissolved Gas - Columbia River 

340-41-155 Effective on filing and until 
December 7, 1994, ending on midnight that day. 
This rule supercedes paragraphs 340-41-
205 (2) (n), 340-41-445(2) Cn), 340-41-485(2) Cn), 
340-41-525(2) Cn), 340-41-565(2) Cn), 340-41-
605(2) Cn) and 340-41-645(2)(n) as these 
paragraphs apply to the Columbia River. In 
the Columbia River, the Total Dissolved Gas 
(TDG) concentration relative to atmospheric 
pressure at the point of sample collection may 
exceed the current standard of 110 percent. In 
no event, however, may the TDG exceed 12 O 
percent, or a 24-hour average of 115 percent. 
The purpose of this temporary rule is to 
provide for emerqencv assistance to 
outmiqratinq salmon smolts in the mainstem of 
the Columbia River via increased spill over 
the mainstem dams . The responsible agency or 
aqencies shall develop a monitoring plan 
acceptable to the Department. The responsible 
agency or agencies shall conduct monitoring 
for TDG concentrations and for the incidence 
of gas bubble disease (GBD) sufficient to 
determine whether the resultant TDG 
concentrations cause a signif i c ant increase in 
GBD as determined by the Department. If such 
an increase in mortality is documented, as 
determined by the Director, the Director shall 
make such alteration in the maximum allowable 
TDG level, until a satisfactory level is 
achieved. 

Attachment A 



Statement of Findings of Serious Prejudice 
and 

Attachment B 

Attorney General Approval of Temporary Rule Justification 

Agency: 

Temporary Rule: 

Environmental Quality Commission 

OAR 340-41-155 Relating to Total Dissolved Gas in the 
Columbia River 

1. The Environmental Quality Commission finds that its failure to promptly take this 
rulemaking action will result in serious prejudice to the public interest and to all individuals 
and groups that have a commercial, recreational or social interest in the enhancement of 
anadromous fish in the Columbia River. 

2. This finding of serious prejudice is based upon the agency's conclusion that the 
following specific consequences would flow from failure to immediately take this rulemaking 
action: 

Very recent data have revealed that the populations of adult salmon in the Columbia 
River basin are dangerously low. 

The responsible state and federal fi sh management agencies, especially the National 
Marine Fisheries Service, have determined that migration efforts should be diversified by 
spilling additional water from certain mainstream dams on the Columbia River. In addition, 
a federal district court recently ruled that the prior migration plan was inadequate and did not 
comply with federal law. 

Additional spills would likely violate the state's instream water quality standard for 
total dissolved gases in the Columbia River. The rule would temporarily raise the total 
dissolved gases standard, thereby permitting the spills, subject to several conditions. The 
conditions include a requirement for careful monitoring of possible impacts of the spills and 
preserve the authority of the Department of Environmental Quality to return to a lower total 
dissolved gases standard if there is significant increase in fish mortality. 

3. The agency concludes that following the permanent rulemaking process, rather than 
taking this temporary rulemaking action, will result in the consequences stated above because 
the current outmigration of juvenile smelts will be complete before a permanent rule could be 
adopted. 

B-1 



4. This temporary rulemaking action will avoid or mitigate these consequences by 
allowing for additional, immediate spills at certain dams without violating state water quality 
standards. 

ON BEHALF OF THE COMMISSION: 

Date Fred Hansen, Director 

I.have reviewed this temporary rule as required by Oregon Laws 1993, chapter 729, 
section 6, and find that the above statement of agency findings is legally sufficient. I 
therefore approve this rule as required by, and for the purposes of, Oregon Laws 1993, 
chapter 729, section 6. 

Date Assistant Attorney General 

B-2 



Attachment C 

Staff Report 
Review of the NMFS request for temporary rule modification 

relating to the TOG criteria for the Columbia River 

Summary: 

The National Marine Fisheries Service (NMFS) has requested that the 
Environmental Quality Commission modify the existing standard for 
total dissolved gas (TOG) to an average of 115%, with a maximum of 
120% for the purpose of enhancing juvenile salmonid survival 
through the Columbia River Dams by increasing spill passage. The 
increased spill will result in exceedance of the 110% standard. 

The existing dissolved gas criteria are based on a review of the 
available laboratory and field studies describing the effects of 
elevated TOG including compensation by depth. The benefits of 
additional spill on in-river survival did not appear to be a 
substantial concern during the standard development. 

The benefit of increased spill to survival past a project appears 
to be reasonably well agreed upon. The relative change in survival 
over a dam depends both on changes in the fish passage efficiency 
(FPE) and differential survival rates by turbine and spill passage. 
Net system survival is more difficult to quantify and depends on 
potential benefits from transportation options, and a variety of 
factors influencing reach mortality. Overall system survival is 
low, with an estimated 95-99% mortality for in-river migrants. 
Quantifiable estimates of alternative transport strategies were not 
obtained, nor could such estimate be derived from the information 
presented. However, the survival at each project is quantifiable, 
and even small increases in net in-river survival may be important. 

Precise measures of the influence of gas pressure on system 
mortality are not available. The effect of passage methods and TOG 
on system mortality are debatable. Analytical models have been 
developed to assess risk, however, neither the assumptions driving 
the models, nor the results are universally accepted. It is not 
possible with the information presented to calculate where the net 
benefit of spill to system survival is offset by the effect of the 
associated increase in TOG on system mortality rates. 

The benefit of spill can be obtained only up to the point where the 
risk of mortality due to elevated TOG outweighs the benefits of 
spill. Lack of specific scientific information makes professional 
judgement difficult. The dilemma presented by this request is to 
balance the perceived benefits of spill with the perception of risk 
associated with higher TOG levels. 

Perceptions of risk associated with elevated TOG levels have 
recently been presented by to the Commission by several noted 
researchers. No new published information has been documented 

1 
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since these presentations. Based on a 
available information, the perception of 
various levels of TDG are described below: 

limited review of 
risk associated 

the 
with 

Summary, of risk associated with alternative levels of TDG (% saturations) 

<105 Negligible Risk: A safe level under most if not all circumstances. 
Intensive laboratory studies indicate that below this level is safe 
for hatchery conditions. Levels above 105% may increase mortality 
under periods of prolonged exposure under shallow conditions. 

<110 Negligible Risk where de:Qth com12ensation is available: For fish at 
depths of greater than 1 meeter there is not ·indication of elevated 
mortality . Prolonged exposure under shallow water conditions may 
result in increased mortality or the appearance of signs of GBD. 
Only in special circumstances, such as hatchery raceways has 
direct or indirect mortality been observed between 105-110%. 

-115 Acute threshold shallow water 1 chronic conditions with de:Qth 
com12ensation: Signs of gas bubble disease are predicted and 
include cardiovascular system bubbles, bubbles in the gill lamella, 
and skin blisters at shallow depths . The influence of the signs of 
GBD on direct mortality, or secondary mortality due to infection or 
other mechanism is not known . Bubbles in the vascular system 
indicate some potential of mortality to the organism. Thresholds 
are defined near this range for direct mortality in adults and 
juvenile salmonids, under extended duration . Depth compensation 
would add additional protection. 

120- Field observation acute threshold 1 juvenile salmonids: A smaller 
125 body of literature describes ambient measurements o f GBD. By 

dismissing the results of laboratory studies, the field studies 
indicate a direct mortality threshold for juvenile migrating 
salmonids . Fish that do not sound , or are restricted to shallow 
water would be at significant risk. Little information is 
available for other than juvenile migrating salmonids. Low levels 
of mortality is only documented for long duration exposure in live 
cages. Potential secondary impacts due to pi::edation are not 
defined . 

125- High Risk 1 field studies: Significant mortality may occur in short 
130 periods, s ignificant external signs if GBD are observed in 

relatively short tests (20 days). Substantial periods above 125 
would be expected to result in acute mortality. 

>130 Acute c onditions: Indication of acute levels exceeded 

Recommendation on the NMFS proposal: 

The Department recommends a temporary rule modification consistent 
with the spill request provided by the NMFS. 

The proposed 115% is not a no risk level of TOG. The potential 
risk appears limited under the spi ll program and appears outweighed 
by the expected increased survival associated with spill over the 
dams. However, relative benefits would be difficult to quantify 
with precision. 
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The 115% criteria provides a threshold for acute conditions, under 
extended exposure for both adults and juvenile salmonids in shallow 
water. Depth compensation would be expected to provide an added 
level of protection. However, even without substantial depth 
compensation acute conditions may not be encountered due to 
temporal spill patterns proposed. 

The potential for sublethal effects can not be dismissed. Chronic 
signs of GBD that may occur include bubbles in the gill lamella and 
cardiovascular system if fish spend time near the surface. Bubbles 
would be expected to grow only under shallow depths, but once 
developed may continue to grow. Depth compensation would be 
expected to provide additional assurance against sub-acute 
mortality. The relationship between signs of GBD and mortality is 
not well defined. 

Basis for the Current Standard: 

The current Total Dissolved Gas 
standard was developed in 1979. 
The issue paper describing the 
TDG criteria addressed several 
of the issues currently being 
debated. In the development of 
the standard the knowledge that 
hydrostatic compensation occurs 
was evaluated. In developing 
the standard available instream 
bio-assays, and laboratory 
studies using deep tanks and 
instream observations of fish 
depth distribution were 
evaluated. 

The criteria developed 
identified a 105% saturation 
level for shallow water and the 
110% level for river systems 
where depth compensation, such 
as in the Columbia and lower 
reaches of the Snake rivers was 
possible. One of the most 
critical conditions was believed 

Findings 1979 TOG Issue Paper 

• When juvenile or adult salmonids are 
confined to shallow water substantial 
mortality occurs at 115% TOG or above 

• Some mortality occurs in shallow 
water at 110-115% TGP. These and 
higher levels of TOG may be safe for 
wild fish if they sound to 
compensatory depth. 

• When juvenile or adult salmonids are 
free to sound to obtain hydrostatic 
compensation, in laboratory or field 
studie s, substantial mortality st i ll 
occurs when TOG exceeds 120% 

• Juvenile salmonids subjected to 
sublethal levels of TOG can recover if 
returned to normally saturated waters, 
but adults may die from direct and 
indirect effects of exposure. 

• Higher survival was observed during 
periods of intermittent exposure than 
continuous exposure 

to be when adult salmonids searched for and entered fish ladders. 
During this time they might be restricted to depths of near 6 feet. 
The criteria were recognized as being conservative with a margin of 
safety. However, the criteria appears consistent with current 
standards being developed based on extensive review of current 
literature by Environment Canada (Fiddler and Miller (1994) DRAFT). 

Difference between 1979 standard development and current issues: 
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The principle question when the criteria was developed was how 
conservative the criteria should be, five (5) respondents believed 
the criteria should be 105%, five (5) believed 110% was 
appropriate, and one (1) believed neither could be achieved. There 
was recognition that many factors influenced survival in the river. 
During low flow years, the level of TOG was not an apparent 
problem, such as in 1973, and gas bubble disease (GBD) was not 
observed. Typical summer ranges of TOG in the McNary forebay for 
the years 1983-1993, range from 100 - 115% TDG, with averages on 
the Oregon side being near 110% TOG. The levels of TDG at 
Warrendale were typically less than 110% TOG (Data from Fish 
Passage Center) . 

Since the time the standards were developed one species of salmon 
hase been listed as endangered, Snake River sockeye (Onchorhynchus 
nerka 12/20/91), and two as threatened, Snake river spring/summer 
chinook salmon (0. tshawytscha ) and the Snake River fall chinook 
salmon ( o . tshawytscha 5/22/1992). Multiple interacting factors 
have apparently lead to the decline of these species. One 
documented action influencing survival is the differential 
mortality related to outmigration passage strategies. It is 
generally agreed that survival of downstream migrating juveniles is 
re la ti vely greater if passed by spill as compared to turbine 
passage. However, spill results in increased TOG levels, and the 
ability to optimize spill is constrained by achievement of the TOG 
standard. In the development of the standard the dilemma of the 
counteractive influence of spill requirements and the TOG gas 
criteria was not considered. The benefits of spill on the survival 
of migrating juveniles may influence the impression of an 
appropriate margin of safety associated with the standard. 

BACKGROUND: 

The National Marine Fisheries Service (NMFS) is the federal agency 
having the primary responsibility for actions taken under the 
Endangered Species Act to protect federally lis ted stocks of fish. 
The NMFS developed a biologica l opinion for the operation of the 
Federal Columbia River Power System in 1993. Exception to the 
biological opinion was identified by the State of I daho, and 
subsequently by other states and tribes. In his decision Federal 
District Court Judge Malcolm F. Marsh observed that the NMFS has 
clearly made an effort to create a rational, reasoned process for 
determining how the action agencies (Federal Agencies operating the 
Columbia River Projects) are doing in their efforts to save the 
listed salmon species. But the process is seriously, 
"significantly flawed", flawed because it is too heavily geared 
towards a s tatus quo that has allowed all forms of river activity 
to proceed in a deficit situation-- that is, relatively small 
steps, minor improvements and adjustments. Instead of looking at 
what can be done to protect the species from jeopardy, NMFS and the 
action agencies have narrowly focussed their attention on what the 
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establishment is capable of handling with minimal disruption. 

On March 16, 1994 the NMFS issued a 1994-1998 biological opinion 
covering the Federal Columbia River Power System Operations for 
1994-1998. In Review of the 1994-98 biological opinion Judge Marsh 
indicated that this biological opinion appears to have similar 
deficiencies. 

Responding to a request from the NMFS, the EQC on May 16, 1994 
adopted a temporary rule allowing TDG levels to increase to and 
average 120% TGP. The temporary rule was in effect until June 20, 
1994. Due to a high frequency of internal signs of gas bubble 
disease in hatchery steelhead the NMFS reduced spill in the 
Columbia River resulting in levels of TDG below the 120% criteria. 

The NMFS convened a "working group" of ·scientist to review the 
results of the monitoring and provide recommendations to the NMFS. 
A presentation of the finding of this group are attached. Since , 
individual members of this group continue to provide clarification 
the report may either be draft or not be a consensus opinion. 

Although a similar summer spill was identified by the NMFS and 
other fisheries agencies, lack of an identified spill request 
resulted in cancellation of two special commission meetings. On 
July 6, 1994 a request for temporary rule modification was received 
from NMS and supporting information received from ODFW on July 8, 
1994. The EQC agreed to hear the request from NMFS on July 21, 
1994. On July 18, 1994 a alternative request for rule modification 
was received from the Columbia River Intertribal Fish Commission. 

Requested Action: 

The National Marine Fisheries Service (NMFS) requests modification 
of the current Total Dissolved Gas (TDG) criterion for the Columbia 
River to an average of 115% TDG with a maximum of 120% TDG. The 
justification for the request is contained in the 1994-98 
Biological Opinion. 

The Columbia River Inter-Tribal Fish Commission (CRITFC) requests 
a modification of the standard using the same language as developed 
in the spring spill program of an average of 120% TGP with a 
maximum of 125% TGP. The CRITFC request is designed to support an 
aggressive management action in response to apparent salmon stock 
collapse observed this year in the Columbia (CRITFC DRAFT) and is 
supported by a (DRAFT] scientific rational. 

As of the development of this· staff report the EQC had agreed only 
to discuss the NMFS request. 

SUMMARY of NJ.v.CFS Spill Request: 
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The NMFS summer spill program 
would begin immediately and 
extend through August 23, 1994. 

The controlled Spill provides a 
method for passing juvenile fish 
past the hydroelectric 
facilities with relatively low 
mortality. The summer spill is 
identified as being especially 
important since the summer 
migrants apparently do not guide 
through turbine bypass systems 
nearly as well as the spring 
migrants. 

There are three principle 
methods for juvenile passage: 
spill, turbine, and transport. 

: 1994 
I NMFS spill Program, Summer 

I 
Location Spill TDG 

Ice 25 Kcfs, 24-hours 120% 
Harbor 

McNary As required 115% 

John Day 20% of project 115% 
flow for 10 hours 

The 15% of project 115% 
Dalles flow for 8 hours 

Bonne- 42% of project 115% 
ville flow for 24 hours 

The relative merits of the passage methods are debated. The 
relatively better survival due to spill bypass as compared to 
turbine passage appears reasonably well accepted (NMFS Biological 
Opinion and CRITFC DRAFT) . 

The NMFS cites ranges of mortality for turbine passage are 10-19% 
for yearling salmon and 5-15% for subyearling, spill mortality 
ranges from 1 to 3%. The CRITFC cites a spill survival of 98%, and 
85% for turbine passage and provides a range of survival associated 
with turbine passage of 8-35 (32% SIC), with 15-18% for subyearling 
chinook at Bonneville (I) and (II) respectively ( Holmes 1952, and 
Giorgi and Stuehrenberg 1987 in CRITFC) . 

Estimates of 
relative system 
survival related to 
the different 
passage methods are 
not provided. The 
attached table 
provides examples of 
estimated passage 
survival at various 
projects during the 
summer spill 
program. Passage 
survival estimates 
used direct spill 
mortality of 2 and 
3%, and turbine 
mortality of 5,15, 

Example 
summer 

Loca-
ti on 

Ice 
harbor 

John 
Day 

Dalles 

Bonne-
ville 

calculations, relative influence of 
spill program 

Calculated Differential 
Survival survival 

Base Spill Base Spill Spill- @80% 
FPE FPE base FPE 
45 ?? 91 ---- --- 3.5 

(88-96) 
37 37 91 91 0 4 . 4 

(88-96) (88-96) 

48 43 92 92 -0.3 3.2 
(89-96) (89-96) 

32 50 90 92 1.8 4.5 
(87-96) (90-97) 

and 18% to develop ranges. The averages were determined as the 
mean of all the various combinations of spill and turbine mortality 
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for. The fish passage efficiencies (FPE) were obtained from the 
NMFS biological opinion. 

Relative survival is calculated as the difference between the 
survival estimates under the proposed spill and the base 
conditions. The base condition may not accurately represent the 
conditions that would occur without spill this summer. Survival is 
calculated as the percentage of fish avoiding turbine passage (FPE) 
multiplied by spill survival plus the percentage of fish passing 
through turbines (1-FPE) multiplied by the survival rate for 
turbine passage. Greater ·relative survival would occur if the 
identified objective of 80% FPE were obtained.· 

Total system mortality due to the hydrosystem could exceed 95% of 
the juvenile summer migrants as document during similar low flow 
years (CRITFC 1994) . 

The Bonneville Power 
Administration uses the CRiSP 
model for theoretically 
addressing system survival under 
different · transport methods. 
Recent application of this model 
suggests that mean in river 
survival through the river is 
low (1%) and therefore relative 
differences between alternative 
is also low. The relative 

Survival 
runs, D. 

Current 

Spill 

Result of CRisP model 
Askren (1994) 

In-River In River + 
Transport 

1.10 25.12 

1.13 25.15 

increase in survival of in river passage is 3% ({1.13-1.l}/1.1 
*100). However, the value of any increase in these stocks of fish 
is significant. Modeled survival estimate depend strongly on the 
assumptions made. 

The ODFW provided, on 
7/19/94, survival estimates 
for fall chinook in 1994, 
using 1992 as a surrogate 
flow year. Various reservoir 
management options were 
evaluated along with five 
alternative spill programs. 
The results demonstrate that 
management options on 
reservoir volume control and 
spill alternatives can be 
predicted to have significant 
influence on instream 
survival. Although there is 
no information to indicate 
that 40 KCFS minimum and a 
120 KCFS minimum in the 

Selected results of "FLUSH" model runs 
for alternative reservoir management 
options and spill alternatives (ODFW, 
1994) 

% In River 
Survival 

MOA 80% FPE 
spill at all 

Projects 

Base 0 .3 0.4 

40 KCFS Snake 1.8 2 . 9 
160 KCFS in 
Columbia 

Columbia river is planned or achievable through July, the model 
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estimates an improvement of 61% [(2.9 %-1.8)/1.8 * 100] in river 
survival . The ODFW has estimated an improv ement of 4 5% at the 80% 
FPE level. (Boyce, Person. Communication, 1994). 

The estimates of system survival that have been presented do not 
appear to be either very accurate or precise and may be greatly 
influenced by modelling assumptions . Overall system survival is 
greatly influenced by transportation. The NMFS biological opinion 
states that because of less favorable river conditions during the 
summer migration period, it is likely that transport positively 
affects the survival of Snake River fall chinook to greater degree 
than for spring migrants . The CRITFC cites the Ad Hoc 
Transportation Review Group (1992) that there is information that 
indicated that transportation may hav e reduced surv ival of wild 
Snake River spring and Chinook to spawning grounds. There is 
substantial disagreement on the overall benefits of transport to 
system survival and adult returns. Other factors influencing 
system survival, such as predation, temperature, travel time are 
also difficult to predict and accurately simulate. 

Adults that fallback may also be benefited by increased spill. 
Both the NMFS and CRITFC identify potentially reduced mortality due 
to "fallback" of adults through eithe r turbine s o r spillways. 
Extended spill programs are qualitatively expected to increase 
survival of "fallback" salmon, but quantitative estimates are not 
available. Fallback of adults can be significant, greater than 50 % 
(Monan and Liscom (1975) in NMFS biological opinion and mortality 
in steelhead was measured as 22-41% (Wagner a nd Ingram 1 973 in NMFS 
Biological Opinion) 

Precise and accurate estimates of survival under alternative 
strategies are not available. Predictions made using various 
models (e.g. FLUSH CRiSP.1) appear debated by different 
ma nagement agencies. In his opinion Fe deral J udge Marsh observ ed 
that the NMFS made concededly rough estimates of passage mortality 
for the purposes of relative comparisons and that further 
apportionment, although desirable, is not possible with any degree 
of reliability. 

With the infor~ation available it is not possible to dev elop a risk 
assessment that compares the relative mortality due to alternative 
methods for passage and the level of dissolved gas that would be 
associated with the various spill options. The benefits of passage 
alternative and the risk associated with Total Dissolved Gas (TDG) 
concentrations are debated and predictions are not precise. It is 
generally agreed, as illustrated in the example calculations, that 
there is overall benefit to spill as compared to turbine passage. 
The benefits of the spill can only be achiev ed up to the point 
where gas pressure levels result in decreased s y stem surv i v al . 

TDG and associated risk: 
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Extensive literature reviews were used to develop the current 
dissolved gas criteria. There have been relatively recent 
published and peer reviewed compilations and evaluations of 
available dissolved gas literature, including Fiddler and Miller 
(1994), and Jensen et al (1986). Compilation and reviews of TOG 
literature are also available in Weitkamp and Katz (1980, 1973) and 
Ebel et al (1975) and Weitkamp (1977). These reports and others 
are discussed in previous review by the Department (Spring spill 
request) and memoranda (attached). 

Information developed since the current TOG criteria was developed 
in 1979 have not provided any substantial changes in the 
understanding of the influence of dissolved gas on fish and aquatic 
life. Recent published literature reviews and the British Columbia 
Water Quality Guidelines (DRAFT) standard development documentation 
support the existing state standard. The DRAFT British Columbia 
Water Quality Guidelines developed on a comprehensive review of 
available information recommend a 110% TGP for deep rivers, and 
more restrictive criteria for shallow water. 

Jensen et al (1986) developed dose response 
models, similar to toxics, to summarize the 
available literature. This analytical 
approach provides a means for illustrating '"'' 

El (~0) " IGP(%f 
Mod,1 1, horn Jennn el al (19861 

El ( ID) 
H OO 

.... U 'll. Jll .. U I 

the relationship between the TOG levels, ... 
duration, and acute (time to 50% mortality) 
conditions. The illustrated model summarizes 
all data sets. A similar model which 
improved predictive capabilities, included 
the refinements of depth and fish size to 
improve the observed relationships and was 
discussed in an earlier memorandum. 

... ... 
, .. 

11s 110 m u 1 1n t40 
IGP f%) 

:1986) 
'ET 50 using Model 7 

TDG Surface 

130 < 24 

120 < 24 

115 80 

110 480 

(Jensen et al 

1 meter 

<24 

240 

960 

>1200 

I 
The time it takes to result in 
50% mortality of organisms in a 
controlled test is used as a 
measure of acute conditions. 
Results read from Jensen et al 
model 7, indicate the length of 
exposure required to achieve 
acute conditions at the surface 
and at one (1) meter. Jensen et 
al ( 198 6) recommend that 
criteria be developed using a 
conservative model; relatively 

large fish at the surface, and using the lower bounds of a 
confidence interval. The authors recommend TOG criteria of 103.8%. 
This recommendation is consistent with the current no risk standard 
for shallow depth of 105%. The dose response model approaches an 
asymptote of 110% at depths of 1 meeter, consistent with the 
current water quality standard . Extended duration of exposure (~40 
days) at 1 meter will result in acute mortality. Review of the 
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dose response models summarizing available literature of laboratory 
controlled studies does indicate the influence of even relatively 
shallow depth of 1 meter under TDG · levels of less than 130% on the 
acute levels of TDG. The time it takes to result in acute 
conditions varies with depth and time. 

By plotting the time it takes to 
result in significant, between 20% 
and 70%, mortality for fish 
greater than 50 mm in length 
Fiddler and Miller (1994) developed 
species specific dose response 
curves similar to those of Jensen 
et al (1986). The threshold of the 
dose response curves are described 
by partitioning the plotted data by 
where significant mortality occurs 
from where mortality is not 
indicated. In some (steelhead, 
chinook, and coho) a second, or 
perhaps range, of thresholds may be 
indicated. The indication of more 
than one threshold may indicate 
different mechanism of mortality. 

I Mortality 

Species 

Sockeye 

Cutthroat 

Steelhead 

Steelhead 

Chinook 

Chinook 

Coho 

Coho 

Cutthroat 
(Kittle) 

Threshold I 
A P TGP % 

125 116% 

116 115 

115 115 

76 110 

130-140 117-118 

76-78 110 

130 117 

87 117 

145 119 

(Fiddler and Miller 1994). Bouck observed a similar indication of 
a lower threshold related to indirect mortality under shallow water 
hatchery conditions associated with TDG at levels near 107 %. 
(Bouck personal communications 1994). 

The analysis described by both Fiddler and Miller ( 1994) and 
Jensen, et. al. (1986) provide an indication, and measure of 
mortality thresholds . However, there is no indication oh how the 
thresholds are associated with the various symptoms of Gas Bubble 
Trauma (Fiddler and Miller 1994). 

Fiddler and Miller also reviewed the results of instream live cage 
experiments conducted by Kittle (1980). These results indicate a 
threshold and that the time to mortality is dependent on water 
depth. 

The dose response analysis describes acute thresholds. Chronic 
conditions may also influence population survival rates through a 
variety of mechanism, such as predator prey relationships . 
Alderice and Jensen (1985) suggest a division mortality · response 
into two categories, chronic and acute, resulting from 
extra vascular and intravascular bubble growth. Jensen et al. 
(1986) observed an apparent division of chronic and acute response 
near 108-110% TGP. 

Fiddler and Miller (1994) cited several biophysical studies that 
were used to develop equations which predict thresholds for 
specific symptoms of GBT in fish. As illustrated, water depth, or 
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the depth at which fish exists, 
is a major factor influencing 
symptoms of GBD . 

Experimental data and studies 
are cited by Fiddler and Miller ·1 

( 1994) to support the equations .2 
described by Fiddler (1984). In 

Depth (m) 
0 ..... 

an evaluation of biophysical ·3 

studies Fiddler and Miller . 4 

(1994) argue that a threshold of 

Theshold s and Dept h for GBT 
by waler Delta P 

· Swimm BIHOf1 

107 (TGP%) 120 133 146 
.1P~76 (110 % TGP) corresponds to -5 

extracorporeal bubble formation 
-6~~~~~~~~~~~~~~~~ 

in the gill lamellae, and that a o 
higher threshold near .1P~ 115-
145 (TGP% 115-119) corresponds 
to bubble growth in the 

50 100 150 200 
Della P 

250 300 350 400 

F1dte1 1198 ~ I 

cardiovascular system. Swim-bladder over inflation is a problem 
for small fish only . (Fiddler and Miller 1994). However, swim 
bladder inflation may influence the fishes responses for 
hydrostatic compensation. No specific relationships between GBT 
signs and mortality are described. 

Dawley, et al. (1976) observed that emboli in brachial arteries, 
gill filaments, and heart wer e rarely observed on live subsamples 
but were prevalent on dead fish, indicating these signs are 
directly associated with the death of the animal. At 115% of 
saturation in shallow tanks substantial (80 %) mortality occurred 
within 60 days of exposure. In deep tanks substantial mortality 
(25%) occurred at 127% saturation after 7 days of exposure . 

The NMFS "working group" reported and listed thresholds for sign of 
GBD. A variety of . ancillary factors, such as depth, and 
temperature , would be expected to influence these thresholds. No 
specific correlation between thresholds and subsequent mortality is 
described. 
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NMFS "working Group; Signs of Gas Bubble Trauma in Salmonids 

Sign TOG (0 ft) Age/class 

Cardiovascular bubbles -110% Juv @ Adults 

Subdermal emphysema including mouth -110 Juv. @ Adults 

Latteral Line Bubbles -110% Juv @ Adults 

Swimbladder overinflation -103% <= Juv. 

Swimbladder rupture -110% <= Juv 

Exopthalmea, ocular lesions ??, 102% Juv. @ Adult 

Loss of swimming ability -106% Juv.@ Adults 

Reduced Growth 102-105% Juv. 

Immune Suppression >108% Juv . @ Adult 

Reduced Saltwater Adaptation - Seep Shrimpton 1983 Juv. 

Field Studies: 

The physiological relationship between depth compensation and 
bubble formation, and the potential problems with gas bubble trauma 
is well described, and illustrated in laboratory studies. Field 
studies using live cage or deep tanks may provide an indication of 
the potential influence of " sounding" to, at or below hydrostatic 
compensation depth, avoid the effects of elevated gas pressure. 

Review of fixed depth, vol i tion live cage , and deep tank studies 
described during the previous spill program r ev;i.ew suggested a 
threshold of mortality near 120% TGP. This findi ng is consistent 
with the review of Weitkamp a nd Katz (1980) and the research by 
Weitkamp (1977) that juvenile sa l mon appear to spend adequate time 
at adequate depths to avoid acute mortali t y at about 120-125% TGP . 

Fish under field exposures may experience intermittent exposure to 
elevated levels of gas pressure due to changes in depth . The live 
cage studies do not report internal signs of GBD. Weitkamp 
reported e xternal signs of GBD. At level s approaching 125% TGP 
signs of gas bubble disease were apparent in 38% of the fi sh in 0-4 
meter volition cages. At 12 5% or higher there was a marked 
increase in mortalities of fish which spent 8 hours a day or more 
within 1 meter of the surface. 

The results of Weitkamp (1976?) have been identified as "highly 
significant that no fish were killed in the surface to 4 meter 
cages in a series of three test at total gas pressures of 120-128% 
saturation". It is also "highly significant" that mortality has 
been observed in other deep volition l ive c age studies. Previously 
identified conclusions that juveniles wi ll remain at depth adequate 
to compensate for total gas pressures up to 12 6% saturation appear 
to be hopeful. Weitkamp (19 77) concludes that below a depth of 1 
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meter significant mortality can 
only be expected to occur in 
exposure of 20 days at TGP 
levels of 123% or greater, above 
125% for any appreciable period 
results in significant risk of 
mortality (WeitkamP 1994, 
personal communication) . 
Limited studies exist at TDG 
levels below 120%, and 
conclusions that field studies 
indicate these are "safe" levels 
for any exposure period are 
extrapolations. 

Avoidance I Depth compensation: 

It has been generally accepted 
that fish are not able to detect 

Selected Deep Volition cage bio-
assays (Weitkamp and Katz, Dawley-
Backman) 

Source TGP - % 
Exposure Mort . 

Dawley 1986 110% - 5d 1% 

Ebel (1969) 118% - 92 D 6% 

Ebel 1971 127 - 7d 45-68% 

Ebel 1971 130 - 7d 58% 

Beingen and 135 - ?/ 28% 
Ebel (1969) 

Ebel 1969 130 - 8d 16% 
(Coho) 

supersaturation and avoid it. However, several reports indicat~ 
that this theory may not be valid for all condition (Weitkamp and 
Katz (1980). Ebel (1971) found that juvenile chinook salmon held 
in 0-4.5 meter volition cages suffered much higher mortality from 
GBD that did fish forced to remain in deeper water (3-4 m) 
suggesting that these fish were unable to detect or were unwilling 
to avoid, supersaturation . Similarly, Weitkamp' s volition age 
experiments demonstrated fish in the deeper volition cages suffered 
less mortality than those confined to shallow cages indicating a 
mechanism of avoiding the impact of GBD at the surface. Neither of 
these studies demonstrated a behavioral response due to elevated 
TGP. 

Dawley , et al. (1976) observed that chinook detected and avoided 
elevated TGP in deep tanks after 3 days exposure, but steelhead did 
not. Both Chinook and Steelhead showed vertical movement 
"sounding" as an indicator of avoidance to supersaturation. 
However, the avoidance behavior was not sufficient to prevent 
mortality. The avoidance behavior changed when turbidity was 
introduced, i.e. fish remained in shallow water. Depth 
distribution also changed from night to day (Dawley et al., 1975). 

Stevens et al ( 1980) observed avoidance in Sockeye and Chinook 
smelts and Rainbow trout. Steelhead did not consistently avoid 
elevated TDG and suffered higher mortality. The salmon and rainbow 
trout generally avoided 125-145% TGP, but not 115% TGP. The 
response by sockeye occurred more rapidly than other species, in 
successive tests high levels were avoided within 2-3 hours. 

Fiddler and Miller (1994) suggest that gas bladder overinflation 
provides a mechanism for some fish to use water depth to compensate 
for elevated levels of TDG . Fiddler and Miller cited Shrimpton et 
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al (1990) who established that small fish exposed to elevated TDG 
would descend in the water column to a level of depth compensation 
or greater. These studies also found that as a consequence of not 
experiencing gas bladder overinflation, as fish grew in size, there 
was less and less tendency to use depth as a means of compensation. 

Two "common sense" test have been cited during this review process. 
First, that elevated levels of GBD above 115-120% have routinely 
been observed in the Columbia: so that if fish died due to GBD as 
reported there would be no fish. Since . we have fish this indicated 
depth or other means of compensation. Firstly, we do not know the 
mortality rate associated with GBD. Some level of depth 
compensation occurs due to natural travel depths of juveniles and 
adults, which are not well defined. However, these no 
quantifiable observations do not indicate detection and avoidance. 
If detection and avoidance were occurring the observed acute 
mortality would not have occurred and we would not expect to 
observed internal and external signs of GBD. External and internal 
signs of GBD are apparent in recent sampling efforts at low to 
moderate levels of TDG. 

The effectiveness of passive, or active , avoidance and depth 
compensation can not be indicated with the information presented or 
discovered in literature review. 

DEPTH DISTRIBUTION IN RIVER: 

Depth distribution is important 
to a determination of the 
potential effect of hydrostatic 
compensation . 

Dawley et al (1975) report that 
of the fish caught in the upper 
3. 7 meeters, that 8 0% of the 
Chinook and Steelhead trout 
(combined) were in the upper 1.8 
meters of the river, and that 
46% of the Chinook and 29% of 
the Steelhead were caught 
between the surface and 1.8 
meters. 

Weitkamp and Katz (1980) discuss 
several studies to provide 
information concerning the depth 
distribution of migrating 
juvenile salmon ids in the 
Columbia River. Smith (1974) 

Vertical distribution of juvenile 
salmon and steelhead caught in the 
forebay of Lower Monumental Dam 
(1973), Dawley et al (1957) 

Chinook Steelhead 

Depth (m) N. % N % 

0-3 . 7 143 58 441 36 

3 . 7-7.3 63 26 291 24 

7 .3-11 19 8 189 15 

11-15 4 2 106 8 

15-18 3 1 61 5 

18-22 6 2 62 6 

22-26 2 1 32 2 

26-29 5 2 48 4 

found 56% of juvenile chinook salmon and 36% of juvenile steelhead 
were taken in the upper 4 meeters of the water collum, 46% of the 
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Chinook and 28% of the steelhead were collected above 2 meeters, 
and 19% of the chinook and 8% of the steelhead were above 1 meeter . 
Results appear similar to Dawley {1975) indicating a significant 
portion of the population residing within 2 meters of the surface. 
However, Weitkamp (1974) in a different study found less than 5% of 
the chinook salmon were collected above 2 meters, 20% of the coho, 
and 10% of the steelhead were collected above 2 meters. Blaham 
{1974) and Blaham et al {1916) approximate that 72 % of the fish 
encountered with sonar transducers were between 0.9 and 2.1 meters 
deep. 

The review by Weitkamp and Katz {1980) provides results similar to 
those reported by Dawley (1975) , however these studies are 
interpreted differently by ODFW . The ODFW (letter July 8, 1994) 
reports that according to studies conducted by smith (1974) 
Weitkamp (1974), Blahm (1974) and Blahm et al. (1974) significant 
numbers of juvenile salmonids occupy water deeper than 4 meters in 
Columbia Reservoirs. 

The depth distribution studies reviewed did not provide measure of 
TOG, and would likely not have provided information on whether fish 
were actively avoiding elevated TOG levels. The fish could also be 
expected to exhibit diurnal depth migration patterns. The NMFS 
biological opinion notes that fall chinook juveniles rear in 
backwaters and shallow water areas through mid-summer prior to 
smelting. In personal communications Weitkamp (1994) suggest that 
the live cage bio-assays may indicate a level of TOG that would not 
protect the juvenile fall chinook juveniles rearing in shallow 
backwaters. However, Dual {1994) also in personal communication 
acknowledged the concern, but observed that they have not seen 
significant (10%) signs of GBO in juvenile fall chinook monitored 
below Priest Rapids o r Bonneville . 

Based on the observed depth distribution data reported it would not 
appear appropriate to conclude that fish natural spend adequate 
time at depths great enough to compensate for all potential levels 
of TOG . 

ADULTS: 

Nebecker et al ( 197 6) determined a lethal threshold for adult 
sockeye from data illustrated and other unpublished data near 114% 
TGP . No lesions of gas bubble disease were observed in fish held 
at 110% saturation and the observed behavior was similar to that of 
fish held at 100% saturation. Fish held at 115% saturation exhibit 
external lesions and bacterial and fungal infections became 
apparent in tissues devitalized by these lesions . Some of the fish 
that died exhibited fungal infections but no external emphysema was 
observed. 

Based on the results of their studies, Nebecker et al (1976) 
concluded that Sockeye migrating through the Columbia River would 
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probably not be affected by GBD 
if TDG levels remained below 
115% . If salmon were swimming 
in deeper water hydrostatic 
compensation would provide an 
additional safety factor. 

Time to mortality in 
shallow water exposure 
(Bouck et al 1976) 

Adult smolt Parr 

115 309 154 125 

120 18 17 24 

Threshold concenlral 1on determined 
fo r adult sockeye 1n 60 cm waler 

Time lo Mor l al1ly !hrs) 
800 t l 
700 

600 

500 

400 

300 

* 

Threshold al 11 4% TGP% 

200 I * 
100 

105 110 115 120 
Percenl Salura11on 

125 130 

Nebttfl 119161 

Bouck, et al. ( 197 6) also 
evaluated the time to 20% 

mortality for adult and other life stages for salmonids . Prolonged 
exposure was required to reach significant mortality at 115% TGP, 
125% was lethal after 12 hours. Based on their analysis of 
adults a threshold of 115% is identified for significant mortality. 
Depth compensation would provide additional protection. 

Gas bubble mortality in adults salmonids was reported by Westgard 
(1962) and in Weitkamp and Katz {1973) in the McNary Spawning 
Channel. A nitrogen saturation of 119% was measured in the area of 
the channel where fish spent considerable time. 

Weitkamp and Katz (1973) also report a substantial mortality of 
adult salmonids below John Day Dam in 1968. This mortality was 
attributed to elevated gas levels by Beiningen and Ebel (1970) in 
Weithkamp and Katz. Dissolved nitrogen concentrations during the 
mortality ranged from 123 to 143% saturation. It was estimated that 
over 20,000 Summer Chinook were missing in this area. 

Weitkamp and Katz (1973) also discuss Bouck (1979). Fish had been 
naturally exposed to water of 118% of saturation or higher. Fish 
were held for 44 days in shallow water of near 100% saturation. At 
least 13 of 129 fish had macroscopic bubbles in the skin or fins 
when they were collected. For fish held in temperatures of 10 and 
16 C, mortality was 19 and 32% respectively . At these temperatures 
35 and ·29% of the fish developed blindness in at . least one eye. 
Bouck concluded that blindness and latent mortalities may be 
important. Higher mortalities occurred at higher temperature (> 
20C) due to pathogenic bacteria. 

Adults are forced to utilize restricted depths when entering and 
negotiating fishway dams. Radio tracking studies (Monan and Liscom 
{1973) in Ebel et al {1975) have shown that the amount of time 
adult salmon spend negotiating fishways can be substantial . For 
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example, a group of spring migrant at Bonneville took from 4 to 57 
hours through the fishways. However, Wei°tkamp ( 1973) reports 
(Beiningen (1973) as finding water is degassed within the top few 
weirs of the fishway . Exposure time and effect of stress from fish 
equilibrated to high gas levels entering fishways is not defined . 

WHERE and WHEN to MEASURE: 

The Corp of Engineers maintains 
a limited automated monitoring 
system within the lower Columbia 
River. These monitors provide 
the information available for 
determining compliance with the 
water quality standards. In 
recent meetings the COE 
suggested that additional 
monitoring stations may be 
added, and additional grab 
sampling would occur . 

The Department will review all 
available monitoring data to 
determine compliance with water 
quality standards. Appropriate 
locations to measure compliance 
include those stations located 
approximately 1 to 1.5 miles 
below the tailrace. 

I 
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Existing Monitoring Lower Columbia I 
Location Fore-bay Tail water 

McNary 2A, lAR lDL 

John Day lA 2 Grab 

The Dalles lA lAR NA 

Bonnyville lA 1 Grab 

Warrendale lA, lAR 

Scamania lA 

camash lA 

Washougal lA 

Wauna lA 
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Attachment D 

ENVIRONMENTAL QUALITY COMMISSION 

OF THE STATE OF OREGON 

In the Matter of Rule 
340-41-15 5 Relating to Total 
Dissolved Gas in the Columbia 
River 

TO ALL INTERESTED PERSONS: 

) 
) 
) 

STATEMENT OF NEED AND 
JUSTIFICATION OF 
TEMPORARY RULE 

1. Effective May 16, 1994, the Environmental Quality Commission (EQC) is 
adopting Rule 340-41-155 relating to total dissolved gas in the Columbia River. (The new 
temporary rule is similar to another temporary rule adopted by the EQC on May 9, 1994, 
which was limited in duration to seven days.) 

2. Statutory Authority: The EQC has authority to adopt rules; including water 
quality standards, under ORS 468.020 and 468B.048. 

3. Need for Rule: The rule is needed to allow the U. S. Corps of Engineers to 
spill temporarily water over certain dams on the mainstem of the Columbia River. The 
purpose of these spills is an emergency operation aimed at assisting the outmigration of 
juvenile salmon. 

The spills proposed by the U. S. Corps of Engineers would likely violate the state's 
instream water quality standards for total dissolved gases (TDG) in the Columbia River. 

The rule would address this problem by temporarily raising the TDG standard subject 
to several conditions. The conditions include a requirement that the responsible federal 
agencies monitor the spills to determine the impact on beneficial uses. 

4. Documents Relied Upon: 

Columbia Basin Fish and Wildlife Authority. 1993. Dissolved gas review and 1993 
summary. Fish Passage Center, Portland. 

Dawley, Earl M. and Margaret A. Toner. 1994. Preliminary Proposal: Evaluation 
of the effects of dissolved gas supersaturation on fish and invertebrates in the mainstem 
Columbia and Snake Rivers. National Marine Fishers Service, Northwest Fisheries Science 
Center, Hammond. 
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Ebel, Wesley J. , Howard L. Raymond, Gerald E. Monan, Winston E. Farr, And 
George K. Tanonaka. 1975. Columbia River supersaturation. Effect of atmospheric gas 
supersaturation caused by dams on salmon and steelhead trout of the Snake and Columbia 
Rivers. National Marine Fisheries Service, Northwest Fisheries Center, Seattle. 

Edsall, Donald A. and Charlie E. Smith. 1990. Oxygen induced gas bubble disease 
in rainbow trout (Oncorhynchus mykiss) . U.S. Fish and Wildlife Service, Fish Technology 
Center, Bozeman. 

Fidler, L.E. , and S.B. Miller. 1994. Draft report on British Columbia water quality 
guidelines for dissolved gas supersaturation. B.C. Ministry of Environment, Canada 
Department of Fisheries and Oceans, Environment Canada. 

Jensen, J.O.T. 1988. Combined effects of gas supersaturation and dissolved oxygen 
levels on steelhead trout (Sal mo gairdneri) eggs, larvae, and fry. Aquaculture 68: 131-139. 

Jensen, J.O.T. , J. Schnute and D.F. Alderice. 1986. Assessing juvenile salmonid 
response to gas supersaturation using a general multivariate dose-response model. Canadian 
Journal of Fisheries and Aquatic Science 43: 1694-1708. 

Montgomery Watson. 1994. Task 5 . Review of monitoring plans for gas bubble 
disease signs and gas supersaturation levels on the Columbia and Snake Rivers. Bonneville 
Power Administration, Portland. 

National Council of the Paper Industry for Air and Stream Improvement, Inc. 1985. 
A literature review of the possible effects of gas supersaturation on aquatic organisms. 
NCASI Bulletin No. 476. 

National Marine Fisheries Service. l 994a. Scientific rationale for implementing a 
spill program to increase juvenile salmon survival in the Snake and Columbia Rivers. 
National Marine Fisheries Service, Environmental and Technical Services, Portland. 

National Marine Fisheries Service. 1994b. Biological Opinion. Consultation 
regarding 1994-1998 operation of the federal Columbia River power system and juvenile 
transportation program 1994-1998. National Marine Fisheries Service, Environmental and 
Technical Services Division, Portland. 

Nebeker, Alan V., Donald G. Stevens and Richard K. Stroud. 1976. Effects of air­
supersaturated water on adult sockeye salmon (Oncorhynchus nerka). Journal of the 
Fisheries Research Board of Canada 33:2629-2633. 

Quan, E.L., and Mary Halliburton. 1979. Proposed water quality standards 
revisions. Oregon Department of Environmental Quality, Portland. 
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Raymond, Howard L. 1988. Effects of hydroelectric development and fisheries 
enhancement on spring and summer chinook salmon and steelhead in the Columbia River 
basin. North American Journal of Fisheries Management 8: 1-24. 

Steven, Donald G., Alan V. Nebeker and Rocky J. Baker. 1980. Avoidance 
responses of salmon and trout to air-supersaturated water. Transactions of the American 
Fisheries Society 109:751-754. 

U. S. pnvironmental Protection Agency. 1986. Quality Criteria for Water (Gold 
Book). Office of Water Regulations and Standards, Washington. 

Weitkamp, Donald E. 1977. Gas bubble disease of resident fish and juvenile 
salmonids in the Columbia River system. Ph.D. Dissertation, University of Washington, 
Seattle. 

Weitkamp, Don E., and Max Katz. 1980. A review of dissolved gas supersaturation 
literature. Transactions of the American Fisheries Society 109:659-702. 

5. Justification of Temporary Rule: See attached statement. 

6. Documents are available for public review during regular business hours, 8 
a.m. to 5 p.m., Monday 'through Friday, at the Department of Environmental Quality, 811 S. 
W. Sixth Avenue, Portland, Oregon 97204. 

ON BEHALF OF THE 
ENVIRONMENT AL QUALITY COMMISSION 

·~ "~' .. ,~, .~: . :H.~,- \-h -.; .. ,.,.. '~ ; :: .. \·-~ 
l'.,~·jj·~·it~ ! ;. ~ . \ :,.\1 '. ~ '. --'..!~-~:~ -· 
~ i ... !J~.. ~·::o 

' 

Date Fred Hansen, Director 
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COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
i. 729 N.E. Oregon, Suite 200, Portland, O regon 97232 Telephone (503) 238-0667 

Fax (503) 235-4228 ~ 

~ \'" s.., ~ ~,...,..., July 21 , 1994 
~1Ncs~utt>" 

Enviornmental Quality Commission 
811 S.W. Sixth Ave. 
Portland, OR 

Dear Commissioners: 

Today you are meeting to discuss the implications of a proposed controlled spill 
program designed to provide a survival advantage for outmigrating juvenile salmon in the 
Columbia River as they pass through the State of Oregon. There is a concern, that a by­
product of spill -elevated gas levels, may adversely affect salmon. Part of the information 
being brought before you is a draft report on Gas Bubble Trauma (GBT) recently released by 
the National Marine Fisheries Service (NMFS). 

This draft report is a draft in progress by a panel of scientists convened by the NMFS 
to address specific questions regarding GBT. We have not agreed as a group about the 
accuracy of the statements or data presented. As a member of that panel I have two primary 
concerns about your utilization of the unfinished report. The first is that the Panel has not 
completed the report. On this note I concur with Dr. Jerry Bouck , a fellow Panel member, in 
his note dated July 11 , 1994. Dr. Bouck stated "the Panel neither delegated authority to 
finalize its report. nor was the Panel given the opportunity to review and approve the June 28 
draft. before it was submitted to NMFS. The NMFS prematurely released the working draft. 

The second concern is the context for the draft report and draft recommendations. The 
subject is controversial, subject to confusion, and easily missrepresented. For example a recent 
article in the Seattle Weekly by Cyrus Noe stated that "the panel recommended adherence of 
the 110 percent standard [in the Columbia river] or lower", which was not the case [emphasis 
added for clarity]. At the conclusion of the panel's meeting Dr. Chuck Coutant summarized 
the results in progress to the public. He indicated that people are free to misinterpret or 
misrepresent what the panel did, something that is beyond the Panel's control. Such is now 
occurring. Thus, I would like to provide you with additional framework comments to aid you 
in placing the unauthorized draft report into perspective and with a goal of diffusing or 
preventing further misinterpretations or misrepresentation. 

The panel met very hastily under an extremely structured process, that included 
biased presentations from speakers and then a set of poorly chosen and written questions . 
This oriented the panel toward a stilted synthesis and an exclusive synopsis of laboratory 
studies. Thus, the relative relationship of GBT scientific knowledge to real-time riverine 
conditions was not presented nor summarized. For example, the group indicated under 
question 1 (b) that much is known about mortality of fish exposed in captivity, for certain gas 
levels, physiological conditions, and selected species, but 1 ( d) much less is known about the 
pathogenicity in the river system. Further, the study results summarized in a table in Question 
2 are from laboratory studies. River study results summarized by Earl Dawley (Attachment 
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1) were not included in the table. It might be noted that the field investigations demonstrate 
that when the fish have the option of seeking a compensation level, they do so thereby 
avoiding the lethal effects of prolonged exposure to supersaturated gas. 

Unfortunately, the comments and discussions by the panel during the public part of 
the meeting were not part of the NMFS-released report. The panel was very concerned about 
the need for additional in-river study and monitoring programs to determine the relationship, 
if any, between observed signs of GBT and increased risk to lethal or sub-lethal impacts on 
salmonids. I raised the issue that the current monitoring program does not evaluate the 
relationship of signs of GBT and survival. The current monitoring programs evaluates fish 
passing through a mechanical bypass system, which from a study design perspective is a 
different treatment. Numerous, passage problems have been identified with mechanical bypass 
systems, which are substantually different than the spill bypass. Thus, it is improper to 
suggest that the results of observations from one treatment can be extrapolated to a different 
treatment. Additionally, there was a concern over the accuracy and reliability of the biological 
monitoring observations, especially those associated with lateral line measurements. In the 
public part of the testimony it was evident that bubbles are often found in the absence of 
elevated gas levels and additionally there was a concern about the skill levels of the 
observers. Also, none of the observed signs were being measured relevant to survival. . 

The relationships between the current 110% standard, proposed controlled spill, and 
elevated gas levels were not addressed by the Panel. The Panel recognized that fishery 
managers must weigh the benefits and risks for various options to pass fish and that GBT is 
but one of those factors. We recognized that water quality standards are often established to 
allow for a margin of safety . We wanted to reassure the managers that when gas levels are 
below 110% we believe that there is no need for direct biological measures for signs of 
GBT. The current standard is most relevant to hatchery rearing practices rather than in river 
situations because the laboratory studies upon which the standard was developed occurred in 
conditions similar to those found in fish hatcheries. Committee members, including myself, 
indicated their availablity to assist in the development and execution of study and 
evaluation programs to reduce future uncertainty associated with visual signs of GBT and 
survival. 

We had before us information that indicated that, more often than not, gas levels 
exceed the current standard in the Columbia River Basin. Therefore, we recommended that a 
long term solution be found which may require serious consideration in changing the physical 
form of the existing hydro-facilities. We did not address the issue of spill, thus did not make 
any recommendation as to whether the program should or should not continue. This is a 
management/policy call beyond the specific tasks before the ad-hoc panel on GBT. 

I am available if you have questions. 

~.,Jl---
Thomas W. H. Backman Ph.D. 
Senior Fishery Scientist 
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COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 

MEMORANDUM 

TO: DISTRIBUTION qJ>. 
FROM: BOB HEINmI, FISH PASSAGE SPECIALIST 

DATE: JULY 18, 1994 

Telephone (503) 238-0667 
Fax (503) 235-4228 

RE: TRIBAL AND AGENCY SUMMER SPILL RATIONALE AND RISK ASSESSMENT 

The document entitled, " Scientific Rationale for Implementing a Summer Spill Program to 
Increase Juvenile Salmonid Survival in the Snake and Columbia Rivers", was inadvertently 
distributed with several errors in the main section. On Page 4 there were both grammatical 
errors and one technical error, and on a few other pages there were grammatical errors. 
Please substitute the enclosed corrected document and discard the original. On behalf of the 
agency technical representatives who developed the document, I apologize for this 
. . 
mconvemence. 

spcor.4 
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COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 

Honorable Barbara Roberts 
Governor of Oregon 
207 State Capitol 
Salem, OR 93720 

Honorable Michael Lowry 
Governor of Washington 
Capitol Office Building 
Olympia, WA 98504 

July 18, 1994 

Dear Governor Roberts and Governor Lowry: 

Telephone (503) 238-0667 
Fax (503) 235-4228 

The river conditions for this summer's outmigrating juvenile fall chinook in the 
Columbia River Basin are very poor. At the same time, the 1994 summer migration 
represents one of the best in recent years in terms of the predicted abundance of juvenile 
salmon. Unfortunately, federal hydrosystem operators will not achieve the minimum flow 
targets specified in NMFS's biological opinion under the ESA. To maximize the survival of 
these important salmon, a comprehensive summer spill program must be and can be 
immediately and carefully implemented at each mainstem dam. 

The enclosed spill program and risk assessment was developed by technical staffs of 
our Commission, the fishery agencies of Oregon, Washington, Idaho and the United States 
Fish and Wildlife Service. On behalf of our member tribes, I urge you and your state water 
quality agencies to take whatever steps are necessary to expedite this program. 

Thank you for your immediate attention to this issue. 

Sincerely, 

. J '~ {JG3WA'-i l~ed Strong U ' 
Executive Director 

Enclosure 

cc: F. Gary Smith, NMFS 
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SCIENTIFIC RATIONALE 
FOR IMPLEMENTING A SUMMER SPILL PROGRAM TO INCREASE JUVENILE 

SALMONID SURVIVAL IN THE SNAKE AND COLUMBIA RIVERS 

Overview 

By 
Columbia River Inter-Tribal Fish Commission 

Idaho Department of Fish and Game 
Oregon Department of Fish and Wildlife 

U.S. Fish and Wildlife Service 
Washington Department of Fish and Wildlife 

July 15, 1994 

This document provides scientific justification for implementation of the attached 1994 summer spill 
programs at Corps of Engineers (Attachment 1) and Mid-Columbia PUD mainstem dams (Attachment 
2) in the Columbia River Basin. It is the intent of these programs to substantially increase juvenile 
anadromous fish survival through the hydrosystem. The programs and supporting rationale and risk 
assessment were jointly developed by the combined technical staffs of the Columbia River Inter-tribal Fish 
Commission, Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, U.S. Fish 
and Wildlife Service, and Washington Department of Fish and Wildlife (hereinafter fishery managers). 
Anadromous fish that will be protected by the spill programs include salmon stocks both listed and 
petitioned for listing under the Endangered Species Act, non-listed salmon stocks, and other anadromous 
stocks such as Pacific lamprey which are in serious decline. These programs will compliment other 
protection and restoration programs in the Columbia Basin. 

The object of the summer spill programs is to achieve an 80% fish passage efficiency (FPE) objective 
at all Corps projects on the lower Snake and Columbia Rivers, and other passage efficiency goals at the 
various Mid-Columbia PUD dams (DFOP 1993). · In accomplishing this, .the fishery managers propose 
that the operation of the hydrosystem be managed so that an average of 120 % or less total dissolved gas 
pressure be maintained in the river. Further, the fishery managers propose that the 120% criterion be 
measured well downstream of tailrace areas, after gas levels have had a chance to dissipate. In addition, 
because of problems with accurate measurement of gas levels, fishery managers recommend that up to 
an instantaneous reading of 125 % total dissolved gas pressure be allowed to provide a reasonable margin 
of measurement error. 

Based upon historical migration estimates (DFOP 1993), the fishery managers recommend that the spill 
program be implemented at all Corps run-of- river projects in the Snake and Columbia Rivers until 
August 31, 1994 to insure that the juvenile summer migration is protected (DFOP 1993). Duration of 
spill programs at individual mid-Columbia PUD darns will be determined by the various Coordinating 
Committees based upon ongoing FERC proceedings, settlements and stipulations. 



These summer spill programs are partially in response to the apparent salmon stock collapse observed 
this year in Columbia River spring and summer chinook and expected to occur in fall chinook. From 
1993 to 1994, adult spring chinook escapement to Bonneville Dam has decreased from 112,000 to less 
than 21,000 which is the previous all time record low. The trend is similar for adult summer chinook 
escapement which is projected to be less than 10,000 salmon at Bonneville Dam this year down from over 
22,000 salmon in 1993 (TAC 1994). The predicted escapement of wild Snake River fall chinook adults 
at Bonneville Dam is 803 (Swartz 1994), the second lowest on record since 1986 and 41 % of the 1986-93 
average. Under these conditions, tribal ceremonial and subsistence harvest and non-treaty harvest have 
been severely restricted and in some cases,. curtailed. 

The stock collapse of Columbia River chinook is likely related to the continuation of extremely poor flow 
and migration conditions that occurred in 1992 (FPC 1993; Columbia River Water Management Group 
1993-4), complicated by possible impacts of low ocean productivity resulting from El Nino conditions 
as noted by Johnson (1984), Ware and Thompson (1991), and Lichatowich (1993). Because the effects 
of ocean impacts cannot be controlled and federal agencies are either unwilling or unable to dedicate 
available storage in upriver reservoirs for flow augmentation, the fishery managers strongly recommend 
implementation of these spill programs. Spill is the only alternative left to reduce hydrosystem mortality, 
which could exceed 95% of juvenile summer migrants as documented during similar low flow years 
(Raymond 1979; Raymond 1988; Ebel et al. 1989). 

Because 1993 basin summer and fall chinook adult escapement was relatively high under good 
environmental conditions, the relatively abundant 1994 subyearling progeny of these stocks must be 
afforded the best protection possible as they migrate downstream through the hydrosystem. Impacts to 
an abundant juvenile year class on stock viability can be substantial. Junge (1970), through use of a 
Ricker-type reproduction curve, demonstrated that a smolt kill of 50% reduced a stock by 60% whereas 
an adult kill of 50% would reduce a stock by 20%. Such losses on a relatively strong outmigrating year 
class could have severe if not irreversible consequences on stock abundance and diversity (Riggs 1986). 

The fishery agencies and tribes have chosen a conservative approach to the implementation of the spill 
programs. Spill volume caps are provided to avoid exceeding either 120% daily average or 1253 
instantaneous total gas pressure criteria. Where possible, spill is confined to nighttime hours which 
reduces power and possible adult fish passage impacts. When it is not possible to confine spill to 
nighttime hours to achieve a 80% FPE, some daytime spill is proposed with caps to avoid impacts to 
adult passage. As will be discussed below, the fishery managers believe a 120% total gas pressure 
(TGP) criterion is conservative and will result in minimal impacts, if any, to juveniles and adults. 

Through a comprehensive review of pertinent literature and extant river conditions, and based upon 
professional experience, the fishery managers have conducted the following risk assessment. This 
assessment carefully weighs the factors of various passage mortality rates and other impacts to summer 
migrating anadromous fish as they pass through the hydrosystem. Based upon this analysis, the fishery 
managers have concluded that controlled spill will substantially enhance the in-river survival of summer 
anadromous fish over other available alternatives. 
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Spill has been repeatedly demonstrated to be the most effective and safest means of project passage and 
is the only means to enhance survival without additional flow augmentation. Juvenile salmon that pass 
a project through spill have a significantly higher rate of project survival (98 % point estimat4>) than fish 
that pass through turbines (85% point estimate). Specific mortality ranges an~ given later in this 
document. Without spill, the majority of juvenile chinook will pass through turbines since only 8-35% 
of summer migrants are guided and collected by mechanical bypass systems at Corps projects. Further, 
spill will improve survival and other impacts upon fish production by reducing delay of juveniles at the 
projects and reducing predator/prey interactions by dispersing predators in tailrace areas. And finally, 
spill for fish passage addresses the substantial scientific uncertainty associated with transportation of 
summer chinook juveniles, especially Snake River fall chinook. 

Monitoring program 

The extensive physical and biological monitoring program to assess the occurrence of gas bubble trauma 
(GBT) in both spring and early summer migrating juvenile and adult salmon at each dam will be 
continued for the remainder of the summer migration (DFOP 1993, appendices 4-13 and 4-14). Because 
sampling of internal tissues of juvenile salmon which have passed through mechanical bypass systems is 
of questionable value, this practice will not be continued. Instead, external symptoms will be monitored. 
It is imperative that the Corps of Engineers be more diligent and consistent in operating the physical 
monitoring system. Total gas pressure measurements should be taken at all dam forebays, with backup 
monitoring to allow for better and more consistent measurements. The 1994 DFOP includes criteria to 
allow for flexibility for adjustments in the spill program based upon the possible occurrence of GBT in 
both juveniles and adults. 
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Technical Basis for the Summer Spill Program 

S12ill has been- ®own to be the most biologically effective and safest means of project passage 

Spill is not an "experimental measure" , but has bee_n shown to be the most effective management tool 
for improving passage survival of migrating salmon and stcelh~d at mainstem hydroelectric projects. 
Controlled spill has been implemented at mid-Columbia PUD dams since 1983 under the mid-Columbia 
Federal Energy Regulation (FERC) Commission Proceedings (Bodi 1986) and at Corps dams since 1989 
under the 1989 Memorandum of Agreement to provide protection of juveniles until adequate functioning 
mechanical bypass systems have been installed. As P,reviously stated, controlled spill to safely pass 80% 
of juvenile salmon migrants is ·the goal of this proposed spill program (DFOP 1993). Protocol for 
specific spill patterns for juveniles and adults at each dam is provided in the 1994 DFOP and represents 
years of model and field studies by the fishery agencies , tribes and dam operators. During the 1994 
spring migration, controlled spill was implemented at all mainstem basin dams to increase juvenile 
survival. 

Extensive studies at mainstem Columbia and Snake River dams have documented that juvenile mortality 
from turbine passage is much greater than spillway passage. Studies have shown that mortality from 
turbine passage ranges from 8-32% compared to only 0-4% for spillway passage (Tables 1 and 2). In 
studies of subyearling fall chino.ok at McNary, John Day, and Bonneville powerhouses I and II, turbine 
mortality ranged from 11-18%, while spillway mortality ranged from 0-4% . Although research 
investigating the magnitude of turbine passage impacts to adults which fallback through turbines is 
limited, mortality ranges from 22-51 % for adult steelhead have been documented (DFOP 1993). 

Juvenile mechanical bypass systems, are only able to guide and collect 8-35% of summer juvenile 
migrants (Ceballos 1992; Gessel et al . 1990; 1991; Ledgerwood et al. 1988;1991). Mortality and injury 
rates to subyearling migrants undergoing passage through mechanical bypass systems can exceed that 
from spillway passage, particularly at transportation dams due to additional delay, handling, and stress. 
Bypass system mortality of subyearling chinook at McNary Dam during 1992, a similar low flow year 
as 1994, ranged from 4-6% (WDF 1992). During peak migration periods in 1992, mortality rates 
through the McNary mechanical bypass system approached 9% , chiefly because of poor water quality 
(WDF 1992). Despite a new bypass system completed for the 1994 migration, recently an es~imated 
50,000 juvenile migrants were lost at McNary Dam in only a few days due to poor water quality 
conditions in the mechanical bypass system (Filardo 1994). WDF (1992) found that subyearling chinook 
descaling from travel through juvenile bypass systems during 1988-92 ranged from 1.6 to 21 % . Available 
comparative studies between Lower Granite spillway, turbine and mechanical bypass systems indicate that 
smolts which passed through the dams via the spillway suffered the least from both partial descaling 
(5.8%) and severe descaling injuries (1 %) (Park and Achord 1987). Unfortunately, the recently 
installed mechanical bypass systems at Little Goose, Lower Monumental and McNary Dams have never 
been adequately evaluated for specific impacts to subyearling migrants (Barilla 1993). The fishery 
agencies and tribes have never supported operation of these systems for the migration at large without 
adequate evaluation. 
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Spill will improve survival of fish by reducing delay of juveniles at the projects and reducing 
predator/prey interactions and reduce exposure to high levels of dissolved gas. and reduce residualism 

Spill will improve survival of fish by reducing delay of juveniles in forebays and tailraces where predator 
populations and predation rates are highest. Spill can greatly reduce delay of smolts in forebays as has 
been observed at The Dalles Dam (Snelling 1994). Spill establishes a large flow with increased velocity 
that disperses predators from the forebay and tail race areas thus reducing predator /prey interactions (Faler 
et al. 1988). 

Smith (1982) found that because subyearling salmon travel passively downstream, higher velocities 
provided by spill would save these juveniles critical energy reserves necessary for parr to smolt 
transitions, as well as move them more quickly through the river. This in tum would reduce migrant 
susceptibility to predators and disease, and would reduce the likelihood that smolts would revert to 
freshwater parr (non-migratory status) by excessive delay in traversing the hydrosystem. 

Spill addresses the substantial uncertainty associated with the Cor:ps transportation program 

Spill at transportation collector projects addresses the uncertainty associated with the juvenile salmon 
transportation program by spreading the risk between in-river passage and transportation (Ad Hoc 
Transportation Review Group 1992; Mundy et al. 1994; FERC 1994). As recently concluded by an 
expert team of independent scientists, "[t]ransportation alone, as presently conceived and implemented 
is unlikely to halt or prevent the continued decline and extirpation of listed salmon in the Snake River 
Basin" ... and that "available evidence is not sufficient to identify transportation as either a primary or 
supporting method of choice for salmon recovery" (Mundy et al. 1994). This is consistent with the 
findings of Raymond (1988) and Congleton et al. (1985) who found that transportation had been 
ineffective in reversing the decline of runs of spring and summer chinook and steelhead returning to 
the mid-Columbia and Snake rivers during 1962-84. Evidence provided by the Ad Hoc 
Transportation Review Group (1992) indicated that transportation may have reduced survival of wild 
Snake River spring and summer chinook to spawning grounds. Adult homing impairment and 
disruption of freshwater life histories are two key problems attributed to the juvenile transportation 
process (TRG 1992, Mundy et al. 1994; Heinith 1993). 

The USFWS (1993), Steward (1993) and Congleton et al. (1985) noted that handling in the 
transportation process may greatly increase stress and mortality to juvenile migrants, particularly 
when water quality conditions deteriorate and may override any perceived benefits of transportation. 
For example, Mundy et al. (1994) noted that in 1977, an extremely low flow year similar to this 
year, transportation treatment and control fish died equally because no adults returned from the study. 
The cause was likely indirect or delayed mortality from screen guidance, collection, holding, 
transportation, and concentrated release into high predation areas . This is a particular problem for 
summer subyearling migrants as they are usually trucked instead of barged, because few of them are 
collected at mainstem dams, and operation of barges on this basis is not cost-effective. Numerous 
studies have documented that trucking migrants is even more stressful than barging and that stressed 
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migrants are highly susceptible to predators at the time of release (TRG 1992; Congleton et al. 1985; 
Mundy et al. 1994; USFWS 1993). 

No transportation studies have been conducted on subyearling chinook salmon at Snake River darns. 
Transport studies of subyearling chinook at McNary Dam in 1986, 1987, and 1988 were conducted 
under no spill conditions. In addition, the control fish were released in small numbers from the old 
bypass outfall. They were the only fish released from the bypass because all fish collected, _except for 
the controls, were transported. We suspect that predation rates on the control releases were very 
high because of the no-spill and low flow conditions in the tailrace that occurred during these studies. 
Hence, the results of these studies are not applicable to subyearling chinook salmon passing the 
project under spill conditions. 

It has consistently been the position of the fishery managers that transportation is an interim and 
experimental mitigation program that cannot substitute for the provision of adequate in-river passage 
conditions provided by flow and spill. A Federal Energy Regulatory Commission (FERC) 
administrative law judge upheld this position in a 1992 ruling against transportation at two 
mid-Columbia darns and ordered immediate spill at a 70% and 50% FPE level for spring and summer 
migrants, respectively, until completion of fish bypass systems (FERC 1992). On May 27, 1994, fully 
taking into account voluminous technical information on dissolved gas complied over a two year 
period, FERC ordered impleIJ!entation of this spill program at Priest and Wanapum darns (FERC 
1994). On July 1, 1994 the Washington Department of Ecology granted an administrative order 
modifying the state water quality criteria so that the FERC summer spill program could be 
implemented (Attachment 3). 

Spill protects critical life history diversity 

The Columbia River juvenile summer outmigration is comprised of a mosaic of many stocks from all 
basin tributaries and mainstem reach areas. Within each stock of the migration, multiple life histories 
within a single salmon stock have evolved over millions of years to provide stock resiliency and 
stability for dealing with different types of environments (Winemiller and Rose 1992). Because of 
these different life histories, which include diverse migration timing and the use of different spawning 
and rearing areas, there is a redu<:ed chance that a single or multiple environmental disturbances, such 
as a low flow year, will impact overall stock fitness and diversity (Schluchter and Lichatowich 1977). 

Spill and associated in-river migration allow adequate time for rearing and physiological maturation of 
subyearling chinook stocks to reach a proper size prior to saltwater entry to survive (Mundy et al. 
1994; CBFWA 1991). This has been confirmed by numerous studies involving scale analysis 
(Schluchter and Lichatowich 1977; Lichatowich 1976; Reimers 1973) and physiological studies 
examining osmoregulatory processes (Wagner et al. 1969; Ewing and Birks 1982; Wedemeyer et al. 
1980). Interruptions to the critical freshwater rearing life history stage, such as that imposed by the 
Corps transportation program and selective mortality from turbine passage, may have serious 
implications to stock survival and overall production characteristics such as adult age at maturity and 
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fecundity (Groot and Margolis 1991; Nicholas and Hankin 1989; Thompson 1959, Schluchter and 
Lichatowich 1977;1993). 

Studies clearly show that adult survival is enhanced with spill 

The historical record clearly demonstrates that better adult returns of summer and fall chinook had 
occurred during years when juveniles migrated under high flow and high spill conditions. Raymond 
(1988) reported that the lack of spill and installation of additional turbine units in the basin were 
primarily responsible for extremely low smolt to adult return rates of mid-Columbia summer chinook. 
Hilborn (1993) demonstrated a strong relationship between flow and adult survival of Priest Rapids 
Hatchery fall chinook during 1977-87 similar to the relationship found for Snake River wild 
spring/summer chinook by Petrosky (1991). In both analyses, the highest survivals occurred in 1982, 
a year of high flow and spill. In contrast, 1977 was characterized by low flows and no spill. Under 
these conditions, estimated mortalities in excess of 95% of the outmigration at large occurred, based 
upon analysis of adult returns in subsequent years . In a recent analysis of the 1994 controlled spring 
spill program on adult passage, the Fish Passage Center found that there was no impact on adult 
passage based upon interdam conversion rates for adult spring chinook (DeHart 1994, Attachment 4). 

Model results indicate that in-river survival will be improved 

Model results demonstrate that the in-river survival of fall chinook will be enhanced by the proposed 
spill program. Using the FLUSH Model developed by the state fishery agencies and tribes, the 
in-river survival of Snake River fall chinook was estimated under various flow and spill options 
(Attachment 5). The analysis shows that with the flows proposed by the NMFS and 80% FPE spill at 
each project, in-river survival of Snake River fall chinook to below Bonneville Dam would be 
increased by 61%from1.8 to 2.9% . This improvement in survival will likely increase future adult 
returns and help prevent additional declines of Snake River fall chinook and mid-Columbia summer 
chinook and other anadromous stocks. 

Studies show that juveniles and adults can tolerate dissolved gas levels that will occur as a result of 
spill 

Susceptibility of juvenile salmon to gas bubble trauma (disease) depends on a number of important 
factors ancillary to total gas pressure. These factors must be considered when evaluating possible gas 
bubble trauma to the summer migration at large. Based upon the past information, lower summer 
flows and resultant lower volumes of spill are not expected to result in gas bubble trauma especially 
at flows projected to occur this year (Columbia River Water Management Reports). Physical factors 
include: water temperature and total dissolved particulates (Jensen et al. 1986; Alderdice and Jensen 
1985) and atmospheric pressure (Jensen et al. 1986; Alderdice and Jensen 1985). Biological factors 
include: size, species, genetic composition and physiological condition of the fish (Jensen et al . 1986;· 
Alderdice and Jensen 1985) and proximity and length of exposure to total gas pressure (Weitkamp and 
Katz 1980). 
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There are also behavioral factors that allow salmonids to withstand what otherwise might be harmful 
levels of total dissolved gas. Juvenile and adult salmonids have been documented to sound in the 
natural environment and achieve hydrostatic compensation, thus avoiding impacts of elevated levels of 
total gas pressure (Weitkamp and Katz 1980; Weitkamp 1976;1977; Gray and Haynes 1977). Knittel 
et al. (1980) and Weitkamp and Katz (1980) reported that juvenile salmon could recover from 
symptoms of gas bubble trauma in 30 minutes to 2 hours time by sounding. Intermittent exposure 
may increase the level of gas supersaturation fish are able to tolerate because it increases the time 
over which a specific exposure accumulates. It also provides an opportunity for recovery to occur, 
particularly if it is accompanied by depth compensation. The effects of intermittent exposure on 
tolerance to supersaturation has been demonstrated by Meekin and Turner (1974), Blahm et al. 
(1976), and Bouck (1980). Bouck noted that, " .. [t]ish in deeper water or exposed intermittently are 
least susceptible (to GBT) if susceptible at all." 

Several studies have been conducted in the laboratory and the field under various depth and dissolved 
gas levels to determine the effects of depth compensation for salmonids in supersaturated water (Table 
3; DFOP 1993). The most relevant studies were the volitional live cage studies conducted in-situ at 
Wells Dam (Meekin and Turner 1974), and Rock Island Dam (Weitkamp 1976) where fish were 
allowed to sound to avoid impacts of supersaturation (Table 3). 

Depth of the live cages extended from the surface to 3 .1-4 meters below the surface. Meekin and 
Turner (1974) also held fish in cag'es at variable depths from surface to 1, 2, 3, and 4 meters. These 
studies indicate that the effects of hydrostatic compensation due to depth is as predicted by theory and 
that when given the opportunity, that juveniles will remain deep enough to compensate for total gas 
pressures up to 126% saturation. It is highly significant in Weitkamp's study that no fish were killed 
in the surface to 4 meter cages in a series of three tests at total gas pressures of 120-128% saturation. 
It should be noted that even in the surface to 4 meter cage, fish are confined to shallower water than 
they normally occupy in the reservoirs (Smith 1974; Weitkamp 1974; 1977; Blahm 1974; Blahm et 
al. 1976). 

Toner (1993) examined salmonids, resident fish and invertebrates for signs of GBT below Bonneville 
Dam by seines and other field sampling gear. During· high spring spills which caused total gas levels 
to reach 128 % saturation, she found that external signs of GBT were rare. Less than 1 % of chinook 
salmon and resident fish showed signs and no evidence of GBT was noted in sampled invertebrates. 

1994 NMFS Dissolved Gas Panel Report 

Unfortunately, the National Marine Fisheries Service prematurely released a draft report by a panel of 
dissolved gas experts before all panel members could concur with the contents of the report (Backman 
1994; Bouck 1994; Attachment 6). The current draft report should be disregarded. The NMFS 
should retract the draft report and a final report should be issued in which all panel experts can 
concur. This was the intent of the panel, and was their charge by the NMFS. 
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Summary and Recommendations 

Based upon the risk analysis performed above which considered the best available and pertinent 
scientific literature and data, current river conditions, and professional judgement, the fishery 
agencies and tribes strongly recommend immediate implementation of the above controlled spill 
program to protect migrating juvenile summer and adult anadromous fish populations as they traverse 
the Columbia Basin hydrosystem. In order to implement this program, we also recommend a 
modification of Oregon's and Washington's water quality criteria to allow total dissolved gas levels to 
reach a daily .average of 120%· saturation, or an instantaneous measurement to reach up to a 125% 
saturation level. We recommend that the spill program and modifications to the existing total 
dissolved gas standard be implemented until August 31, 1994 to allow protection of summer migrants 
through the mainstem Snake and Columbia Rivers. 

We also strongly encourage the Oregon Environmental Quality Commission and the Washington 
Department of Ecology to direct hydrosystem operators to expedite investigation and installation of 
structural modifications at dams, such as spillway deflectors. Addition of these modifications will 
further protect remaining anadromous stocks passing through the hydrosystem by establishment of 
better in-river water quality. This is particularly important for control of total dissolved gas in 
normal and high flow years, and when the operation of dam powerhouses, even without spill, still 
results in elevated levels of dissolved gas being discharged into the river (Figure 1). 

Tables 1-3 
Figure 1 
Attachments 1-5 
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Table 1. Turbine mortalities of juvenile chinook, coho, and steelhead from studies at 
Columbia River dams with kaplan-type turbines. 

Dam Year(s) 

Bonneville 1• 1942-47 

McNaryb 1955-56 

Ice Harbo~ 1968 

L. Monumentald 1972 

John Daye 1979 

Wellsr 1980 

L. Granite' 1987 

Bonneville lib 1989 

L. Granitei 1993 

L. Goose1 1993 

Source 

• Holmes 1952. 
b Schoeneman et al . 1961. 
e Long 1968. 
d Long et al. 1975. 
e Raymond and Sims 1980. 
r Weitkamp et al. 1980. 
' Gilbreath et al. 1993. 

Species 

Sub yearling 
chinook 

Subyearling 
chinook 

Yearling 
Chinook 

Yearling 
coho 

Sub yearling 
chinook 

Yearling 
steelhead 

Yearling 
chinook 

Sub yearling 
chinook 

Yearling 
chinook 

Yearling 
chinook 

b Giorgi and Stuehrenberg 1987. 
1 Iwamoto et al. 1993. 

(%) Mortality 

15 

11 

32 

20 

13 

16 

17 

18 

18 

8 



Table 2. Spillway mortalities of juvenile chinook, coho, and steelhead from studies at 
Columbia River dams 

Dam Year(s) Species 

Bonneville 1• 1942-47 Subyearling 
chinook 

McNacyb 1955-56 Sub yearling 
chinook 

L. Monumentalc 1974 Yearling 
coho 

Yearling 
steelhead 

Bonneville Id 1974 Subyearling 
chinook 

John Daye 1979 Sub yearling 
Chinook 

Wellsr 1980 Yearling 
steelhead 

Rocky Reach' 1980 Yearling 
coho 

Bonneville Ilh 1989 Subyearling 
chinook 

L. Goose' 1993 Yearling 
chinook 

Source 

• Holmes 1952. 
b Schoeneman et al. 1961. 
c Long et al. 1975 (with spillway deflectors). 
d Johnsen and Dawley 1974 (with spillway deflectors). 
c Raymond and Sims 1980. 
r Weitkamp et al. 1980. 
' Heinle and Olson 1980. 
h Gilbreath et al. 1993. 
h Giorgi and Stuehrenberg 1987. 
i Iwamoto et al. 1993. 

(%)Mortality 

3 

2 

0 

2 

4 . 

0 

0 

1 

1 

0 



Table 3. Mortalities of juvenile chinook, coho, and steelhead held in surface to deep live cages 
in the Snake and Columbia Rivers. 

Exposure TDG Mortality 
Species Depth (m) (d) (%) (%) 

Cohoe 0-3.1 21 128 0 

ChinooJcC 0-3.1 21 128 3 

Steelheadc 0-3.1 21 128 0 

Chinoo~ 0-1 20 120-128 88-100 
0-2 20 120-128 17-61 
0-3 20 120-128 3-8 
0-4 20 120-128 0 

Source 

c Meekin, T.K. and B.K. Turner (1974) 

d Weitkamp, D.E. (1976) 
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ATTACHMENT 1 

FISH PASSAGE CENTER 
2501 S.W. FIRST AVE. • SUITE 230 • PORnAND, OR 97201-4752 

PHONE (503) 230-4099 •FAX (503) 230-7559 

SYS~M: OPERATIONAL· REO{JEST 

TO: FEDERAL EXECUTIVE IN-SEASON MANAGEMENT TEAM: 
NMFS-Seattle Gary Smith 
USFWS-Ptld Bill Shake 
USBR-Boise Ken Pedde 
COE-PB Dave Geiger 

BPA-~ Walt Pollock~//? ~ ~ . ~J I 

FROM: Fish Passage Manager -------,6'-f-"' ~-;_.:_......;;;.~.......,=-----/je-~"""---~-=-
. · chele DeHart 

REQUEST# 94-41: 

DATE: June 22, 1994 

SUBJECT: June and July Migration Flow and Spill for Fish Passage (additional operations will be 
submitted for August migration) 

SPECIF1CATIONS: . 
• Meet NMFS Opinion Flow targets in the Lower Columbia River, through June.and July, 1994. 

• Take additional actions in the Snake River to minimize the deficit in meeting summer flow target at 
Lower Granite Dam. 

• Provide sununer spill according to the attached schedule for fish passage in the Columbia and Snake 
rivers beginning June 21 in the Snake River and July 1 in the lower Columbia River. 

JUSTIFICATION: 
Historical passage distribution data and present passage data show that yearling migrants are present 

in the Snake River and lower Columbia River through June: PIT tag recaptures of upper Snake River 
tributaries indicate that these fish are still migrating through the lower Columbia River. 

USFWS has predicted that peak passage of Snake Rivet fall chinook will occur 'at Lower <?ranite Dam 
beginning in the last week of June and ·continuing through mid-July. Clearwater River fall chinook are 
expected to be present at Lower Granite from mid-July through the first part of August. · 

Flows: 
The NMFS Opinion included flow levels for the protection of summer migrants in the Snake and 

Columbia rivers . In the Columbia River, flow targets for July 1through31 were established at 160 kcfs 
at McNary Dam and targets for Lower Granite Dam in the Snake River were established at SO kcfs from 
July 1 through 31. The summer flow targets· established by NMFS are extremely conservative and do 
nQt provide generous protection for anadromous fish. The original commitment of the federal parties was 
established in terms of reservoir elevations. It is apparent from the June 13 SSARR that the reservoir 
elevation5 and volumes agreed upon in the 1994-1998 NMFS Opinion will not meet the intended NMFS 
flow t~gets and will not provide the n~.cessary protection for extremely depressed stocks of listed 
chinook. 

1 
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The present unexpectedly low returns of spring and summer migrating chinook in 1994 indicate that 
the outmigrating groups of fall chinook in 1994 and spring chinook in 1995 require the protection of the 
target flows identified by NMFS at a minimum for ·these Snake River listed stock. The NMFS Opinion 
flow targets are extremely conservative, providing only bare miIJjmum protection. The migration periods 
identified by NMFS are also conservative and do not cover the entire migration period. The low level 
of spring chi.Ilook adults returning in 199{ and the poor outlook for returning adults in future years, call 
for additional measures to imprpv~: ~val for this year's juvenile migration. .. . 

The Snake River Basin ~ . limited options to provide the NMFS flow targets for the summer 
migration period, but additional measures are possible in the Snake River. Although the flow targets will 
still not be met, higher flows in the Snake River will result through implementation of these measures. 
In the Columbia River, the original agreement among the federal parties was based upon reservoir 
elevations. In 1994, it is c.lear that the flow targets will not be met in the lower Columbia Riyer with 
the volume and reservoir elevations in the Biological Opinion. Additional measures are required in the 
lower Columbia River and are possible in order to meet the flow tafgets. 

Snake River 
There are limited options for additi.onal flow augmentati<?n in the Snake River. Additional w'ater 

volWI1e from Brownlee and the upper Snake River and Dworshak Reservoir are the only available 
options. Dworshak Reservoir has provided the largest contribution to spring flow augmentation. A . 
significant additional draft of Dworshak Reservoir is required to enhance Snake River summer flows. 
The additional draft of Dworshak Reservoir increases the potential risk of not being able to meet flow 
targets for the 1995 spring Snake River juvenile ·outmigration. The agencies and tribes are extremely 
concerned about the risk to spring migrants in 1995 of additional draft of Dworshak in 1994 to protect 
sum.rller migrants. Although the additional draft of Dworshak Reservoir is neces~ary to enhance Snake 
River SUlillJler flows in 1994, the agencies and tribes recognize the risk management decision associated 
with this action, and recognize that it may affect migration priorities and decisions for the 1995 juvenile 
outmigration. 

Columbia River . 
· There are several options for meeting flow targets in the Columbia River, although they all require 

additional measures. We are requesting that the federal operators and regulators utilize all . of the 
avillable water sources to meet the flow targets. The State of Washington has suggested 200 KAF from 
Banlcs Lake, and Bonneville Power Administration has suggested 200 KAP of non-treaty storage water. 
The present deficit from meeting the flow targets is approximately 1.5 MAP. The following additional 
measures will assure that the flows in.the lower Columbia River will be met. Since the fCderat ·parties 
decided pot to meet spring flow targets in the lower Columbia River for the last two weeks of June, the 
r~ng deficit is actually smaller than previous weeks. Meeting the flow targets is particularly 
important because the flow targets were not provided in the early part of the migration and were not 
provided in the first or last part of the spring chinook migration in the Snake River. · 

Spring migrants Jn the Columbia River were not provided with target flow levels until the first week 
of May. The passage distribution was delayed because adequate flows were not provided. The historical 
passage distributions (attached) for McNary and Lower Granite for listed fish shows that historical 
passage distributions for spring nligrants extend beyond the end of June. In additio~ the Biological 
Opinion pas.sage dates have built in to them a truncation of histprical timing. ·Further truncatiOn through . 
the in-season management process minimizes the cost of the program, but further truncates each end of 
the run. 

Flow targets for ~e remainder of the spring and summer can be met in the lower Columbia River 
and enhanced in the Snake .River by implementing the following additional measures . A key 
consideration in this proposal is the concept of equity among the · reservoir projects to ~void 
disproportional impact to resident species· in one location. The exception is Dworshak Reservo.ir, which 
carries a disproportionate impact compared to other systems reservoirs. 

2 



JUN 22 ' 94 01 =22PM FPC 503 230 7559 r. -.+/ J.'-1 

The latest flow projection from the COE shows that the McNary flow target will not be met for the 
remainder of the spring and the summer. Over the objections of the state agencies and tribes , the federal 
parties have chosen not to meet the spring flow targets for the lower Columbia River. Projected flows · 
indicate that sununer flows in the lower Columbia River will average 151 kcfs during July, in4icating a 
deficit of about 1.4 MAF in meeting · th¢ NMFS Opinion flow targets. Additional measures in the Snake 
and Columbia will improve <;:ondjtions in the Snake River and allow summer flow targets to be met in 
July. BPA has planned to use 200 KAF of non-treaty storage, which is not presently included in flow . 
projections. This reduces the deficit to 1.2 MAF. 

The following table shows the projected Columbia River storage reservoirs .elevations on July 31 
under the current plan, which does not meet the flow targets. Most of the r-eServoirs are proj~t;_Cd to be 
more than 80% full by July 31 , except Arrow and Hungry Horse. Our proposal to meet the stinuner 
target flows and enhance Snake River flows seeks to 11ddress the deficit through an equity-based approach 
in which a part of the deficit is met by each reservoir. However, it is · clear that Dworshak Reservoir is 
providing more than the proportional contributions of other reservoirs. Even with the additional drafts 
of the system reservoirs to meet swnmer flow targets, the critical year designation for the 1994-95 water 
·year would be unchanged. Meeting summer flow targets will not change the third year critical 
designation. · 

Table 1. 

Projected July 31 
· Project Elevation .% full 

(6-20c projection) Active Storage 

Albeni Falls 2062:2s 98.4%· 

' Arrow 1432.50 79.5% 

Duncan 189i.85 99.7% 

Grand Coulee 1277.00 80.4% 

Hungry Hors~ 3518.25 69.8% 

Libby 2451.67 93.3% 

Mica . 2443.20 82.9% - -

Dworshak 1520.26 
.. 

39.0% 

Brownlee 2058.00 74.4% 

Draft seven Columbia reservoirs proportionally by 2. S % of active storage capacity. Draft Dworshak 
to elevation 1490. Draft Brownlee to elevation 2054 by Iuly 31 or lower if additional upper Snake Rive~ 

.. water or Owhyee Reservoir water becomes available and is shapable through Brownlee ReservQir. 
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Table 2. 

Additional July 31 % full 
Project Draft (KAF) · Elevation Active Storage 

Albeni Falls . ,. ;·. ·. 29 2062.0 95.9% 
.. 

Arrow 177 1431.1 77.0% 

Duncan 35, 1889.8 97.2% 

Grand Coulee 130 . . 1275.2 77.9% 

Hungry Horse 79 3514.5 67.3% 
-

Libby ·124 2440.3 83.2% 

Mica 471• 2438.2 80.4% 

Dworshak 354 1490.0 21.4% 

Brownlee 46 2054.0 69.7%, 

• Mica draft includes· 200 KAF of non-treaty .storage. 

Recent aild future SSARR projections will ~nge as runoff and, water availability changes: The 
reeent decision by the _federal parties ·not to meet opinion fiqw targets for the remainder of the spring 
migration has shifted water into the sununer migration period .. As the deficit in meeting flows changes, 
the basic approach of this request to proportionally contribute from all reservoirs can be implemented by 
modifying the contribution. .· 

Spill for Fish Passage: 
The agencies and tribes are requesting spill to achieve the 80% fish passage efficiency objective at 

all .hydroelectric projects where the objective is physically possible to obtain. The threatened status of · 
fall chinook stocks r~es additional protection. Spill for f~ passage will enhance the survival of 
in-river migrating fall c.hinook. Spill has been shown to .be the most effective, ·saf~ means of project 
passage. It is also the only means of enhancing in-river sUrvival without' additional flow augmentation'. 

. Fish that pass the project in spill have a signifieantly higher rate of survival (98 % ) than do fish that 
pass through turbines (80-90%). The Fish Guidance Efficiency estimates for sub-yearling chinook are 
extremely low. Pew fish are guided away from turbine unit passage under normal ~o spill operations.. . 
A high percentage of fall chinook pa.Ss through the turbines at each project. Provision of spill . aiso 
provides additional benefits in dispersal of predators, and it has been demonstrated that,squawfish avoid 
areas of high current velocity, therefore a decreased opportunity for predator/prey interaction occurs . . 
In addition, research has shown that squav,fISh tend to feed ~D debilitated fish, therefore increasing the 
mortality associated with turbine passage. These are conservative, temporary dissolved gas -levels and 
are not anticipated to cause harm for first established by DOE and DEQ based on research studies. 

This ·proposal is established for implementation to. prevent any harm to adult or juvenile migrants as 
a result of dissolved gas. Volume caps to avoid exettiling the 120 % dissolved gas standard arc included. 
Daytime adult spill caps are also included to avoid impact to adult niigration. 

Spill at all lower Snake Riv.er (June 21 to July 31) and lower" Columbia River dams (July 1 to 
· July 31) according to the following schedule, in order to provide-80% FPE if possible within established 

constraints-for summer ~grants. 

y 
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Swnmer Spill 

· %of Fish 
Project Passing Spill Percent Spill 

1800-0600 hrs FGE Hours Spill Cap 

Lower 2100-0400 100% 52 kcfs .. 
Granite 70% 35 

0400-2100 50% 25 kcfs .... 

Little Goose 2100--0400 100% 30 kcfs 
70% 35 

0400-2100 50% 25 kcfs 

Lower . 2100-0400 100% 34 kcfs 
Monumental 70% 31 

0400-2100 50% 34 kcfs 

Ice Harbor 50% 43 ·Spill 25 kcfs 24 hours 

McNary • "1800-0600 Spill 110 kcfs 
70% 47 

0600-1800 Spill 80 kcfs 

John Day 86% 26 Spill 25 kcfs 24 hours 

The Dalles Spill 40 % instantaneous flow 24 hours 

Bonneville 1800-0600 Spill 120 kcfs 
50% . 10 

0600-1800 Spill 75 kcfs 

•August operations will Include Spill through August 22 in the lower Columbia :River. · 

cc: 
NMFS-:Sea Donna. Dann 
NMFS-Ptld Chris Ross 
USFWS-V anc Fred Olney 
USFWS-Boise. Roy Heberger . 
USBR-Boise Dan Yribar. Doug James, Harry Taylor 
COE-RCC Russ George, Bolyvong Tanovan 
BPA-PSH Greg Delwiche, Bruce MacKay 
BPA-Pil Judi Johanson 
NPPC-Oly Ted Bottiger 
NPPC-Ptld Jim' Ruff 
PNUCC John Stevenson 

520-94.md 
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Dates of Wild Chinook Passage at Lower Granite· Dam 
(from PIT Tag Data) 

River Reach 
&. Stock 

[mnaha River· 
Summer Oilnook 

Detection · Detection Dates Number 
Year .. 1-M--i.n-im_uin_ ... __ _,S,...%....---9 ... S...,%.,..._ ..... _M_lal_t_imt-,m....i. Deteaed 

--· .' _89 ! 04/04 04/04 OS/27 06/0S j , · 73 

. . 
Lower Grande Ronde r---~+-~;-;;-~~~--fo-,::F:;'1~~~=--+--~~ 

Spring <:hfrmok 

UpperGrimdeRonde 1----'"'="+-~=-~~~~~~~+-~=--+---.:.....~ 
Spring Othv?Ok 

Lower Smke River 
Fall Chinook 

.. 
South Fork Salmon 
summer Chinook 

Mld Salmon River 
Spring Chinook· 

Upper Sa.Imon River 
Spring Chinook 

91 i 04/13 

92 ! 04/0S 

92 ; . 

93 ! 

91 ! 04/16 ....___ 
92 ! 04/07 
93 ! 04/19 

04/18 06/27 07 0 . 177 
04/10 

07 13 ! 
04/21 ~9 : 07'27 ! i 

07/08 

06'28 
04/16 ! 

-06'28 ! . 
04/10 - 07120 . i 
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Dates of Wild Chinook Passage at McNary Dam 
(from PIT Tag Data) 
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ATl'ACHMENT 2 

"PUBLIC UTILITY DISTRICT NO. 2 OF GRANT COUNTY 
P. 0 . BOX S79 • EPHRATA. WASHINGTON~ • 5091754·3547 

MEMORANDUM June 27, 1994 

TO: 

FROM: 

SUBJECT: 

Mid-Columbia Coordinating Committee 

Stuart H~ond, Fish and Wildlife Manager~ 
Sunrner Fish Spill, Wanapum and Priest Rap.ids 

You should have rece·ived· a fax describing a spill proposal after la.st Thursdays 
conference call. This memo is intended to clarify the Districts position with 
regard to certain aspects of the proposal. 

The proposed program is as follows. At Wanapum, spill 35% for 14. hours. At 
Priest, spill 40% for 10 hours. Spill to last for 40 days. l\t both projects the 
skim spill gate will be open for 24 hours, gatewells will be dipped, and 
diversion. screens wi11 be operated for fish salvage . Stnrt of :ipill can be 
detennined hydroacoustically or othen-1ise. · · 

The FPE calculations you received were intended only to provide one ·possible 
P.Xt1mpl"' of a set of assumptions and cstim;:ites. As I stated during last Thursdays 
discussions, the PUD does not consider that this or any other set of 1 i ke . 
estimates n9c9ssari ly describes what the effect of this sp i11 !Jrogram w1_11 be. 

The PUO believes th~t this proposed pr9grcu11 will in total provide sufficient 
benefit for the fish. ihe challenge to the Committee now is to reach agreement 
on this pt-ogram so that it uldJ fJe 1mplemented w1thout delay and in time to 
benefit this summers outmigration. 

I look forward to our upcoming discussions this afternoon. 

Q457 
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Introduction 

The Rock Island Dam Settlement Agreement (Agreement) has been entered into by the Public 
Utility District No. 1 of Chelan County (District) and Puget Power and Light Company, with 
the National Marine Fisheries Service (NMFS), Washington Departments of Fisheries and 
Wildlife, the Oregon Department of Fish and Game, the Confederated Tribes and Bands of the 
Yakima Indian Nation, the Confederated Tribes of the Colville Indian Reservation, the 
Confederated Tribes of the Umatilla Indian Reservation, and the National Wildlife Federation 
('!Fishery Agencies and Tribes"). The Agreement provides that during bypass -system 
development (Phase I), the District will spill water for the protection of juvenile salmon and 
steelhead trout passing Rock Island Dam. Phase I spill implementation is defined in an Annual 
Spill Plan, developed jointly by designated representatives of the District and the Fishery 
Agencies and Tribes. Separate spill plans are developed for protection of spring and summer 
migrating fish, following requirements defined in the Agreement. 

Spring Spill Plan 

Requirements for Phase I Spring Spill 

The District will implement a controlled spill program at Rock Island Dam during the middle 
80% of the spring juvenile salmonid migration past the dam. The Agreement states that the 
District shall spill a volume equal to 10% of the daily average flow through powerhouse 2 and 
50 % of the daily average flow through powerhouse 1, assuming powerhouse flow conditions 
which would occur in the absence of spill for fish passage. In addition to the 10%/50% 
program, the Agreement also required that a minimum of 20% of the total daily average project 
flow was to be spilled until hatchery compensation facilities were operational. 

Since the hatchery compensation facilities are complete, the 20 % minimum spill requirement no 
longer applies. Consequently, the District will implement only the 10%/50% spill program until 
a working bypass system is installed at the Rock Island Dam. 

The prototype fish guidance system tests at powerhouse 1 may require increased flows through 
powerhouse 1 to assure that sufficient fish are collected to validate the tests. In this event, the 
District will calculate the spill requirement assuming powerhouse flow conditions which would 
have occurred in the absence of the powerhouse 1 prototype fish guidance tests. The spill 
requirement was calculated in this manner in 1987, when flows through powerhouse 1 were 
increased for the purposes of fish distribution studies related to development of the prototype fish 
guidance system. 

Spring Spill Plan 
The District will initiate spill at Rock Island Dam at 2000 hours on the day when it is estimated 
that 10% of the spring migration of smolts has passed the dam. We have seen a strong 
relationship between the release of the Leavenworth National Fish Hatchery's yearling chinook 
and the 10 % passage date at Rock Island Dam. For most years since 1985, 10 % of the yearling 
salmonids ~ave passed the dam approximately 3 days after the Leavenworth releases in 'mid­
April (Truscott 1985; Fielder and Peven 1986; Peven et al. 1987; Peven 1988; Peven and Duree 
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. 1990). If the sockeye outmigration begins before the Leavenworth hatchery releases, the District 
agrees to provide spill as directed by the designated representatives· until sockeye numbers 
collected at the bypass trap decline. 

Once spill is initiated (except as stated for sockeye above), it will continue until it is estimated 
that 90 % of the spring juvenile salmonid migration has passed the dam. The 90th percentile of 
spring migrants will be estimated from the expanded Rock Island bypass counts. The expanded 
counts are derived by tald.ng the actual trap counts and multiplying by the inverse proportion of 
water·passing through powerhouse 2 during the sampling period (0900 - 0900 hrs). This has 
usually occurred b~tween the last week of May and the first week of June. 

The volume of water spilled during a day will be determined by the distribution of flows during 
the previous day. The spill volume will be the sum of percentages of the daily average flow 
through the second powerhouse (10%) and first powerhouse (50%), and respective percentages 
of flow. spilled for fish passage that would have gone through these powerhouses. To calculate 
the powerhouse flow conditfons which would occur in the absence of spill for fish passage, the 
fish passage spill will be assumed to have passed through the second powerhouse until its 
hydraulic capacity is reached, then remaining fish passage spill will be added to the daily 
average flow for the first powerhouse. 

A similar method of calculation will be used in the event that flows through pov.:.erhouse 1 are 
increased for purposes of the prototype tests. Powerhouse 1 will be assigned 500 cfs of total 
project flow for maintenance. of station electrical service with the house unit. The remaining 
project flow will be assumed to have passed through powerhouse 2 until its hydraulic capacity 
is reached. Flow in excess of the second powerhouse's hydraulic capacity will be assigned to 
powerhouse 1. Spill for regulation of forebay water level is excluded from the fish spill 
calculations. 

Spill will be concentrated during a 12 hour period, from 2000 h - 0800 h (Pacific Advanced 
Standard Time), except early in the season. The spring spill efficiency study in 1984 found that 

·more than 70% of the fish passed the project during this 12 hour spill period (Raemhild, et al. 
1985). Recent studies have shown that spill between the· hours of 0600 - 0800 results in 
entrainment of newly hatched broods of Canada geese (Branta canadensis) as they leave their 
nests on the island in the Rock Island Dam forebay (Fielder and Duree 1990). The District will 
spill from 2000 - 0600 until all Canada goose nests on the islands above the dam have hatched 
and goslings have left the forebay area (generally by the end of the first week in May - P. 
Fielder, pers. comm.). Subsequently, spill will be from 2000 - 0800 for the remainder of the 
spring spill season. 

Spill will occur at the 12 shallow spill gates located in the south channel of the river. These 
spill gates have a nominal hydraulic capacity of 120,000 cfs. Spill will occur in a prioritized 
order which uses the spill gates which have the highest fish passage efficiency (Raemhild, et al. 
1985). For high spills (above 60,000 cfs, or whenever a gate crew is needed), the priority of 
spill gates used will be automatic gates 19, 24, 25 and 20, and manual gates 27, 21, 18, 23, 26, 
and 28, in that order, holding auto gates 17 and 22 until last for forebay regulation. For. low 
spills (less than 60,000 cfs), when a gate crew is not needed, spill priority will be from gates 



19, 24, 25, 20, 17 and 22, in that order. 

The difficulty in implementing the spill program lies in determining the 90th percentile of the 
spring migration before 100% of the fish have passed the dam. The smolt migration past the 
dam has been monitored since 1985 (Truscott 1985, 1992; Fielder and Peven 1986; Peven et al. 
1987; Peven 1988; Peven and Duree 1990; Peven 1991). Since 1985, the 90% passage date has 
been between May 24 - June 8, while the ending spill date has ranged from May 26 - June 3. 
Spill will end when we have estimated that 90 % of the yearling salmonids have passed Rock 
Island Dam. The District will determine the 90% passage date based on cumulative counts to 
date and projected counts for the following days (based on historical bypass trap data). The 
District will contact the designated representatives of the Fisheries Agencies and Tribes before 
spill is ended. 

Summer Spill Plan 

Requirements for Phase I Summer Spill 
The Agreement called for implementation of a summer spill evaluation for fish passage. 
Subsequent provision for an annual summer spill program was contingent upon completion of 
the summer spill evaluation (completed in 1990), and the summer spill effectiveness determined 
from that evaluation had to be at least 75 % as effective as that shown during a 1984 evaluation 
of spring spill. These conditions were met and the District implemei:ited an annual summer spill 
program in 1991. 

The Rock Island Agreement specifies that the summer spill program will use 500,000 acre feet 
of water during the months of June, July and August. No more than 20% of the 500,000 acre 
feet may be spilled in August and spill must end by August 15. Spill in August is also 
contingent on the District's ability to purchase replacement energy to meet the District's and 
Puget's respective firm loads during the actual time of spill and the total cost of the replacement 
energy cannot exceed an amount determined by a formula specified in the agreement. 

Goals of the Summer Spill Plan 
The goal of this summer spill plan is to use the 500,000 acre feet of water allocated for spill in 
a manner that maximizes fish passage efficiency of that spill during the middle 80 % of the sub­
yearling chinook migration. The Agreement limits the volume of water that may be spilled 
during the summer spill program. The spill program may either use the volume to provide large 
instantaneous spills (30,000 cfs or more) over a short time period (either limit the number of 
hours per day or the number of days when spill is provided) or low instantaneous spills 
(10,000 cfs - 20,000 cfs) over an extended number of hours and days. 

In the summer spill plan for 1991, the District examined available data regarding the migration 
timing, d.iel passage rate, horizontal distribution and spill effectiveness for summer migrant 
chinook salmon. Several scenarios were modeled to determine the most effective spill program 
for use of the 500,000 acre feet allocated for spill. The most effective spill plan rationed the 
volume of water spilled in order to provide spill throughout the middle 80% of the summer fish 
migration. 



The most effective spill program used a low spill rate of 10,000 cfs (which is nominally equal 
to one spill gate fully open) over a 10 hour spill period. Spilling at that rate allowed spill to 
continue throughout the 60 day period between the 10th and 90th percentiles of the subyearling 
chinook migration (usually between mid-June and the first week of August), with the cumulative 
volume of spill reaching 500,000 acre foot on the 60th day. This strategy also accounted for 
unpredictability in the migration timing. Attempting to hit just the peaks in the migration with 
higher spill volumes would be risky because the daily migration rate shifts unpredictably. 

Summer Spill Plan 
The summer spill program at Rock Island Dam will use 500,000 acre feet of spill as defined in 
the Rock Island Agreement. The summer migration at Rock Island Dam generally begins in 
early June and ends in August. Spill will be initiated based on criteria defined below. 
Generally, the criteria will trigger the initiation of the spill pro grim at about the 10th percentile 
of the sub-yearling chinook migration. 

The summer spill program will be initiated on the day after the date when both of the following 
criteria are met: 

After the spring spill program has ended; and 

When the number of sub-yearling chinook caught in the bypass trap at Rock Island Dam 
(expanded count) exceed either: 

300 or more sub-yearling chinook in a single day, or 

100 or more sub-yearling chinook have been captured over three consecutive 
days. 

Spill will be provided at the Rock Island Project at the rate of 10,000 cfs per hour for 10 hours 
daily beginning at 2000 and ending at 0600 the following morning. Spill will be from gate 19, 
which was shown to pass more fish (20% of total) than the other spill gates during the 1990 
summer spill efficiency study (Steig and Ransom 1991). Spill will continue for approximately 
60 days, ending when the cumulative amount of water spilled reaches 500,000 acre feet, or by 
August 15, whichever comes first. Spill in August will be contingent on the Chelan's and 
Puget's ability to procure replacement energy to meet firm loads and cost of such replacement 
energy does not exceed levels specified in the Rock Island Agreement. 
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Introduction 

In 1975, the Directors of the Washington Departments of Fisheries (WDF) and Game (now 
Wildlife; WDW) wrote letters to the managers of the mid-Columbia Public Utility Districts 
concerning the problems affecting the fisheries resources in the mid-Columbia River basin. 
Through the Federal Energy Regulatory Commission (FERC) process, a Settlement 
Agreement (Agreement) was reached in 1979 between the Fisheries Resource agencies, 
Indian Tribes, and the three mid-Columbia PUDs. As part of the Agreement, the PUDs 
were required to spill a set amount of water through their spillways each spring to increase 
the survival of juvenile salmonids passing their projects. 

In 1984, the mid-Columbia Coordinating Committee (Committee) recognized that the original 
deadline of five years outlined in the Agreement for studies to determine a long term 
program to protect downstream. migrants would not suffice, and the Parties to the Agr~ment 
negotiated what is known as the mid-Columbia Stipulation for 1985 and beyond. The 
Fisheries agencies and Tribes and the mid-Columbia PUDs have negotiated separate 
Stipulations for their respectj.ve projects under the FERC process. Chelan PUD (District) 
and the Fisheries Resource agencies and Indian Tribes have now entered into three revised 
Stipulations since 1984 for Rocky Reach Dam. 

Between 1976 and 1993, the spill program at Rocky Reach Dam consisted of spilling 10% of 
the previous daily average flow (PDAF) for 10 hr per night for 30 days. It was agreed that 
the middle 80% of the juvenile migration passed the project in a 30 day period, starting 
around April 20. 

In October, 1993, the Parties to the original Agreement signed the Third Revised Interim 
Stipulation. The following outlines the District's responsibilities from this Stipulation as 
relating to spill: 

Spring Spill 
For 1994 and 1995, the District will spill 15 % of the PDAF for 30 days during the 
spring outmigration of juvenile salmonids. The starting date will be determined by 
the Designated Representatives from the District, Fisheries Resource agencies, and 
Indian Tribes. In addition, the District will provide up to six extra days of spring 
spill (at 15% PDAF) if necessary to encompass 90% of the run of Okanogan sockeye 
salmon. The 90th percentile for Okanogan sockeye will be estimated from the fish 
caught at the fish guidance studies at unit one. If insufficient numbers of fish are 
being caught at the fish guidance studies, the Designated Representatives will decide 
on what index to use for determining the 90th ·percentile of the sockeye outmigration. 

Summer Spill 
For 1994 and 1995, the District will spill 10% of the PDAF for a total of 34 days 
between June 15 and August 15. This spill will occur four nights per week (Tuesday 
through Friday). The Designated Representatives have the authority to arrange the 
days of spill differently if desired in order to encompass periods when large numbers 
of migrants are present. 



rnot1 1 WOW COLL.MD Ii=! !< . ~1 TO 

.... , . 

luty t, 1~4 

Mr. Don zet21er 

• ATTACHMENT 3 

STATE. Of WASHINGTO~ 

DEPARTMt;NT OF ECQLOGY 
IW. 9oJC 47ftQQ • Olympi•, W~fhln~on ~b504·1600 

(10,) 401.,000 • TOI) Onlr (Hd,/ttg ltttp~lffd) (106) '"'·'006 

· Ok~c.ot ot Natural R~ources 
Publlc; fJtfll(y DJ1trlot No. 2 of Otant County 
P.O. Box 178 
Bphr~ti, WA 98823 

Do1&r Mr. Zclsl«: 

C4•01rt1 lr.'CO r.~·c:x:; 

Enclosed I& Order No. DB 94W~21.1: All que&tl<>na tz1d cori'espond~n~ relating to thl6 document 
•ho\lld be dirfCUd.to Eric Schlor«, DepMime11t of DcoloiY· P:.o. Box 47600, Olympia. Wuhlngion 
98$04 .. 76<)(), ('200) 407~71$, . 

' 
Thi• Order 111 lasued ·to allow oxceedance of the totll dlsso1ve4 aas crlml• as ahown In th~ 3ur£ac$ 
w:attr qualhy atandardA (Chaptet '173-20tA WAC) to aid aurn~er flsh passage on th~ miJdJo rQitch of 
~o CdlumbJI\ lllv•t. Thi• order will he eflec1lvo throuih Au¥ust 9, 1994. 

ML;ES:11k 
Hnelog~r• 

-~· 
Wti~~d ~ll"~ I AtUlfl'."l'=! I~ HN Ec:E;t 



! - I 

rnoM I WDW COLLt10 I A n. 

DEPARTMBNT OF ECO~OOY 
' 

· IN TUB MA.Trail OF THE REQUB$'f BY ; . ) 
PUBLIC UTILITY DJSTRICl' NO. 2 OP GRANT. COUNTY ) 
FOR TBMPORARV MODll'ICATJON OF 111E S1'AT.Et ) 
SURPACS WATBR QUAU'rY STANOARDS FOR ) 
TOTAL DISSOLVBD OAS CRITERIA ON.THE ) 
COLUMBU\ RIVER ) 

T<)! Mr. Don ~lstsr 
:P\abU~ UtUlty Dlitt'lct No. 2 of Orant County 
P.O. Box 878 
l!phrata, WA 98823 

1~.q,07 0C 

APMINISTRA T1V£ 
ORDU 
No. DE94--WQ227 

PubUc Uttllty D!~frlct No. 2 ot Gr"nt County, hcrehy r~~rttd to u th8 rcsp0nsJble party, 
1ubml~ed a requtet on· June 30, 1994, t<) the Departnu1nt !of Uooloar (Ecoto~y) fnr ternparary 
modlftoadon of the Stat••a su~ wator quality 1ca.nd•ud4 toe the rurpou ot H~edlns watft 
quaJlty atanduda for total dlnolved s•• on the Columbia jRlver. 

. l 

nio ftt!X>nalblo pArty I• Authorl1.ed to perform actlvitlies ~h1ch . wlU ~xc~ wat~r quality 
1tauidards for total dl~wlved gas; any action.$ r('.Sulti~ In :~1c~~ance of water quallcy 
sW\dards for total disaotved ,as sht\11 corttply with the oo~ditlon9 liEte.d in thla Admlnlstratlv~ 
~~ ' 

Ally 1ctloft4 tC8ulting In exceedam:e ot water quality •tandard1 for tot!l dls&0lvad ias ahall 
n~lthtt lnterf~tcl with nor becoma lnjurloua to b«net'lchd ~s~. 

11f\e Depanman~ of Ec-0logy retaln~ coutinuJns judadictloh. to make modlncations hereto 
tlu'Ouah 1upplea:ncntal Ord°" U It 11r11ea111 D~<'Mcary to prateot benc{tclal use& or tho public 
lntec~t. 'Il\i1 inctud(l.S pl'ot~tlon of wlldllfe, aquatic, a~ wetland resourceA. 

This Order Js lasuod undu tho pcovfslons of C!1aptec ~.~a RCW •nd w.Ac tn.20tA-t IO. 

11it rf1tponalble P.art)' chall comply with the followin~ coMltlons dudna a11 actlvltlOI\ c<'v•r~ 
undot this Order! 

1. 

2. 

3. 

4. 

N!UM~ }Ypttrbod)'.! Mlddl• ~el\oh o( the Colu~bla 1Uvcr 

Lo.~ Wamspustt an" Ptl~t Rnpld$ don\£, 

A Umin.a restrlctton la lmpoA~ tor 1tll ;ctlvltloa reaulthtg In &JC.C~~ane~ '-''the wtter 
quality at.andards to the followlni perlod: Immed,Rt(!y U'1on Issuance ot this Order 
through August 9, l994, ot At such time RS 80% bf the smnm« 1iugratfort I~ 
oomplete, which evet ocoura flr4t. · 

· · 1'h~ r06ponslbl~ pany ah~l obtain ad\lttnce wtlue? "pprovaJ ftom EcolOSY befor~ 
maldrta varlatlo~ t() this, aod any, amended Ord;r. 



r-not1 'WI:W CCLU10IA fi . ~1 TO 

' 
'5. Tho c~ponaibl~ party pc!rfom1lng the activities r~uldng In exccooance of w11.!cr 

qutll1y standardt •hall havo this Adrnlnl~tratlvo o:rder In p0ssuslon and on 61t6. 

6. Tho r~pQNlblo fJn)' ah•U allow an autht,r-l~ed r~t)t'esertt11tive of the Department of 
Eoo1ogy: 

A) · To enter tM pcomlsu whero acllvlty rC\,ultlna in exc~~brt~o of water 4uallty 
ttandards 1, taklns place. 

B) To h•v• access to and· ~PY any rt.cord~ . that must bt k.c11t undu th" termc ol 
thla Otd(lt. '. 

C) To Inspect ~"Y monltorlng f.(lt,1lpment ot l)\4lthOd of moniloclni required 1n llll!i 
Ordet. · · 

D) To $ample. 

S) To bupect opl$ratll)ns. 

1. 'fhg coaponalbt• JUlt'()' ithall pro'/fda a rcaA<>nabh~ ~tJmllto Of th6 til)IC and luc11tloll 
wbero &b~o pomtlttod ictMtli!:t will take plac$ arid u emor1cncy telCl)hone number 
whoro diey ~an bo reaehtci lm.medtately upon thA r•ciuest otBeoloay. A ntessaa6 by 
v<tlc6 mall or PAX •hall 11,1tne¢ tor thl~ c:ondltk>n. 

8. 

Contact Namo: Bric Schlorff Cont11~1 Numbu~ (206) 407-'478 

A) 1ho respondble paC'ty shall b& rt1.cipo1Ulbl~ tbr muultorinc. MMhotlns 4hall 
h• in place tor total •aturatod ga& wheu IQveb are In oxces" oft t0'1 r4'ladvo 
to atmotph•rlc l)touur~ 

. . . 
S) 'fQCal dlsaolved i"" and bioloelcal ntonltorini ~hall he cunducttiel lat 

aCC(lrdanoe whh a monltodng plan to \\o ~ub1nitted hy thA rc.~nsible party . 
and approved fn welling b)' Ecolu&)'· Th~ l\\Ot1ltori1t1 pltn wiU htt d~ltned U'I 
demo.attar& dlat total diei:alved aaa concenttatlona do not exoeed llmha on thii; 
order and do not cause a sfsnUiCMt fncr~llft In .gas bubbl~ dleCMc relat.d to 

. mortality ln 1aJmon populat1on11. 

C) A moni~rl.111pla111h11ll h4 Auhmltted by /uly 8, 1994. Ptlor to Wl'Jtten 
app,oval b~ Ec0loC)' ot this monitorln~ ()tan, tlao.4'e mnnltorlng actlYltlc.£ 
undenaken lo 1i:ompll1ttc.e wlth Ordu Nq~ DR ~WC·225. ·issued on May 26~ 
1994 io Public UtUlty t:>letclct Nu. 2 M GrMt Caunty. thall remitln Jn elf~et. 

D) Total ditaolved suea shall Mt e.J(Cecd I ~4 huur 8VOCl\i6 of \15~. or a OM 
hour mai.lmum ot 120%, relativ~ to atmqsphtrlc pcm1.1ro. i1'o res~n.alhtf' 
psut~ 1hAlt at all dmes operats the rlvtt s~tcm ln a mJJUJer to m1n1m1'c tofal 
dlctJ¢1Vt<i gat wheMver the total Jluolv~ gU Jc,v~lt eKCtt.d 110 Jlercent. 

. ' 

· . f.) Tu~l dlssotved 1su $hall ho rnellaurl'!<i At ~lolo~lcal ~ampting Sltl;'.s . 



I 
I 
I 

I 

~1 •wow COL..U·10 IA n. n ,m ~1 To 

I~) At • ntto!mum, sumrnaties of monitorini results will be forwardt!d lo Ecology 
Ol\ch ~QndAy to~ the ~revtous week, wl~}he tlm aurntnart report du~ tuly 
11, 1004, or upo" r~~.st hy ~colosy on\clalf:. 

9. 'Tilo cespunalblo pact)' shall lrnmc4~1y noOfy ~IQgy of any ·6Xceedl\nC~ or thii1 
ordtt or any ••snlttca"c. mortality or dl&easo In •Q"Atlc ocg4Jtlsrns aff~~tt!d by the 
authorized o.~tlvltles. 

10. s,olo;y may malt• auoh modifleatlons to thl1 o~det as It deems necessary In order to 
protect beneficial uses and the pubtlc lntete&t. ; 

Any p~raon curylns OY~ Chl11 proJ~t'• aetlvld.ea who fall•'. to comply with this Cede( may be 
1ubJ~t (Q dlo l"uanco o( ~lvlt pealltiea <>t oth0t a~tlon, ~h~thtt 2dmtnlstratlve or judicial. to 
enfOtcJO tt10 ~nns ·ul this Ordtr. : 

I 

nils Order may bo appealed. Your lllJlcal mun bo nled ~Ith th~ p,ittu&lon Control Hearin~ 
Boord, P,O, nox 40903, Olympla. Washin,Wn 98S04.()C)Q3 within thirty (30) days of your 
CC(l6lpt ot thl1 Ordor. At the aame timo, yout appw mu~t also be sent to tho Depanment of 
Boolo11 Clo T1\a ltnfarc:ement Oft1ccr, P.O. Sox 476001 Olympia, W~htnat<>n 9~504-7600: 
and'° th• Water Qualltf Pro1tAA1, P.O. Box 47600. OlyrapJa. WA 98S04·7600. Your appeal 
Alon~ will nol a~11y dao ttfootlvtn•11t of this Order. St~)' ~N}t~Mt~ mu8t be submitted ln 
~wrdlll~~ wlth !t~3.2tD.~~O. 'J1tes• ~roeed\lt.a u~ conslnent with Ch. 43.21B RCW. 

DATED t~ll L d•r or n/.~ . 1,,4, II l:>11111pl1, Wathlngton 
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MEMORANDUM 

DATE: July 8, 1994 

TO: 

FROM: 

"' 
ATTACHMENT 4 

FISH PASSAGE CENTER 
2501 S.W.FIRST AVE.• SUITE 230 •PORTLAND, OR 97201-4752 

PHONE (503) 230-4099 • FAX (503) 2.3G-7559 

RE: Potential impacc of che spill program Snake River adult spring chinook delay and survival 

In early June you requested the Fish Passage Cemer to a<ldre:ss whether che spring spill program 
impacted adulc passage through delay. The pa'\sage of fish through a river can be affected by, among 
othe'r things, flow, project operations and temperature. To best address the question thac you asked we 
sununarized the cumulative passage ti.ming distributions for the past ten years at Bonneville, Ice HarboR 
and Lower Granite dams. Keeping in mind that several environmental and physical factors affecc 
passage, we developed the 95 % confidence interval around the:: cumulative passage discribution. 

The accached graphs show the 1984-1993 average cumulative distribution with the 95% confidence 
interval for Bonneville (Figure I), Ice Harbor (Figure 2) and Lower Granite (Figure 3) dams. 1be 1994 
cumulative passage distribution is plotted on each of the graphs. The experimental SPILL program was 
initiated on May 11, 1994. At that time approximately 90-100 percent of adult spring chinook were past 
Bonneville Dam and in the Columbia/Snake rivers. At this same time about 50 % of the spring chinook 
had emered the Snake River. As can be seen from the graphs the adult migration timing was well within 
the 953 confidence interval at all three projects considered. We can conclude from this that compared 
lo the p:ist ten years of record there appeared to be no significant delay associated with the 1994 spill 
program. Keep in mind that while the percentages of spill were relatively high at each project, the 
overall flows in 1994 were quite low and cherefore, the volume of spill was quite low. 

Jn addition, we addressed whether there was an increase in adult mortality of Snake River spring 
chinook that could be attributed to the increased spill and increased levels of dissolved gas. While the 
dissolved gas levels exceeded the state standards, the level remained below 120%, and were not as high 
as measured in past years. For example at Ice Harbor Dam the actual levels of dissolved gas during this 
spring in most cases did not exceed the mean of the daily averages for 1982 to 1993 (Figure 4) . 

To determine if there was unusual levels of mortality we calculated the conversion rates for spring 
chinook between Ice Harbor and Lower Granite dams over the ten year record and compared the historic 
conversion rates to chat observed for spring chinook in 1994. A one sample t-test was conducted between 
the 1994 conversion rates and the JO-year record . Based on this analysis we conclude that 1994 
conversion was no different than any other year, and no increase in mortality C.'.ll1 be ascribed to the 1994 
spill program. If you hav1: any further questions please contact Margaret Fllardo (503) 287-2345. 

I 
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Figarc 1. Conv:rs!on nites of adult spring chinook between Ice Harbor md Lo'Nl!r Gr:inite darns from 1984-1994. 

YEAR IHR COUNT LOR COUNT CONVERSION RATE 

1984 8137 6511 0.880 

1985 31306 2~207 o.aos 
1986 3K040 31S76 0.830 

1987 31276 28835 0.922 

1988 33336 29495 0.885 

1989 15376 12955 0.843 

19)() 20512 17315 0.844 

1991 10171 6623 0.651 

1992 25-401 21391 0.&42 

1993 24693 21035 0.852 

1994 3378 2982 0.883 

Attachments 

cc: FPAC 

566-94.mf 

.... . .. - .. .. . 
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Cumulative Passage Proportion 
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Figure 1. Historic cumulative passage distribution at Bonneville Dam. 
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Cumulative Passage Proportion 
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Summer migrants timing fn Lower Columbia River 

lnfonnation on the migration timing of listed Snake River fall chinook in the lower Columbia 

River is limited. In the put three years, a total 

of 15 listed fall chinook PIT tagged by USFWS in 
Table I. Listed fall ch.inook. detections at McNary 

the Snake River have been detected at McNary Dam, 1991·93. 

Dam. McNary Dam detections spanned periods 
Year Earliest Latest Nmnber 

of one to two months each year (Table 1). The 
1991 8/10 916 4 

1994 fall chinook migration past Lower Granite 
1992 611 8/8 7 

Dam appears later than expected based on 1993 6/26 8/18 • 4 

USFWS predictions of emergence timing. 

Current flow levels are more similar co what 

occurred in 1991 during July. Fall chinook timing appears to be delayed, and may follow the 1991 

passage pattern closer than that of the other two years. This would place the bulk of listed Snake River 

fall chinook which originate above Lower Granite Dam in the lower Columbia River during August. 

Currently, increased numbers of wild subycarling chinook have been passing Lower Monumental Dam. 

These fish are presumed to be fall chinook from the Tucanilon River. These fall chinook are tending to 

be larger size, averaging around 130 mm at Lower Monumental Dam, than their counterparts passing 

Lower Granite Dam, which have been averaging less than 110 ITUil. The anticipated migration timing 

of these listed fall chinook through the lower Columbia ruver would be in July. ·Altogether, Snake River 

origin fall chinook arc expected to be present in the lower Columbia River during both July and August. 

Subyearling chinook from the Mid-Columbia River are currently in the lower Columbia River 

in large numbers at this lime. Collections at McNary Dam approached 417,000 on July 6. These would 

include fish from the 12 million released from Priest Rapids, Wells, Turtle Rock, and Ringold hatcheries. 

In addition wild fall chinook from the Hanford reach are currently passing McNary Dam. The harchery 

stocks will predominately pass McNary Dam during July, while the Hanford reach wild fall chinook will 

1 
: ~ 



be present during both July and August, based on recoveries of marked fish iu prior years (see Figure 

10 from Wagner 1994). Freeze branded fall chinook from 2.8 million released from Umatilla Hatchery 

continue to pass John Day and Bonneville dams at this time. All together there are millions of 

suby~rling chinook currently migrating through the lower Columbia River at this time. and large 

numbers of subyearling chinook will continue to migrate there during the remainder of July and August . 

The time when the 90% dale of passage occurs at a downstream site for a given year is variable and 

dependent on both physical and biological factors . Since 1986, the 90% passage date at John Day Darn 

for subyearling chinook has ranged from August 15 to September 18, with the late'r date occurring during 

• the low flow. ye<Jr of 1987. 

567-94.tb 

: .. -



P:nn~lnda 

Figure 10. Subyearling Chinook Passage Index 

with the 10%, 50%, and 90% Passage Dates. 
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ATTACHMENT 5 

MEMORANDUM 

June 10, . 1994 

To: Rob Lothrop ·<Zw 
From: Earl Weber & Paul Wilson 

Subject: Fall chinook analysis 

This memo describes an analysis of management options being considered for fall 
chinook in 1994. In all s.imulations, the flow year 1992 was used as a surrogate for 
1994 in terms of flows, temperatures and reservoir elevations. Because 1992 
conditions were used as a baseline situation, it was necessary to subtract volumes of 
water added during specific periods in 1992 and, also, to remove the effects of cold 
(46 degree F.) water drawn from Dworshak Reservoir in July of 1992. The 
temperature profile that would have occurred in 1992 without cold water from 
Dworshak was estimated with the model COL TEMP developed by the Army Corps 
of Engineers and applied by the Columbia River Inter-Tribal Fish Commission . 
Survival of fall chinook under different management options was estimated with the 
FLUSH Mod~! developed cooperatively by the State Agencies and Tribes (STF A). 

The four reservoir/flow options analyzed were: 

1. Base - 1992 conditions with flow augmentation that was applied that year removed. 

2. Option l - Dworshak to 1520 beginning July l (616 KAF; 15 KCFS for 21 days); 
Brownlee to 2055 beginning July l (286 KAF; 10 KCFS for 15 days). Columbia 
Flows of 200 KCFS in July and 160 KCFS in August. 

3. Option 2 - Dworshak to 1490 beginning July l (969 KAF; 15 KCFS for 33 days) ; 
Brownlee to 2045 beginning July 1 (397 KAF; 10 KCFS for 20 days). Columbia 
Flows of 200 KCFS in July and 160 KCFS in August. 

4. NMFS - 40 KCFS minimum in Snake June 21 - July 31 , 160 KCFS minimum in 
Columbia in July. 

For each of the above flow options, survivals were computed for five different spill 
programs (Table 1, Figure 1). The five spill programs were: 

1. Spill proportions from the 1989 Spill MOA (constant proportion spill at non­
collector projects, no spill at collector projects) 

2. Spill for 80% Fish Passage Efficiency (FPE) at all projects 

3. Spill for 80% FPE at non-collector projects, no spill at collector projects 



·. 

4. Spill for 80% FPE at all projects, except no spill at McNary Dam 

5. Spill for 80% FPE at non-collector projects, spill for 50% FPE at collector projects 

In all scenarios it was assumed that all fish surviving the bypass at collector projects 
would be transported. However, because transportation studies on Snake River fall 
chinook have not been conducted, no attempt was made to estimate the survival of 
transported fish and only in-river survival estimates are presented. 

Water drawn from Dworshak in the STF A Options is water of approximately 46 
degrees F. The cold water is allocated among the first three or four weeks of July. 
Simulations assumed a 12.5% reduction in predator mortality in each reservoir. Other 
parameters have those values delineated in previous documents. 

RF.sULTS 

Results of the simulations are shown in Figure 1. The NMFS option showed the 
highest survival values but whether or not this is realistic depends on the ability to 
maintain a 40 KCFS minimum in late June and July. In actuality, Option 2 drafts of 
Dworshak and Brownlee may be the most optimistic scenario for any of the options. 
All options indicate poor survival but a combination of flow augmentation and spill 
provide substantial relative gains. 
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ATTACHMENT 6 

COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 

July 1, 1994 

Dr. Charles Coutant 
Oak Ridge National Laboratory 
Post Office Box 2008; Mail Stop 6036 
Oak Ridge, Tennessee 
37831-6036 

Dear Dr. Coutant: 

Telephone (503) 238-0667 
Fax (503) 235-4228 

Upon reviewing the latest draft of the NMFS Dissolved Gas Panel Report and 
Recommendations, I have found some statements in which I cannot concur. Some of them I 
had commented upon in the previous draft and my comments did not appear in this current 
draft. Other statements are incomplete and are likely to be easily misinterpreted. I offer the 
following comments with respect to these statements. 

Management use of the Report 

It would be inappropriate to use the report to determine the feasibility of continuing future 
spill programs, because it was not the panel's intent for the report to be used in this fashion. 

The panel meeti'ng was formed in haste and addressed a very limited scope of issues. The 
questions posed to the panel and time restraints directed the panel's attention away from an 
analysis of in-river aspects of the effects of elevated gas levels toward summation of the more 
abundant information derived from laboratory studies. These points should be given 
emphasis in the report. 

Gas Bubble "disease" 

As I had commented on in the earlier draft, the term "gas bubble disease" was used by the 
panel as a matter of convention but leads to misunderstanding. The cause of the bubbles is 
not pathogenic, but a physical response resulting from pressure imbalances between liquid. and 
gas phases as described by Jensen et. al (1986). Fidler (1982) suggested that, "gas bubble 
trauma" is a more appropriate phrase. I recommend that trauma be used in the report and that 
this important point be clarified in the report. 



Implications ·of environmental and other variables on GBT occurrence 

I am particularly concerned that the panel did not acknowledge and describe the impact of 
environmental and stock variables· in conjunction with total gas pressure on the occurrence of 
GBT. Examples of these are water temperature, atmospheric pressure, fish physiological 
condition, size, species and life history stage. Jensen et al. (1986) and Alderdice and Jensen 
(1985) stressed that the biological response to total gas pressure is strongly influenced by the 
synergistic effect of these factors which have a "sparing effect" with respect to GBT 
occurrence. It is too simplistic and misleading to characterize the 110% standard as adequate 
without acknowledging consideration of these other factors and their influence on GBT. 

Table of cited literature 

The panel must state at the beginning that studies in the table are only laboratory studies and 
are not necessarily applicable to in-river situations. After I had sent you my comments on the 
previous draft, Earl Dawley faxed me a summation of a number of in-river studies. It is now 
evident to me that the report should acknowledge that there have been some extensive in river 
studies performed (Toner 1993; Weitkamp 1977; Weitkamp and Katz 1980; Dawley 1986; 
Gray and Haynes 19,77) which generally indicate that fish in the river are able to tolerate gas 
levels in excess of 110% likely because of hydrostatic compensation and other mitigative 
elements. 

BP A and NMFS Monitoring Review Document 

It seems premature to recommend consideration of this document before the panel has had a 
chance to review it. 

ll0% standard 

We need to be consistent in what we say about this standard. In one place we say it is 
adequate, but in another we say that signs of GBT may be expected to occur in salmonids 
inhabiting shallow waters at the 110% level. Without the panel's review of existing in-river 
studies, we cannot say that this standard, while perhaps appropriate in a laboratory situation, 
is applicable as an in river standard. 

It was the paucity of information available to the panel on the direct effects of spill and 
associated total dissolved gas that prompted the panel to recommend scientifically sound 
monitoring, evaluation and scientific studies to improve the knowledge base when gas levels 
exceed the state and EPA standard of 110%. The panel recognized that the 110% standard 
has a built-in safety factor such that actual tolerance to elevated gas is above the 110% level. 
The panel acknowledged that Columbia and Snake River gas levels frequently exceed the . 
110% standard. 



I strongly support the panel's recommendation that river managers seek a long term permanent 
solution to high levels of total dissolved gas, which may require substantial structural changes 
at darns. Research is not an end in itself. Even though research may provide managers a 
better understanding of risks to survival, in the long term successful management should 
eliminate the need to conduct risk analysis investigations involving handling and subsequent 
impacts to declining stocks at risk of extinction. 

Sincerely, 

Dr. Thomas Backman 

cc: reference lists 

backgas.4 
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SALMONID HOLDING TESTS AT AMBIENT RIVER SATURATION 

~ea~archer Sitg SpP.cies 

0 -3 FElii DEPTH 
Ebel <1969> Priest Rep. Das Coho 
Beiningen and Ebel <1 <36~> . The D4lles Daa Chin . (0' a> 
Ebel (1971> Ice Harbor 0011 Chin. (0' a) 
Ebel Cl~o':H Pc-ieet Rep. Oda Coho 
Ebel <1971) Ice Harbor Du Chin.<l'a> 
Meakin and Turner <1974> Rocky Re~<.:h 04111. Chin, CO'~> 

Steelhe4d 
Coho 

Weitkaap <1976) Rock Ial. Daa Chin. CO' s) 

Heekin and Turner <1974) Welle Oaa Chin . <O'o> 
Steel heed 

Wei tks•p <l 976> Rock Ial. Dea Ch1n. (0~ S) 

8leh• et 41 . <1976> Prescott Ore. Chin . (O's> 
Steel head 

Ebel <1969) Prieat Rap. Da11 Chin.Cl's> 
Oauloy <198b) The Dalles Oa111 Chin.(l'a) 

3·S FEET DEPTH 
Heekin and Turner <1974) WellA Dda Coho 
Weitka•p (1976) Rock Id. Da• Chln.(O's> 
M~~k1n Gnd Turner C19?4> f.ilglla De• Chin.<O'a> 
Weitkallp Cl976> Rock Isl. Dea Chin. (O'a) 

Dawley (1986) The Dalles Du Chin.<1'8) 

-f - G or 5-7 f.EET OliPTH 
Ebel C1971) Ice Harbor Chin. <O' a) 

Meekin and Turner (1974) Well~ Dtun Chin. (0' a) 
Coho 

6-9 FE.ET OEPTH 
Ebel <1969) Priee.t Rap . Du Coho 

Coho 
·lllAitkBlp (1976) Rock Isl . Du Chin.(0'&> 

Ebel <1969) Chin. ( 1 's> 
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OPTIONAL ronM 99 (7-90) 

(>F.NER/\L scr'iviCEs ADMiWS ll-CAllON 

A'l9. TG.e. . .. Period Death 
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126" 
126~ 

124" 
12:::11' 
12!X 
123~ 

121" 
120X 
120" 
118" 
110" 

125" 
124" 
123" 
123% 
121" 
110)( 

130" 
123" 
125" 

H2" 
130" 
124); 
123" 
121" 
118 

< 8d 1oox 
98" 

7d 100X 
( ad 100" 

7d 100" 
3d 100:( 
3d 1oox 
3d 100X 
3d 100" 
7d 97lC 
3d 92" 

20d aa" 
lOd 53" 
:,)5d &0% 
55d 80" 
92d 1"' 

5d 9)( 

7d 1$)( 
20d 30" 

3d 92" 
20d lX 
20d 0% 

5d 2" 

7d 53" 
10d 25" 
13d ox 

8d 70" 
Sd 5'< 

20d 1" 
2 0d l'< 
lOd o" 
4'2d 2'> 
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0-7 FEET Of DEPTH 
Heekin end Turner (1974) Rocky Reecn Va• (;tain.<O's) 12&~ 30d 6~~ 

Steel head 126'< 30d 60'< 
Coho 126% ::SOd 4" 

Weitkeiap (1976> Rock Isl. Da• Chin. <O' a) 124" 20d 61" 
123" 20d 17" 
121" 10d 0% 

Blah• etel.<1976> Prescott Ore. Chin. (0' a) 120" S5d 11" 
Steel heed . 120"· 5Sd 6" 

0-10 FEET OF DEPTH 
Keekln and Tu~nAr C1974) Rocky Reach Dea Chin. <O ' s> 126" 21d 3X 

Steel head 126" 2ld ox 
Coho 126" 21d ¢" · 

We1tkaap (1976) Rock Isl. Daa Chin. (0' a) 124" 20d 8'( 
123" 20d 3" 
121" lOd ox 

0·13 or 0-18 FEET OF DEPTH 
Seiningen and Ebel (1969) The Dalles Daa Chin . (0' &> 135X 28" 
Ebel (1~71> Ice Harbor Dea Chin, CO' G> 130" ?d sax 
Ebel (1969> Priest Rap. "Daa Coho 130" 8d 16" 
Ebel U~/1' Ice Harbor Ou Chin. (1 # u) 127" 7d 15" 
Weitka~p <1<376) Rock Ial. Daa Chin. CO' a) 124" 20d o" 

123~ 20d o" 
121-" 10d o" 

Ebel <1969> Priest Rap. Daa Chin. CO'S) 118X ~2d 6" 
Da'tlley (1986> The Dalles Du Chin. Cl's> 110" Sd 1" 

AVOIDANCE TESTS 

Meakin and Turner (1974) Chinook <O'a> >115~ lateral Avoided 
Coho >115" lateral None 

McConnell and Dcvia<1975) Chinook <O's> 130" lateral Avoide<S 
Stealhgad 1~0 laht'8 l None 

Da'tlley et al. <1975) Chinook <l's> 130" vertical Avoided 
St.oolhcad 1~0" vQrtical NOt\P.I 



COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 

1994 REQUEST TO TIIE OREGON AND WASHINGTON GOVERNORS 

FOR 

IMPLEMENTING A SUMMER SPILL PROGRAM 

IN 1HE COLUMBIA AND SNAKE RIVERS 

KEY POINTS 

1. ALLOW UP TO A DAILY AVERAGE OF 120% TGP 

2. ALLOW UP TO AN INSTANTANEOUS AVERAGE OF 125%TGP 

3. IMPROVE TIIE EXISTING PHYSICAL MONITORING PROGRAM 

4. CONTINUE TIIE EXISTING BIOLOGICAL MONITORING PROGRAM 

5. IMPLEMENT TIIE PROGRAM IMMEDIATELY AND CONTINUE TIIROUGH 
AUGUST 31, 1994 TO PROTECT TIIE SUMMER ANADROMOUS FISH MIGRATION 



SCIENTIFIC RATIONALE 
FOR IMPLEMENTING A SUMMER SPILL PROGRAM TO INCREASE JUVENILE 

SALMONID SURVIVAL IN THE" SNAKE AND COLUMBIA RIVERS 

. By 

Columbia River Inter-Tribal Fish Commission 
Idaho Department of Fish and Game 

Oregon Department of Fish and Wildlife 
United States Fish and Wildlife Service 

Washington Department of Fish and Wildlife 

RISK ASSESSMENT 

1. LITERATURE REVIEW 

a. gas bubble trauma literature 

b. bypass literature 

2. REVIEW OF CURRENT IN-RIVER CONDIDONS 

3. PROFESSIONAL JUDGEMENT OF THE FISHERY MANAGERS 



RECOMMENDATIONS OF TIIE FISHERY MANAGERS 

1. ADOPT 120/125% TGP STANDARD WITH TIIOROUGH PHYSICAL AND 

BIOWGICAL MONITORING PROTOCOI.S 

2. DIRECT HYDROSYSTEM OPERA TORS TO IMPLEMENT S1RUCTURAL AND 

OPERATIONAL CHANGES AT DAM TO ALLEVIATE ALL WATER QUALITY 

IMPACIS TO ANADROMOUS FISH (TEMPERATURE, NON-POINT AND POINT 

SOURCE POLLUTION) 
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Table 1. Turbine mortalities of juv~e ch.~k:, coho, and st.eelhead from studies at 
Columbia Rivec dams with l.a!plan-type turbines. 

Dam Year(s) 

Bonneville r 1942-47 

McNacyb 1955-56 

Ice Harbor 1968 

L. Monum.entald 1972 

John Dar 1979 

Wellsr 1980 

L. Granite' 1987 

Bonneville IP 1989 

L. Granitei 1993 

L. Goosel 1993 

Source 

• Holmes 1952. 
b Schoeneman et al. 1961. 
e Long 1968. 
d Long et al. 1975. 
c·Raymond and Sims 1980. 
rweitkamp et al. 1980. . 
'Gilbreath et al. 1993. 

Species 

Subyearling 
chinook 

Sub yearling 
chinoolc 

Yearling 
chinook 

Yearling 
coho 

Sub yearling 
chinook 

Yearling 
steelhead 

Yearling 
chinook 

Subyearling 
Chinook 

Yearling 
chinook 

Yearling 
chinook 

h Giorgi and Stuehrenberg 1987. 
1 Iwamoto et al. 1993. 

(%)Mortality 

15 

11 

32 

20 

13 

16 

17 

18 

18 

8 

I 
I· . ' 
: . 
i 



Table 2. Spillway mortalities of juvenile chinoo~ coho, and steelhead from srudies at 
Columbia Rivec dams 

Dam Year(s) Species 

Bonneville I- 1942-47 Subyearling 
chinook: 

McNary" 1955-56 Sub yearling 
chinook 

L. Monumentalc 1974 Ye:atling 
coho · 

Yearling . 
steeuiead 

Bonneville Id 1974 Sub yearling 
chmook 

John Dar 1979 Sub yearling 
chinook 

Wells' 1980 Yearling 
steelhead 

Rocky Reach' 1980 Yearling 
coho 

BonnevilleIIh 1989 Sub yearling 
chinook 

L. Goose1 1993 Yearling 
Chinook 

Source 

• Holmes 1952. 
b Schoeneman et al. 1961. . 
c Long et al. 1975 (with spillway deflectors). 
d Johnsen and Dawley 1974 (wi~ spillway deflectors). 
c Raymond and Sims 1980. · 
t _Weitkamp et al. 1980. 
c Heinle and Olson 1980. 
h Gilbreath et al. 1993. 
h Giorgi and Stuehrenberg 1987. 
1 Iwamoto et al. 1993. 

(%) Morcitlity 

3 

2 

0 

2 

4 

0 

0 

1 

1 

0 

j .. ,. 

' I'· 



Table 3. Mortalities -Of juvenile chinook, coho, and steelhead held in surface to deep live cages 
in the Snake and Columbia Rivers. 

Exposure 1DG 
Species Depth (m) (d) (%) 

Cohoe 0-3.1 21 128 

OtlnooJc.-C 0-3.1 21 128 

Steelh¢ 0-3.1 21 128 

Cliinook4 0-1 20 120-128 
0-2 20 120-128 
0-3 20 120-128 
04 20 120-128 

Source 

c Meekin; T.K. and B.K. Turner (1974) 

4 Weitkamp, D.E. (1976) 

Mortality 
(%) 

0 

3 

0 

88-100 
17-61 

3-8 
0 
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Oregon Department of Environmental Quality 
811SW6th . 
Portland, Oregon 97204 

RE: Comments on exceeding total dissolved gas standards to allow spill 

ONRC encourages the Environmental Quality Commission to grant a temporary mle for 
exceedance of water quality standards for total dissolved gasses, in order to allow spill from dams 
of at least the level called for in the National Marine Fisheries Service's Biological Opinion and 
preferably also higher levels as called for in the Columbia Basin Fish and Wildlife Auth01ity's 
"Detailed Fish Operating Plan" with the goal of providing 80 percent fish passage efficiency. 
Additionally, ONRC suppo1ts an amendment to the dissolved gas standard, specific to relevant 
dams and time periods, to end the need to re-argue the case every time spill is needed. We believe 
that an average of 120 percent TDG, with instantaneous levels up to 125 percent, does not pose an 
undue risk to fish . 

ONRC recognizes that the science is not complete or conclusive regarding the exact relationship 
between spill, nitrogen supersaturation, gas bubble disease and mortality. However, to hide 
behind our inexact knowledge as an excuse for doing nothing is inexcusable. The fish can't wait 
while we study the situation to death. We have to keep in mind that the status quo in the 
Columbia/Snake system is so lethal to fish that "doing nothing" is not the conservative position it 
would be if we were conside1ing new impacts to a natural river. The status quo is not benign, and 
the effectiveness and iisks of spills must be considered in the existing context of the hydrosystem 
and compared to other available means for moving juvenile salmon downstream. 

Mortality estimates vary, but passage through turbines clearly kills many more fish than succumb 
to gas bubble disease related to spill. (Turbine mortality is estimated to be 10 - 30 percent per dam, 
while spill mortality is estimated at only 0 - 3 percent.) Bypass systems have limited fish passage 
efficiencies that vary widely from species to species. And "transportation," the method of choice 
for the past 15 years, has been shown to be a failure by the continuing decline of salmon. Last 
weekend's kill of at least 50,000 fish waiting to be barged (which app&rently is not unusual), is 
only one of the most obvious examples of the problems with this program. In fact, if 
transportation were subject to the same degree of scrutiny that spill has been, it would not be 
occurring. 

Spill continues to be supported by the state fish and wildlife agencies, the tribes, and conse1vation 
organizations, all entities with an interest in recovering salmon populations, and opposed by the 
operators and industrial users of the hydropower system, entities with an interest in maximizing 
power production. The National Maiine Fisheries Se1vice, while chai·ged with protecting 
endangered salmon, is under extreme political pressure not to dismpt the status quo. 
Unfortunately, Bonneville Power Administration, the Army Corps of Engineers, the Bureau of 
Reclamation, and the Direct Service Industries have managed to confuse the issue by hiding behind 
their proclaimed concern for fish; a concern that ONRC must dismiss as disingenuous. In high 
water years, excess water is spilled over the dams, often exceeding TDG standards with no outcry 
from any of these groups. It is only when water is diverted from power (money) production that 
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spill and the accompanying gas supersaturation becomes an issue. Along the same lines, 
temperature standards are regularly exceeded by operation of the hydrosystem as we so 
dramatically witnessed recently. The Corps is talking out of both sides of its mouth when it 
refuses to implement NMFS' request for spill, ostensibly due to TDG standards, while at the same 
time blaming NMFS in the press for the recent barging and temperature-related fish kill. 

ONRC hopes that EQC will do right by the fish rather than succumbing to the wishes of the status 
quo, and approve TDG standards that will allow the much-needed spills to go foiward. There is 
no time to waste. 

Sincerely, _ 

op]/~ J/alcvv~ 
Diane V alantine 
Salmon & Rivers Program Leader 



July 20, 1994 

Mr. Fred Hansen, Director 
Oregon Department of 

Environmental Quality 
811 s.w. Sixth Avenue 
Portland, OR 97204-1390 

Dear Mr. Hansen: 

I am writing to express my support for temporary 
rulemakinq on total dissolved qas (TDG) and to share 
with you my concern for juvenile salmonids currently 
migrating through the lowe~ Snake and Columbia rivers. 

As you know, spill on the lower Columbia ·was all but 
eliminated on June 20 following expiration · of the 
Environmental Quality Commission's (EQC) previous 
temporary rule allowing TDG to reach 120% of 
atmospheric pressure. Since June 20, spill levels have 
been far less than those recoitllllended by the regional 
fishery mana9ement agencies and tribes at Ice Harbor, 
McNary, John Day, The Dalles, and Bonneville dams and 
even less than what has been provided in the last 
several years under the National Marine Fishery 
Service's (NMFS) Biological Opinions for endangered 
species, the 1989 Fish Spill Memorandum of Agreement 
for federal Columbia River dams, and the Northwest 
Power Planning Council's Strategy for Salmon. 

Migratinq juvenile salmon needing protection this 
summer include federally listed fall chinook from the 
Snake, as well as subyearling migrants from the mid­
Columbia and lower Columbia rivers, including Oregon's 
wild fall chinook from the Grande Ronde and Deschutes 
rivers and hatchery fall chinook from the Umatilla 
River. . Increased spill is the only additional 
mitigation action that can be readily implemented this 
summer to improve the in-river survival of these 
stocks. 

Flows in the lower Snake and Columbia rivers are 
alarmingly low and high water temperatures have already 
contributed to high mortalities such as the recent 
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Mr. Fred Hansen 
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larqe. kill of juvenile fall chinook at McNary Dam where over 
SO, 000 fish died on July 16-17. Immediate action is needed to 
protect these valuable stocks. The analysis which we have 
conducted with our resource ·comanaqers (enclosed) shows that 
in-river survival of salmon migrants is significantly improved by 
adequate -spills. · 

I recognize that there has been a tremendous amount of discussion 
over this year's spill proqram. P.articularly vocal have been 
those affected by re9,uced power generation and revenues due to 
spill. While concern is understandable, much of the current 
discussion has served to cloud the facts. 

There is no disagreement among the fishery agencies and tribes 
that spill is the most biologically effective means to reduce 
turbine mortality, reduce delay at projects, and avoid adverse 
impacts from bypass systems passage. · 

We need to act now to avoid further declines of upriver salmon 
stocks by such near-term actions as the spill proqram, if we are 
to avoid even more drastic and possibly more disruptive and 
costly actions in future years. 

In order to implement an effective spill proqram, we support 
modification of Oreqon's water quality criteria on the mainstem 
Columbia and Snake rivers to allow dissolved gas levels up to a 
daily averaqe of 120% saturation and an instantaneous level of up 
to 1-25% when required to implement spills and other measures to 
improve .fish su+vival. While there has been concern expressed 
about possible fish mortality due to · qas supersaturation­
associated trauma, studies have shown that juvenile and adult 
salmon can readily tolerate the dissolved qas levels recommended 
in a river or reservoir environment by chanqinq their depth in 
the water, as noted in the enclosed analysis. More importantly, 
we have consistently observed good survival and adult returns in 
years of substantial spills and observed no mortality to 
migrating salmon durinq the spill program implement.ed this 
spring. Thie validates the practical effectiveness of a sound 
spill program. 

I understand that the specific proposal before the EQC on July 21 
calls for a temporary rule change allowing TDG levels up to 115% 
daily average and 120% · instantaneous at the mainstem Columbia 
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River projects. The department prefers a more aggressive 
approach both in respect to spill levels and to locations for 
spills, but in the .interest of timely action, we support 
immediate adoption of the current proposal and believe that this 
will provide siqnificant added benefits to migrating· fish during· 
the rema-fnder · of the -summer. We also wish . to begin workinq 
toqether with your staff to craft a mutually supportable approach 
to TOG manaqement in concert with planninq for fish protection 
measures for 1995. We believe this is necessary to prevent 
possible more drastic federally mandated action in the future. 

I appreciate your e!torts to work with us in this unprecedented 
effort to protect a valuable aquatic resource. I look forward to 
workinq more closely together on this important is.sue in the 
cominq months. 

Sincerely, 

.A.~-1~ 
Rudy Rosen, PhD 
Director 

c: Gary Smith, Donna Darm (NMFS) 
Michael Llewelyn (WDOE} 
.Jack Donaldson (CBFWA for LG/FPAC distn) 
-Anne Squier (Governor's Office) 

Enclosure 
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SCIENTIFIC RATIONALE 
FOR IMPLEMENTING A SUMMER SPILL PROGRAM TO INCREASE JUVENILE 

SALMONID SURVIVAL IN THE SNAKE AND COLUMBIA RIVERS 

Overview 

By 
Columbi~ River Inter-Tribal Fish Commission 

Idaho Department of Flsh and Game 
Oregon Deparunent of Fish and Wildlife 

U.S. Fish and Wildlife Service 
Washingwn Department of Fish and Wildlife 

July 15, 1994 

This document provides scientific justification for implementation of the attach 1994 summer spill 
programs at Corps of Engineers (Attachment 1) and Mid-Columbia PUD mainstem dams (Attachment 

· 2) in the Columbia River B~in. It is the intcot of these programs to substantially increase juvenile 
~dromous fish survival through the hydrosystem. The programs and supporting rationale and risk 
assessment were jointly developed by the combined technical staffs of the Columbia River Inter-tribal Fish 
Commission, Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, U.S. Fish 
and Wildlife Service, and Washington Department of Fish and Wildlife (hereinafter fishery managers). 
Anadromous fish that will be protected by the spill proi:rams include salmon stocks both listed and 
petitioned ~r listing under the Endangered Species Act, non-listed salmon stocks, and other anadromous 
stocks such as Padfic lamprey which are in .serious decline. These programs will compliment other 
protection and restoration programs in the Columbia Basin. 

The object of the summer spill programs is to achieve an 80% fish passage efficiency (FPE) objective 
at all .. Co.rps projects on the lower Snake and Columbia .Rivers, and other passage efficiency goals at the 
vadous Mid~lumbia PUD dams (DFOP 199~). In accomplishing this, the.fishery managers propose 
that the operation of the hydrosystem be managed so that an average of 120% or less total dissolved g~ 
press\ll'e be maintained in the river. Further, the fishery managers propose that the 120% criterion be 
measured well downstream of t.ailrace arw, after i3S levels have had a chance to dissipate. In addition, 
because of problems with accurate measurement of gas levels, fishery managers recommend that up to 
an instantaneous reading of 125 % total dissolved gas pressure be allowed to provide a reasonable margin 
of m~urem.ent error. · 

Bast¥1 upon historical migration estimates (DFOP 1993), the fishery managers recomm.end that the spill 
program be implemented at all Corps run-of- river projects in the ~nake and Columbia Rivers until 
August 31, 1994 to insure that the juvenile summer migration is protected (DFOP 1993). Duration of 
spill progtams at individual I1Ud-Columbia PUD dams will be determined by the various Coordinating 
Committees b~ed. upon ongoing FERC proceedings, settlements and stipulations. 



These summer spill programs are partially in response to the apparent salmon stock collapse observe.d 
this year in Columbia River spring· and summer chinook and expected to occur in fall thinook. From 
1993 to 1994, adult spring chinook escapement to Bonneville Dam has decteased from 112,000 to less 
than 21,000 which is the previous all time record low. The trend is similar for adult summer thinook 
escapement which is projected to be less than 10,000 salmon at Bonneville Dam this ye:or down from over 
22,000 salmon in 1993 (TAC 1994). The predicted escapement of wild Snake River ~all chinook adults 
at Bonneville Dam is 803 (Swartz 1994), the second lowest on record since 1986 and 41 ~of the 1986-93 
average. Under_these conditions, tribal ceremonial and subsistence harvest and non-treaty harvest have 
been severely restricted and in .some ·cases, curtailed. · 

The stock collapse of Columbia River chinook is likely related to the continuation of extremely poor flow 
and migration conditions that occurred in 1992 (FPC 1993; Columbia River Water Management Group 
1993-4). complicated by possible impacts of low ocean productivity resulting from El Nino conditions 
as noted by Johnson (1984), Ware and Thompson (1991), and Lichatowich (1993). Because the effects . 
of ocean impacts cannot be controlled and federal agencies are either unwilling or \lilable to dedicate 
available storage in upri..-er reservoirs for flow aupentation, the fishery managers strongly recommend 
implementation of these spill programs. Spill is the only alternative left to reduce hydrosystem mortality. · 
which could exceed 95% of ju..-enile summer mieraots as documented during similar low flow years 
(Raymond 1979; Raymond 1988; Ebel et al. 1989). 

Because 1993 b~ill summer and fall chinook adult escapement was relatively high under 1ood 
environmental conditions, the relatively abundant 1994 subyearlini progeny of these stoclcs must be 
afforded the best protection possible as they migrate downstream through the hydrosystem. Impacts to 
an .abundant juvenile yeat class on stock viability can be substantial. Junge (1970), through use of a 
Ricker-type reproduction curve, demonstrated. that a smolt kill of 50 % re.duced a stock by 6o % whereas 
an adult kill of 50% would reduce.a stock'by 20%. Such losses on a relatively strong outmigrating year 
class could have severe if not irreversible consequences on stock abundance and diversity (Riggs 1986). 

The fishery agencies and tribes have chosen a comervative approacli to the implementation of tlie spill 
progtams. Spill volume caps are provided to avoid exceeding either 120% daily average or 125% 
instiiltaneous tow gas pressure criteria. Where possible, spill is confined to ni~ttime hours which 
reduces power and possible adult fish passage impacts. When it is not possible to confme spill. to 
nighttime hours to achieve a 80 % FPE. some daytime spill is proposed with caps to avoid impacts to 
adult pass!lge. As will be diScussed below, the fishery managers believe a 120%. total gas pressure 
(TGP) criterion i~ conservative· and will r~ult in minimal impacts, if any. to juveniles and adults. 

Through a comprehensive review of pertinent literature and extant river conditions; and based upon 
professional experience, the fishery managers have ·conducted the following risk. assessment. This 
assessment carefully weighs the factors of various passage mortality rates and other impacts to summer 
migrating anadromous fish as they pass through the hydrosysmn. Based upon this analysis, · the fishery 
managers bave concluded that controlled spill will substantially enhance the in-river survival of summer 
anadromous fish over other available alternatives. 
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. . 
Spill has been repeatedly demonstrated to be the most effective and safest means of project passage and 
is the only means to enhance survival without additional flow augmentation. Juvenile salmon that pass 
a project through spill have a significantly hiiher rate of project survival (98 3 point estimate) than fish 
that pass through turbines (853 point estimate). Specific mortality ranges are given later in this 
document. Without spill, the majority of juvenile chinook will pass through turbines since only 8·35% 
of summer migrants are guided and collected by mechanical bypass systems at Coxps projects. Further~ 
spill will improve sucvival and other impacts upon fish production by reducing delay of juveniles at the 
projects and n:ducing predator/ptey interactions by dispersing predators in tailrace areas. And finally, 
spill for fish pa.Ssage addresses the sl,lbstantial scientific uncertainty associated with transportation of 
summer cbinook juveniles, especially Snake River fall chinook. 

Monitorini program 
. . 

The extensive physical and biological monitoring program to asnss the occurrence of gas bubble trauma 
(GBT) · in both spring and early summer migrating juvenile and adult salmon at each dam will be 
continued for the remainder of the summer migration (DFOP 1993, appendices 4-13 and 4·14). Because 
sampling of internal tissues of juvenile salmon which have passed through mechanical bypass systems is 
of questionable value. this practice will not be continued. Instead, external symptoms will be monitored. 
It is imperative that the Corps of Engineers be more diligent and consistent in operating the physical 
monitoring system. Total gas pressure measurements should be Ween at all dam forebays. with backup 
monitoring to allow for better and more consistent measurements. The 1994 DFOP includes criteria to 
allow for fle.xibility for adjustments in the spill prograpi based upon the possible occUITenee of GBT .in 
both juveniles and adults. · 
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TcchniCAl Basis for the Summer Spill Program 

S,x>ill has been shown to be tbe most bjolo&ically effec.tive and safest means of project passage 

Spill is not an •experimental measure", but bas been shown to be the most effective management tool 
for improving passage survival of migqting salmon and steelhead at maimtem hydroelectric projects. 
Controlled spill has been implemented at mid·Columbia PUD darns since 1983 under the mid-Columbia 
Federal Energy Regulation (FERC) Commission Proceedings (Bodi 1986) and at Corps dams since 1989 
under the 1989 Memorandum of A~recment to provide protection of juveniles until adequate functioning 
mechanical bypass syste01S have been installed. As previously stated, controlled spill to safely pass 80% 
of juvenile ·salmon migrants· is the goal of this proposed spill program (DFOP 1993). Protocol for 

· specific spill patterns for juveniles and adults at each dam is provided in the 1994 D~OP and represents 
years of model and field studies by the fishery agencies, tribes and dam operators. During the 1994 
spring migration, controlled spill was imple~ented a~ ill basin dams to increa.Se juvenile survival. 

ExteDSive studies at mainstem Columbia and Snake Riyer dams have documented. that juvenile mortality 
.r. from turbine passage is much greater than spillway passage. Studies have shown that mortality from 

turbine passage ranges from 8-32% compare.d to only 0-4% for spillway passage (Tables 1 and 2): In 
studies of subyearling fall chinook at McNary, John Day, and Bonne\'.ille powerhouses I and Il, turbine 

· c~ mortality ranged from 11-18% 1 while spillway mortali~y ranged from 0-4%. Although research 
investigating the magnitude of turbine passage impacts to adults which fallbaclc: through turbines is 
limited, mortality ranges from 22·513 for adult steelhead have been documented (DFOP 1993) . 

. :'·. 
Juvenile mechanical bypass systems, are only able to guide and collect 8-35% of summer juvenile 
migrants (Ceballos 1992; Gessel et al. 1990; 1991; LMgerwood et al. 1988;1991). Mortality and injUty 

· · rates to subyearling mi:rants undergoing passage th.rough meclianical bypass systems can exceed that 
from spillway passage, particularly at transportation dams due to additional delay, handling, and stress. 
Bypass system mortality of subyearlini chinook at McNary Dam during 1992, a similar low flow year 
~ 199.4, ·ranged from 4-6% (WDF 1992). Durini peak migration periods in 1992, mortality rates 

· through the McNary mechanical bypass system approached .9.%, chiefly because of poor water quality 
(JIDF 1992). Despite a new bypass system completed for the 1994 migration, recently an estimated 

· 50,000 juvenile migrants were lost at McNary Dam in only a few days due to poor watei: quality 
conditions in the mechanical bypass .system (Filardo 1994), Ceballos et al. {1993) found that subyearling 
chinook dcscaling from travel through juvenile bypass systems during 1988-92 ranged from ranged from 
2.4 % to 12. 7 % • Available comparative studies between Lower Granite spillway. turbine and mechanical 
bypass systems indicate that smolt.s which p~sed'through the dams via the spillway suffered the least. 
from both partial descaling (5.8 %) and severe de.scaling injuries (1 %) (Park and Achord 1987). 
Unfortunately. the recently installed mechanical bypass systems at Little Goose, Lower Monumental and 
McNary Dams have never b~n adequately evaluated for specific impacts to subyearling migrants (Barilla 
1993). The fishery agencies and uibes have never supported.operation of these systems for the migration 
at large without adequate evaluation. 
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Spi11 will improve suJYival of fish by reducing delay of juveniles at the projec~ and reducin~ 
predator/prey interactions and reduce e?!:o.osure to high levels Qf dissolved gas. and reduce widualism 

Spill will improve survival of fish by reducing delay of juveniles in forebays and tailrace.s where predator 
populations and predation rates are highest. Spill can greatly reduce delay of smolts in forebays as has 
b.een observed at The Dalles Dam (Snelling 1994). Spill establishes a large flow with increased velocity 
that dispetses predators from the forebay and tailrace areas thus reducing predator/prey interactions (Faler 
et al. 1988). . 

Smith (1982) found that because subyeading salmon travel passively downstream, higher velocities 
provided by spill would save these juveniles critical energy resetVes necessary for parr to smolt 
transitions, as well as ~ove them more quickly through the river. This in tum would reduce migrant 
susceptibility to predators and disease, and would reduce the likelihood that smolts would revert to 
freshwater pa.tr (non-migratory status) by excessive delay in traversing the hydrosystem. 

Spill addresses the substantial uncertain\)' associated with the Corps tt:ansportatiOn program 

Spill at transportati9n collector project.s addresses the uncertainty associated with the juyenile salmon 
transportation program by spreading the risk between in-river passage and transportation (Ad Hoc 
Transportation Review Group 1992; Mundy et al. 1994; FERC 1994). As recently concluded by an 
expert team of independent scientists, "[t]ransportation alone, as presently conceived and implemented · 
is unlikely to halt or prevent the continued decline and extirpation of listed salmon in the Snake River 
Basin• .... and that "available evidence is not sufficient to identify transportation as either a primacy or 
supporting method of choice for salmon recovery" (Mundy et al. 1994). This is consistent with the 
findings of Raymond (1988) and Congleton et al. (1985) who found that transportation had been 
ineffective in.reversing the decline of runs of spring and summer chinook and ste.elhead returning to 
the mid.Columbia and S.na:ke rivers during 1962-84. Evidence provided by the Ad Hoc 
Transportation Review Group (1992) indicated that transportation may have reduced survival of wild 
Snake River spring and summer chinook to spawning groun~. Adult homing impairment and 
disruption of freshwater life histories are two key problems attributed to the juvenile tramportation 
proces_s (TRG 1992, Mundr ~t al. 1994; Heini~ 1993). 

The USFWS (1993), Steward (1993) and Congleton et al, (1985) noted that handling in the 
ttansportation process may greatly increase stress and mortality to juvenile migrants, particularly 
when water quality conditions deteriorate and may override any perceived benefits of transportation. 
For example, Mundy et al. (1994) noted that in 1977, an extremely low flow year similar to this 
year, traasportation treatment and control fish died equally because no adults returned from the study. 
The cause was likely indirect or delayed uiortality from screen guidance, collection, hold.ing, 
transportation, and concentrated release into high predation areas. This is a particular problem for 
summer subyearling migrants as they are usually trucked instead of barged, because few of them are 
collected at mainstem darns, and operation of barges on this b~is is not cost~ffective. Numerous 
studies have documented that trucking migrants is even more stressful than bargini and that stressed 

5 

\ 



migrants are highly susceptible to predators at the time of release (I'RG 1992; Congleton et al. 1985; 
Mundy et al. 1994; USFWS 1993). 

No transportation studies have been conducted on subyeading chinook salmon at Snake River dams. 
Transport studies of subyearling chinook at McNary Dam in 1986, 1987, and 1988 were conducted 
under no spill conditions. · In addition. the control fish were released in small numbers from the old 
bypass outfall. They were the only fish release.d from the bypass because all fish collected, except for 
the conttols, were- transported. We suspect that predation rates on the control releases were· very 
high because of the no-spill and low' flow conditions in the t.ailrace that occurred during these studies. 
Hence, the results of these studies are not applicable to subyearliilg chinook salmon passing the 
.Project under spill eonditions. 

·It has been consistently been the position of th~ fishery manaiers that transport.ation is an interim and 
experimental mitigation program that cannot substitute for the provision of adequate in-river passage 
conditions provided by flow and spill. A Federal Energy Regulatory Commission (FERC) 
administrative law judge upheid this pos,ition in a 1992 rulini against transportation at two 
mid-Columbia dams and ordered immediate spill at a 703 and 503 FPE level for spring and summer 
migranu, respectively, until completion of fish bypass systems (FERC 1992). On May 27, .1994, fully 
taking into account voluminous tethnical information on dissolved· gas complied over a two year 
period, FE.RC ordered implementation of this spill program at Priest and Wanapum dams (FERC 
1994). On July 1, 1994 the Washington Department of Ecolo~ arant.ed an administrative order · 
modifying the state water quality criteria so that the FERC summer spill program could be 
implemented (Attachment 3). 

Spill protects s;riticat life history diversity 

111& Columbia River juvenile sum.mer outmigration is comprised of a mosaic of many stocks from all · 
b~in tributaries and mainstem reach areas. Within each stock of the migration, multiple life histories 
within a single salmon stock have evolve.cl over millions of yea.ts to provide stock resiliency and 
stability for dealing with different types of environmen~ (Winemiller and Rose 1992). Because of 

· these different life histories, which include diverse migration timing and the use of different spawnini 
and reapng ~eas. there is a reduced chance that a sinile or multiple environmental disturbances, such 
as a low flow year, will impact overall stock fitness and diversity (Scbluchter and Licbatowich 1977). 

' ., 

Spill and associated in-river miifation allow adequate time for rw:ing and physiological maturation of 
subyearling chinook stoc~ to reach a proper size prior to saltwater entry to survive (Mundy et al. 
1994; CBFW A 1991). This has been confirmed by numerous studies involving scale analysis 
(Schluchtcr and Licba\owicb. 1977; Lichatowlch 1976; ReiJners 1973) and physiological studies 
examininz osmoregulatory processes (Wagner et al. 1969; Ewing and Birks 1982; Wedenieyer et al. 
1980). Interruptions to the critical freshwater rearing life history stage, such as that imposed by the 
Corps transportation program and selective mort.llity from turbine passage, may have serious 
implications to stock survival and overall production characteristics such as adult age at maturity and . 
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fecundity (Groot and Margolis 1991; Nicholas and Hankin 1989; Thompson 1959, Schluchter and 
Liehatowich 1977;1993). 

Studies dearly show that adult survival is enhanced with sgill 

The historical record clearly demonstrates that better adult returns of summer and fall chinook bad 
occurred during years. when juveniles migrated under high flow and high· spill condi~ions. Raymond 
(1988) reported that the lack of spill and installation of additional turbine units in the basin were 
primarily responsible for extremely low smolt to adult return rates of mid-Columbia summer chinook. 
Hilbom (1993) demonstrated a strong relationship between flow and adult survival of Priest Rapids 
Hatchery fall chinook during 1977-87 similar to the relationship found for Snake River wild , · 
spring/summer chinook by Petrosky (1991). In both analyses, the highest survivals occurred in 1982, 
a year of high flow and spill. In contrast, 1977 was characterized by low flows and no spill. Under 
these conditions, estimated· mortalities in exeess of 95% of the outtnigration at large occurred, based 
upon analysis of adult returns in subsequent years. In a recent analysis of the 1994 controlled spring 
spill program on adult passage, the Fish Passage Center found. that there was no impact on adult 
passage based upon interdam. conversion rates for adult spring chinook {DeHart 1994, Attachment 4). 

Model results in~licate that in-river survival will be improved 

Model results demonstrate that the in-river survival of fall cbinook will be enhanced by the proposed. 
spill program. Using the FLUSH Model developed by the state fishery agencies and tribes, the 
in-river sutvival of Snake River fall chinook was estimated under various flow and spill options . 
(Attachment 5). The analysis shows that with the flows proposed by the NMFS and 80 % FPE.spill at 
each project, in-river survival of Snake River fall chinook to below Bonneville Dam would be 
inere.ased by 61% ftom 1.8 to 2.9%. This improvement in survival will likely increase future adult 
returns and help prevent additional declines of Snake River fall chinook and mid-Columbia summer 
chinook and other anadromous stocks. 

Studi'es show that juveniles and adults can tolerate dissolved gas 1evels that wilt occur a~ a result of 
. spilf .. · · 

Suseept.ioility of juvenile salmon to gas bubble trauma (disease) depends on a number of important 
factors ancillary to total gas pressute. These factors must be'. considered when evaluating possible gas 
bubble trauma to the summer migration at large . . Based upon the past information. lower summei:: 
flows and resultant lower volumes of spill are not expected t~ result ln gas bubble trauma especially 
at flows projected to occur this year (Columbia River Water Management Repons). Physical factors 
include: water temperature and total dissolved particulates (Jensen et al. 1986; Alderdice and Jensen 
1985) and atmospheric pressure (Jensen et al. 1986; Alderdice and Jensen 1985). Biological factors 
include: size, specie.s, genetic composition and physiological condition of the. fish (Jensen et al. 1986; 
Alderdice and Jensen 1985) a.I;ld proximity and length of exposure to total gas pressure (Weitkal:np and 
Katz 1980). . 
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There are also behavioral factors that allow salmonids to withstand what otherwise might be harmful 
' levels of total dissolved gas. Juvenile and adult salmonids have been documented to 'sound in the 
natural environment and achieve. hydrosUitic compensation, thus avoiding impacts of elevated levels of 
total gas pressure (Weitkamp and Katz 1980; Weitkamp 1976;1977; Gray and Haynes 1977). Knittel 
et al. (1980) and Weitkamp and Katz (1980) reported that juvenile salmon could recover from 
symptoms of gas bubble trauma in 30 minutes to 2 hours time by sounding. Intermittent exposure 
may increase the· level of 2as supersaturation fish are able to tolerate because it increases the time_ 
over W:hich a specific exposure accumulates. It also provides an oppoitUnity for recovery to occur, 
particularly if it is accompanied by depth compensation. The effects of intermittent exposure on 
tolerance to supersaturation has been demonstrated by. Meekin and Turner (1974), Blahm et al. 
(1976), and Bouck (1980). :Bouck noted that, " •. [f]ish.in deeper water or exposed intermittently are 
least susceptible ~to GBT) if susceptible at all." 

Several studies have been conducted in the laboratory and the field under various depth and dissolved 
g~ levels to determine the effects of depth compensation for salmonids in supersaturated water ('fable 
3; DFOP 1993). The most relevant studies were the volitional live cage studies c0nducted in-situ at 
Wells Darn (Meekin and Turner 1974), and Rock Island Dam (Wei~p 1976) where fish were 
·allowed to sound to avoid imp.acts of supersaturation (rable 3). 

Depth of the live cages extended from the surl'ace to 3.1-4 meters below the surface. M~ and 
Turner (1974) also held fish in cages at variable depths from surface to 1, 2, 3, and 4 meters. These 
studies indicate that the effects of hydrostatic compensation due to depth is as predicted by theory and 
that when 1iven the opportunity, that juveniles will remain deep enough to e.ompensate for total gas . · 
pressl:lres up to 1.26% saturation. It is highly significant in Wcitkamp's study that no fish were killed. 
in the surface to 4 meter caaes in a series of three tests at tot.al gas pressures of 120-128% saturation. 
It should be noted that eveq in the surface to 4 meter cage, fish are e.onfine4 to shallower water than 
they normally occupy in the reservoirs (Smith 1974; Weitkamp 1974; 1977; Blahm 1974; Blahm et 
al. 1976). . 

Tone~ (1993) examined salmonids, resident fish and invertebrates for siins of GBT below Bonneville 
Dam by seine.$ and other field sampling gear. Dudni high sprlni spills which causM total :as levels· 
to reach 128 % saturation, she found that external signs of GBT were rare. ~s man 1 % of chinook . 
salmon and resident fish showed Siifl3 and no evidence of GBT was noted in sampled invertebrates. 

1994 NMFS Dissolved Gas Panel Report 

Unfortunately, the National Marine Fisheries .Service prematurely released a draft report by a panel of 
dissol"ed ias experts before all panel members could concur with the contents of the report (Backman 
1994; Bouck 1994; Attachment 6). The cunent·draft report s~ould be disregarded. The NMFS . 
should retract the draft report and a final report should be ·issued in which all panel experts can 
concur. This was the intent of the p~el, and was their charge by the NMFS. 
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Summary and Recommendations 

Based upon the risk analysis performed above which considered the best available and pertinent 
scientific literature and data, current river conditions, and professional judgement, the qshery 
agencies and tribes strongly recommend immediate implement.ation of the above controlled spill 
prograai to protect migrating juvenile summer and adult anadromous fish populations as they traverse 
the Columbia B"asin hydrosystem. l!l order to implement this program, we also recommend a 
modification of c;:>regon's and Washington's water quality criteria to allow total dissolved gas levels to 
reach a daily.average of 120% saturation, or an·instantaneous measurement to reach up to a 1253 

· saturation level. We recommend that the spill program and modifications to the existing total 
dissolved gas standard be implemented until August 3J, 1994 to allow protection of summer· migrants 
through the mainstem Snake and Columbia Rivers. 

We also strongly encourage the Oregon Environmental Quality Commission. aod the Washington 
Department of Ecology to direct hydrosystem operators to expedite investi:ation and installation of 
structural modifications at dams, such as spillway deflectors. Addition of these modifications will 
further protect remaining anadromous stocks passing through the hydrosystem by establishment of 
better in-river water quality. This is particular! y important for control of total dissolved gas in 
nonna.l and.high flow years, and when the operation of dam powerhouses, even without spill, still 
results in elevated levels of dissolved gas being discharged into the river (Figure 1). 

Tables 1-3 
~igure 1 , 
Attachments 1-S 
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NMFS Proposed Summer Spill Program 
Estimates of Increased Fish Survival 

July 21, 1994 

Bonneville The Dalles John Day 

River Mile 146.1 191.5 215.6 

Collector Project No No No 

Current Spill 33% of 15% of 13% of 
project flow project flow project flow 
for 24 hours for 8 hours for 10 hours 

Planned Spill 42% of 15% of 20% of 
project flow project flow project flow 
for 24 hours for 8 hours for 10 hours 

Date Spill Ends 23-Aug 22-Aug 22-Aug 

Fish Guidance Efficiency, FGE 10% 42% 26% 
Fish Passage Efficiency, FPE 

Current 42% 45% 34% 
Projected 50% 45% 39% 

Increased Fish Passage Survival 
per 100,000 fish/day 1040 0 650 

McNary 
292 

Yes 
7 % of project 
flow for 24 
hours 
7 % of project 
flow for 24 
hours 

47% 

50% 
50% 

0 

Total summer subyearling run is projected at approximately 25 million wild and hatchery fish. 

Passage at McNary is approximately 75 % complete. 

By the end of August approximately 90% of fish will have passed Bonneville. 

Wild, listed Snake River salmon comprise < 5% of subyearlings currently at McNary. 

All wild fish comprise approximately 40-50% of subyearlings currently at McNary. 

Passage at McNary has been: 
July 9th: - 1 million fish/day 
July 11th: - 80,000 fish/day 
July 16th: - 450,000 fish/day 



Oregon Environmental Quality Commission 

P.O. Box 9235 
Portland, OR 97201 
July 21, 1994 

RE: Total Dissolved Gas Temporary Rule for the Columbia River 

I am the Conservation Director of the Anglers' Club of Portland. 
We are a social and conservation organization with just over 100 
members. We represent in no small way those who have a major stake 
in the outcome of today's proceedings. 

The Oregon Environmental Quality Commission is today saddled with 
what may be a historic responsibility. Whether or not it will be 
possible to restore anadromous fish runs to the Columbia River 
Basin will in no small part be determined by the results of your 
deliberations today. 

At issue is whether or not to allow higher total dissolved gas 
levels as a result of increased spill at hydroelectric dams on the 
Columbia River. This is a difficult question whose answer should 
rely on the best of fishery biology scientific assessments. To 
suggest that the future of salmon and steelhead depend on those 
assessments is not a histrionic overstatement. The scientific 
analysis of this issue is highly complex. It is fraught with 
conflicting facts and it is easy to lose sight of the objective of 
the studies done to date once enmeshed in the details of those 
studies. 

Your decision though should be based on only one question, and that 
is what method of transport down the Columbia River will provide 
the highest survival of anadromous fish. Al though laboratory 
studies provide important background information, they do not 
capture all the variables present in as complex an environment as 
the Columbia River. I am specifically referring to the studies 
done by Ebel and Dawley in 1975, Shirahata in 1966, Harvey and 
Cooper in 1962, and Nebeker in 1976. These studies failed to 
consider mitigating factors such as fish behavioral responses to 
increased gas saturation, time of exposure to dissolved gases in 
situ, and the complex interaction of biological and environmental 
variables. Bouck in a 1980 Environmental Protection Agency study 
concluded that "obviously, interplay of behavioral and 
environmental variables allows higher tolerance to supersaturation 
than is evident in laboratory assays." 

I would thus suggest that your decision be based on the results not 
of laboratory studies, but on the results of previous high flows 
with spill in the Columbia River and their affect on fish migration 
and survival. 



In 1993 high flows in the Snake and Columbia Rivers forced more 
uncontrolled spill than had occurred during the preceding low flow 
years, this in turn led to high total dissolved gas (TDG) levels. 
Daily average TDG saturations exceeded 120% for one to twelve days 
at all monitoring stations except Lower Granite Dam. The highest 
levels of daily average dissolved gas recorded were at Lower 
Monumental Dam, where 130% was exceeded for 4 days (May 17-20), and 
an instantaneous high of 141% was recorded. Saturations at John 
Day, The Dalles, and Bonneville exceeded 125% for one to two days. 
During the period when the highest dissolved gas saturations 
occurred, low incidence of mostly mild external signs of Gas Bubble 
Disease (GBD) were observed on juvenile migrants. With the 
exception of Lower Granite Dam, where no GBD was seen, the rest of 
the monitoring stations recorded low percentages (typically 1-2%) 
of the daily sample affected with symptoms of GBD. 

Based on smelt monitoring program observations, it is apparent that 
the impacts of high dissolved gas saturation on fish were minor in 
1993. (The preceding information is from the Fish Passage Center 
report "1993 Dissolved Gas Supersaturation"). 

Historically, better adult returns have followed years in which 
juveniles migrated under conditions of high flow and spill. High 
flow and spill did not have adverse impacts on adult returns. Four 
of the five best adult return ratios for Snake River spring and 
summer chinook from 1974 to 1989 occurred in 1975, 1982, 1983, and 
1984. Spill levels were substantially higher in those years than 
are currently being requested. 

Finally, your deliberations should include an analysis of the 
impact of not enacting an allowance for increased TDG. Other 
passage routes through dams cause higher levels of mortality. 
Turbine passage causes from 10 to 20% direct mortality. Mechanical 
bypass systems (which are not installed at all dams), only guide 
and collect 35 to 70% of juvenile migrants. Mortality to juvenile 
salmon which are guided by mechanical bypass systems ranges from 2 
to 8%. (Source: Northwest Power Planning Council, 1986). This 
means that the 1 to 2% incidence of GBD observed during 1993 spill 
conditions would represent comparatively less danger to downstream 
migrating smolts than would other transportation schemes. This is 
emphasized by the recent loss of 50,000 smolts on board one smolt 
transportation barge. 

In conclusion, increased flow with the spill required to provide 
that flow in the Columbia River is not without risk. However, it 
still provides one of the few opportunities that we have left to 
protect Columbia River anadromous fish from extinction. It is 
clear that if prior management practices are continued that there 
will be no change in the ongoing disappearance of salmon and 
steelhead from the complex fabric of Pacific Northwest culture and 
natural history. 

It is thus the Anglers' Club of Portland's recommendation that an 
allowance to at least 120% TDG be granted to facilita'te increased 



flow and spill at hydropower projects on the Columbia River. 
Allowances for higher TDG should be made not based on the actual 
TDG, but instead should be linked to mortality observed in smolt 
monitoring programs. 

1hfspectfully submitted, 

11/JIJ,~" r !\ /~ G~e McM Via';; 
Con rva ion Director 
Ang~ rs' Club of Portland 



COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
Testimony of Jim Weber, Policy Assistant 

Mr. Chairman and Members of the Commission, as you are all 
well aware, there has been a tremendous amount of focus on 
Oregon's total dissolved gas standard and how this affects the 
operation of the Federal Columbia River Power System. Utility 
interest groups, who have a financial interest in minimizing 
spill and maximizing the amount of water run through turbines, 
have vocally campaigned for strict adherance to the dissolved gas 
standard. They state that their concern is based on.the need to 
protect fish from the potential risk of gas bubble trauma. 
Similarly, the Corps of Engineers has used the dissolved gas 
standard as a reason to avoid spill for fish -- even though the 
Corps appears to be unconcerned about violating the dissolved gas 
standard when it implements spill for other reasons, such as the 
lack of a suitable power market. 

As this Commission is well aware, there are other water 
quality standards that apply to the Columbia River. One of them 
is water temperature. Over the weekend of July 16-17, there was 
a massive fish kill at McNary Dam. The Corps of Engineers 
estimates that 36,000 juvenile chinook died. The Idah Department 
of Fish and Game estimates that at least 50,000 died. The fish 
that died were in a holding area, fed by Columbia River water, 
waiting to be barged down-river. According to the Corps, these 
fish died because of high stream temperatures, ranging from 71-73 
degrees Fahrenheit. The Corps concedes that temperatures in this 
range are generally accepted as being lethal for salmonid 
species. Oregon's water quality standard for temperature 
applicable to this area of the Columbia River sets a maximum 
limit of 68 degrees. 

In its press release on the fish kill, the Corps states 
that: "It is not unusual to see thermal mortality at McNary Dam. 
Rates in the .past have been as high as 15-20 percent. We try to 
do all we can to minimize fish kills from high temperatures." 
Even so, the Corps still captures juvenile fish and holds them in 
these high stream temperatures so that it can barge them down­
river instead of having to spill them. When has the Corps of 
Engineers ever come before this Commission to request a variance 
to the state's temperature standard so that it could implement 
its transportation program? When has the Corps ever presented an 
analysis of the potential risk to fish from intentionally holding 
them in water that violates the state's temperature standard 
versus the potential risk of gas bubble trauma that might occur 
as a result of implementing spill? It appears that the Corps of 
Engineers is only interested in complying with those state 
standards that it can use to support its argument that barging is 
the best way of moving juvenile fish down-river. 

Attached is the Corps' press release on the fish kill. It 
is very revealing and I urge you to read it carefully. As you 
read it, ask yourselves whether you believe that the Corps is 



do'ing its best to comply with this state's water quality 
standards and whether it is minimizing the amount of time that 
juvenile fish are exposed to lethal water temperatures. Ask 
yourselves whether you believe that the Corps has assessed the 
risks to fish of the hazards of lethal water temperatures versus 
the hazards of gas bubble trauma. You have heard the Corps speak 
regarding its strong concern over the hazards of gas bubble 
trauma and the symptoms of gas bubble trauma identified in the 
monitoring program implemented earlier this summer. I think it 
is noteworthy that this monitoring program found no fish that had 
died of gas bubble trauma. In contrast, we have at least 36,000 
to 50,000 dead fish due to high stream temperatures. If the 
Corps had found that 36,000 to 50,000 fish had died due to gas 
bubble trauma, do you think that the Corps would have issued a 
press release similar to this one? Has the Corps implemented a 
monitoring program to assess the symptoms and mortality of fish 
exposed to high stream temperatures? 

We believe that implementing spill is the best way to 
minimize the amount of time that juvenile salmon are exposed to 
high stream temperatures in the water immediately behind dams and 
in fish holding areas for barging. Yes, there is a risk of gas 
bubble trauma due to implementing spill. But we have a 
monitoring program in place to allow adjustments to be made on a 
real-time basis. We also believe that the risk of gas bubble 
trauma is considerably less than the risk of mortality due to 
high stream temperatures. 

At present, the Columbia River is not safe for the salmonid 
beneficial use. We very much want to work with you to help make 
the river safe for fish. Thank you. 
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News Release 
Walla Walla District 
United States Army Corps df Engineers 

Oont•ot Noli Conny 
Rtleaae No. 94-S3 

High temperatures cause fish klll at McNary Dam 
Umatilla, Ore. - Increued Columbia River water tUtperature. nettt Umatilla, 

Ote., have caueed. the deaths 0£ an eatilllated 86,000 juvenile summer and fall 

cbinook aabnon pasaillc through McNarr Dam, eaid officials today from the Walla 

Walla District. U.S. Army Cotp.e o£.Enei,neert. 

The fish, mostly wild atocb. 6-om the mid-Columbia River, whieh ~ not Clll'­

rently liated ae protec:wd uder the En~ered Species .Act, weN di.covered dead 

in the clam'• fUh collection~· 

"lt'• uuf~rtunate that t1aU tiab1ill occuned. Theae salmon are part o£ a precious 

u.d valuable resource to the hiato:ry and heritap here in the Pacl:fic Northwest," 

sai4 Lt. Ool. Juaes S. Wellu, Dlltrict Commander. -rve sot some afmy be&t 

people wOl'lrinc to find out what happened and what we caJt do to ir.r and pnvent 

thia from happeuin1 in the fut.ae." 

"At the time o£ this incident. water temperatures were averaainr 71·'78 degrees 

Fab:i:enbeit," l!Ud. John McXett1, the District's fish 11assare coordinator. "Tem· 

peraturee 'between 70 and 75 depeea Fahrenheit are pnerally accepted at lethal 

levels for aaJmonid spedn. Healthy fish tend to die at these tempe1.'atutea from . 

llDY kbad o£ additional streaa, includinr: beine pUHued by predator$. Paaap 

throqh reservoin and dams does cause additional atresa," said McKern. 
-Mon-
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I! ~Affikioc::g:'=~~·•a• I 
llcNary fl1hkUI, 2·2·2 

"The ave:rap mortality rate for fish a1< the McNary facility is one pexcent," said 

McKern. •A facility techuician discoveted on the evening of Jv.17 16 that this rate 

wa• Uicteaainir. The rate eventually~ to.approximately eipt PeJ!CeDt." ui.!l 

McKern. Theae juvenile salmon were a.qionc approximately 240,000 fish which 

were beiq collected at McNaiy Dam to be transported dowuriver. The jv.venilea 

cloned a acreen which alowed the tlow or water to the rac:ewq holdinr area where 

&h which had previously been collected were awaitinc transport. 

Fah from thA holdilir area were :releued back mto the :river ud the it•h collec­

tion faciliiy was shut down Satm:day evening. McKem e•timatee thG 18,000 fish 

were killed in a dewaterin1 8CrffJl aud tS,000 more died ht the boldini area. Fi.th 

are cunently beins :rout.ad away &om the turbine8 and the normal fish collection 

.. eyartem tbro111h the 911l~n.cy bypass qatem in the sluiceway. 

"It i& not wn1sual to see therm.al mortality at McN4rT Dam," said. McKem. 

•:aat- iA the past have b"1l as hi.ch as 15--20 percent. We tiy to do all we cal't to 

minimise fishkiJle from hich WDipe:raturee. Thia_ situation, however, was unueual 

beea.wie we have new fUh tac:ility and a.ii automatic sereen cleaner that did not 

work properly," Mcltern •aid.· ~Thi&l'& ll•ve been aome problems noted pl'8Vioua)y 

with thiti system, but which did not e&UJe tiab\iU• like tbi4 one.• 

Filh will co11.tinue to be bypused tb:touch the emeqency ayatem UD.til water 

tempet-aturo• drop. Co~a ot&aiala a.ff WMkinlr to repair the llC1'8en..cleanine &YI-
• 

tem and plan to have a deciaiou about reiutning the facility to replar operations 

on July- 27. PaNing iiah over the spillway at McNary :au1y M consi.denl aa an 

op~o11. to aid m.icntbi.1 j'llv•Dil• nlmon in a future emereeney. 

Fedual and state fisheriea apncieti were notified. according to McKern, of the 
' 

thermal moztalitf :rates at McNary on ~aly 17. 
. 14 
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COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 

MEMORANDUM 

Telephone (503) 238-0667 
Fax (503) 235-4228 

TO: GREG MCMURRY, OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY 

FROM: BOB HEINIT~RITFC, FISH PASSAGE BIOLOGIST 

DATE: SEPTEMBER 13 1 1993 

RE: REVIEW OF MAI-N'STEM COLUMBIA RIVER DISSOLVED GAS STANDARD 

Recommendations 

1. The Columbia River Inter-Tribal Fish Commission (CRITFC) 
believes the mainstem Columbia River dissolved gas standard, as set 
by the states of Oregon and.Washington, precludes protection of the 
tribes' federally reserved salmon resources. The majority of the 
state and federal agencies of the Columbia Basin Fish and Wildlife 
Authority (CBFWA) also have similar concerns with respect to the 
protection of anadromous fish migrating through the Columbia River 
hydrosystem and the current dissolved gas standard. 

2. The CRITFC and CBFWA recommend the extant dissolved gas 
standard be modified to allow flexibility for fishery management 
purposes during the anadr.omous fish. migration periods on a real 
time basis as conditions warrant. 

3. We request the Department of Environmental Quality coordinate 
a review and modification of the standard with the CRITFC·and other 
CBFWA agencies~ . " 

Background 

In 1993, management of Columbia Basin hydrosystem for the 
protection and safe passage of salmon stocks, both listed and not 
listed under the Endangered Species Act, has been directed by the 
1993 National Marine Fisheries Service Biological Opinion for the 
hydrosystem (BIOP). In turn the BIOP was formulated from 1993 
biological assessments from the "action agencies", including the 
Corps of Engineers. A key part of the corps biological assessment 
was based upon the real time operation of the hydrosystem during 
salmon migration periods, which was directed by the Corps 1993 Fish 
Passage Plan. The plan contained operational constraints to spill 
as a primary mode of juvenile fish passage, because such spill 

~ PrlltedonRocyc1edPaper 
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would create in river dissolved gas levels in excess of levels 
already exceeding the EPA standard of 110%. 

In 1993, a majority of the agency and tribal members of the 
Columbia Basin Fish and Wildlife Authority, including the USFWS, 
ODFW, IDFG, and CRITFC, proposed management of spill for juvenile 
passage to be conditioned upon real time monitoring of effects gas 
bubble disease (GBD) on juvenile and adult salmonids at the dams. 
Actual monitoring revealed only very limited, isolated occurrences 
of GBD at a few dams during limited periods of extremely high 
forced spill when the dams experienced load distribution problems. 
At these times, total dissolved gas levels exceeded 13 0%. The 
daily proportion of juvenile migrant GBD occurrence during this 
period ranged from 1-5% at all Snake River Projects except Lower 
Monumental, where for four days GBD proportions were greater than 

.5%. During the rest of the juvenile migration, GBD proportions 
averaged between 1-2%,·and adult symptoms averaged less than 1%. 
(CBFWA 1993 Attachment 1; WDW 1993). 

Despite this evidence, the Corps and NMFS rejected the 
fishery agency and tribal recommendation, and instead conditioned 
voluntary spill upon. total dissolved gas levels measured by an 
incomplete physical monitoring system in the hydrosystem 
reservoirs. In this manner, 1993 voluntary spill levels at dams 
were substantially decreased over 1992 levels despite favorable 
flow, water quality and fish condition. 

It has been well documented in the scientific literature that 
direct spill mortality for juvenile and adult salmon which fall 
back over the dam (0-2%) . is much lower as· compared to direct 
mortality through the turbines or through mechanical bypass systems 
(10-15%). Thus, any potential increased mortality due to elevated 
total dissolved gas levels remains substantially below mortality 
incurred through passage routes other than spill. 

It has also been well documented in the scientific literature 
that high levels of total dissolved gas are riot an inclusive. 
indication of levels of acute or chronic GBD. The combination of 
many other variables, including fish size, stock, physiological 
·condition, exposure time, water temperature, turbidity, and 
existing atmospheric pressure, are responsible for GBD. 

Despite only isolated findings of GBD during high flows in 
1993, the Corps is proposing similar spill management in their 
draft 1994 Fish Passage Plan, solely based upon the EPA and states 
110% standard. 

Attachment i 
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IDAHO STEELHEAD & SALMON UNLIMITED 
Committed to Recovering Idaho's Anadromous Fish Runs 

Chris Rich 
Oregon Department of Environmental Quality 
811 SW Sixth Ave. 
Portland, OR 97204-1390 

Dear Mr. Rich: 

July 18, 1994 

Idaho Steelhead and Salmon Unlimited representatives would very much like 
to present oral comments at your Columbia River hydro-spill hearing on July 
21 in Portland, Oregon. However, travel and time constraints preclude us 
from attending in person. We request that the following written comments be 
submitted into the record. 

Idaho Steelhead and Salmon Unlimited was formed in 1985 by a diverse group 
of businessmen, guides, conservationists, sport fishermen and concerned 
citizens from throughout the Columbia/Snake River region. ISSU was formed 
to help protect, preserve and restore Idaho's valuable anadromous resources 
and presently represents approximately 2000 members. 

I'm sure you can appreciate ISSU's frustration with the posturing of the 
federal government and others with Idaho's steelhead and salmon resources. 
Action to protect these truly genetically unique creatures has been slow in 
coming. The 1994 spill measures implemented for spring migrants was a 
blessing to all of us who have tracked the increases and declines of Snake 
River salmon for over three decades. 

Please believe me when I say that if spill did not kill baby kilowatts, you would 
have no opposition to a spill program for juvenile salmonoids. I'm sure you 
have reviewed the literature surrounding the effect on anadromous fish as a 
result of spilling water at mainstem hydro-projects just as we have. Therefore, 
you know that as far back as 1952 it has been documented that spill offers the 
best of all solutions for juvenile passage past the hydro-projects (Holmes, 
1952). More recently the Northwest Power Planning Council (1986) and many 
others all agreed. . 

Historic data available from Idaho salmon anglers documents the catching of 
many adult spring chinook throughout the late 1950's and all of the 1960s with 

EXECUTIVE COORDINATOR 
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Boise, ldaho-83701 
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FAX (208) 389-1201 



Chris Rich 
July 18, 1994 
Page 2 

nitrogen gas burns on their heads and other parts of their bodies. This was 
even pre flip-lip days. At that time we thought that excessive spill and 
subsequent nitrogen gas was bad for salmon. However, we have since learned 
that it was not nearly as bad as other alternatives that have been implemented 
in the past fifteen-years, for example, mechanical by-pass, collection and 
transportation of juveniles, etc. 

Idaho anglers have also discovered that whenever high water run off years 
occur and excessive water passes through the Snake and Columbia Rivers 
causing forced spill, adults return in far greater numbers than in no-spill years. 
Four of the five best adult return ratios for Snake River spring and summer 
chinook from 1974 to 1989 occurred in 1975, 1982, 1983 and 1984. Spill levels 
during these years were substantially higher than those currently being 
implemented. 

ISSU recognizes there may be some affects from spill to Snake River salmon. 
But we are convinced that the scientific literature and three decades of stream 
bank history bears out the fact that spill is the only proven measure to protect 
Snake River salmon in an otherwise lethal river environment. 

ISSU has only one purpose -- to protect, preserve and restore Idaho's once 
abundant salmon and stee!head resources. We don't' generate electricity 
(baby kilowatts), we don't irrigate fields nor do we own any sea ports or grain 
warehouses. We have no hidden agendas when it comes to protecting Idaho's 
anadromous salmonoids. 

ISSU is willing to take the risk of increased total dissolved gas (TDG) as a 
result of spill at mainstem hydro-projects as the best chance for our spring 
migrants. Won't you please help us give these once great runs of fish a 
fighting chance? 

Thank you in advance for your cooperation this very important matter. 

Mitch Sanchotena 
Executive Coordinator 
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Member Idaho Chapter American Fisheries Society, serve on anadromous fishes and 
water quality and quantity committees. 

Publications/ Editor and P!Jblisher of Idaho's Sockeye Scene, quarterly newsletter on the status of 
Reports: Idaho's sockeye and other anadromous fishes. 

"The Relationship of River Velocity and Salmon Survival", 4 page information sheet 
prepared for the Idaho Deparment of Fish and Game, 1994. 

"Threatened and Endangered Snake River Salmon Scocks --Of Fish, 
Politics, Risks, and Professional Choices," essay, Fisheries, 1993. 

"Barging, Stress, BKD, and Listed Snake River Salmon," report, 1993. 

"A Water Efficiency Coordinator for IDWR," draft proposal, 1992. 
"Water Efficiency-A Resource for Utility Managers, Resource Planners, and Ocher 
Decision Makers,'' report for EPA and Rocky Mountain Institute CO 1990. 

"Tahltan Sockeye-Indians Reclaim a Heritage," "In Danger of Diluting the Salmon 
Gene Pool," and "Snake River Salmon: Dammed to Extinction?" Pacific Fishing. 
1989-1992. 

"And Then There Was Light"--History of Holy Cross Electric, Colorado Life, 1984. 

Collection and Djs1ribmion Standards. O&M Manual. Plan of Operations, 
for Town of New Castle and Westwater Engineering, Colorado, 1983. 
"The Colorado River," Aspen Magazine, 1980. 
-"Needed: Water for Fish," Colorado Outdoors, 1979. 

Presentations: Club 20, Colorado; Idaho Chapter of American Fisheries Society, Idaho Assoc. of 
Grain Producers, Idaho Assoc. of Soil Conservation Districts, Northwest Power 
Planning Council, National Marine Fisheries Service, NPPC Flow Aug. Committee. 

Awards: 

Certification: 

Work Exp./ 
Recent 

Colorado Water Pollution Control Commission--for outstanding contribution to 
prevention of pollution· of state waters, 1983. 

Colorado Div. of Wildlife--for significant contribution to minimum streamflow, 1978. 

Colorado Class A (highest of four levels) Water and Wastewater Treatment Operator. 
Colorado Class II (Class I is ·highest) Distribution and Collection System Technician. 
Idaho & Colorado Teaching Certificates. secondary science. 

Own technical research, writing, photography, publishing business, six 
years. Water and wastewater treatment operations, five years. Teaching. Water 
quality analysis. Recent contracts include work with the Rocky Mountain Institute, 
Northwesr Resource Information Center, Valley Soil & Water Conservation 
District, Idaho Dept. of Fish & Game, Idaho Governor's Office, and Payetce NF. 
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Summer 1994 

While no adult sockeye are expected to return to Redfish Lake from the ocean this summer, 60 adult socke~e 
and approximately 10,000 juvenile sockeye from the captive broodstock program, first and second generation 
offspring from this male sockeye, one of four sockeye (three males and one female) to return to Redfish L.ake 
in 1991,. will be released into Redfish Lake this year. The juveniles were put into net pens in Redfish Lake 1n 
late June as 4 gram fish and will be released to free-swim in the Jake in October as 1 0-1 2 gram fish. These 
juveniles will be outmigrating to the ocean in 1995 along with about 2,000 naturally produced smolts. The 
adults will be released into Redfish Lake in late.summer to spawn and produce eggs in Redfish Lake this fall. 

1995 Critical Migration Year for all of Idaho's Salmon. 
The spring of 1995 will be a critical emergency jump start for the last of mi rate in-river, and receive · i -
migration year for all ofidaho's Idaho's wild sockeye. If these sockeye can y increase ve ocmes ou h the 
salmon, according to the Idaho Depart- are to remain wild, these smolts must mam m passage during the spring 
ment of Fish and Game (IDFG). get downstream and return in sufficient m1grahon season. Velocity recommen-

numbers to begin a recovery of their dations are 110 to 140 kcfs through 
For sockeye. 1995 marks the first year 
smolts from the captive broodscock 
program, second generation offspring 
from the four adults which returned in 
1991, will be migrating downstream. 
"We need to make certain we provide 
the best migrating conditions possible 
for these sockeye smolts." said Keith 
Johnson. fisheries biologist in charge of 
the sockeye captive broodstock 
program at Eagle. "The captive 
broodstock program is not a substitute 
for natural habitat. The sockeye 
program is intended to be a one-time 

own." Lower Granite and 250 to 300 kcfs at 

Likev.ise, 1995 will be a critical 
migration year for Idaho's rapidly 
diminishing chinook and steelhead. 
"1995 is one of the last years we will 
have a significant number of our wild 
chinook and steelhead migrating 
downstreani," said Dexter Pitman, 
IDFG's Anadromous Fisheries Manager. 
The region's fish agencies and tribes 
are recommending that migrating 
salmon smelts in 1995, and future 
years, be spilled over dams, allowed to 

the Dalles during the spring migration. 

Such actions will allow salmon smelts 
10 arrive at the ocean in a condition 
which will allow them to return in 
greater numbers as adults. Dismal 
adult salmon returns to Idaho in 1994 
were due to deplorable juvenile 
migration conditions in 1992--veloci­
ties through Lower Granite averaging 
48 kcfs during the juvenile migration 
season and collection and barging of 
mostjuvenile salmon srnolts. 
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Needed: Honest Risk Assessments and 
Firm Choices by Fish and Water Managers 
ldnho's salmon populations (sockeye, chi1wok. and steelhead) have 
reached a critical juncture. Salmo11 returns this year (the worst ever -- a 
.s1nall fraction of the previous ten·year average.) dernonstrate that continu­
ing curre11t operations on the Snake and Columbia Reservoir System is a 
clear, and 110 lon{ler slow, path to e;r:tinctio1~ It is not hard to understand 
why. Slow velocities through reservoirs (and resulting higher 1en!Yera· 
lures) combined with the stress of the collection process and confining 
healthy, wild salmon in high density racewqys and barges with salmon 
which have infectious diseases (most specifically bacteria/ kidt1ey disease 
··a particular threat to Redfish Lake socl:.eye mid Salmon River wild 
chinook) create conditions whichf.acilitate the spread and progress of 
theu diseases and result in juvenile salmon amving at the ocean too 
weakened to survive to adulthood and return. Slow velocities through 
reservoirs also deplete the e11e1:gy reserves ofju:venile salmon and make 
them highly susceptible to predation from squawfish and other predators 
that have ad.apt~d ..,..,c:ll ro tlir: ~luw-11elocity, htgh-renlperature reseTVoir 
e11viro11men! The region's fish agencies and tribes are callin$ for spill 
passage over dams, in-river niigration, and increased velocities and lower 
temperatures through the syste11<for the ju:ve11ile migration period to. 
reduce the risks of aisease, predario11. stress, and death in turbines. ,Spill 
y;ssage in 1993 <md in I 9!14 re.suited i11 little or no observa.l!kJ!.~a?fJ!: 
m al:1s to uvenlle or adult sal1non as a resu o nrtro n a fSal.!t. 

ration. ac:c n 1ng to ie 1n nttorin e is assa e enter. en 
Sl?_t a s e~ i - r trU ratzon. an Jncrease ve ocr s are Cif»t .. 
aretl to t e ris o curren o eralton. 1ce s udge 

s ec are , ze system nee a trlajor overhaul. 

Water managers also need to ask, what is the best way to provide the 
needed velocities through the system? Wazer managers have bee11 unable 
to meet recommended velocilies with flow augmentation alone, and flow 
a·ugmentario11 is creating extreme ""''ater system 1nanagement problems 
ttpstream for all water users, as well as conflicts betwee11 those who favor 
using all flow augmentation for spring releases, and those who favor 
holding so"le baCkfor summer releases. Flow augnrentation niay be pan 
of the eq11ario11 and shottld be used when needed. However. drawing 
down the reservoirs in the Lcwer Snake Reservoirs temporan'ly for a 
couple of months ca11 give rile salmOll the spring velocities they need (in 
48 our of50years without additionalflow augmentation from upstream, 
according to the Army Corps of Engineers). The only real bioloeical 
problem of drawdowns is getting the adult salmon upstream during a 
arawdown mode. This requires redesigni11g the adu1t fish ladders al the 
four Lcwer Snake reservom to provide a path throu8h the dams during 
dmwdown mode -- a problem, liut not an insum10u111able one. And since 
these dam modifications are going to have to be made soo11er or later, 
sooner is belier. Perhaps those who rebuilt the Santa Monica freeway in 
record time could be assigned to the task-- since the Army (;orps of 
Engineers (who prefers operations as they a1~) has failed to deliver us a 
timely plan. Drawi11g down John Day Resen.·oir to minimum operating 
pool aiid leaving it there can also significantly increase velocities for both 
Snake and Columbia River stocks all season.. By drawing down the lower 
reservoirs, the upper reservoirs and aquifers can be better managed to 
mai11tain mi11imum pool levels, provide spring flushes and late summer 
mini-,nu1n strea»tflows, be avaUable for irri_gatzon and carry-over irn'ga­
tion storage. po....,·er production, water quality i1npmve1nent,flow augmen­
tarionfor salmon that will be useful, etc. all of which are imporlant tools 
for wise water resource 111anage1nent throughout the entire system. 
Decision nr.akers nw.st tWW make some firn1 choices. Extinction of these 
salmon, so significant to the Northwest, is not an acceptable option. KMM 

~·socKBYE ScENE 
is published and edited by 
Kathleen Marie Menke 
Crystal Images 
PO Box 2031, McCall, Idaho 83638 
Phone/Fax: (208) 634-3909 

The support and input of 
many individuals, agencies, 
and organizations make this 
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Impacts of Gas Supersaturation 
a Function of Travel Time 

According to a report in the 
Marine Fisheries Review, July 
1976, by Wesley J. Ebel and 
Howard L. Raymond, there is a 
direct relationship becween travel 
time, gas supersaturation of 
nitrogen, ond survival of juvenile 
salmon. 

In 1970, juvenile chinook salmon 
migrated from the Salmon River to 
Ice Harbor Dam in 25 days with 
nitrogen gas supersaruration levels 
averaging 130% at Lower Monu­
mental forebay. During this period 
(from 4/19-5/13),juvenile salmon 
survival was 25 % . 

However, when travel time was 
reduced to ,12 days (velocities 
through the system increased) and 
nitrogen gas supersaturation 
increased to 136% (5/14-5/31), 
survival of the juvenile chinook 
salmon increased to 50%. 

In 1971,the study was repeated. 
Results showed that with nicrogen 
gas supersaturation levels of 109 to 
131 % (109% during a flow control . 
period from 4/27 -29) and a travel 
time of 26 days (4n-5!3), survival 
of the juvenile chinook salmon was 
37%. 

When travel time was reduced to 
13 days (velocities increased 
through the system) and nitrogen 
gas supersaturation levels in­
creased to 135%, survival of the 
juvenile chinook salmon again 
increased to 50%. 

The study indicates that the 
negative impacts of nitrogen gas 
supersaturation can be reduced if 
velocities through the system are 
increased (travel time is reduced). 
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CONTROVERSY 
SURROUNDS DOWN. 

STREAM PASSAGE 

De>pit~ r~commendations 
to the -:omrary from the 
Northwest's fish agencies 
and tribes, as many as 
possible of the last ves­
tiges of ld<1ho's naturally 
produced sockeye smelts 
will bo collected at Lower 
Granite Dam below 
Lewismn and placed into 
barges to be transported 
below Bonneville Dam 
this spring. 

Steve Huffaker, Chief of 
the Bureau of Fisheries 
with tho Idaho Department 
of Fi;;h and Game (!DFG) 
pr~dicts. "ffow<:ver many 
sockcve smohs are 
heading downstream this 
year. none will return.'' 

Some smelts wi II die due 
to nau.iral anrition on their 
\lia_y to Lt)W~r Gro1nite 
Dam, ~s tht:y ha\'e for 
millt:ni\,1n1:i;. The death;:, 

I' :.:tu.i~ed by tht: feder::\l 
h\'dro~v~ti.:m onct: thev 
reach .lo'-cr Granite Dam 
will indude d~aths in 
hydro power mrbines, 
deaths from predators o.nd 
disease in the slackwater 
reservoirs, and deaths 
from the collection and 
transportation process, 
including those caused by 
handling, stress. and post­
ocean mortalitv due to 
arriving downstream in 
poor health. 

.Regional fish agencies and 
tribes :.ire recornmending 
that the dams be modified, 
velocities through the 
system be increased, and 
these smolts be spilled 
over dams and allowed to 
nugr:ue in-river. (See p.3) 

CENE 
"Getting the Smolts Down Through the System" 

Spring 1994 

500 to 1000 sockeye smelts will migrate downstream to the Pacific Ocean from 
Redfish Lake this spring. None are expected to return. The National Marine 
Fisheries Service (N~FS) has rul~d that. although the eight federal dams and 
reservoirs on the Lower Snake and Columbia in Woshington are likely to cause the 
death of up to 84% of the sockeye smelts that reach Lower Granite, this fedecal 
hydrosystem is "not jeopardizing" this species. On March 28, 1994, Federal 
District Court Judge Malcolm Marsh ruled the "no jeopardy" opinion "arbitrary and 
capricious" and ordered NMFS to revise their opinion within 60 days. 

SOCKEYE EXPECTED TO MIGRATE DOWNSTREAM 
IN THE NEXT FEW YEARS: 

as estimatecj by the Sockeye Technical Oversight Committee Feb. 1994 

1994: 500 to 1000 (all produced naturally from Redfish Lake) 

1995: approximately 12,000 (includes 10,000 from first wave of 
supplemental juveniles from the captive broodstock program-·of 
these. I 600 will be pit-u1gged and all will have adipose fins 
clip~d. Fry will be placed into net pens in Redfish Lake in June 
1994 and released to free-swim in Re.elfish Lak< in October.) 

1996: hopefully over 100,000 (includes second wave of 
supplemental ju>·eniles from the captive broodstock program) 
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Smolts and 
Squawfish at 

Lower Granite 
Tailrace Studied 

>an J. Isaak, a graduate student 
ider the supervision of Dr. Ted 

. jomn. fisheries professor at the 
niversity of Idaho, has been 
westigating the behavior of 
tuawfish below Lower Granite 
.•am. The following was taken 
om a presentation made to the 
.laho Chapter of the American 
'isheries Society in Februal)' 
994. 

: ixt ;ree northern squawfish 
>rychochelius oregor1e11sis were 
.11planted with radio transmitters 
md released below Lower 
:Jranite Dam during 1993. 
>lorthern squawfish movements 
.vere monitored using a boat 
.,quipped with a Yagi antenna. by 
1riangulation, and with fixed 
,·ecei ving sites. 

n 1993, the greatest abundance 
'f tagged northern squawfish 
.•ccurred in the tailrace of Lower 
}ranite Dam after the completion 
,f the smolt migration and peak 
•ver discharge. Northern squaw· 
1sh that were in the tailrace 
llring the peak of the smelt 
tigration typically were not 
itind in the high flow areas 
-here they would encounter 
molts. 

fbis study suggests that during 
high flows, the number of smelts 

;st to squawfish predation within 
'~m tailraces may not be as great 
; previously believed. 

l 
I 

I 

: ... "' . . ·. :; ::.: ~- . ;; ' -·-- . -. . .. 

_,.- •.. 

'· ·'.·-· 
_: __ ,_ .. '·-- '. _, .. 

.... 

-.. ·.-. 

"•-' 

.. ~ ... -. - I ~ -_-' • -~ .... . .. ~ . 

.·, - -

- _·.'-.. ,; 
. '·'' 

. ,, ,-. 



( 

JUL-20-94 WED 16:08 KATHLEEN MENKE/CRYSTAL I 208 634 3909 P.08 

What's the Best Way to Pass Sockeye Smolts Through the Hydro~stetn? 

John L. McKern, Chief, Fisheries 
~1anage1nent Operations Division, 
Army Corps of Engineers 

"The Corps of Engineers, in our ESA 
Section 10 Permit application for 1994-
1995, recommended ma;<imizing the 
transportation of all species. According 
to the scientific information and 
empirical data we have reviewed, 
ma~imizing transportation affords the 
greatest protection to both listed and 
unlisted species.'" 

Steve Huffaker, Chief 
Bureau of Fisheries 
Idaho Department of Fish and Game 

"'Sockeye, like our spring/summer 
chinook and steelhead, are spring 
migrants. The draft biological opinion 
of the National Marine Fisheries 
Service proposes to attempt to rca~h 
flows of 85 kcfs for spring migrants 
and to cap flow at l 00 kcfs to save 
v.•ater for sun1mer flow targets. What 
that means is spring migrants will not 
get.the extra benefits thal higher spring 
flows would normally give them in wet 
years. The fish passage experts (at 
least those I believe to be credible) tell 
me that 85 kcfs in the Snake River is 
the n1inin1um to a1Jow the species lO 
hold their own. and what they need is 
140 kcfs. Populations can live through 
drought years only if they can gain 
advanlages 1n wet ones to make up the 
lo.sse:;. 

There is not enough storage in the 
Snake River basin for anadrornous fish 
to persist if they are dependent on 
stored water flushed through full 
reservoirs. Drafting the mainstem 
reservoirs in Washington is the only 
long-term solution, but that doesn't 
solve the immediate problem. 

This spring·; migration is inevitable. 
What little we can do to help it will be 
critical. as· water yield predictions are 
dismal. We should empower those 
people with the most experience and 
expertise in fish migration to make the 
decisions. That expertise resides in the 
Fish Pas!'agc Center, with inptlt fro1n 
the fishery agencies and Tribes." 

Ted Strong, Executive Director 
Columbia River Inter-tribal Fi.sh 
Commission (from letter to NMFS, 
Feb. 1994) 

"The benetiL< of spill render it as a 
pr~ferred alte(lla!ive for dail! passage. 
Direct mortality incurred to juveniles 
from spillway passage has been esti­
mate<! to range from 0-3% ... " 

' ~ivuchelle DeHart ~~ 
Fish Passage Center Manager r6;:_ 
Fish Passage Center, Portland · 

"The fishery resource managers (state. 
tribal and federal entities) technical 
staffs have developed passage recom­
mendations. Those recommendations 
are contained in the Detailed Fishery 
Operating Plan recommendations. The 
Fish Passage Center will follow the 
specific instructions of the fishery 
managers, and request adequate flows 
for instream migration of juvenile 
sockeye salmon. Specifically. this 
means no transr,ortation of juvenile 
sockeye and spill wilt be requested to 
facilitate project passage. Actual 
timing of requests will depend upon 
migration monitoring." 

Steve Pettit, Idaho D•~p•rtment of 
Fish and Game; Ron Boyce, Oregon 
Department of Fish and Wildlife; 
Ron Woodin, Washington Depart· 
ment of Fisheries; Jim Nielson, 
Washington Dcp3rtrnent of Wildlife 
as representatives of respecriYe 
agencies to lhc Corps' Drawdown 
Technical Advisory Group (from 
letter to Corps and NMFS, Jan. 1994) 

"The agencies and tribes do not and 
have no[ supported transportation Of 
jtivenile migrants ~s a long-tenn 
mi[igation measure and instead believe 
that measures must be tak~n to provide 
acceptable conditions for instream 
migration. Drawdown is one alterna­
tive for achieving this goal. along with 
spill and flow augmentation ... '" 

Donald E. Bevan, Professor Emeritns, 
Univ. of Wash., Chair of Snake River 
Salmon Recovery Team, PersomJ View 

"The river is presently a very dangerous 
place, as is !he estuary and the ocean ... they 
[pages of the Recovery Plan] include many 
changes in both downstre.."lITl and upstrearn 
passage.Much more imponant than what I 
or >omeone else thinks should be done, is 
what do the r<Sults of scientific endeavor 
suggest should be done. 1 fear that far too 
many believe that there is some "'magic 
bullet" ihat can he applied immediate!~· to 
itnprove 1nigration conditions and that the 
migration GOrridor is the 01tly p<>rt of the life 
histoiy of sockeye that needs to be 
addressed to llnfrove survival and ~nsure 
recovery. Ir wil not b:: a uivial Ul...'ik 10 forge 
a political consensus to give us the 
resoun:cs to nu1K~ changes that can be 
measured and to modify or abandon them 
as science catches up. However, I an1 sure 
that many agree diat we must proceed with 
recovery wiihout waiting for better 
science." 

Cecil D. Andrus 
Governor ofldaho 

''The salmon's situation is dire ... We 
need to modify the dams and draw the 
reservoir levels down briefly each 
spring to create the river velocity that 
will restore our salmon runs.•· 

Bioiogical Opinion, National Marine 
Fisheries Service, March 1994 

'" .. All fish collected at Lower Granite 
Dam are (to be] transported regardless of 
tlows ... Spill at collector dams .. .is not 
proposed ... and is not recommended for 
1994 through 1998 ... " 

Federal District Court Ruling 
on NMFS' Biological Opinions, 
Judge Malcolm Marsh, Ma.ri:h 1994 

" ... The process is setiously, 'significantly" 
flawed because ii is too heavily geared 
towards a status quo that has allowed all 
forms of river acovity to proceed in a deficit 
situation--that is. relatively small steps, 
minor improvements and adjusttnent.;·­
when the situation literally cries out for a 
major overhaul...The idea that the dams are 
immutable and uncontrollable like the 
weather ignores decades of fish protection 
improvements (such as bypass facilities and 
ladders) and otherstructur.1 and operarional 
enhancements ... Thus, operational changes 
as well as systr.mic or facility changes to di< 
dams' ex.istence may well be available ... 
The ESA does impose substantive 
obligations with respect to a [federal] 
agency's consideraaon of significant 
information and data from well-<Jualified 
scientists such as the fisheries biologists 
from the states and tribes.'' 

Deaths of Wild 
Snake River Sockeye 

Caused by Man 

Juvenile migration 
through the 

hydrosystem 98% Source: 
IDFG 
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ALL 
ALTURAS LAI<E 
OUTMIGRANTS 

·RELEASED 
IN'93 

Originally 20 of the approximately 
200 Alturas Lake outmigrants that 
were captured in 1991 and reared in 
the captive breeding program were 
to be released in 1993. These fish 
were released into Alturas Lake in 
August, just before the Redfish 
Lake outmigrant adults were ·. 
released. Later another 16 were 
released because they were females 
who had matured and no males had 
matured to breed with them. 

Finally, in October, the remaining 
160 Alturas Lake ourmigrants of 
1991 and 1992 were released 
whether they were sexually mature 
or not due to space limitations in 
the captive breeding program. 

Technically not classified as 
endangered species, the '91 Alturas 
Lake outmigrants are an interesting 
study. ·Because most of them spawn 
early and have tested genetically to 
be more similar to kokanee, most 
are believed to be kokanee. Data 
from the radio-tagged original 20 
that were released show that most 
of these adults spawned with the 
kokanee in the Alturas inlet stream. 
Biologists from the Shoshone­
Bannock Tribe will continue 
observations on Alturas Lake 
outmigrants. Searches are also 
underway for sockeye residuals in 
Alturas. 

No adult sockeye have returned to 
Alturas Lake in recent years, 
although many did in the past. 
Recent instream flow improvements 
in the access to Alturas Lake may 
help reestablish sockeye popula­
tions in Alturas Lake. 
~ 

•• A sockeye's life cycle is four to five years from egg to 
spawning adult. 

Idaho's sockeye travel farther than any other 
sockeye in the world, over 950 miles each way. 

** Eight federal dams and reservoirs block the migration 
path ofldaho's sockeye. 

Of the man-caused mortalities of sockeye, 1 % are 
killed by harvest in the ocean and Columbia River, I% 
are killed as adults through the migration corridor, and 
98% are killed as juveniles through the migration 
corridor. 

•• Studies (Stevens 1980) on avoidance behavior of 
anadromous fish ro gas supersaturation showed that 
sockeye were the quickest to avoid supersaturated 
conditions, perhaps aided by schooling behavior, and 
avoided supersaturated water within two hours. 

Oregon Joins Idaho's 
Lawsuit on the Hydrosystem 

Governor Barbara Roberts an­
nounced on January 7 that the State 
of Oregon has begun the process for 
intervening in the lawsuit, initiated 
by the State of Idaho, challenging 
\he National Marine Fisheries 
Service's claim that hydroelectic 
operation in 1993 did not jeopardize 
endanger-!<! Columbia River salmon 
runs. 

"We are concerned that the federal 
government is basing management 
plans for Columbia River dams for 
the next five years on assumptions 
similar to those under which it 
approved 1993's operations on the 
Columbia, which included the 
finding that a 90% mortality for 
downsteam migrating fall chinook 
poses no jeopardy to those runs," " 

"I do not believe .such a finding is 
supportable," said Roberts. "I now 
believe that unless the state joins 
the litigation to challenge the 1993 
assumptions, NMFS will permit 
them and the flawed process by 
which they were reached to srand as 
precedents. Thar we cannot allow." 

Every year, NMFS must review 
plans for the Columbia River 
hydroelectric operations managed 
by the Bonneville Power Adminis­
tration, the Army Corps of Engi­
neers and the Bureau of Reclama­
tion. NMFS must evaluate whether 
those plans jeopardize threatened 
and endangered salmon runs. 
Governor Roberts, Governor 
Andrus, and the ocher NW gover­
nors have long pressed for full state 
consultation in this decision making 
process. 
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THE RELATIONSHIP OF RIVER VELOCITY AND SALMON SURVIVAL 

INFORMATION PREPARED BY THE IDAHO DEPARTMENT OF FISH AND GAME 

The Columbia River Basin once contained the largest salmon and steelhead runs in the world. The Snake River 
is the largest tributary of the Columbia, and contributed nearly half of the basin's spring and summer chinook and 
steelhead runs. As recently as 
thel960's the Snake River spring 

. and summer chinook runs 
numbered in the tens of thou­
sands of adult fish returning up 
the Columbia River to spawn m 
the tributaries of the Snake River 
Basin. These runs also provided 
substantial fisheries to tribal and 
nontribal fisheries. 

Wild Chinook Salmon I Returns to Lower Granite Dam 

- Wild Spring 
40 . -·---·· .--·~--- .. ._,,.. __ __ 
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-Wild Summer 

·--- _________ ,.. ................ ,... 
In 1991 Snake River sockeye 
salmon were listed by the 
National Marine Fisheries 
Service (NMFS) as "endan­
gered" under the Endangered 
Species Act, and in 1992 wild 
Snake River spring/summer 
chinook and fall chinook joined 
the Snake River sockeye salmon 
as threatened species. 
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'64 '66 '68 '70 '72 '74 '76 '78 '80 '82 '84 '86 '88 '90 '92 

YEAR Source: IDFG 

Several factors contributed to 
the decline of the Snake River 
runs, including fisheries and habitat losses from dams and land use practices. But by far the largest cause of 
human-induced mortality is from the federal hydroelectric system. 

WASHINGTON 

Lower Columbia 
Reservoir System 

OREGON 

Lower Snake 
Reservoir System 

Snake River salmon migrate to and from the sea through eight 
dams on the lower Snake and mainstem Columbia Rivers. These 
dams were built between the years 1938 and 1975, with five of the 
eight dams completed in only thirteen years between 1962 and 
1975. During this period of great change to the river system, 
government scientists began studying the effects of the darns on 
salmon survival. 

The accompanying charts show the decline of salmon over time, 
and that over 95 percent of human-induced mortality is due to the 
hydroelectric system. 

Deaths of Wild Salmon 
Caused by Man 

SPRING/ 
SUMMER 
CHINOOK 

FALL 
CHINOOK 

SOCK EYE 

• Juvenile migration 
through the 
hydrosystem 

"' Harvest in ocean 
m and Columbia River 

•Adult migration through 
the hydrosystem source: IDFG 
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Biologists recognized the four lower 
Snake River federal darns would 
cause significant juvenile fish 
mortality. Therefore as part of the 
authorization of these dams, Con­
gress ordered the study of the 
impacts of these darns on migrating 
salmon and steelhead, and mitiga­
tion of the impacts. These studies 
were done by the National Marine 
Fisheries Service (NMFS) in the 
1960s and 1970s. 

Wild Chinook Smolt Mortality Rates in Lower Snake River 
90% 

One finding was the significant 
increase in mortality of smolts in 
the lower Snake River. Mortality in 
the late l 960's was low (5 co 15 
percent) but then increased greatly 
(50 to 90 percent) after two more 
rnainstern dams were added in 1970 
and 197 L Another study showed 
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that when Ice Harbor was the only · . 
project, smelt mortality averaged ten percent. With the addition of Lower Monumental and Lillie Goose darns, 
mortality in the Lower Snake became five to nine times higher. 

Early studies showed that on average a 15 percent m01tality rate of srnolts passing through the turbine~ of the 
dams. Conversely, only two percent of the smelts were killed when spilled over a dam. These rnortahty rates 
have been confirmed by studies done in 1993. 

Smolt losses due to tmbines and spillway passage over successive dams could not explain all tl1e pron~mnced 
increase in mortality from the new darns. Survival through the reservoirs was also very important. Pnor to the 

construction of the 
mainstem dams, the 

Lower Snake River/Flow and Water Travel Time TRA v EL 
FLOW (19929·1990) TIME 
(kcfs) (Days) 
200~-----~~----~-----~..--~---,-16 
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520 

hours 
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0 0 
'29 '40 ·so '60 '70 '80 '90 
- Pre-dams years, less than 2 days - Source: IOFG, IDWR 

different inflow into 
this segment of the 
smolt migration 
corridor--whether a 
drought in the early 
1930's or the flood 
years of .1948--did 
notgreatly influence 
water velocity (travel 
time) tl1rough this 
section, and migrat­
ing salmon had free 
passage downstream. 
After the construe· 
tion of the four lower 
Snake River Darns, 
warer velocities 
greatly slowed and 
fluctuated in re­
sponse to the inflow. 

The graph here 
illustrates these 
differences. The 

bars represent avera~e spring inflows over the years, and the line drawn over these bars shows how travel time of 
water has increased incrementally sincel960 with the construction of the four lower Snake River Dams: Ice 
Harbor (1961), Lower Monumencal (1969), Little Goose (1970), and Lower Granite (1975) in Washington. If one 
were to m-:erlay the two figures on this page, a strong correlation can be seen between increased travel time and 
increased JUVenile salmon mortalicies. 
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Cominuing studies have shown that water travel time, smolt travel time, and survival are closely correlated. 
Smelts have a "biological window"' within which their migratory behavior, seawater tolerance, and other physical 
attributes permit successful freshwater to salt water adjustments. Longer migration time and warmer water 
temperatures increase losses from disease and predation during migration. Predation rates and deaths due to 
disease at the ocean can be significant when the smolts have been subjected to increased stress, increased migra· 
tion time, increased temperatures, and increased exposure to disease. Their salinity tolerance is lowered. 

SMOLT SURVIVAL STUDIES--One of the most commonly referred to studies of river flow and smolt survival 
is a NMFS study by Sims & Ossiander (1981). It is important to understand that these studies were influenced by 
specific dam passage conditions during the study period. Dissolved gas supersaturation lowered smolt survival 
during high water years and obscured the survival benefits of high inflow and reduced smolt migration travel 
time. A conclusion that 85 kcfs through the lower Snake River reservoirs during springtime migration provides 
optimum survival only holds trne if one ignores the influence of the dissolved gas supersaturation in these high 
flow years under these particular dam passage conditions. A more accurate judgement would take these factors 
into account, showing survival gains up to and beyond flows of 140 kcfs. The charts below illustrate the positive 
flow/survival relationship for yearling steelhead and chinook according to Sims and Ossiander. 

Relationship of Flow to Smolt Survival 
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Published smolt survival studies conducted by Howard L. Raymond, NMFS, supports this latter interpretation of 
the Sims and Ossiander data. . 
Raymond evaluated yearling 
smolt survival between 
Whitebird, Idaho, on the Salmon 
River and Ice Harbor Dam. 
Raymond's studies also included 
years of good inflow with low 
nitrogen gas supersaturation 
levels. Raymond's data, adjusted 
to account for turbine mortalities, 
show a very strong relationship 
between water velocity and 
juvenile survival. Raymond's 
. data are especially relevant for 
Snake River salmon .because the 
survival rates are for chinook 
smelts in the Snake River and 
during the time when the river 
was transformed from a free­
f!owing river into a series of 
reservoirs. 
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BEST EVIDENCE: ADULTS RETURNING TO SPAWN--Studies of adult salmon and sreelhead surviving 
different migration conditions and l'etuming to spawn provide further evidence of this relationship. Adult studies 
can extend over a greacer period of time. Dr. Charles Petrosky of Idaho Fish and Game compared adult rerurns to 
Marsh Creek, a tributary of the Middle Fork of the Salmon River, to the flow and velocity conditions the fish 
experienced during 
their migration to 
sea two or three 
years previous. 
The adult returns to 
Marsh Creek for 
nearly thirty years 
shows a consiscent 
link of adult fish 
returns to river 
velocities in the 
Lower Snake 
reservoir migration 
corridor when these 
fish migrated to sea 
as juveniles. 

% RETURN 
ADULT /SMOLT 

Wild Chinook Travel Time vs. Srnolt to Adult Return 
1964-84 Migrations for Spring & Summer Chinook 
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Ro.ymuml (1988) 
estimates of smolt­
to-adult returns at 
Ice Harbor show 
the same pattern of 
higher adult returns followed higher velocity conditions for the juveniles when migrating downstream, 

An essenrial consideration is comparing the population of one generation to the population size of the parents' . 
generation, and how this relationship is affected by juvenile migration velocities. The final c~art below shows 
that since 1977 low flow/velocities result in survival rares plunging the salmon toward extinction, and even that 
average flow/velocities in the 85 kcfs to 110 kcfs produce problematic conditions preventing salmon recovery. 
Only river flow/velocites above 110 remove the risk of extinction and lead to rebuilding. 
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CONCLUSION--As demonstrated with this data, the best available scientific knowledge indicates that faster 
wate.r velocities during juvenile Snake River spring/summer chinook migration significantly improve smolt 
survival and adult rerums. The Northwest Power Act's vision for a rejuventated anadromous fish resource can 
only be met. ~ya m~jor improv~men~ in juvenile migrant survival. Rebuilding efforts chat focus on increasing 
water veloc111es during smolt migration are essential for success. 
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Reply to 
Attention of: 

DEPARTMENT OF THE ARMY 
NORTH PACIFIC DIVISION, CORPS OF ENGINEERS 

P.O. BOX2870 
PORTLAND, OREGON 97208-2870 

JUL 2 1 1994 

Environmental Resources Division 

Mr. J. Gary Smith 
Acting Regional Director 
National Marine Fisheries Service 
National Oceanic and Atmospheric Administration 
7600 Sand Point Way NE 
Seattle, Washington 98115-0070 

Dear Mr. Smith: 

Please reference the enclosed letter from Ms. Anne Squier, 
Senior Policy Advisor for Natural Resources to Governor Roberts, 
addressing the Oregon Department of Environmental Quality's 
application of the current water quality standard for dissolved 
gas. It is described as a maximum 24-hour average of 110 percent 
total dissolved gas (TDG) measured at the McNary Dam forebay 
stations (north, south, and south redundant). The level of TOG 
currently being measured at these sites is approximately 
110 percent. Therefore, unless the Oregon Environmental Quality 
Commission grants a waiver of the current water quality standard 
at its July 21 meeting, I cannot approve higher spills at Ice 
Harbor Dam. 

Ms. Squier references spill levels identified in the 1994-
1998 Biological Opinion. It is our understanding that National 
Marine Fisheries Service (NMFS) discussed both the potential that 
these spill amounts could cause high TDG levels with 
representatives of the state of Oregon and the possibility of 
waiving the State water quality standard. We believe that it is 
appropriate for NMFS to coordinate with the States of Oregon, 
Washington, and Idaho when actions contained in a biological 
opinion, if implemented, could result in violation of state water 
quality standards. 

With regard to Idaho, your request to increase Dworshak 
discharge from 20 kcfs to 25 kcfs has resulted in TDG levels of 
121 to 122 percent downstream of the project. Recent transect 
measurements conducted by Walla Walla District personnel show 
that only about 5 percent of the dissolved gas is dissipated in 
the 30-mile stretch of river between Dworshak Dam and the 
confluence.of the Clearwater and Snake Rivers. We would like to 
be apprised of your discussions with Idaho and the Environmental 
Protection Agency regarding the exceeding of the 110 percent 
water quality standard in Idaho. 

141002 
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As a final note, we understand the current Washington Department 
of Ecology (DOE) water quality standard waiver for TDG covers 
only Ice Harbor tailrace downstream to the Oregon border. Should 
the Oregon Environment"l Quality Co:mnti.,..,ion ..:huose-i:o grant a 
waiver for summer spill, I could not authorize additional spill 
at Lower .Columbia River projects without clarification of what 
other areas DOE's waiver is intended to cover. I am providing 
DOE a copy of this letter as a means of expediting any further 
action on their part that might be necessary. 

Enclosure 

Copies Furnished: 

Washington DOE (Llewelyn) 
Oregon DEQ (Hansen) 
BPA (Hardy) 

Sincerely, 

~nest J. re 
Major General, U. Army 
Division Engineer\ 
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BARBARA ROBERTS 
GOVERNOR 

OFFICE OF THE GOVERNOi-1 

· MaJor General Ernest J. Harrell 
U.S. Army Corps of Engineers 
North Pacific Olvlslon 
P.O. Box 2870 
Portland, OR 97208 

STATE: CAPITOi.. 

Tlt\..li:Pl-IONE: 1S031 37=•3111 

"1'00·15CJ31 l7!!•41!!5:1 

July 15, 1994 

RE; Request tor assessment of the proposed spill relative to water quality 
standard for total dissolved gas 

Dear General Harrell: 

On behalf of Governor Barbara Roberts, 1 am responding to Mr. Jackson's letter 
of July 12, 1994, That letter expressed the Corps' oonoern regarding the potential 
total dissolved gas {TOG} levels in the McNary pool which may result from 
proposed sf Ill at Ice Harbor dam. It Is not posslble at this time for the 
Departmen of Envlronm.ental Quality to assess compliance with the Oregon .TOG 
standard because necessary information Is not available. I address the 
Department's application of the current standard below. 

Mr. Jackson noted that the National Marine Fisheries Service (NMFS} has 
requested that the state Environmental Quality Commission (E:QC) change the 
state TOG standard to allow spills to assist summer out migration of salmon 
smelts, In accord with the B!ologlcal Opinion issued to you on March 16, 1994. 
Governor Roberts asked me to communicata her serious concern about the 
circumstances and timing of that request, particularly given that controversy has 
surrounded spill matters for many weeks. She queries why the Qorps did not 
make that request, directly to the EQC and In a timely fashion after receipt of the 
Blologlcal Opinion. That would have allowed the E:QC to consider the matter · 
under a normal time frame and without the extraordinary demands on stall and 
Commission that the current situation has created. c.irtalnly In the 1uture, the 
Corps should take direct responsibl!ity for such m.atters with respect to Its forecast 
operations . 

. The Commission wlll consider the NMFS request at a special meeting to be held 
July-21, 1994 In room 3A of the Department of Environmental Quality offices. 

· .··• After this meeting the Department may contact you re{Jarding a temporary TOG 
· standard for spills this summer. · . . 

. ' 

iil1004 

·,,. ·. 'i•.' 
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We believe that additional splll at Ice Harbor dam can be accomplished under . 
existing standards. For the purpose of determining compliance in the McNary 
pool with the proposed Ice Harbor splll request, the State of Oregon Interprets the 
TOG criterion as a maximum 24 hour average of 110% TOG. That Is, TOG could 
exceed 110% on an Instantaneous basis so long as the average TOG over a 24 
hour period remains at or below 110%, taking Into consideration the normal 
allowances that must be made for instrumentation limitations and ambient TDG 
~luctuatlons. Until further notice the approP.riate sampling location are the sites 
identified as the McNary forebay stations (McNary North, South and South 
redundant). If you have any further questions, please contact Nell Mullane of the 
Oregon Department of Environmental Quality. 

·- · .. 
. ·:· .. ·.: ... 

cc; Gary Smith, NMFS Seattle 
Ron Boyce, ODFW 
David Peeler, Washington Department of Ecology 
Jack DaYonge, Governor Lawry's Office 
Gary Frederfoks, NMFS 
Randy Hardy, BPA 

.:• 



Introduction 

NW FlSIIRRIES CTR ~~~ F/NWR 

Report and Recommendations 

Panel on <;;as Bubble Disease 

National Marine Fisheries Semre 
Nonhwest Fisheries Science Center 

Seattle, Washington 
June 21- 22, 1994 

ATTACHMENT 4 

p. 2/?l 002/009 

The following is a meeting SWlllllary and lii.t of recommendations to the National Marine Fisheries 
Service (NMFS) from its panel on gas bubole disease (GBD) in Pacific salmon. The 
recommendations are based on the grouj;l's one and o~half-day meeting held in Seattle, 
Washington on June 21-22, 1994. The GBD panel consisted ofleading fisheries biologiets wirh 
expertise in gas bubble di~se. · . . · 

The meeting was ~rganized as a combination of panel deliberations and interactions wil:lf ~ency 
rep=nt.acives and other interested public .. It began with. a tfl:ree.-hour series of brief pre5entations ·· ·. 
by several entities to the panel members, followed by a two-hour discussion ill which the GBD 
panel directed questions to the audience; Fi;om this information, the experts then convened ..... 
separately to develop recommendations based largely on i:hcir answers to eight sets of questions·· 
posed by NMFS as a frame of reference for, the meeting. These recommendations should be useful 
for water and fisheries management in the region by the U.S. Army Corps of Engineers, the 
Bonneville Power Administration, NMFS, Qregon, Washington, Idaho, and several Tribes. 

The Panel 

The following sciemistS served on the pane~: 

Dr. Thomlls Backman (Columbia Rivc:;r In~-Tribal Fisheries Commission), Dr. Gerald'Bouck 
(EPA, U~FWS, BP A, retired), Dr .. ~harles ·c;.. Coutan~ (Oak: Ridge National Laboratol)', and 
panel chm), Mr. Earl Dawley (National Marine Fisheries Service), ' . 
Dr. Lawr~ce E. Fidler (.Aspen Ayylied Sciences, Ltd.), Dr. William Krise (National Biological 
Survey), and.Dr. Alan Nebeker (U.S. Environmental Prorecti.on Agency). · 

Purpose 

The panel .was asked to consider some spetjfic aspects of GBD in Pacific salmon. At issue was 
the significance of cenain signs of gas bubble disease in oucmigrating juvenile salmonids, what 
these signs mean for the shon- and long·tenn survival of juveniles, and what physiological or 
ecological impacts could occur to these fish. Although the immediate concems focused on 
outmigraling juvenile salmonids, a broader,·ecosysrem consideration, includiug adult salmon 
migrating upstream, was suggested as appropriate. These aspects of GBD were the basts of a list 
of fonnal discussion questions that 'set the frame of reference for the me.eting. i 

Because tb,e development of swnmazy nugFts of infOillllltion appeared to be the objec:tive for 
convening the panel, the responses are pteSenu:d in bullet fonn.. ·' 

: . 

NMFS Panel on GBD JllllC 28, 1994 
pagel 
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Status/Continuation of the Panel 

The questions asked the pauel involved a wide range of lethal and sublethal considerations 
:regarding the effects of dissolved gas supers:a.turaii.on on fish.. The time provided to the panel was 
insufficient to address many of these questions in a comprehensive manner. As result, the 
response to' these questions is the panel's best effon, given the time available.. 

The panel :rr..commends that until TGP is lowered ro existing EPA Warer Qualicy Criteria levels the 
monitoring and evaluaI:ion program should be continued and expanded to produce a comprehensive 
response to. the problem of dissolved gas supersaroration on the Col.umb.ia and Snake rivelS in 
relation to other needs for ensuring successfill. fish passage. Tb.is effon should include a. llit of 
experiments that will provide river managers with dara. ·that can form the basis for decisions for 
1995 and beyond. The effon should include detailed descriptions of experimental objectives, 
protocols, and schedules for completion. The program should also include a review of the 
literature of GBD in fish in the conteXt of Ill9Di.toring for signs of gas bubble rrauma. The panel · 
recommends that it be reconv'ened with ai:leqilate budget and time to conttibute to the formulation of 
such a program. · 

.Questions and Answers 

' The following are !he questions posed by NMFS and !:he answers of the GBD panel. Tl:\e panel 
used these questions and their answei:s to make additional recommendations, which follow this 
section, in response to our charge. · 

1 
: .. ~ 

Question I • Pathogenesis: What is kno':VIl about the pathogenesis of gas bubble disease 
(OBD) in E~tlmonids? Is it the same in juveniles and adults? 

Answers: 

a. Syncheses of GBD xesearch h,ave been written and r:ranslated into ciiterla and 
standmds; . For example, see National Academy of Science/.N'ational Academy of 
Engineering (1973), W,,rg OuaJity Criteria 1972. USEPA R~_EPA-R3-73-033, 
Washington, DC and Fidler, -L. E., and$. B. Miller (1993), nmf~ British 
Columbia Water Oualicy Qnifl!'!lincs for pjssOlvrd Gas Sypepwµratign, Prepared 
for B.C. Mihlso:y ofEnvironinent, Canada Department of Fisheries and Oceans, 

( arid Environment Qinad• by Aspen Applied Sciences, Ltd., Valemount, :ij,C. 
'i . - . ~i 

b. f Much is known about m~ty of fish e~sed in captivity, for cena.in gii¥ levels, 
physiological conditions, anct selected species. ,: 

~ ~ 
c. 1 Pathogenicity has been related to gas levels and gas composition (largely for 

<; mortality and.a few selected either indices ofpathogeilicity) 

d. Much less is .known about pathogenicity in the river system. More :researoh is 
needed. . · 

e. We know lillle about sublethlil and beh.a.viw:al. effects both in the laboratozy or the 
river sysrem, although ~ l!IC suggestive observations. More research is needed 

f. 

f 

Responses of adult arid juvenile salmon to gas SUJ>el"SaturatiOll are similar, but 
relative sensitivities, detailed differences in responses, and their sigvificanl;"e must 
be quantified differendy because the .fish function differently at different ages and 
sizes. i

1 

NMFS Panel pa GBD June 28, 19!14 
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,., 

g. 
' 

The biophysics of bubble foi;maci~n and co~ in fish is undemoodim. 
principle, but not enough is known about its variability between species, under 
different conditlons, and in systems other than the controlled laboratory. · 

Question 2 - Signs: What are the signs of GBD? Are different signs observed in juveniles 
compared with adults? ·. . . 

Answer: The following table shows some of the general relationships between signs of 
GBD and age of fish.: . · 

Signs of Ga$ Bubble Trauma in Salmonids 

Sign Ag Class 

-11 % 
in small fish 
Exopthalmia ocular 
lesions 
Bubbles in mteSlinal tract 

Loss of swimmin 
educed growth 

:,1 
Juveniles adults i·c 

refer to Shrimpton 1993 Juveniles 

Question 3 • Methods: Are there established methods for measuring and/or quantifying 
internal. and external. (macroscopic) signs.of pBD injuvenile aml/or adult fish? 

,,1 

Answer: l 
" ' ~ 

i ., 
a. There are no standardized meihods for measuring and quantifying GBD s):gns, 

although certllin qualitative measures have been implemenred in lab testing and field 
monitoring. · · · ' 

·,f ~ 
' 

b. There are some c:ommocly uSed (established) methods that could be standUdiz.cd 
through fon:nal publication. · 

Question 4 • Severity: Can the severity of GBD be quantified based on the pxese.nee or 
absence of Specific signs? If so, do the~ signs indicate the same severity in juveniles and 
adults? ' 

NMFS Panel on GBD June 28, 1!194 
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Answer: 

a. 

b.' 

c. 

d. 

e.'. 

Severity of damage or probapility of death (survivability) is poorly quantified by the 
presence or absence of specific signs used today across a full range of effects. 

Severe signs are well coupled to probable mortality based on laboratory 
observations-mostly with juveniles. 

' 
Incipient threshold for mort.iility is especially poorly related to GBD signs. 

Juveniles and adults have dif'.fering categories of vulnerability in the field that make 
the severity of different signs important (i.e., predation on juveniles, blindness in 
adults). 

There is no adequate review of what the signs llild vulnerabilities are and how to 
quantify them.· This would require both reference review and additional research. 
In concept, these points could be added as additional columns to the table.' 
conso:ucted for question 2. ' i · 

Question 5 - Letbal or Sublethal Effects: Is !here a specific impact or biological ~urcome 
(i.e., a lethal or sublethal effect) that can be linked ro specific signs of GBD? Is !he impact or 
biological outcome lhe same for juveniles zjd adulrs? · 

Answer: 

a. 

b.: 

c. 

The primary physiological 2act or outcome of gas supersaturation is vascU.lar 
embolism resulting (after s · cient exposure) in acute signs of respiratory, cardiac, 
and capillary blockage. Secondary impacts include emphysema in skin tissues, 
blindness, and flolation dysfµnctfon. 

Survivability impact or outcome for the fish depends on field exposure o(ilie 
organism, which differs wi~ age and .behavior. ::' 

Some specific impacts and biOlogical outcomes can be linked to specific GBD 
signs, although most are prol;llematic. For example, loss of feeding, grqWth and 
smvivability have resulted from fish in hatcheries being exposed to greater than 
105%; ex.opthalmia, loss of sight has followed corneal swelling, peiforation and 
collapsed eye; md loss of stamina could result from blockage of gill filaments. 
Specific signs caD be linked to effects with vazying degrees of cenainty including 
these categories: reliably doc;Uillented, known from selected examples, likely but 
not demonstrated specifically. suspected, and totally unknown. A full compilation 
of these relationships has no~:been done, but information is available in recent 
reviews. Much additional =arch would be required to relate specific signs to 
biological or ecological outcomes with clarlty. · 

Previous reviews has not been conducted from a petspective of monito~ signs 
for real-time decision management. ' ; 

q· 

Question 6 - Signs of Lethal or Sublethal Effects: Are certain signs or comb~tions of 
signs more significant with regard ·to lethal and sublethal effects? Axe there potential sublelhal 
effectS of dissolved gas supersawration that occur prior to the appearance of any sign? Tu so, do 
they have lhe same significance in juveniles and adults? 

NMPS Panel on GBD J~ 28. 1994 
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Answer: 

a .. , 

i.! 

c. 

d. 

Yes, internal emboli (gas bubbles) in blood and other tissues that form before 
· macroscopic bubbles can be' seen are primary indicators ofporentialmortalicy. It is 
unclear which external signs (where bubbles accumulate and grow to m~opic 
size) are most indicative of pending mortality. · !: 

. l 

There are undoubtedly physiological effects of GBD on fish and resul.tin!; effects on 
pe.rfurrnance that would be experimenrally obse.I\'able (related to behavior, growth, 
survival, reproduction) bcfon: there are GBD signs visible to an obseivar. 

Techniques might be developed to detect small gas bubbles before effects on fish 
survival would occur; Doppler meters were tried experimentally for this purpose in 
the early 1970s and ultrasound is being eitplor¢ curreudy. . · 

Additional fesearch into early detection of potentially lethal and sublethal effects is 
needed.. . 'i 

Question 7 • GBD Signs and Monitorµig Programs: In a monitoring program,;are there 
ccrrain signs of GBD in juveniles and/0r adults that are more; or less "significant" or thaf,;have mare . 
value tbah other signs? Is there any relalionship between "headbmns" observed on sorrie adults 
.andGBDorspill'! , , · ·,. · . 

Answer: . ~ 
i~ 

a. The at1SWers to question #6 add!essed this question. as well 

b. As 11oted above, significant signs can be linked to effects with varying degrees of 
certainty from reliably documented to totally ll!lknown. A full compilation of these 
relationsbips has not been dPue, but infonnation is available in recent reviews and 
ongoing srudies. Most of the more subtle signs that could be early iodicatoxs of 
problems for fish survival are not well documented and require more study. · . ' ' 

c .. Relationship of ''headburn" to OBD is undocumented. 
i 

Question 8 • Species Differences: A:re there species differences in susceptibility ~ gas 
supersann'Bted water'! 

Answer: 

Yes, although salmonids have been studied roost often, especially those 
receiving high gas sannatioii k:vels in hatchery environments (Pacific sahnon, 
:rainbow trout, lake trout). Only a small percentage of species typical of any 
regional fish assemblage has been examined, even in C1ll'SOiy fashion. .. 

Other Recommendations 

After reaching consensus on their answers to the eight frame-of-reference questions, the panel 
made sevm! additional recommendations. Their recommendations addressed points raised in the 
letta of invitation and charge U> the panel. including suggestions for the monitDring pro8ram now 
in place oil the Snake and Columbia riveri research needs,. lhe value of biological monitoring. 
signjficance of gas saturation, and setting GBD into the context of river management oiiii:rall. · 

. . : 

NMPS Panel on GBD Jane 28, 1994 
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Suggestions for Monitoring Program 

The following are the NMFS GBD panel's suggt:stions for the cwrent monitoring program of river 
fish: . . . . . 

a. 

\·: 
• 

d. 

e. 

f. 

. . 
Reliability of the observation should be a primary criterion for its selection, ·an 
evaluation of which would consist of: · .. 

• Consistency among observers, assuming simjlarLmg. 
• Observation should be consisrently related to 1D9 

. • - . I l 
Fish of known origin are mpst valuable, to understand exposure hisrozy;; 

. . ' . . . 
Monitored :fish should include examples all relevant locations in the river; not just 
bypasses. · 

. .)-

Non-destructive monitoring methods should be explored, especially for adults. 

Monitoring should be planned with adequate sampling design for statistical 
analysis. · · · . 

The monitoring review dOCWIJent cun:ently being prepared by a ream for !)PA and 
NMFS addresses specific, dellliled recommendations about the field monil;oring 
program, and it should be cansidei:i:dwhen available. f: 

,, 
-.···i. R~search Needs : .. :~; 

' 
The follovfmg are whw: rhe group considers the major GBD-related iesearch needs categories 
. (more specific needs are addressed in answers to questions): 

a. Research is needed at the river basin scale ro provide bioengineering and water 
management approaches to reduce TOO while providing adequate fish passage. 

b. ReSe.alCh is needed at physiological and fish population· scales to relate TDG, GBD 
signs in fish, and conditions ef exposure.in the river system (% saturation, duration 
of exposure, location in the "".ater column, fish size and age) to ultimate .suzvival of 
outmigrant.s and return of adults. 1;;,I 

c. '· Research is needed on :instruments and techniques to develop methods for~. 
-} moniIOring development of GBD at early sr.ages without damaging fish. · j 1 
~ . - ·•·I 
h - ' •' . : 

Regulation of Water Quality bY. TDG or Biological Monitoring 

The panel fdt that in weighing the issue of whether use physical measureme.nts or biologidu 
monitoring to regulate TOO in the river for p~tt:ction of fish the following should be considered: 

a. Physical measurements of 100 in water are cwrently more appi"opriare for 
regulation than biological signs because'IDG is readily andzcliablymeasured, and 
it can (and should)~ done with published sumdardmetb.ods (St.a.Ddard Methods 
for the Examination ofWaEetiµld Wasrewau:r, 18tb.&lition). Use of difference in 
total gas pressure (delta.).>) as the gas measure, as recommended.in Standani 
Methods, seems most. app;ropriate. · 

NMFS Panel On GBD June 28, 1m 
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c. 

d. 

i 

f 
. . . 

I 

' l 

Scientific literature dOCll no\ CUIIe11tly support a clear relationship betw=:I GBD 
signs monitored in river fish and ecological damage that provide firm biological and 
ecological thresholds. · · 

Real-rime management of IDG by clerectiou of signs that may already indicate 
probable mortality ls not likely to fully prorect fish populations. 

Water quality regulation by physical-chemical paJ:ameters (supported by 
documenw:ion of biologic~ effects) is well established in practice for water quality 
management (Nalional Aca\icmy of Sciences water quafuy critcr.ia. srare standanls). 

·. . ~ .- . 

Biological monitoring for GBD signs in river fish should continue so as i:O help 
establish physical-biological-ecological n:lationsbips fur further developtnent of 
scientific criteria. 

The panel believes the existing standard of 110% will adequately protect :\ish on 
purely biological grounds. Ilffects above 110% are uncertain but in the ditection of 
damage. More recent reviews suggest that more stringent levels of 1DG are 
advisable for full prorection: Further development of iDfomJation for gas 
supersaturation cri~ is needed for detailed balancing of TDG conditions and 
availability for water for on~gration. 

Reduction of TDG 

The panel has three major recommendations on reduction of TOO based on its review of,,actnal 
spring 1994 IDG values in the Columbia and.Snake riveis in relation to the GBD literature and 
concUIIent GBD signs inriyer fish. · These tccommendations 11Ie offered because 'IDG li;vels have 
occum:d that are demonstrably deaimental to fish in many controlled laborat0ry tests. 'f!le 
recommel)datioDS are: .. 

·'! 

a.:. An active searcl1 should be inarle for mechanisms to provide water for ou~gration 
at levels of TOO that are not detrimental fish. · 

b. An active program is needc.cl to reduce TOG below the current standards of 110% 
of barometric pressure in the Columbia and Snake riv~. 

c. Carefully evalnall"-0, innovative engineering and water management projects should 
be identified and implement~ to lower TOO and provide adaiuate fish passage. · 

GBD in the Context of Overall River Management ;5 

I ··t 
As a final point in their woi::k, the panel placed QBD mw· the larger framework of water ~ 
fisheries lllll!l3.gement, the perspective empliasized by many panicipanrs in the agency a@ public 
presenrario,ns: · • · · ' 

a. 1DG and GBD are but one consideration among many for management of flow and 
fish.passage in the Columbia and Snake rivers. 

b. Risk management among the many sources of biological damage depends on 
having reasonably complete quaalitarlveknowledge of the effecis of each source, 
including lDG and GBD. 

NMFS l'anel on GBD JWie 28, 1994 
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t·i 
c. Overall reduction of risk to fish may require othel:' groups to consider :fi 

reconfiguradon ofengincering SU'llCtun:s and water management rather truln minor 
operational adjustments to alter '.IDG. · · 

Conclusions 

The lliduction of GBD in both juveiifie and l!dult Pacific salmon is one of the imwnant risks to be 
balanced in warer management-in the ColWT)bia and Snake riven;. The panel's review of GBD 
signs and monitoring at the request of the NMFS Northwest Fisnerles Science Center confirmed 
that much is known about the sen.sitivicy of $3.lmonids to gas supersaturation and that signs of 
GBD may be expected in salmonids inhabi~g shallow waters near the· cutrent Water quality. . 
standard of 110% satm:ation. The panel higiµighted thatkey·infonnation is needed about biological 
(physiological) effects of gas bubbles in fish and survivorship offish with GBD signs in the.liver 
before it is reasonable to depend on reill-time monitorliig of symptoms to protea fish populations. 
This information can be obtained by carefully planned laboratory and field studies and cop.tinued 
biological and physical monitoring of the river environment during ~tal spill programs. 

. . . ; 

. :'! 

' .'{' 
' ,, 
;1 

:t.\1 
' 
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COLUMBIA RIVER INTER· TRIBAL FISH (;;QMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 

A Primer On Spill 
'11u Best Available Means T'o i'vfove Yoimg Salmon Downstream 

Telephone (503) 238-0667 
Fax (503) 235-4228 

Most Columbia basin juvenile salmon mii;,rrate to the ocean sometime during the 
spring and summer. Before the 19 mainstem Colunibia and Snake river dams, 
natural water flows flushed young salmon stocks from Snake River spawning areas 
!.o the ocean in abbut 20 days during low flow years Today that journey can take 
more than 60 days in low flow conditions such a.s this year':>. 
Biologkally Timely 

Duration of the dow11stream journey .:an be " lifo and d0Rlh matto>r. A young fish's 
adaptation from freshwater tr' saltwater rnust occur 1·1i1hJn " fixed perlud; if 
doW11stream movement is in!<:'rn1pted or olnwed, the ability to adapt may be lost, and 
many of !he fish will die. Alsr>, w1wri dnv.rns!n'am m<wement is slowed, the young 
fish an' subjected to long periods of predati•)n h1 ~tnn, srnoh survival increases as 
travel time from rearing .nE•a1c to sa\twat<c·r del'!'f"ases. 
1'Vhat's Best For SalnuHl 

The dams on th•? rnainstem Colurnbi8 ""d '311ake fr1ers hd'W iTa!l7'fon1ted the river 
tt) a series of s}f)\<V IT\i.Yvittg r~s.ervt.)ir,_;, £'-(1rJay rnl)!'1~ C1l_1lfflig1'atir-1[::; p_1veru1r:·~ saJ_tT"H)n are 
transported around dame; by barges 1m(i h1.1ck:; 10 g<'i thi'm k> th£> or·ear1. However, 
studies indkate that con1;rolled i;pill .is actually !h~· ~afest and niost timely way to 
move ymmg salm;·,n thrnngh •hP river and to the ocean. Spill rt>fers ln the release of 
water through th,,, spll>.,ays •)f hy.::h:oelectrk darns instead of through the •:pinning 
blades of generating turbines ;.md/rr mechankH.l screen byvass system;' 
What's Best For P0wi;r 

While contt(11lerJ spUI i<J Uw best av.•i!able alti'·rn~t:V>' lor fish, it is th 1 t '·O good for 
power generation. i'Vher. rivc1 flow is spilled rathn tban sent thrcn1gh g~mernting 
turbines, no electricity is produced, a.nd that rneans Jess power to sell. Those whose 
interest~ are nwst closely riPd to using th« dv~·r'h .,,,. '"'"'l for d!'.:tridty (or .foi Nh8r 
non-fish purposes) do 11ot favur spill They advoca<E' collecting and trnnspurU · 1ir0 

juvenile salmon around darr1&,·-thu;, avoiding having 10 use water for fish, 
What the Studies Show 
•Among all known pas~•lg<' choices, spill--11ot barging and tnKking--causes the 
fewest mortalities Ext.en$Jve studies show juveniw '"ln:on nH•rti'lity irom spill 
ranges from 0<3 pen·ent at e:wh hydtosys!<"rn (Iwamoto t•l al 1CJ93; Ledgerwood 1990; 
Raymond 1988; NPPC lWl6; Holm<!S 1952) 
~Also, the historical record ind1c;,ttes that belier ;i.dult re'.m-r,,; followed !rum 
ju·vcniles tl1at rnig·rated d1rrh1g tligL tlJ)Vv flf\(:l 11.ig}1 t>~f-iiH {_-·r'.JndJtit)T!.S :::HJ!.nc of the best 
adult return ratios for Snake Rive« :,pri.1.g and sumrller chinook occurred in 1975, 
1982, 1983 and 1984 when ~pill levels were high. 
•Other passage r;iutes cause higher levels of rnottalit\". Passage> through turbines 
causes from 10-30 percent dirnct mortality 111 each dam (NPPC 1986; Raymond 1988; 
DFOP 1993). 
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~where mechanical bypass systems are installed (not all dams have them), only 35-70 
percent of the juvenile salmon that reach the dam are guided by screens, collected 
and then bypassed or transported. (The fish not collected, go through turbines.) The 
mortality for the collected fish ranges from 2-8 percent at each bypass facility (Dawley 
1991; Monk et. al. 1991;WDF 1992). 
•Mortalities from barging and trucking include death from guidance, collection and 
handling, and predation within transport vessels and at downriver release points. 
vVhen fish are transported rather than spilled, mortalities also include the juveniles 
not collected and barged but passed through mechanical bypass systems and through 
turbines. After nearly 20 years of trucking and barging juveniles, transportation has 
failed lo demonstrate clear beneflls for salmon (Mundy et. al. 1994). 

The prevailing research supports controlled spill as the best available alternative­
aside from dam removal, of course. Stale and federal fish agencies agree with the 
tribes that controlled spill needs to be used to help young salmon through the 
tre,lcherous Columbia-Snake hydrosystem. 
Monitoring Spill Prevents Gas Bubble Problems 

Spill for fish is referred to as "controlled" spill in contrast to uncontrolled spill, a 
frequent occurrence under current river operations. Whenever system operators~ 
the Army Corps of Engineers, the Bonneville Power Administration and the Bureau 
of Reclamation-have more water flow than is needed to meet power demand (and 
irrigation withdrawal:;), spill occurs. But il j,; not rnonitored for its effects on fish. 

Large amounts of spill ctm cause dissolved gas levPls high enough to harm adult 
and juvenile salmon. Howcever, dissolved gas saturation levels can be controlled by 
transferring spill among dams and by lowermg spill levels. To locate nitrogen 
saturation problems, lhe Fish Passage Center, which was originally established under 
the regional power act's F.ish and Wildlife Program, has a network of more than 15 
monitoring sites. Based on monitoring data and recommendations from the Center's 
passage experts, spill configurations are altered to make it an effective means of fish 
passage. 

Also, since the mid-1970s spill deilectors have minimized nitrogen supersaluration 
by scattering the spilled water across the spillway area rather than allowing it to 
plunge directly below the spillway. Except for the John Day and Ice Harbor dams, all 
the dams had spill deflectl)fS installed. 
What About Spill Costs? 

No actual additional dollars are spent on spill. Existing program dollars are used lo 
implement the controlh:d spill progrnm. The million dollar figures bandied about by 
skeptics and opponents represent money thai might have been made if the spilled 
water had been used to generate electricity. 

When there is more flow in the river than is needed to meet power demands, spill 
is routinely used without complaints about lost revenues or hand-wringing about 
nitrogen supersaturation's effect on salmon. 
Use of Spill Not Untested Experiment 

Controlled spill has been used for fish for the last decade at all mid-Columbia public 
utility district projects as a result of settlements and stipulations in the re-licensing 
process of the Federal Enetgy Regulatory Commission. Comrolled spill has also been 
routinely used at Army Corps projects, including Bonneville, The Dalles, John Day 
and lee Harbor dams. 

• 
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FISH PASSAGE CENTER 
2501 S.W. l'JlUT AVE. • Strr1"1:\ 2.30 • POl!rtAND, OR 97701-4152 

. PHO.NU (503) 23lMO!l9 • FAX (503) 231M55!1 

SYSTEM OPERA.DONAL RltOUESI 

TO: FEPER&L EXECUJ'IYE lN§EASOii .MANAGEMENT TEAM; 
NM.PS.Seattle Gary Smith . 
USPWS·Pdci Bill Sb&kc 
USBR·Boiae Ken Pedde 
COB-PB I>ave Oalgm: 
BPA·P. Wah PolloCk 

FROM: Fkh~~~--J~·.f:LJ·A~d'.'.'h,4. ~~~o;;,-_J;~~~fL..-
. . · . Mlchelo DeHa;t 

REQWST # 94-48; 

DATB! July 18, 1994 

S~CT: Splll llt McNary Dam 

mr.:tf'JCAUW~: 
spm the followln$ at McNary Dam to ai:hleve a pi:oji:ct PPB of 80%; 
' . 0600-1 soo spill 80 kd's: : 

. . lllOO.()(iOO apW 110 k:t;fs. . . . . . 
Tho pmject ls to follow the lldult pllttemll for spill collUined in w DFl)t>, Adillt &b p~e 

colinta will be monitom:I to usure th:.11 pU$11Se Is net Impeded at thls spW ~. Tllc ju;tificaclon fo; 
the splll levels Is locluded In SOR It 94-41. 

JJ.!SI lf)(;Al'JONl 
The McNacy project is in emergency bypass .st this time~ of blp ~mm!'!1li! in the 

coll~on system which ea.used roottality 10 collected fish. It I& es!lmated that approxim!Uely S0,000 
mortalities oocun:ed this past Sanm:lay and Sunday (.July 16 and li). T~ In the gatewcl.is 
and in the emergency bypass sylltem rrmlll.in unacceptably high. Temperature problems are ulll.!bly t.o 
subside ill the near future. Tho prenent. operation c;f the projeu,. in a no spill oonditl=, does not 
address the mortality modat.ed wUb. pasnge at MCNary Dam. In addition, the opmttion of the 
bypass U11der preaeut high t~e oonditiom will cei:tainly eau&e ~ ·f!lld ~ momllty. 
Spill Is the safest means of project pusage and will ~e predators. M the COE' Wiiii of'tkl.ally 
advised on Sunday, July 17, ihe agencies and tribes r!M:Onm:tettd the COE begin to immediru.cly spill at 
Ibis project. We aJ50 reoowmeud that th!:! Somh t1.1d1!ne Ullits (Uniu 1-6} be sbut down lllld htve thell' 
orifices closed, to avoid drawing fish to this e!!d of the powerhowie where the tempenaure problll!l! ls 
most extreme. 

In addition, tlui fish gui~ efficiency at McNary Dam for subyo.arllng chinook is only 47%. 
The no spill/maxim.izo U'imsport optfon tecomrueooed by NMFS was predicated on some benefit 
associated with tmnsport. Si.nee tl!e project is not presently capable of trari.'port, the project should 
be spilling and not imposing additional mortality on fish by passing them through turbine unil.S. We 
recommend the project begin spilling imnu:dlately. 

594-94.SOR 
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COLUMBIA RIVER INTER-TRIBAL FISH COMMISSION 
729 N.E. Oregon, Suite 200, Portland, Oregon 97232 Telephone (503) 238-0667 

Fax (503) 235-4228 

July 20, 1994 Contact: Laura Berg, 503-731-1283 

For Immediate Release 

Portland-"\Vith spill at the dams, this never would have happened," 

said Bob Heinith, fish passage specialist for the Columbia River Inter­

Tribal Fish Commission (CRITFC). He!nilh was referring to the 50,000 

fish that died at McNary Dam last weekend while they were being 

collected for barging around the Columbia's four lower river dams. 

Most of the juvenile fish killed were wild summer and fall chinook. 

The fish died because of the combined facwrs of water temperatures 

ranging from 71-73 degrees F. and a malfunctioning screen at the 

fish collection area at McNary Dam. 

If dam operat0rs had been spilling sufficient water as requested 

by the ;;tale and tribal fish age,ncies, these ju•;enlle salmon would 

hav(~. gone over the spillway (and through the warm waler more 

quickly ll1an if they were being barged, truc,ked or bypl<sse.d 

mcchanicaHy around generating turbinec.J 
In fact, of all known downstream pJssage alternatives~;:xce,pt dam 

l'emoval---splll is tho safest method. Extensive studies show that 

salmon mortality from spill ranges frorn 0-3 pcn.oent at each dam, 

which is the smallest mortality rate among passage alternatives. 

Dam operators-the Army Corps of Engineers-indicated that they 

turned down the request for additional spill at the dams because 

more spill would exceed dh;:;olved gas levels set by Oregon 

Environmental Quality Commis~ion (OEQC) and \Vashington's 

Department of Ecology (WDOE). 

Tomorrow tribal and state bL1J,,gisp, will 1e.;;ommc11d that OEQC 

incre,ase the allov,..uble lev~l of nitrogen gas in the river so that spill 

can be used at eight Colurn!:ur1 ;,.nd Snake river dams, 
· ,,continued 
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CRITFC News Release 

7 /20/94 

13:50 t~o.016 F' 1_1~, 

"It's interesting to note that even though dam operators fiequently 
spill water for various rea:;ons, OEQC and WDOE have not~-until this 

time-been involved in monitoring d;ssolved gas levels or in 
enforcing and adjusting c!i8solved gas ~tandards," said CRITFC's 

Heinith. 

"We are waiting for ODEQ to get just as concerned about the water 

temperatures that are now violating Oregon's maximum limit of 68 

degree F. as they have been about gas level;;," said Jim Vv'eber, policy 

analyst for CRlTFC. 

ODEQ will meet tomoJTow July 21 at l pm tu consider " variance to 
its allowable nitrogen gas stiindill'ds in the Columbia tmd Snake'. The 

meeting is in room 3A 111 811 s·w 6th Ave. in Portiand. 

- 3 (). 
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UNITED STATES GOVERNMENT FISH AND WILDLIFE SERVICE 

Memorandum 

TO Assistant Regional Director - A.FF 
Region 1, Portland OR 

DATE: May 31, 1994 

FROM · Project Leader, Lower Columbia River Fish Health Center 
Underwood, WA 

SUBJECT: Gas Bubble Disease Summary of Observations 

Starting on May 12, this laboratory trained a total of 16 people at the various fish passage 
facilities at Little Goose, Lower Monumental, McNary, John Day, ·and Bonneville dam·s to 
observe signs of Gas Bubble Disease in outmigrating steelhead smolts_ What we covered was: 

Gas in the gills by 1) cutting the filament underwater to observe bubbles coming out 
and 2) microscopic examination of approximately 20 filaments for bubbles. 
External lateral ·line exams with the dissecting microscope 
Internal lateral line exams under the dissecting scope by peeling the skin of the fish 
away from the musculature while observing the lateral line pocket. 
A gross internal exam looking at l) overextended gas bladders, and 2) bubbles in the 
kidney or intestine 

May 12 and 13 there were no signs of gas bubbles in fish examined at McNary; Bonneville 
and John Day. On May 16 during a training sessi6n at Little Goose, the first signs of bubbles 
were observed in the lateral line, with May 17 at Lower Monumental showing bubbles in some 
gill filaments, and along the lateral line. May 18 at John Day and at Bonneville, bubbles were 
seen in the gill filaments of some fish, and in some lateral lines. At the lower dams these 
minor signs are continuing. May 26 fish examined at the Lewiston trap (at the confluence of 
the Snake and the Clearwater) showed no bubbles, while 4 fish of 15 at Lower-Granite-dam 

- showed signs (2 with overinflated sv.im bladders, 2 with- internal lateral line bubbles). 

My direct observations on various days at several sites are that these signs are minor ones of 
gas bubble disease.· When bubbles are observed in the gill filaments, they are small, and have 
not completely blocked the gill capillaries. The gill filaments above and below the bubbles are 
still healthy looking, and still receiving a blood supply. Most often there is only one bubble 
per filament, with only 2 instances where more than one bubble per filament were obsexved. 
The bubbles are all small. 



. .. 
The lateral line bubbles are also very small. They are difficult to observe through the skin, but 
when the skin is peeled back, they appeared in the pockets of the lateral line. When I 
observed bubbles in the lateral line, the number of bubbles per fish averaged 2, with the most I 
observed per fish being 3. 

The internal signs are the most subjective. The swim bladder and kidney observations are the 
most likely to be overestimate<l, and gas bladder distention could even be caused by the 
process by which these fish are collected. Some of the swim bladders I saw were very over . 

. extended, but this observation will vary from person to person. · 

The fish being sampled are otherwise appearing healthy. 

The extent of the bubbles seen in these fish is verj small. The impact on the gills is mirior, as 
good blood flow was observed above and below the bubbles on the individual filaments. The 
internal signs have also been at a very minor level. 

In hatchery fish, my experience with these low levels of signs and small number and size of 
bubbles are that the fish can fully recover from these effects. These levels are not lethal to the 
fish. Once the levels of supersaturation in the water is reduced or eliminated, the fish begin to . . . . 

rid themselves of the bubbles. 

cc Brian Brown, for distribution to Dailly Spill Report list 
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July 14, 1994 

DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

Mr. J. Gary Smith 
Acting Regional Director 
National Marine Fisheries Service 
7600 sand Point Way NE 
Seattle, WA 98115-0070 

Re: Total Dissolved Gas concentrations 
in the Columbia River 

Dep.r Mr. Smith: 

The Department received on July 11, 1994 your letter dated July 
6, 1994, wherein you request: 

1. Immediate interpretation of the current total dissolved 
gas (TDG) standard, and 

2. . A temporary rule to allow exceedence of this standard 
to allow full implementation of required summer fish 
spill. 

As to your first request for immediate interpretation of the TDG 
standard there are two points. First the interpretation provide 
to NMFS on June 3, 1994 was under the authority granted to me by 
the temporary rule (OAR 340-41-155) adopted by the EQC on May 16, 
1994. The June 3, .1994 interpretation stated:. 

"Pursuant to the cited rule, I hereby alter the allowable 
TDG levels.. The TDG levels should not increase above the 
concentrations achieved by the reduced spill, spill should 
be controlled to minimize daily average levels above 110 
percent TDG, and the hourly maximum within any one day 
should not exceed 115 percent TDG." 

The temporary rule adopted by the EQC on May 16th gave me the 
authority to make an interpretation of the standard as I did in 
the June 3rd.letter after you requested the Corps to reduce the 
spill. ·The broad authority granted to me in the temporary rule 
no longer exists. The Department must base any current 
interpretation of the existing TDG standard on the most recent 
standards revision documents. Attached is the staff 
of these materials. 

assessmen~ 

811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 
TDD (503) 229-6993 

·""' DEQ-1 '6;' 
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Based on this assessment the Department interprets the TDG 
criteria as a maximum 24 hour average of 110% TDG, with the 
maximum variation around the 24 hour average to be consistent 
with the sampling precision associated with instrumentation and 
ambient variation. 

As to your second request, the Environmental Quality Commission 
(EQC) has scheduled a special meeting for July 21, 1994 at 1:00 
pm in room 3A of the Department of Environmental Quality · 
headquarters off ice to consider and then take action upon your 
request for a temporary rule. 

FH:njm:crw 
SA\WC12\WC12753.5 

Sincerely, 

~·\-\a~ 
Fred Hansen 
Director 

Enclosure: DEQ staff memo to Fred Hansen 
cc: Mike Downs, DEQ 

Jim Athearn, US Corps of Engineers 
Ron Boyce, Oregon Department of Fish and Wildlife 
Michael Huston, Oregon Department of Justice 
David Peeler, Washington Department of Ecology 
Anne Squier, Oregon Governor's Office 
Gray Fredericks, NMFS 



state of Oregon 
Department of Environmental Quality Memorandum 

Date1 July 13, 1994 

TOI Fred Hansen, Director 

From: Robert Baumgartner, ODEQ 

Subject: Interpretation of the Total Dissolved Gas criterion, 

TDG standard Development: 

The current form of the Total Dissolved Gas (TOG) standard is discussed in the 
State of Oregon Department of Environmental Quality Standards Revisions. 
January 1979. Review of this document and the State-wide water auality 
mana·gement plan· summary of testimony from public hearings provid•s the 
information relied upon to describe the intent of the adopted dissolved gas 
standard. 

At the time the standard was adopted, criteria were perceived as representing 
extreme values. In the public testimony., especially as related to dissolved 
oxygen, ther<I! is extensive discussion of the weakness of relying on averages. 
Biological systems may be controlled by extreme values, and an average 
provides no guarantee against extremes. To be effective a criteria defined as 
an average would need to describe an acceptable variation around the mean and 
describe an appropriate averaging period. None of these descriptions are 
associated with the dissolved gas criteria indicating that the TOG is 
consistent with other existing standards in describing.extreme (maximum) 
conditions • 

. The public testimony review also describes •technical violations•, which were 
perceived as conditions outside of the criteria, but not necessarily 
violations of the standards. Discussions focused on oxygen and pH violations, 
and the 'technical violations• described were related to natural conditions 
such as photosynthesis and stream warming. In the.TOG issue paper examples 
were used to describe natural and man-made sources of supersaturated water. 
The •technical violations" do not appear to be associated with controllable 
human activities such as increased spill. 

The information presented in the 1979 issue paper indicates that many of the 
same issues and much of the same information being debated today were 
discussed then. The issue paper correctly stated that: 

•Some mortality occurred among sensitive species at TOG levels of 110-
115% when restricted to shallow water and that substantial mortality at 
less than 1 m depth occurs at greater.than 115%, 

•When juveniles sound and obtain hydrostatic pressure there is still 
substantial mortality when TOG levels exceed 120%, and 

·•Higher survival occurs with intermittent exposure compared to 
continuous exposure at the same levels of TOG. 

The Department, when developing the standard, recognized that when dissolved 
gas levels rarely exceeded 110\ the TDG is not an apparent problem and gas 
bubble disease (GBD) is not apparent in juveniles and adults ( Ebel 1973). 
There does appear to be some flexibility in application of the criteria. The 
discretion in interpreting and applying the standard should be focused on what 
is needed to protect the resource relative to the standard, and may be 
influenced by factors such as the level of risk associated with the criteria, 
the measurement accuracy, and any site specific and unique conditions. 
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Measurement Accuracy 

The issue paper discussed the relative accuracy of the existing measurements 
of TOG. Reported as standard deviations chromatograph techniques varied by 
%2.95 or using the Van Slyke method by %3.5%. The issue paper cited Fickeisen 
et al (1975) that chromatography techniques and a Wiess saturometer by paired 
analysis were not significantly different. The Corps of Engineers estimates 
an accuracy of : 3.0% associated with their current monitoring methods (B. 
Tannavon pers. Comm.) 

Site Specific Conditions 

The development of the 110% total gas pressure (TGP) standard acknowledged 
that the adequacy of the TOG criteria should be viewed with respect to river 
systems, such as the Columbia, where depth compensation may occur. 
Recognizing the physical 3% total gas pressure hydrostatic compensation, the 
standard was designed to protect the perceived critical conditions as adult 
fish seek the fish ladders. The 110% criteria applies to rivers where depth 
compensation may occur, and a criteria of 105% saturation applies to shallow 
rivers or hatchery sources where depth compensation does not occur. 

Exceedence Period 

The TDG standard does identify an exceedence period, "Shall not exceed 110% 
except when.stream flows exceeds the 10-year 7-day average flood". This 
language provides a precise description of conditions for which the measured 
levels of TDG can exceed 110% TOG. The direct connection to an exceedence 
interval makes it difficult to determine an exceedence interval based on 50% 
of the time, (e.g. average) is intended in the standard. 

The duration of exceedence does not appear to be discussed in the development 
of the'standard. Several researchers have documented a relationship between 
duration of exposure and risk of GBD due to TDG levels (Jensen et al (1985), 
Weitkamp and Katz, (1980), Nebeker et al (1976), Fidler and Miller (1994) and 
Weitkamp(l977))• The 110% criteria is recognized as a conservative criteria 
with an unspecified margin Qf safety. At these low levels acute conditions, 
even in shallow water would not be expected to occur except at long duration 
periods (480-1200 hours in Jensen et al.(1985)), if at all. Acute conditions 
measured as 50% mortality in controlled tests, would not be expect to occur 
with duration periods of a day (24 to 240 hours) at higher levels of TDG on 
the order of 115-120% TGP. Less information is available regarding subacute 
responses. Depth compensation or periods or intermittent exposure may 
ameliorate the effects of TOG. 

Conclusions 

The above assessment does not indicate that the criteria was intended as an 
average nor does it indicate what would be the averaging period. No document 
describing the historical application of the criteria was discovered that 
would allow a discussion of consistent application of the standard. It does 
appear that the criteria was intended to establish goals for instream water 
quality with a reasonable margin of safety and an understanding of the 
variation inherent in measurements. It was also recognized during the 
development of the criteria that occasional exceedences of the criteria would 
not jeopardize aquatic resources. There appears to be justification for 
recognizing potential impacts related to the duration of exposure. 

Taking into account the precession and accuracy of the current monitoring 
methods, inherent margin of safety, and recognition that occasional 
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exceedances of 110% TOG are not associated with observation of gas bubble 
disease in the Columbia, it would be reasonable to interpret the standard as 
an average condition, with the variation around the average to be consistent 
with the inherent precision in the data collection methods, and inherent 
variability in instream conditions. The Department should reserve the 
interpretation of an appropriate averaging period. The averaging period 
should not be great enough that exceedences above what may be expected due to 
measuring error or natural variation can be averaged out into compliance with 
the standard by values below the criteria. The averaging period should be 
consistent with the release period, but in no condition exceed 24 hours. Any 
recorded measurements that can not be explained due to sampling precision or 
inherent·variation in ambient monitoring·under conditions of constant spill 
would be interpreted as a violation of water quality standards. 



JUL 20 '94 03=22PM ODFW FISH DIVISION 

July 20, 1994 

Mr. Fred Hansen, Director 
Oregon Department of 

Environmental Quality 
811 S.W. Sixth Avenue 
Portland, OR 97204-1390 

Dear Mr. Hansen: 

I am writing to express my support for temporary 
rulemaking on total dissolved gas (TDG) and to share 
with you my concern for juvenile Si:ilmonids currently 
migrating through the lower Snake and Columbia rivers. 

As you know, spill on the lower Columbia was all but 
eliminated on June 20 following expiration of the 
Environmental Quality Commission's (EQC) previous 
temporary rule allowing TDG to reach 120% of 
atmospheric pressure. Since June 20, spill levels have 
been far less than those recommended by the regional 
fishery management agencies and tribes at Ice Harbor, 
McNary, John Day, The Dalles, and Bonneville darns and 
even less than what has been provided in the last 
several years under the National Marine Fishery 
Service's (NMFS) Biological Opinions for endangered 
species, the 1989 Fish Spill Memorandum of Agreement 
for federal Columbia River dams, and the Northwest 
Power Planning Council's Strategy for Salmon. 

Migrating juvenile salmon needing protection this 
summer include federally listed fall chinook from the 
Snake, as well as subyearling migrants from the mid­
Columbia and lower Columbia rivers, including Oregon's 
wild fall chinook from the Grande Ronde and Deschutes 
rivers and hatchery fall chinook from the Umatilla 
River. . Increased spill is the only additional 
mitigation action th.at can be readily implemented this 
summer to improve the in-river survival of these 
stocks. 

Flows in the lower Snake and Columbia rivers are 
alarmingly low and high water temperatures have already 
contributed to high mortalities such as the recent 

P.2/19 
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large. kill of juvenile fall chinook at McNary Dam where over 
50, 000 fish died on July 16-17. Immediate action is needed to 
protect these valuable stocks. The analysis which we have 
conducted with our resource ·comanagers (enclosed) shows that 
in-river survival of salmon migrants is significantly improved by 
adequate spills. · 

I recognize that there has been a tremendous amount of discussion 
over this year's spill program. P.articularly vocal have been 
those affected by re¢uced power generation and revenues due to 
spill. While concern is understandable, much of the current 
discussion has served to cloud the facts. 

There is no disagreement among the fishery agencies , and tribes 
that spill is the most biologically effective means to reduce 
turbine mortality, reduce delay at projects, and avoid adverse 
impacts from bypass systems passage. 

We need to act now to avoid further declines of upriver salmon 
stocks by such near-term actions as the spill program, if we are 
to avoid even more drastic and possibly more disruptive and 
costly actions in future years. 

In order to implement an effective spill program, we support 
modification of Oregon's water quality criteria on the mainstem 
Columbia and Snake rivers to allow dissolved gas levels up to a 
daily average of 120% saturation and an instantaneous level of up 
to 125% when required to implement spills and other measures to 
improve fish sµrvival. While there has been concern expressed 
about possible fish mortality due to gas supersaturation­
associated trauma, studies have shown that juvenile and adult 
salmon can readily tolerate the dissolved gas levels recommended 
in a river or reservoir environment by changing their depth in 
the water, as noted in the enclosed analysis. More importantly, 
we have consistently observed good survival and adult returns in 
years of substantial spills and observed no mortality to 
migrating salmon during the spill program implement.ed this 
spring. This validates the practical effectiveness of a sound 
spill program. 

I understand that the specific proposal before the EQC on July 21 
calls for a temporary rule change allowing TDG levels up to 115% 
daily. average and 120% · instantaneous at the mainstem Columbia 
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River projects. The department prefers a more aggressive 
approach both in respect to spill levels and to locations for 
spills, but in the interest of timely action, we support 
iI!lntediate adoption of the current proposal and believe that this 
will provide s~qnificant added benefits to migrating fish during· 
the remainder of the -suJtUner. We also wish . to begin working 
together with your staff to craft a mutually supportable approach 
to TDG management in concert with planning for fish protection 
measures for 1995. We believe this is necessary to prevent 
possible more drastic federally mandated action in the future. 

I appreciate your efforts to work with us in this unprecedented 
effort to protect a valuable aquatic resource. I look forward to 
working more closely together on this important issue in the 
corning months. 

Sincerely, 

Rudy Rosen, PhD 
Director 

c: Gary Smith, Donna Darm (NMFSJ 
Michael Llewelyn (WDOE} 
.Jack Donaldson (CBFWA for LG/FPAC distn) 
Anne Squier (Governor's Office) 

Enclosure 
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SCIENTIFIC RATIONALE 
FOR IMPLEMENTING A SUMMER SPILL PROGRAM TO INCREASE JUVENILE 

SALMONID SURVIVAL IN THE SNAKE AND COLUMEIA RIVERS 

Overview 

By 
Columbi~ River Inter-Tribal Fish Commission 

Idaho Department of Fish and Game 
Oregon Department of Fish and Wildlife 

, ~J.S. Fish and Wildlife Service 
WashingtOn Department of Fish and Wildlife 

July 15, 1994 

This document provides scientific justification for implementation of the attach 1994 sununer spill 
programs at Corps of Engineers (Attachment 1) and Mid-Columbia PUD mainstem dams (Attachment 
2) in the Columbia River Basin. It is the intent of these programs to substantially increase juvenile 
anadromous fish survival through the hydrosystem. The programs and supporting rationale and risk 
assessment were jointly developed by the combined technie41 staffs of the Columbia River Inter-tribal Fish 
Commission, Idaho Department of Fish and Game, Oregon Department of Fish and Wildlife, U.S. Fish 
and Wildlife Service, and Washington Department of Fish and Wildlife (herei.oafter fishery managers). 
Anadromous fish that will be protected by the spill programs include salmon stocks both listed and 
petitioned for listing under the Endangered Species Act, non-listed salmon stocks, and other anadromous 
stocks such as Padfic lamprey which are in serious decline. These programs will compliment other 
protection and restoration programs i.o the Coiurnbia Basin. 

Tue object of the summer spill programs is to achieve an 80% fish passage efficiency (FPE) objective 
at all. Corps projects on the lower Snake and Columbia Rivers, and other passage efficiency goals at the 
various Mid-Columbia PUD dams (DFOP 199~). In accomplishing this, the.fishery managers propose 
that the operation of the hydrosystem be managed so that an average of 120% or less total dissolved gas 
press11re be maintained in the river. Further, the fishery managers propose that the 120% criterion be 
measured well downstream of tailrace areas, after gas levels have had a chance to dissipate. In addition, 
because of problems with accurate measurement of gas levels, fishery managers recommend that up to 
an instantaneous reading of 125 % total dissolved gas pressure be allowed to provide a reasonable margin 
of measurement error. · 

Bas~ upon historical migration estimates (DFOP 1993), the fishery managers recommend that the spill 
program be implemented at all Corps run-Qf- river projects in the ~nake and Columbia Rivers until 
August 31, 1994 to insure that the juvenile summer migration is protected (DFOP 1993). Duration of 
spill programs at individual mid-Columbia PUD dams will be determined by the various Coordinating 
Committees based upon ongoing FERC proceedings, settlements and stipulations. 
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These sununer spill programs are partially in response to the apparent salmon stock collapse observed 
this year in Columbia River spring· and summer chinook and expected to occur in fall chinook. From 
1993 to 1994, adult spring chinook escapement to Bonneville Dam has deo:eased from 112,000 to Jess 
than 21,000 which is the previous all time record low. The trend is similar for adult summer chinook 
escapement which is projected to be less than 10,000 salmon at Bonneville Dam this year down from over 
22,000 salmon in 1993 (TAC 1994). The predicted escapement of wild Snake River fall chinook adults 
at Bonneville Dam is 803 (Swartz 1994), the second lowest on record since 1986 and 41 % of the 1986-93 
average. Under these conditions, tribal ceremonial and subsistence harvest and non-treaty harvest have 
been severely restricted and in.some-cases, curtailed. 

The stock collapse of Columbia River chinook is likely related to the continuation of extremely poor flow 
and migration conditions that occurred in 1992 (FPC 1993; Columbia River Water Management Group 
1993-4), complicated by possible impacts of low ocean productivity resulting from El Nino conditions 
as noted by Johnson (1984), Ware and Thompson (1991), and Lichaiowich (1993). Because the effects 
of ocean impacts cannot be controlled and federal agencies are either unwilling or unable to dedicate 
available storage in updver reservoirs for flow augmentation, the fishery managers strongly reco=end 
implementation of these spill programs. Spill is the only alternative left to reduce hydrosystem mortality, 
which could exceed 95 % of juvenile summer migrants as documented during similar low flow years 
(Raymond 1979; Raymond 1988; Ebel et al. 1989). 

Because 1993 basin summer and fall chinook adult escapement was relatively high under good 
environmental conditions, the relatively abundant 1994 subyearling progeny of these stocks must be 
afforded the best protection possible as they migrate downstream through the hydrosystem. Impacts to 
an .abundant juvenile year class on stock viability can be substantial. Junge (1970), through use of a 
Ricker-type reproduction curve, demonstrated that a smolt kill of 50% reduced a stock by 60% whereas 
an adult kill of 50% would reduce.a stock'by 20%. Such losses on a relatively strong outmigrating year 
class could have severe if not irreversible consequences on stock abundance and diversity (Riggs 1986). 

The fishery agencies and tribes have chosen a coniiervative approacli to the implementation of the spill 
programs. Spill volume caps are provided to avoid exceeding either 120% daily average or 125% 
insciiitaneous total gas pressure criteria. Where possible, spill is confined to nighttime hours which 
reduces power and possible adult fish passage impacts. When it is not possible to confine spill to 
nighttime hours to achieve· a 80 % FPE, some daytime spill is proposed with caps to avoid impacts to 
adult passage. As will be diScussed below, the fishery managers believe a 120 % . total gas pressure 
(l"GP) criterion is conservative· and will result in minimal impacts, if any, to juveniles and adults. 

Through a comprehensive review of pertinent literature and extant river conditions, and based upon 
professional experience, the fishery managers have conducted the following risk. assessment. This 
assessment carefully weighs the factors of various passage mortality rates and other impacts to summer 
migrating anadromous fish as they pass through the hydrosystero. Based upon this analysis,· the fishery 
managers have concluded that controlled spill will substantially enhance the in-river survival of summer 
anadromous fish over other available alternatives. 

2 
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Spill has been repeatedly demonstrated to be the most effective and safest means of project passage and 
is the only means to enhance survival without additional flow augmentation. Juvenile salmon that pass 
a project through spill have a significantly higher rate of project survival (98 % point estimate) than fish 
that pass through turbines (85% point estimate). Specific mortality ranges are given later in this 
document. Without spill, the majority of juvenile chinook will pass through turbines since only 8-35% 
of summer migrants are guided and collected by mechanical bypass systems at Corps projects. Further; 
spill will improve survival and other impacts upon fish production by reducing delay of juveniles at the 
projects and reducing predator/prey interactions by dispersing predators in tailrace areas. And finally, 
spill for fish passage addresses the S\lbstantial scientific uncertainty associated with transportation of 
summer cbinook juveniles, especially Snake River fall chinook. 

Monitoring program 

The exteDSive physical and biological monitoring program to assess the occurrence of gas bubble trauma 
(GBT) · in both spring and early summer migrating juvenile and adult salmon at each dam will be 
continued for the remainder of the summer migration (DFOP 1993, appendices 4-13 and 4-14). Because 
sampling of internal tissues of juvenile salmon which have passed through mechanical bypass systems is 
of questionable value, this practice will not be continued. Instead, external symptoms will be monitored. 
It is imperative that the Corps of Engineers be more diligent and consistent in operating the physical 
monitoring system. Total gas pressure measurements should be taken at all dam forebays, with backup 
monitoring to allow for better and more consistent measurements. The 1994 DFOP includes criteria to 
allow for :flexibility for adjustments in the spill progra,rn based upon the possible occurrence of GBT in 
both juveniles and adults. · 

3 
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Technical Basis for the Summer Spill Program 

Spill has been shown to be the most biQlogically effective and safest means of project passage 

Spill is not an •experimental measure", but has been shown to be the most effective management tool 
for improving passage survival of migr~ting salmon and steelhead at main.stem hydroelectric projects. 
Controlled spill bas been implemented at mid-Columbia l'UD dams since 1983 under the mid-Columbia 
Federal Energy Regulation {FERC) Coinmission Proceedings (Bodi 1986) and at Corps dams since 1989 
under the 1989 Memorandum of Agreement to provide protection of juveniles until adequate functioning 
mechanical bypass systems have been installed. As previously stated, conttolled spill to safely pass 80% 
of juvenile·salmon migrants is the goal of this proposed spill program (DFOP 1993). Protocol for 

· specific spill patterns for juveniles and adults at each dam is provided in the 1994 DFOP and represents 
years of model and field studies by the fishery agencies, tribes and dam operators. During the 1994 
spring migration, controlled spill was implemented at fill basin darns to increalie juvenile survival. 

Exteosive studies at main.stem Columbia and Snake River dams have documented that juvenile mortality 
,,, from turbine passage is much greater than spillway passage. Studies have shown that mortality from 

turbine passage ranges from 8-32% compared to only 0-4% for spillway passage (Tables 1 and 2)." In 
studies of subyearling fall chinook at McNary, John Day, and Bonne-..:ille powerhouses I and Il, turbine 

··::· mortality ranged from 11-18%, while spillway mortality ranged from 0-4%. Although research 
investigating the magnitude of turbine passage impacts to adults which fal!back through turbines is 
limited, mortality ranges from 22-51 % for adult steelhead have been documented (DFOl' 1993). 

Juvenile mechanical bypass systems, are only able to. guide and collect 8-35% of summer juvenile 
migrants (Ceballos 1992; Gessel et al. 1990; 1991; Ledgerwood et al. 1988;1991). Mortality and injury 
rates to subyearling migrants undergoing passage thiough mechanical bypass systems can exceed that 
from spillway passage, particularly at transportation dams due to additional delay, handling, and stress. 
Bypass system mortality of subyearling chinook at McNary Dam during 1992, a similar low flow year 
as 199.4, ranged from 4-6% (WDF 1992). During peak migration periods in 1992, mortality rates 
through the McNary mechanical bypass system approached.9.3, chiefly because of poor water quality 
(WDF 1992). Despite a new bypass system completed for the 1994 migration, recently an estimated 

· 50,000 juvenile migrants were lost at McNary Dam in only a few days due to poor wate~ quality 
conditions in the mechanical bypass system (Filardo 1994), Ceballos et al. (1993) found that subyearling 
chinook descaling from travel through juvenile bypass systems during 1988-92 ranged from ranged from 
2.43 to 12.7 % . Available comparative studies between Lower Granite spillway, turbine and mechanical 
bypass systems indicate that smolts which passed 'through the dams via the spillway suffered the least. 
from both partial de.scaling (5.8%) and severe descaling injuries (1 %) (Park and Achord 1987). 
Unfortunately, the recently insralled mechanical bypass systems at Little Goose, Lower Monumenral and 
McNary Dams have never bE;en adequately evaluated for specific impacts to subyearling migrants (Barilla 
1993). The fishery agencies and tribes have never supported.operation of these systems for the migration 
at large without adequate evaluation. 

4 
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Spill will improve survival of fish by reducing delay of juveniles at the nrojects and rajucing 
predator/prey interactions and reduce exposure to high levels of dissolved gas. and reduce resjdualism 

Spill will improve sucvival of fish by reducing delay of juveniles in forebays and tailraces where predator 
populations and predation rates are highest. Spill can greatly reduce delay of smelts in forebays as has 
been observed at The Dalles Dam (Snelling 1994). Spill establishes a large flow with increased velocity 
that disperses predators from the forebay and tailrace areas thus reducing predator/prey interactions (Faler 
et al. 1988). . 

Smith (1982) found that because subyearling salmon travel passively downstream, higher velocities 
provided by spill would save these juveniles critical energy reserves necessary for parr to smelt 
transitions, as well as II!Ove them more quickly through the river. This in tum would reduce migrant 
susceptibility to predators and disease, and would reduce the likelihood that smelts would revert to 
freshwater pa.tr (non-migratory status) by excessive delay in traversing the hydrosystem. 

Spill addresses the substantial uncertainty associated with the Corps ttansponatiOn program 

Spill at transportation collector projects addresses the uncertainty associated with the juvenile salmon 
transportation program by spreading the risk between in-river passage and transportation (Ad Hoc 
Transportation Review Group 1992; Mundy et al. 1994; FERC 1994). As recently concluded by an 
expert team of independent scientists, '[t]ransportation alone, as presently conceived and implemented 
is unlikely to halt or prevent the e.:>ntinued decline and extirpation of listed salmon in the Snake River 
Basin' ... and that •available evidence is not sufficient to identify transportation as either a primary or 
supporting method of choic.: for salmon recovery" (Mundy et al. 1994). This is consistent with the 
findings of Raymond (1988) and Congleton et al. (1985) who found that transportation had been 
ineffective in.reversing the decline of runs of spring and summer chinook and steelhead returning to 
the mid.Columbia and Snake rivers during 1962-84. Evidence provided by the Ad Hoc 
Transportation Review Group (1992) indicated that transportation may have reduced survival of wild 
Snake River spring and summer chinook to spawning grounds. Adult homing impairment and 
disruption of freshwater life histories are two key problems attributed to the juvenile transportation 
process (TRG 1992, Mundy et al. 1994; Reinith 1993). 

The USFWS (1993), Steward (1993) and Congleton et al, (1985) noted that handling in the 
transportation process may greatly increase stress and mortality to juvenile migrants, particularly 
when water quality conditions deteriorate and may override any perceived benefits of transportation. 
For example, Mundy et al. (1994) noted that in 1977, an extremely low flow year similar to this 
year, transportation treatment and control fish died equally because no adults returned from the study, 
The cause was likely indirect or delayed mortality from screen guidance, collection, holding, 
transportation, and concentrated release into high predation areas. This is a particular problem for 
summer subyeai:ling migrants as they are usually trucked instead of barged, because few of them are 
collected at mainstem dams, and operation of barges on this basis is not cost-effective. Numerous 
studies have documented that trucking migrants is even more stressful than barging and that stressed 
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migrants are highly susceptible to predators at the time of release (TRG 1992; Congleton et al. 1985; 
Mundy et al. 1994; USFWS 1993). 

No transportation studies have been conducted on subyearling chinook salmon at Snake River dams. 
Transport studies of subyeading chinook at McNary Dam in 1986, 1987, and 1988 were conducted 
under no spill conditions.· In addition, the control fish were released in small numbers from the old 
bypass outfall. They were' the only fish released from the bypass because all fish collected, except for 
the controls, were transported. We suspect that predation rates on the control releases were very 
high because of the no~pill and low' flow conditions in the tailrace that occurred during these studies. 
Hence, the results of these studies are not applicable to subyearling chinook salmon passing the 

. project under spill i:onditions. 

·It has been consistently been the position of the fishery managers that transportation is an interim and 
experimental mitigation program that cannot substitute for the provision of adequate in-river passage 
conditions provided by flow and spill. A Federal Energy Regulatory Commission (FERC) 
administrative law judge upheid this pos.ition in a 1992 ruling against transportation at two 
mid-Columbia darns and ordered immediate spill at a 70% and 503 FPE level for spring and summer 
migrants, respectively, until completion offish bypass systems (FERC 1992). On May 27,.1994, fully 
taking into account voluminous technical information on dissolved· gas complied over a two year 
period, FERC ordered implementation of this spill progtarn at Priest and Wanapum dams (FERC 
1994). On July 1, 1994 the Washington Department of Ecology granted an administrative order 
modifying the state water quality criteria so that the FERC summer spill program could be 
implemented (Attachment 3). 

Spill protects critical life history diversity 

The Columbia River juvenile summer outmigration is comprised of a mosaic of many stocks from all · 
basin tributai:ies and mainstem reach areas. Within each stock of the migration, multiple life histories 
within a single salmon stock have evolved over millions of years to provide stock resiliency and 
stability for dealing with different types of environments (Winemiller and Rose 1992). Because of 

· these different life histories, which include diverse migration timing and the use of different spawning 
and rearing !U:eas, there is a reduced chance that a single or multiple environmental disturbances, ·such 
as a low flow year, will impact overall stock fitness and diversity (Schluchter and Lichatowich 1977). 

. " 

Spill and associated in-river migration allow adequate time for rearing and physiological 111aturation of 
subyearling chinook stocks to reach a proper size prior to saltwater entry to survive (Mundy et al. 
1994; CBFW A 1991). This has been confirmed by numerous studies involving scale analysis 
(Schluchter and Licha~owich 1977; Lichatowich 1976; Reimers 1973) and physiological studies 
examining osmoregu!atory processes (Wagner et al. 1969; Ewing and Birks 1982; Wedemeyer et al. 
1980). Intemiptions to the critical freshwater rearing life history stage, such as that imposed by the 
Corps transportation program and selective mortality from turbine passage, may have serious 
implications to stock survival and overall production characteristics such as adult age at matudty and 
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fecundity (Groot and Margolis 1991; Nicholas and Hankin 1989; Thompson 1959, Schluchter and 
Lichatowich 1977; 1993). 

Studies clearly show that adult survival is enhanced with spill 

P.9/19 

The historical record clearly demonstrates that better adult returns of summer and fall chinook had 
occurred during years. when juveniles migrated under high flow and high spill condi~ions. Raymond 
(1988) reported that the lack of spill and installation of additional turbine units in the basin were 
primarily responsible for extremely low smolt to adult return rates of mid-Columbia summer chinook. 
Hilbom (1993) demonstrated a strong relationship between flow and adult survival of Priest Rapids 
Hatchery fall chinook during 1977-87 similar to the relationship found for Snake River wild . · 
spring/summer chinook by Pettosky (1991). In both analyses, the highest survivals occurred in 1982, 
a year of high flow and spill. ID contrast, 1977 was characterized by low flows and no spill. Under 
these conditions, estimated mortalities in excess of 953 of the outmigration at large occurred, based 
upon analysis of adult returns in subsequent yea:cs. In a recent analysis of the 1994 controlled spring 
spill program on adult passage, the Fish Passage Center found. that there was no impact on adult 
passage based upon interdam conversion rates for adult spring chinook (DeHart 1994, Attachment 4). 

Model results indicate that in-river survival will jle imnroved 

Model results demonstrate that the in-river survival of fall chinook will be enhanced by the proposed 
spill program. Using the FLUSH Model developed by the state fishery agencies and tribes, the 
in-river survival of Snake River fall chinook was estimated under various flow and spill options 
(Attachment 5). The analysis shows that with the flows proposed by the NMFS and 80% PPB.spill at 
each project, in-river survival of Snake River fall chinook to below Bonneville Dam would be 
increased by 61 % from 1.8 to 2.9%. This improvement in survival will likely increase future adult 
returns and help prevent additional declines of Snake River fall chinook and mid-Columbia summer 
chinook and other anadromous stocks. 

Studies show that juveniles and adults can tolerate dissolved gas levels that will occur as a result of 
. spill. . · 

Susceptibility of juvenile salmon to gas bubble trauma (disease) depends on a number of important 
factors ancillary to total gas pressure. These factors must be', considered when evaluating possible gas 
bubble trauma to the summer migration at large .. Based upon the past information, lower summe~ 
flows and resultant lower volumes of spill are not expected to result in gas bubble trauma especially 
at flows projected to occur this year (Columbia River Water Management Reports). Physical factors 
include: water temperature and total dissolved particulates (Jensen et al. 1986; Alderdice and Jensen 
1985) and atmospheric pressure (Jensen et al. 1986; Alderdice and Jensen 1985). Biological factors 
include: size, species, genetic composition and physiological condition of the fish (Jensen et al. 1986; 
Alderdice and Jens en 19 85) and proximity and length of exposure to total gas pressure (W eitka!llp and 
Katz 1980). ' 
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There are also behavioral factors that allow salmonids to withstand what otherwise might be harmful 
·levels of total dissolved gas. Juvenile and adult salmonids have been documented to 'sound in the 
natural environment and achieve. hydrostatic compensation, thus avoiding impacts of elevated levels of 
total gas pressure (Weitkamp and Katz 1980; Weitkamp 1976;1977; Gray and Haynes 1977). Knittel 
et al. (1980) and Weitkamp and Katz (1980) reported that juvenile salmon could recover from 
symptoms of gas bubble trauma in 30 minutes to 2 hours time by sounding. Intermittent exposure 
may increase the level of gas supersaturation fish are able to tolerate because it increases the time 
over v.:hich a specific exposure accumulates. It also provides an opporrunity for recovery to occur, 
particularly if it is accompanied by depth compensation. The effects of intermittent exposure on 
tolerance to supersaturation has been demonstrated by. Meekin and Turner (1974), Blahm et al. 
(1976), and Bouck (1980). Bouck noted that, " .. [f]ish.in deeper water or exposed intermittently are 
least susceptible <to GBT) if susceptible at all.' 

Several studies have been conducted in the laboratory and the field under various depth and dissolved 
gas levels to determine the effects of depth compensation for salmonids in supersaturated water (fable 
3; DFOP 1993). The most relevant studies were the volitional live cage studies conducted in-situ at 
Wells Dam (Meekin and Turner 1974), and Rock Island Dam (Weitlramp 1976) where fish were 
allowed to sound to avoid impacts of supersaturation (fable 3). 

Depth of the live cages extended from the surface to 3.1-4 meters below the surface. Meek:in and 
Turner (1974) also held fish in cages at variable depths from surface to 1, 2, 3, and 4 meters. These 
studies indicate that the effects of hydrostatic compensation due to depth is as predicted by theory and 
that when given the opportunity, that juveniles will remain deep enough to compecsate for total gas 
pressures up to 1.26% saturation. It is highly significant in Weitkamp's study that no fish were killed. 
in the surface to 4 meter cages in a series of three tests at total gas pressures of 120-128% saturation. 
It should be noted that eveq in the surface to 4 meter cage, fish are confined to shallower water than 
they normally occupy in the reservoirs (Smith 1974; Weitkamp 1974; 1977; Blahm 1974; Blahm et 
al. 1976). ' 

Toner (1993) examined salmonids, resident fish and invertebrates for signs of GBT below Bonneville 
Dam by seines and other field sampling gear. During high spring spills which caused total gas levels· 
to reach 128 % saturation, she found that external signs of GBT were rare. Less than 1 % of chi.nook . 
salmon and resident fish showed signs and no evidence of GBT was noted in sampled invertebrates. 

1994 NMFS Dissolved Gas Panel Report 

Unfortunately, the National Marine Fisheries .Service prematurely released a draft report by a panel of 
dissolved gas experts before all panel members could concur with the contents of the report (Backman 
1994; Bouck 1994; Attachment 6). The current·draft report should be disregarded. The NMFS 
should retract the draft report and a final report should be ·issued in which all panel experts can ' 
concur, This was the intent of the p~el, and was their charge by the NMFS. 
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Summary and Recommendations 

Based upon the risk analysis performed above which considered the best available and pertinent 
scientific literature and data, current river conditions, and professional judgement, the fishery 
agencies and tribes sttongly recommend immediate implementation of the above controlled spill 
program to protect migrating juvenile summer and adult anadromous fish populations as they traverse 
the Columbia Basin hydrosystem. Ip, order to implement this program, we also recommend a 
modification of Oregon's and Washington's water quality criteria to allow total dissolved 'gas levels to 
reach a dally.average of 120% saturation, or an-instantaneous measurement to reach up to a 125% 

· saturation level. We recommend that the spill program and modifications to the existing total 
dissolved gas standard be implemented until August 31, 1994 to allow protection of summer· migrants 
through the mainstem Snake and Columbia Rivers. 

We also strongly encourage the Oregon Environmental Quality Commission and the Washington 
Department of Ecology to direct hydrosystem operators to expedite investigation and installation of 
structural modifications at datDS, such as spillway deflectors. Addition of these modifications will 
further protect remaining anadromous stocks passing through the hydrosystem by establishment of 
better in-river water quality. This is particularly important for control of total dissolved gas in 
nonnal and high flow years, and when the operation of dam powerhouses, even without spill, still 
results in elevated levels of dissolved gas being discharged into the river (Figure 1). 

Tables 1-3 
Figure 1 
Attachments 1-5 
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) J Editorials 

, NW governors need to lead 
in salmon-recovery efforts 

It is time, Gov. Lowry, Gov. Roberts and 
( .•• Gov. Andrus, that the three of you got be­

. hind the idea of a broad, multipurpose plan 
'; for salmon recovery. At the moment, various 
·5c state and federal officials are acting crazy on 
tsalmon recovery, and people of the region 
~,,strongly need consensus. 
~., Maybe you wouldn't bet a lot of money 
l~',that these governors of Washington, Oregon 
· · and Idaho would endorse a salmon recovery 
!!'·effort that pays attention to all river use in­
i}1terests. But it should be clear that the pre­
~;_sent situation is not bringing progress: 
~:4. •In response to a court suit by Idaho, a 
l(ifederal judge ruled that the North west must 
5$ do something to save the salmon. He said a 
ii~1993 management plan to help salmon runs 
~~~as inadequate. 

•Clinton administration officials re­
~ .$ponded with a $50 million plan to spill wa­
.~'ter over eight dams on the Snake and Col­
~Jk)llllbia rivers to try to move fish downstream 
~~)nore quickly. The spilled water made most 
ii;;pf the fish sick, apparently from gas-bubble 
~!~~yndrome. After the fiasco, a scientist with 
!hlthe Northwest Power Planning Council said 
~~jt would be impossible to measure the effec­
;;; tiveness of the spills. 

•A recent newsletter from the Idaho De­
partment of Fish & Game described one list 

_ Pf groups and agencies as "fish savers" and 
· another group as ''fish killers." 
)~,·. The fact is, no one knows why the salmon 
. 0.!Uns are in peril, so some people are grasp­
\*~i;ig for anything that looks promising. 
;~ Is the problem the dams on the Columbia 
~~lind Snake? Is it that spawning habitat in 
f~he region has been damaged so much? Is it 
~\overfishing by both Indians and non­
i~fhdians? Is it El Nino or other changes in 
x'j~ceanic or atmospheric conditions? 
~jz:. It could be any one of those or any combi­
~~lilition of them. Public officials, scientists 
·'ind others concerned about Northwest sal-

l
-,ti1on know that. The problem is that key offi-

• '.·.-.-.· •. -....•.. ,···· .•. · .. ~.-.;.a. ls are not showing in their salmon actions ''"that they don't know the answer. Instead, 
;,~they have tried to focus on a quick fix - in-
t~.hreasin P' flnUT~ nn th.a. .c:?.nalro. .... -....1 1"1~1---L!_ 

from environmental and recreation groups 
push them into taking action without 
enough counsel of scientists. 

As the Portland Oregonian commented on 
spilling water over the dams: "It was 
launched without the knowledge or advice of 
the fisheries service's Snake River Salmon 
Recovery Team. The advice of regional fish 
pathologists and the experts on nitrogen 
supersaturation was ignored." 

At the order of the Oregon Water Resour­
ces Commission, staff of the Oregon Water 
Resources Department is drafting rules that 
would require handling of water right appli­
cations to take endangered salmon runs into 
account. The Northwest Power Planning 
Council has said the states should either 
deny water right applications or grant them 
conditionally. But that step, too, implies that 
the rate of flow in the Columbia or Snake is 
the critical factor in the health of salmon 
runs - as if we knew. 

Water officials have lots to consider in 
processing water right applications. They 
have applications for instream public uses 
and for ag producers and municipalities 
wanting to withdraw water. They need to 
consider flow volumes and groundwater 
levels. But why try to take on responsibility 
for fish run enhancement, especially when 
almost every other public agency in the 
Northwest is also in the act? Besides, irriga­
tors in Oregon are withdrawing less than 
half of 1 percent Of the flow of the Columbia . 

Probably the soundest salmon recovery 
plan on paper is that of the National Marine 
Fisheries Service. A team of independent sci­
entists called for efforts on various fronts -
improving fish habitat, regulating fishing 
and so on. The breadth of the plan acknow­
ledges that the answer to declining salmon 
runs is not known. 

Idaho Gov. Andrus, for one, chooses not to 
endorse the National Marine Fisheries Ser­
vice plan. No law says he has to go along 
with it. But he along with Gov. Roberts and 
Gov. Lowry have some obligation to try to 
settle on a course geared to the overall needs 
of the region and relying on the best scientif-
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into conservation mgt. 
started.'1 

Turning to spring barley to 
get the stripping started added 
some grain to the 1994 
harvest, but when the strip­
ping is all completed, the 1995 
harvest actually will have less 
standing grain because the 
strips will mean the Millers 
have about 30 percent less 
grain on the same ground as 

·for '94, he said. 
Eddy says that in writing a 

conservation plan several fac­
tors are weighed. Amon~'"~~~e 

are residue, the percent of 
green cover on the planted 
ground, strips, terraces, rain­
fall zone, soil type, manage­
ment practice, rotation and soil 
type. 

Strip-cropping can be substi­
tuted for the residue require­
ment in some cases. It is up to 
the producer to decide whether 
to strip-crop, Eddy said. 

The practice is in wide­
spread use in other parts of the 
country. Eddy came to Oregon 

from an assignment near D~ 
ton, Wash., where the pract: 
is used. 

Strip-cropping retains mo: 
ture, prevents runoff, star 
snow and allows the produc 
to retain established tilla 
methods, Eddy said. 

"We hope to get more peo1 
to look into strip-cropping. I 
really up to the operator on 
the figures are worked out ru; 
the options are available," l 
said. 

SOMETHING NEW - Conservationist Dusty Eddy, left; Harry, John and Chris Miller; and WasGo County 
Conservation District Manager Ron Graves inspect spring barley on strip crop site. (Photo by Austin Abrams):. 

imagine it ever belongingto a st;ra11~¢t~c:h;l~ji~,!'" 

-
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par a metrix, Inc. CQns:.Jftants ir· Eriy1nabrmg .il.nd Erw~~nmeo-:b;f Se.wi,~ii.$ 
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5808 l~~ W;;,shington Blvd.. N.E. Kltk!and. WA !:180:33-7350 
206-e;!2-ae.so • F=ax: 206-889-Baoe 

Mr. Bruce Lovelin 
Colu.mbia River Alliance 
825 NE Multnomah, Suite 955 
Portland, Oregon 97232 

Dear Bruce: 

June 2, 1994 
55-2723-01 

l have just received the latest table listing results of the 1994 Smolt Monitoring Program 
Gas Bubble Symptoms for Juvenile Hatchery SteelheaAi This table shows results through 
May 29. 

At little Goose, Lower Monumental, John Day, ;ind Bonneville Dams, substantial 
percentages of the steelhead ex:amlned have been showing some signs of gas bubble disease. /I 
The fact that many of these fish show bubbles in the gilt filaments is of great concern. This 
:indicates that bubbles are fonning in the fishes vascular system. If these bubbles reach vital 
areas, the fish will die. 

We cannot say what percentage of the fish will die 01 have died. However, such a high 
incidence of gas bubble disease symptoms is an indication a substantial mortality is 
occurring. 

I believe it would be prudent for the appropriate state and federal agencies to rigorously 
evaluate the relati.omhip of supersaturation to the recorded incidence of gas bubble disease 
before pl."oceeding with the existing spill program. 

The threat that supersaturation poses to juvenile salmon, adult salmon and resident fish is 
real. We may have difficulty evaluating the degree of this threat, however, tbac ls not an 
adequate reason to endanger this valuable resource. 

.'7i). 
\-Sef Prinli:i:t OJ'\ Aecycled Paper 
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The following are several examples of why this issue should be of great concern to all who 
are attempting to protect our salmon resources. Each adult lost to gas bubble disease is the 
equivalent of thousands of smolts. Subyearling fall chinook are exceptionally susceptible to 
gas bubble disease because of their shallow distributio:11 in the water column. 

The fact that supersaturation has occurred in recent years without regulatory evaluation is 
not an excuse for continuing this practice. Supersaturation with relatively low flow 
conditions is probably the most severe situation. 

~ 
Don Weitkamp, Ph.D. 
Principal 

DW:sr 



Colu111bia Ri11er Alliance 

Gary Smith, Acting Regional Director 
National Marine Fisheries Service 
7600 Sand Point Way, NE 
Seattle, WA 98115 

Dear Mr. Smith and Major General Harrell: 

For Fish, Commerce and Communities 

June 2, 1994 

Major General Ernest Harrell 
U.S. Anny Corps of Engineers 
PO Box 2870 
Portland, OR 97208-2870 

We appreciate the quick response by your agencies to reduce spill levels on May 27, 
1994. Given the high percentage of gas bubble symptoms in juvenile steelhead taken at four 
of the five collection sites, your action was a step in the right direction. We were also 
pleased of your decision to convene immediately a meeting of gas bubble disease experts to 
examine these results and recommend future actions. 

However, we are concerned that despite a 30 percent reduction in spill, gas bubble 
symptoms continue to be observed in juvenile steelhead. In fact, as of May 31, 25 of 30 
steelhead have shown signs of bubbles in the gill filaments (see enclosed Fish Passage Center 
June 1 table). As described in the enclosed memorandum from Dr. Don Weitkamp, this is a 
serious condition and "indicates that bubbles are forming in the fishes vascular system". Dr. 
Weitkamp continues that "if these bubbles reach vital areas, the fish will die". Dr. Weitkamp 
is a nationally recognized expert on gas bubble disease and is cited in numerous literature on 
the subject. 

What happened to your plans to convene immediately a meeting of gas bubble 
specialists? As of this date, we have no knowledge of any meeting conducted or scheduled in 
the future. If this was truly important, a meeting should have been held on Monday or 
Tuesday of this past week. Experts on the subject such as Dr. Weitkamp, Dr. Bouck, Dr. 
Ebel, and Dr. Fidler were all available to assist you. 

Finally, we are concerned with Dr. Weitkamp's conclusion that "such a high incidence 
of gas bubble disease symptoms is an indication a substantial mortality is occurring". Based 
on this recent information, we again ask you to stop this spill experiment today. 

Enclosure 
cc: Northwest Congressional Delegation 

Oregon Department of Environmental Quality 
Washington Department of Ecology 

Sincerely, 

'S~8.§oL 
Bruce J. Lovelin 
Executive Director 

825 NE Multnomah, Suite 955 • Portland, Oregon 97232 • {503) 238-1540 • Fax {503) 238-1554 
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Mr. Michael Downs, Administrator 
Water Quality Division 
state of Oregon 

UNITED STATES DEPARTMENT CF COMMERCE 
National Dceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 

Northwest Region 
7600 Sand Point Way, N.E. 
Bin Cl5700, Bldg. 1 
Seattle, Washington 98115-0070 

Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, Oregon 97204 

Dear Mr. Downs: 

The special spill operations initiated by the National Marine 
Fisheries Service on May 10, 1994, to facilitate the spring 
juvenile salmon outmigration ended on June 20, 1994. The ending 
of these special operations does not, however, end voluntary 
spill at some Snake and Columbia River dams for fish passage 
purposes. The purpose of this letter is to request an immediate 
interpretation of the current total dissolved gas {TDG) standard 
and a temporary rule to allow exceedance of this standard to 
allow full implementation of required summer fish spill. 

The required summer fish spill for these dams can be found in our 
1994-98 Federal Columbia River Power System Biological Opinion 
which we issued to the Corps of Engineers (COE), Bonneville Power 
Administration (BPA) and Bureau of Reclamation on March 16, 1994, 
as a result of Endangered Species Act, Section 7 consultation on 
hydropower system operation. Briefly, the Biological Opinion 
(and by reference, the COE's Fish Passage Plan) states that spill 
will occur at four dams at the following rates: Ice Harbor - 25 
kcfs for 24 hours, John Day - 20% of the project flow for 10 
hours, The Dalles - 5% of the project flow for 24 hours, and 
Bonneville - 42% of the project flow for 74 ho11rs. In practice. 
The Dalles Dam spill would be concentrated to 15% of the project 
flow for 8 hours to improve fish passage effectiveness. This 
spill scenario was to begin directly after spring operations 
ended and extend through July 31 at Ice Harbor Dam, August 22 at 
The Dalles and John Day Dams and August 23 at Bonneville Dam. 
With the exception of spill at Bonneville Dam and the duration of 
spill at Ice Harbor Dam, these spill levels are specified in a 
1989 Fish Spill Memorandum of Agreement {MOA) among BPA and all 
the Columbia Basin Fish and Wildlife Authority agencies and 
tribes (see enclosed spill table). While the COE was not a 
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signatory, they have agreed to implement the MOA on a year to 
year basis. These spill levels have been provided under that MOA 
every year since 1989. 

According to COE Reservoir Control Center predictions, these 
spill levels will result in exceedance of the 110% total 
dissolved gas water quality criterion in the tailraces of Ice 
Harbor, John Day and Bonneville Dams. Gas levels in the 
tailraces of these three dams are expected to be approximately 
122, 116 and 111 percent, respectively. These gas levels are 
similar to or lower than the spring special operations spill and 
in some cases of shorter duration. 

These spill levels were developed and included in the Biological 
Opinion to reduce juvenile salmon mortality as a result of 
hydrosystem operation and ultimately avoid jeopardizing the 
continued existence of Snake River fall chinook. As you already 
know from our discussions regarding spring spill, controlled 
spill is an important method of passing fish through 
hydroelectric dams with relatively low mortality. This passage 
route is even more important for summer migrants since these fish 
do not guide through turbine bypass systems nearly as well as 
spring migrants. In addition, we are continuing to monitor 
salmonid and non-salmonid condition for exterior signs of gas 
bubble disease at most of the locations and TDG levels at all the 
locations mentioned in our revised spring spill monitoring and 
management program plan. 

In a June 3, 1994, letter to the National Marine Fisheries 
Service, the Oregon Department of Environmental Quality (DEQ) 
indicated that the 110% criterion could be interpreted as 
applying to an average TDG level with a permissible instantaneous 
upper limit of 115%. This is not, however, how the COE is 
interpreting the criterion at this time. The COE is currently 
limiting spill at all projects to that which causes less than 
110% TDG at any point in the river. This level is substantially 
less than what our Biological Opinion calls for and is, in 
effect, the lowest level of protection provided to summer 
migrants in the last five years. We request that you ask the COE 
to follow the water quality criteria rationale presented in DEQ's 
June letter as soon as possible to allow immediate spill levels 
at or near the Biological Opinion levels. 

To allow full implementation of the Biological Opinion spill 
levels, we request a temporary rule to allow maximum average TDG 
levels of 115% with an allowable instantaneous TDG of 120%. We 
are currently putting together the information supporting this 
request (as requested in Mr. Robert Baumgartner's June 29, 1994, 
letter) and we will be sending you this information as soon as 
possible. 
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Thank you for your cooperation and help in dealing with this 
difficult situation. Please contact Gary Fredricks at 503/230-
5454 if you have questions or wish to discuss this request. 

~~ely, 

(/JV.Al) ~Wit~ 
J. Gary sfuith 
Acting Regional Director 

cc: Jim Athearn, us Army Corps of Engineers 
Ron Boyce, Oregon Dept. of Fish & Wildlife 
Jim Nielson, Washington Dept. of Fish & Wildlife 
Michele DeHart, Fish Passage Center 
Michael Huston, Oregon Dept. of Justice 
Ann Squier, Oregon Governor's Office 
David Peeler, Washington Dept. of Ecology 
Steven Saunders, Washington Dept. of Ecology 



Monitoring Plan Overview: 

Smolt Monitoring: (100 or more fish/species) 

Rock Island 
Granite 

Collector Dams 
Lower Granite 
Little Goose 
Lower Monument 
McNary 

3/week 
3/week 

Other Dams 
John Day 
Bonneville 

Collected daily, 
Several times daily 

•Fish are collected over 24 hours 
•Sampled each morning 
•An additional 100 Hatchery steelhead 
and chinook (2@ 50 each), No holding as 
egress 
•Sampled Daily 

Internal Observations 30 Hatchery steelhead at: 

Little Goose 
Lower Monumental 
McNary 
John Day 
Bonneville 

•30 hatchery Steelhead 
•Alternate Days 
•Internal and External Signs 

In Situ Juvenile Salmonids and Resident Fish 

Ice Harbor (Chinook @ Resident) 
Bonneville (Chinook @ Resident) 
Priest Rapids (Resident) 

Adult monitoring: 

•4 Days 
•Deep control, 
volition test 

Bonneville: Adults entering the North Shore trap, anesthetized and 
examined visually, expect to observe 3.1-4.2% of adults (30-90 
fish), 6 days per week, for 6 to 8 hours/day. 

Ice Harbor Adults captured by trap, evaluations by gross observation 
through a window in the trap, individual fish may be 
anesthetized for closure observation, for a maximum of 24 
fish or 10% of adults, 5 days per week. 

L. Granite Adults trapped and anesthetized and visually examined. Trap 
is operated for 8 hours/day, 7 days a week, and captures about 
10% of the fish passing the dam. 

Action Levels: 

The volume of spilled water will be reduced at upriver dams when external signs 
of GBD exceed the following action levels: 5% in juvenile salmonids and/or 2% in 
adult salmonids in any location. If at any time GBD is detected through internal 
examination exceeds the above action levels at two consecutive projects in any 
daily sampling period, or any unusual or unexpected events occur which would 
negatively impact surviva,l.. of migrant salmonids, spill levels at upstream 
projects will be decreased to avoid detrimental impacts to fish. 

Additional (Ad Hoc): 

Little Goose Electro-fishing: Samples of N·orthern squawfish will be observed for 
GBD 
John Day Reservoir Beach Seining: Resident fish sampled will be observed for GBD 
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Memo To: File 
May 28, 1994 
Page 3 

Excepted from meeting notes: 

TDG measures: 

The COE observed that it was taking more effort to enter data from the loggers 
into CHROMS than originally believed. The COE was also having difficulty with 
operation and installation of some recently obtained recorders. The 
monitoring locations for reference to the TDG measures are described 

The TOG measures that would be most 
meaningful would integrate the change 
in TGP with the duration and depth of 
exposure for fish. Such measures 
would likely be different for various 
species and life stages of aquatic 
life. In any event such information 
on TGP concentrations, and residence 
time and depth variation for fish is 
not readily available. 

The fisheries agencies observed that 
juvenile and adult salmonids and 

Location 

McNary 

John Day 

The Dalles 

Bonneville 

1nethod Closest 
Continuous 

Logger ----

Grab 4-Bay 

Grnb 4-Bay 

Grab Warrendale 
I Scatnania 

Closest 
telemetry 

4-Bay 

4-Bay 

4-Bay 

Warrendale 
I Scamania 

resident fish do not spend any significant time in the tailraces, and exposure 
time to higher TOG prior to mixing with the rest of the Columbia river water 
is therefore limited. The analogy between the tailraces and mixing zones was 
drawn. In applying mixing zones resource protection agencies recognize that a 
zone of immediate mixing can occur without significant harm to the aquatic 
resources as long as acute conditions are not encountered throughout the 
mixing zone, and that chronic conditions occur outside of the mixing zone. 
The mixing zone allows for substantial, although not complete mixing to occur. 
Most of the work done relating to TOG and GBD focuses on chronic, or several 
day exposure levels. The NMFS informs us that their experts find that only 
average, and not maximum, criteria values are appropriate for TOG. 

Bubbles occurring within the tailrace may result in lower TGP than measured 
further downstream (Brian D'Aoust, Common Sensing). The single best readily 
available information exists downstream of the tailraces. The data below the 
tailraces usually exists as grab samples. Continuous, or hourly, data would 
be preferable since temporal statistics could be calculated. The grab sample 
data should be compared with the continuous data to ascertain these measures 
provide measure of the 12-hour mean. The continuous data should provide an 
indication of the degree of variation in TDG measures associated with the 12-
hour spilling schedule. If the temporal statistics indicate that the grab 
samples do not reasonable approximate the 12-hour mean then more frequent 
monitoring, or alternative locations should be selected. 



External Observations: 

Mostly zero 

Exceptions: 

Bonneville 
5/17 
5/17 
5/18 
5/19 
5/20 
5/20 
5/26 
5/27 
5/28 

McNary 
5/22 
5/24 
5/26 
5/28 
5/30 

Ice harbor 

1% 
4% 
1% 
5.6% 
1.1% 
3.3% 
2.7% 
1.9% 
0.9% 

Hatchery Steelhead 
Wild Steelhead 
Wild Steelhead 
Wild Steelhead 
Hatchery Steelhead 
Wild Steelhead 
Wild Sockeye 
Wild Steelhead 
Wild Steelhead 

2% Hatchery Chinook 
1.2% Hatchery Steelhead 
0.5% Hatchery Steelhead 
2.2% Hatchery Steelhead 
1.4% Hatchery Steelhead 

5/16 21.4% Non Salmonids 
5/17 4.3% Non Salmonids 
5/18 4.1% Non Salmonids 
5/23 1.3% Non Salmonids 
5/24 3.8% Non Salmonids 
5/25 0.9% Non Salmonids 

Priest Rapids 
5/26 1.3% Non Salmonids 
5/31 1.3% Non Salmonids 

Umatilla 
5/22 11.1% Adult Chinook (1/9) 

L Monumental 
5/23 1.2% Hatchery Steelhead 



Summary Internal Observations (FPC) 

Swiin La1eral Kidney Gill Filaments 
Bladder Line 

Lewiston 

5/26 

L. Granite 

5/26 (I5) 2 2 

Little Goose 

5/26 (30) 3 6 <20 4 20-50 

5/28 (30) 6 (4-50) 

5/30 (30) I 7 <IO 1 < ·25 I < 50 I> 50 

L. Monuinentnl 

5/27 (30) 4 I 2 3 <=2 2@3 I@ IO 

5129 (30) 5 I 3 <~4 3@5 3 5-8 I@ 10 

McNary 

5/27 (?) 

5/29 (?) I 

5/31 (?) 

Bonneville 

5124 (30) 7 28 2 3 several I 1nnny in 8 
filaments 

5/26 (30) I 24 2 20, n1ostly I 80% of 
small filan1ents I side 

5/28 (15) 3 I2 I 12 Most < 3 

5/29 (15) I4 6 3-8 

5/30 (30) 3 30 25 Small 
Nu1nber 

No assessment has been provided 
reported observation of GBD are 
mortality of juvenile salmonids. 

that would indicate the 
associated with increased 



Net Pen Studies, Columbia River, Selected Locations, (NMFS) 

Test (Volition) Control (Depth) 

Location N GBD Marts N GBD Marts Date 

Bonneville 60 12 (2 0%) 0 20 0 0 9-13 

30 0 0 20 0 o' ~6-20 

1) 2 fish were unaccounted for 
for the period 9/13 the test cage showed indications of GBD 

Location N GBD Marts N GBD Morts Date 

Ice Harbor 62 17 (27%) 4 ( 6. 6%) 10 2 (20%) 1 (5%) 9-13 

67 1 ( 1. 5%) 2 (2.9%) 2 12 0 0 16-20 

2) 39 fish were unaccounted for; either escaped or undocumented 
mortality 
Differences in test and control numbers unfortunate. 
Differences between observation of GBD and mortality on 9/13 may not 
be sign_if icant (chi-squared 0.57, 0.34) 
Assumptions on the applicability of depth compensation as a control, 
and autopsies for cause of death would provide useful information. 

Resident Fish: 

Data for resident fish cage bio-assays has not been provided. Mr. Earl Dawley 
(NMFS) provided qualitative data on his experiments, significant sines of GBD 
were observed in resident fish caged below Ice Harbor for the period 5/23-27, 
Fewer observations were recorded for resident fish in net pens below Bonneville. 
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FAX COVER LETTER 

May 31, 1994 

Pleaee deliver thiB tranemieeion to: 

Bill Wessinger . . . • • • • • • I I I I • 

This transmission is from Henry c. Lorenzen 

Num'ber of pages (including cover page) ; 3 

Client No.: N/C 

'1"£1-EPHONE 
1603) 276-3331 

TELECO~lt;R 

1';10~1 i!!'l'&-31-'llS 

FAX NUMBER 

(503) 464-2299 

This transmission is being sent on a Ricoh 3200L fax machine. 
If you do not receive all of the pages, or if you have other 
problems receiving this transmission, please call Talllll\y at (503) 
27()-3331. 

Dear Bill: Endosed is an interesting article relating to the spills and resultant 
gas bubble diseil!le. Please call me this afternoon if your schedule 
allows. 

Henry 

The information contained in this facsimile transmission 
is confidential and intended only for the use of the 
individual or entity to whom it is addressed. It may 
contain information protected by the attorney-client 
privilege. If the reader of this message is not the 
intended recipient, you are notified that any 
examination, review, disclosure, copying, distribution, 
or the taking of any action in reliance on the contents 
of this communication is strictly prohibited. If you 
have received this facsimile transmission in error, 
please notify us by collect telephone call to (503) 276-
3331, and return the original facsimile to us at the 
address above via the U.S. Postal Service. 
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cu5l0mem' bills, but what really happens is the partici­
pant's bill goes dowq and the nonparticlpaat's bill goes 
up. Ell:plaillh:lg that a rate lncreue is necessaey "because 
the utility paid to ~eme your neighbor's home' 
doesn't sell In Peoria, Mukilteo, or Oso. These rate im-
1111cts Qllll and mllft be managed. 

Snohomish is considering a steady effort to gather 
between S aMW and 10 aMW a year of demand side 
savings, We Olitimate that this level of effort should have 
small rare impacts, if any, and allow us to continue to 
teal) a sUlady harvest of conservation. We. believe we 
c:llll balance a steady conservation effort with the associ­
a!ed rate impacts and mecl the needs of our customers. 

I Environment I 
'"""""'.,,,...,..,..., Fish 

~~~~~~~~~~~~~~~~ 

1171 Less Gas, More Spill as Fish 
Head Downstream; FPC Book 
Cooking? • from 111 
As pressu~ mounted In the region to assure 
that the controvemlal spill progtam was not 
tuming Into a fish kill, NMFS at week's end 

reportedly ordered a mllbac:k of five pezcent in dis­
solved nitrogen levels at The Dalles and 8onaevme 
~The actual order to the corps from NMFS could 
not be confirmed at press time, nor could it be lesmed 
how muoh flow would be cut ln order to achieve the 1'8-
duotion in gas levels. 

But l'filtc or&red Grant PUD late last week to start 
spilling watter over Priest's Rapids and Waoapum Dams 
as •temponiry rough-and-ready mflil$ures• to benefit 
fish. POD power manager Don Long figures the cost at 
$200,000 ~r day. Grant PtJD biologists are concerned 
about fish health effeats of the order. •we are monitor­

. ing nitrogen levels near our diWs aiid will be discussing 
this concern with the WasbiugtoJJ Dept. of &ology, • 
Long said. 

Monitors hastily traine.d to cbeck for signs of gas 
bubble disease in the wake of the NMFS decision to spill 
mor11 waler over the last eight dams ill Ille Snake and 
Col11mbl11 Rivers and push more chinook downstream 
coutinued to funnel data into the Fish Passage Center 
last week. NMFS said lllat soma dissected steelhw! 
showed sillDS of ps bubbles In their organs, wbich 
Donna :Oann, NMFS special assistant to th$ l'i'lglonal di· 
mtor, said NMPS was taking as au •early warning sign 
of gas bubble disease.·• 

Danu said 41&l'lier last week that NMFS had decided 
to continue the spill becaus'i' the gaa bubble disease trig• 
ger to shut off the pio~-S percent in juveniles aod 
2 peroent in returning adults-had not been reachod. But 

relired BPA fish biologist Jerry Bouck, a bubble disease 
e11pert, said the dara he bas seen suggests that 100 per­
cent of juvelliles have the disease ta some extent by tho 
lime they reach Bonneville Dam mid that adults ate even 
uiore susceptible than juveniles to the malady. 

Although the official Fish Passage Center eports 
displayed an iun.y of zeros, soun:es looking at raw ®ta 
noted tbat some monitoring was showiilg relativeJy bigb 
indications in steelhead samples of nitrogen, particularly 
at Bo1111evllle Dam. Steelbead ate beiug used for testing 
ill$!Bad of cbinook as a Chinook consetvatlon measure. 
Of a sample of 79 fish coUected from May 17 through 
May 23, 48 percent showed gas bubbles In the external 
lateml lino, 87 pero:ent in the Internal lateral line and 29 
percent in gill filllJDents. There were internal symptoms 
In 19 percent of the Bonneville Dam fish. 

IS the FISh PaHl!Ue Center aooklng ihe bookS on 
tho gas bnbble danger? Having the FPC monitoring the 
$pill program Impresses many fish war veterans as a 
risky decision. The agency, a cl'llation of the power 
council's F&W program, bas II employees, costs 
$800,000 a year and is, sources agree, accountable to no 
one. Ane.:dotes abound i11U5ttllling the FPC' s almost 
legendary 11011·coope1111ion, including once deuyillg a 
request from rhe Corps for data because the Corps did 
not meet the PFC' s "ueed to know" policy, and on an­
other occas.lon denying the NMPS recovery team infor­
mation because 'it would only confuse them. " 

, Sources also objected to having the Fish Passage 
Center involved in spill mouitorillg because its manager, 
Michele DeHart, has been aii outspoken advocate of 
spDI as the best means of passing downstream migrants 
through !he dams. Primary sour= on why the FPC was 
giving spill a clean bill of heallh could not be reached, 
but reliable iOICondary souR>es said lhat a US Fish 1111d 
Wildlife fish palhologist bad decided !hat lhe symptoms 
we"' nothing to worry about. 

C"l'yrisJ>l@ 1994. NewlDlll Co!po,.doo 



MRY 31 '94 12•52PM COREY BYLER REW ETAL P.3/3 

CLEARING \IP • May 30, 1994 • Page 8. NO. 624 • Page 8 

Jerry Bouck disagreed. Mosl fish padlologi•ts, Bouck 
said, are studying bacteriological dborders ill tish, Dot 
gas bubble disease. •Anyone, who knows anydJlng about 
fish physiology would neve~ make a statement lbat gas 
bubbles in the blood are no problem," he told Clearing 
Up. He criticized the NMFS/FPC decision to limit 
monitoring to eic.ternal signs. He said even juveniles with 
no externol signs of the. disease can, If they are infected, 
exhibit behavioral cb811ges lbai lessen their cb8l)CCS of 
survival on their way dowruill'llam. 

Bouck is rtp0rtedly one of the sclentisls that NMFS 
is asking for a s""°od opinion OD the levels of nluogcn: 
being detected in monitoring efforts at Snake and Co· 
lumbia dams. There was no official conflrmariou ofwbo 
would serve OD that team of scienrist8 or whai: lhey 
would be asked to deoide-if anyihiog. 

Olhor $0Ul'l)es ill Pol'tland late In the week said there 
may be leglll a11d evl!!I cdminal repercussions from the 
spill program, considering the high risks that the upshot 
of the action wall be killing of listed fish-a crime under 
provisions of the Endange-ced Species Act. There has 
been no official indication of such action, ho"(ever. 

On the added flows front, as of early last week 
there had been no decision made by NMFS to fequest 
additional water for flows i.ter tbis y....-, Dami said. 
She said she did not expect NMFS to make a flow deci· 
sion by the end of last week. 

Repoff$ circlllawl early last week that one side effect 
of the NMFS spill program would be to degrade lhll 
Skalilld-W"dllams research project designed to relate 
flow~ aod survival in between dams. Oarm and other 
SOU(CtlS indicate that the effect of the spill was minor on 
the teSeateh and that the project mearcbers wet11 satis· 
fled tbo.t con:fidenoe intervals, while inci:eased, wete still 
aooeptable. 

Senator Malt: Hatfield, meantime, followed up on his 
leuer with Montana Senator Max Baucus and Hous" 
S~er Tom Foley to President Clinton denouncing 

· spill and W1U1ti11g the US Treasucy to pay for the costs 
by writing a newspaper col1111111, Appearing in several 
paper.! in the fSgion, the Oi;egon $enator's op-eel piece 
(teprinted in TilE CLIPS) denounced $pill and refer­
enced Jud~e M:llcolm MO($h's ruling OD the 1993 bio­
logical opinion as "the final indication that the 
[Endangered Species] Act cannot work as cunently 
wriUen." 
· · 'Wuhingtou SelUltot Slade Gorton also protested the 
spill action in a letter to Commeroe Secmary Ron 
Drown denouncing the science and cost of the spill and 
reminding the secretary that the EnviroilliienUil Protec­
tion ~y's "Qllailty Criteria for Water" "clearly 
stateS that the gas saturation levels·contemplated in the 
NMFS s-pill ordlll' posa a significant danger to both adult 

. and juvenile salmon and steelhead. • .. · · 
• Fish News in Brief: Michael Spear, fonner US Fish· 

& Wildlife Service assistant director for ecological 
services, has bec:ome the new Northwest regional dil'&l­
tor of the service. He succeeds Marvin Plenert, who re­
tires July 3. Sources say Speak ia an adw;icate of having 
Fish & Wildlife take over salmon protection responsi­
bilities from NMFS. 

NMFS bas ~red an ESA petition filed by the 
Oregou Naairat Resources Council and other environ· 
mental groups seeking protection for 178 stocks of 
steelhead in the Pacific Northwest. A statemeut from the 
environmental group said that the main problem am1oi­
ated with steelhead decline was habitat degradation. 
NMFS bas until Fcbr\llU"Y 14, 1995 to decide on listing 
some or all of the petitioned stocks (Cyrus Noii]. 

supply & Demand 
l18J Contested case Delays Add to costs 

Of PCE! Coyote Springs Project • from 191 
Delays caused by tile continuing contested case hesr· 

Ing over PGE's 496 MW Coyote Springs project are 
adding millions of dollars to ils cost, """°rding to the 
IOU. 

Oregon Energy Facility Siting Council staff issued a 
proposed order for a fiQa! site certificate for Coyote 
Springs in January. A request for a cODIO:ited case bear­
ing was filed by the Don't Waste Oregon Committee, 
the Utility Refonn Project 11t1d Colleen O'Neil. 

An liltempt to begi11 the evidentiary phase of the 
hearing did not commence until May 16 and DOW will 
not resume until J11oe 30. Ouce tbe hearings are com· 
plete, any revised proposed order prepared by hearing 
officer Jeff Chicoine will still have to go before the 
EFSC for final approval. Even then, a court appeal 
could still be filed. 

"We knew it would take $0Veral months, but we 
hoped to have a site certificate by now," said PGE 
spokesman Dave Heintzman. The extra cost b$iDg added 
to the project will total between $S million and 
$10 million, he said. The hearings could ultimately de­
lay the fiill 1995 on·line date, and there may be other 
contract implications down the road, Hei11~man said. 

The fact that POE has not siled a major faoillty since 
Boardman in the late 1970s complicates the situation, as 
dollll tbe fact that many ofEFSC's siting rules have bee.n 
revised. One of those t11les states that site certificates 
should be Issued within nine mouths of the date the ap­
plication for the certificate is deemed complete. Coy­
ore.' $ scbedul<!. is already past that date, though this i' 
due in psl'l IO amendmeots POE added to the application. 

Dan Meek, attorney for the intervenof'!I, said 
thl' challenge focuses in part on a rule EFSC adopted 
which bad the effect of exempting Coyote lillld US Cien­
etating's H\<nniston project from having to demonstrate 
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R. ERICK JOHNSON 
Direct Dial (503) 499-4475 

Mr. Fred Hansen, Director 
Oregon Department of 

Environmental Quality 
811 s.w. Sixth Avenue 
Portland, Oregon 97204 

300 Pioneer Tower 
888 S.W. Fifth Avenue 
Portland, OR 97204-2089 
(503) 228-6351 

June 2, 1994 

Fax(503l295-0915 
Cable Address Portlaw 
Telex 5101010486 Bullivant 

Re: Spill in the Lower Snake and Columbia Rivers 

Dear Mr. Hansen: 

Yesterday, we submitted materials for your 
consideration in connection with the deliberations of the 
Oregon Environmental Quality commission and the Department of 
Environmental Quality concerning the ongoing spill program in 
the Lower Snake and Columbia Rivers. 

Later yesterday, I received a copy of the Fish Passage 
Center's monitoring data for juvenile hatchery steelhead dated 
May 31. A copy of that table is enclosed. This.table includes 
data taken on May 28 and 29, after the Corps of Engineers reduced 
spill by one-third from levels prevailing on May 26. Not 
surprisingly, these data show that the incidence of gas _bubble 
disease in juvenile hatchery steelhead sampled has not declined, 
and may have increased. Tellingly, the data shows that an 
average of 91% of the juveniles sampled at Bonneville for inter­
nal and external signs of GBD have shown one or more such signs 
since this monitoring began. 

While it can be debated whether such data is statisti­
cally significant, at a minimum it shows an appalling trend. 

We also received late yesterday a copy of a letter 
dated May 26 from Senator Hatfield to Governor Roberts. The 
Senator's letter, written after consultation with biologists 
and responsible agency officials, outlines the grave concerns we 
share. Assuming no mortality from GBD, the Senator points out 
the putative net benefits of this spill will cost over $925.000 
per fish. Taking into account the likelihood of mortality, the 
fiscal and biological absurdity of this exercise is starkly 
apparent. 

PORTLAND•SACRAMENTO•SEATTLE•VANCOUVER 
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Mr. Fred Hansen, Director 
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We continue to encourage the DEQ and the EQC to act 
consistent with their responsibilities to protect this state's 
clean water resources and to shut down this irresponsible spill 
program by returning to a strict adherence to established state 
water quality standards for total dissolved gas. 

Enclosures 

cc (w/encl.): EQC Members 

Very truly yours, 

,e: ~p.~~~~----
R. Erick Jo n on 
Attorney fo 
Pacific Northwest 
Generating Cooperative 

/)-,,-<-67, J1. :7z-c~,~ 
Gregory J.~iner 
Attorney for 
Public Power Council 
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• 1994 Smolt Mooitoring Program Gas .Bubble Symptoms - Lateral r .i11e and Internal Symptoms 
Juvenile Hatchery Steeihead 

Lateral liae r .J'ltct"al r .inc Gill fruerna! Tou! 

Siti.1 Drue II Sampled F.xremal ratcmaf l;itarnents Sympian" Affeaed 

Liu.le CiC1f1~e- Dain 5118 30 0 0 7 [ 7 ;l.3 

.5(20 30 tl 0 s 2 IO 

5122 30 0 0 LI 2 12 

5124 30 0 0 9 0 9 

5126 30 0 I) 10 3 11 

Sf2S 30 0 0 6 (I 6 

5/30 15 0 0 l 0 3 

tower Monwnencal Dam 5119 30 0 0 IS 6 17 

512l 30 0 0 7 1 ll 

5123 :JO () 0 7 8 14 

5115 30 0 0 11 7 16 . 

McNniy °"'" S/17 ~o 0 0 0 0 0 • 
5110 30 0 0 0 I 1 

5121 30 0 0 0 0 0 () 

5123 30 0 0 0 0 0 0 

5125. :30 0 0 0 0 0 • 
5127 30 0 a I.I 0 0 0 

5129 30 0 0 0 I I 

Jobo Ozy Dom ~/17 30 n/a 6 ? 0 14 

5119 30 0 l 10 :z 13 

5/21 30 0 2 9 2 13 

51'-'3 30 2 7 I~ 7 19 

S/25 30 2 t'J 13 3 26 

S/27 30 3 17 6 2 19 

5129 30 0 24 7 I) .24 
··-

Bomu:villc Dom 51l7 15 0 LO 2 I LI "f3 

5119 :JO 22 30 13 .~ 30 I QO 

5/21 22 ll 19 s 2 [9 f/,. 

5123 l2 s lU ) 4 10 

S/2j :10 16 28 2[ 1 29 

5127 3-0 24 30 21 10 30 I 

512~ 
.,,, '>I\ ?O 18 " ,,~ -

May 31, 1994 

600 IEi 
TG\'J\ . . 

1\' 13: 1NHI11l11I ~H (]NI . All3:S l'.l3:l!Ia t6/T0/90 
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WASHINGTON, DC 2oe1~7Q1 

May 26, 1994 

The Honorable Barbara Roberts 
Governor of Oregon 
State Capitol 
Salem, OR 97310-0370 

. 7,>~-4 -,, 
Dear GOve:rnor 'iii a I !'W i ..__ 

liZJ 002/005 

MARK 0. HATFIELD 
ON!!. W091.D Tu.of CE .. T1• 

121 s.w. SALNON snur. SUITI 1420 
Po•'tl..Uilo. Oittao• 97204 

'!'hank you for your letter outlining your support for.the 
National Marine Fisheries Se:vice's decision to spill additioJULl 
water in the Columbia and Snake Rivers. While I ·appreciate being 
apprised of your position and afforded the·opportunity to review 
the info:cmation on which you relied for your decision, I remain 
unconvinced that this decision was based on the very best 
scientific information available. 

I am in full agreement that we should spread the risk to the 
salmon to the greatest extent possible, but see little conclusive 
evidence that the new spill regime will accomplish that 
objective. While there are various theories on the potential 
positive aspects of spill on the juvenile salmon, I am not aware 
that they are accepted broadly by the scientific community. 

From discussions I have had with several biologlsts it 
appears that we actually may be increasing the risk, especially 
with reqard to the returning adult salmon. In a conference call 
in which I recently participated with· Doug Hall, Assistant 
Secretary of Commerce, Gary Smith, Acting Reqional Director of 
NMFS, and biologists Dr. Michael Sehiewe and or. Donald Bevan, it 
was generally acknowlei:iged that the adult salmon a.re more 
susceptible to gas bubble disease, and may have greater 
difficulty locating the fish ladders because of the additional 
spill. And unlike the juveniles whose theorized benefits from 
spill may outweigh the mortality resulting from gas bubble 
trauma, adult mortality from increased gas levels will likely not 
be.offset by other spill-related benefits. 

I am concerned about the growing impression that we have not 
attempted to spread the risk over the years, and have relied 
totally on the transportation system to move the juveniles down 
the rivers. Mundy, et al., in their transportation study, may be 
correct in asserti.nq that • ••. transportation alone, as presently 
conceived and implemented, is unlikely to halt or prevent the 
continued decline ·and extirpation of listed species ..•• ". We 
have not, however, relied solely on transportation over the 
years. We have depended on both transportation and spill, and 

PJl1NTED ON RECYC:LEO fl•PER 
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STUEL RJ\ES 
l!ATFIELD PDX 

the states and tribes have participate<l in these decisions. 

lgJou:i1005 
~ 003/00S 

When the states and tribes joined in the call for increased 
transportation in lOW" water years, I can only assume that one 
objective then was to spread the risk. It may be appropriate to 
increase the percentage of fish that are spilled, but we are 
obligated to ensure that such a decision will result in more 
returning salmon, not less. If our primary concern ie to recover 
the salmon, the emphasis ehould not only be placed on risk 
spreading, but .also on survivability of both juveniles and 
adults. Dr. Mundy and his colleagues are also correct in saying 
that, "Before a •spreading the risks' policy can be implemented, 
the risks need to be known.". The evidence that I have seen 
suggests that the risks were not fully understood before the 
spill decision was made. 

My most serious concern regarding the decision to spill is 
that it was made hastily with little consultation with Members of 
Congress and the public, without the involvement of the Snake 
River Salmon Recovery Tea:m, and with little thought of proper 
design and monitoring. In its present form, this activity will 
probably not maximize our knowledge of.using spill as a recovery 
tool. In addition, I believe the regime is now incorrectly 
characterized as an •experiment." It is difficult to believe 
that any true exper.inlent would require all eight reservoirs ae a 
model to test a hypothesis. The unfortunate result of this 
action is to subject all species in ci\e river to the stress which 
will inevitably occur, as we know from well-documented research 
conducted nearly two decades ago. While there may be sufficient 
evidence to indicate that juvenile salmon can detect and avoid 
high levels of gas, can the same be said for· the mollusks, 
c:rustaceans, and the other species in the top two meters of the 
water? Probably not. 

In the paper sent to me by your office as justification for 
the spill, it was stated that the action would be" •.. evaluated 
in the long ter.m as part of an adaptive management approach, used 
to assist in improving juvenile survival with respect to 
recovery." While this objective certainly is desirable, it may 
not be possible without an adequate monitoring program that will 
evaluate the results properly. I find it unconscionable that the 
final monitoring plan for the spill regime was not in place until 
May 20th, ten days after the first spill was ordered. In effect, 
little valuable monitoring was done during these first days of 
the spill regime, and is an indication of the lack of forethought 
and planning that went into the decision. 
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Another major concern to me is the prospect of the spill 
being extended on the basis of inadequate analysis of 
info:i::mation. If the decision is made by NMFS to extend the spill 
regime beyond June 20th, I hope you will join me in insisting 
that a complete review of data which is gathered be conducted, 
that a scientifically defensible monitorinq plan be in place 
prior to the beginning of the juvenile fall chinook mi.gration, 
and that the experiment be. designed to maximize our understanding 
of the efficacy of this and future spill decisions. 

Finally, I believe a discussion of the cost of the spill 
regime, especially as it relates directly to increased . 
survivability, is appropriate. While the Endangered Species Act 
1im..its the degree to which costs can be considered in recovery 
actions, policy makers cannot afford to lose their concepts of 
fiscal responsibility. In this particular case, I am dismayed a:t 
the minimal increase, if there is any increase at all, in 
survivability that may result from this decision, even under the 
best of circumstances, and the all!Ount of money the public is 
beinq asked to pay for these benefits. 

According to NMFS, the estimated increase in juvenile 
survivability is 5.3 percent. This increase in survival applies 
only to the percentage of fish that remain in the river and are 
not transported. According to NMFS data, the percentage Of fish 
transported during the spill is 83 percent, while 17 percent of 
juvenile spring chinook will remain in the river and be spilled 
over the dams, go through the fish bypass systems, or pass 
through the turbines. It is this 17 percant of the juveniles 
that the 5.3 percent increase in survivability is applied. This 
translates into a spill regime that has an overall estimated 
increase in survivability of 0.9 percent. The spill regime began 
at midnight on May 11th. NMFS estilllates that more than 50 
percent of the spring chinook run had passed Lower Granite Dam 
before the spill began. Therefore, the 0.9 percent increase in 
survivability applies only to the remaining 50 percent of the run 
remaining in the river. 

NMFS further estimates that the number of threatened wild 
spring chinook in this year's run to be approximately 600,000 
fish. Applying the Q.9 percent to half Of the 600,000 juveniles, 
or 300,000 fish, the number of additional juveniles surviving to 
the ocean is approximately 2,700 fish. Although in recent years 
less than one percent of the fish have returned as adults to the 
Colurob1a River, for the purposes of this letter let us assume 
that one percent, or about 27 fish, actually will return as 
adults. NMFS and the other Federal agencies esti.Jllate the total 
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cost of the spill regime to be at least $25 million. This 
t:ranslates into a total estim4ted cost of at least $925,926.00 
per returninq adult salmon. If you also assume that some of the 
fish will die from gaa bubble tralllllll, and that the costs will 
increase beyond $25 million, the cost per fish rises even higher. 
It can be arqued that the cost per fish of the spill regime would 
be lower if the runa had not been allowed to sinlc to such 
precariously low numbers in the first place, but the fact remains 
that, under the preaent conditions, the costs are considerable. 

I can recall few other deciaions in the natural resource 
arena, or any other arena, where a decision having such a . 
minuscule cost-benefit ratio was implemented with so little 
planning and consultation. At the very least, I would have 
expected an analysis of other options which may have resulted in 
comparable increaees in fish eurvival. I would imagine that we 
could convince Canadian fishers to sell their rights to catch 27 
wild chinook salmon for a lot less than $925,926.00 per fish. 

I remain open to receiving additional infonnation which 
further justifies this decision, and look forward to working with 
you in the coming weeks to enBU%0 that future actions will be 
better planned, designed, illlplemented, and more cost-effective. 

With warlll regards. 

MOH:lllW 

Mark o. Hatfield 
United States Senator 
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June 13, 1994 

Fax(503)295-0915 
Cable Address Portlaw 
Telex 5101010486 Bullivant 

Oregon Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Re: Spill in the Lower Snake and Columbia Rivers 

Dear Fred: 

The DEQ's current temporary exemption from Oregon's 
water quality standards on dissolved gases, instituted to 
accommodate NMFS' adventurous spill program, will expire June 20, 
1994. We understand that although no meeting or hearing before 
the Environmental Quality Commission is presently scheduled to 
consider proposals or testimony to extend this exemption, such a 
meeting or hearing could be scheduled on short notice. Should 
such a meeting or hearing be scheduled, we would appreciate 
receiving notice by telephone as soon as possible. We have out­
of-state expert witnesses with whom we would need to make 
arrangements to fly to Portland in order to testify at such a 
hearing. Your cooperation is greatly appreciated. 

H:\GEL\WAM\PNGC\HANSEN.LTR 

Very truly yours, 

~~-·· 
Bill Masters 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY, 

rID~@~ttW!£f(]l 
~ JUN 1 :11994 ~ 

PORTLAND•SACRAMENTO•SEATTLE•VANCOUVER 



CalU11Jbia Ri11er Alliance 

FOR IMMEDIATE RELEASE 
May 26, 1994 
For more information contact: 
Bruce Lovelin: (503) 238-1540 

For Fish, Commerce and Communities 

"GAS BUBBLE DISEASE" IN SALMON DETECTED 
Spill experiment should be stopped immediately, group says 

"Gas bubble disease," the fatal syndrome that affects fish the way the bends hurts deep 

sea divers, has been found in high numbers of salmon spilled over the dams of the Columbia 

and Snake rivers. 

Nearly 50 percent of juvenile steelhead examined below Bonneville Dam are showing 

visible external signs of the disease, an indication that the disease has reached fatal levels. 

Eighty-seven percent of the sampled fish are showing internal signs of the disease, meaning 

many more than previously thought are being harmed by high nitrogen levels in the spilling 

water. Juvenile steelhead are being collected and sampled, but all fish, including salmon and 

resident fish, will suffer equally from the disease. 

"Two weeks ago we wrote to the U.S. Army Corps of Engineers and the National 

Marine Fisheries Service to request an immediate halt to the emergency spill program, but the 

spill continued," said Bruce Lovelin, executive director of the Columbia River Alliance for 

Fish, Commerce and Communities. "And the fisheries service assured us that dissolved gas 

levels can be controlled. But despite a monitoring program, gas bubble disease is showing up 

in most of the fish that are collected at Bonneville Dam. But this means that most of the fish 

that aren't being examined have it too." 

The Columbia River Alliance is a coalition of agricultural, navigation, labor, 

community, manufacturing and electric utility groups throughout Oregon, Washington, Idaho 

and Montana. 

In a letter sent Thursday to the corps of engineers and the federal fisheries service, the 

alliance again asked the federal agencies to halt the spill. "We again question the logic in 

continuing a spill program which could harm the very fish that we are trying to aid," the letter 

read. "Now, unfortunately, our fears are backed by empirical data. Please stop this spill 

experiment today." 

-30-

825 NE Multnomah, Suite 955 • Portland, Oregon 97232 • (503] 238-1540 • Fax (503) 238-1554 



Cll/\-
Calunibia Ri11er Alliance 

Gary Smith, Acting Regional Director 
National Marine Fisheries Service 
7600 Sand Point Way, NE 
Bin C-15700, Bldg. 1 
Seattle WA 98115 

Dear Mr. Smith and Major General Harrell: 

For Fish, Commerce and Communities 

May 26, 1994 

Major General Ernest Harrell 
U.S. Army Corps of Engineers 
PO Box 2870 
Portland OR 97208-2870 

On May 11, 1994, the Columbia River Alliance requested a termination of the spill 
program of the lower Columbia and Snake river dams. At the time of that request we 
provided you with scientific information that noted the historical incidence of gas bubble 
disease resulting from high dissolved gas saturation levels caused by spill in the Columbia and 
Snake rivers. 

Enclosed is a table distributed by the National Marine Fisheries Service examining 
external and internal signs of gas bubble symptoms for juvenile steelhead collected at five 
Snake and Columbia river dams. The table shows a high incidence of both internal and 
external symptoms of gas bubble disease. For fish collected at Bonneville Dam on May 19, 
all 30 fish sampled showed "lateral line internal" gas bubble symptoms. Twenty-two of the 
30 fish sampled showed external signs, which as we are told, is an indicator of imminent 
mortality. Gas bubble symptoms were also found in high percentages of sample size of 
dissected juvenile steelhead at John Day, Lower Monumental, and Little Goose dams. 
Although monitoring has been clearly deficient during this spill experiment, the methods used 
in this aspect of the smolt monitoring program are superior than others employed. 

We again question the logic with continuing a spill program which could hann the 
very fish that we are trying to aid. Now, unfortunately, our fears are backed by empirical 
data. Please stop this spill experiment today. 

Enclosure 
cc: Northwest Congressional Delegation 

Oregon Department of Environmental Quality 
Washington Department of Ecology 

Sincerely, 

~3.3~ 
Bruce J. Lovelin 
Executive Director 

825 NE Multnomah, Suite 955 • Portland, Oregon 97232 • (503) 238-1540 • Fax (503) 238-1554 
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Direct Service Industries, Inc. 
925 LLOYD crnTER TOWER D 825 N.E. MULTNOMAH STREET 0 PORTLAND, OREGON 97232-2150 D (503) 233-4445 

State of 0 DEPARTMENT OF rego11 @ma . EllVIRDMMENTAL 

June 2, 1994 

lJl I> (G' /fi" Jl \lf QUALITY 

-'UN - iJ 1!:1Yt~!OJ 
Fred Hansen, Executive 
Director 
Oregon Department of 

Environmental Quality 
811 S.W. Sixth Avenue 
Portland, Oregon 97204 

William W. Wessinger, Chair 
121 S.W. Salmon, Suite 1100 
Portland, Oregon 97204 

Emery N. Castle, Vice Chair 
Oregon State University 
307 Ballard Hall 
Corvallis, Oregon 97331 

.OfflcL; 015 JHE 0 
Henry Lorenzen ~ ·. lfJECIOR 
Corey, Byler, Rew, Lorenzen 

& Jojem 
222 S.E. Dorion 
Pendleton, Oregon 97801 

Carol A. Whipple 
21755 Hwy. 138 West 
Elkton, Oregon 97436 

Linda R. McMahan 
The Berry Botanic Garden 
11505 S.W. Summerville Avenue 
Portland, Oregon 97219 

Re: Harmful Levels of Total Dissolved Gas Caused by 
Spill in the Lower Snake and Columbia Rivers 

Dear Sir/Madam: 

We advocate a comprehensive approach to salmon 
enhancement and recovery actions and continue to endorse 
reasonable scientifically derived actions to restore salmon 
populations. However, we do not believe that the current spill 
program contributes to salmon recovery efforts and in fact is 
deleterious to all fish and biota in the Columbia River. 

This letter is written to inform you of recent 
developments which show that the increased spill of water over 
Columbia River dams is having a significant detrimental effect on 
fish in the Columbia and Snake Rivers, including endangered and 
threatened Snake River salmon. On May 16, 1994, this Commission 
amended OAR 340-41-155 to allow the Army Corps of Engineers to 
operate the dams on the Columbia River in a manner which would 
allow total dissolved gas ("TDG") concentration to increase up to 
a maximum of 120 percent. The Commission was aware that such 
levels could cause gas bubble disease (''GBD'') in fish. 
Accordingly, the Commission included in its rule a requirement 
that the federal agencies monitor for TDG concentrations and GBD. 
If GBD increased, the rule provided that "the Director shall make 
such alteration in the maximum allowable TDG, until a 
satisfactory level is achieved." 
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June 2, 1994 
Page 2 

Recent developments show that the increased spill 
program is killing fish. The data released from the limited 
monitoring program shows that fish are suffering from GBD. A 
June 1, 1994 memorandum from the Fish Passage Center shows that 
between May 17 and May 31 significant numbers of juvenile 
hatchery steelhead were experiencing gas bubble symptoms. 
{Tab 1). Indeed, since May 19, 1994, there have been several 
occasions when 100% of the juvenile hatchery steelhead tested 
revealed internal lateral line symptoms. The data shows that the 
juvenile steelhead continue to experience GBD symptoms 
notwithstanding the decrease in spill since May 27, 1994. 
Indeed, as recently as May 31, 1994, 100% of the iuvenile 
steelhead showed GBD symptoms. 

In addition, on May 31, 1994 at the Washington 
Department of Ecology meeting on spill monitoring, NMFS indicated 
that significant data from its own ongoing research involving net 
pen studies had not been evaluated. Dr. Earl Dawley of NMFS 
stated at the Washington meeting that net pen studies reported 
GBD mortality nine miles downstream from Ice Harbor. Regardless 
of its research nature, this Commission should request the net 
pen study data -- which we believe would show that salmon are 
dying in the river now because of Temporary Rule 340-41-155 -­
and independently evaluate the environmental impacts of this 
spill regime. 

The United States Fish & Wildlife Service memorandum 
from the Lower Columbia River Fish Health Center also indicates 
that gas bubble symptoms were appearing in fish at Lower 
Monumental, Bonneville, and John Day dams. {Tab 2). In 
particular, the sample at Bonneville of 15 fish produced 11 with 
lateral line bubbles, two with bubbles in the gills, and one with 
a bubble in the kidney. 

These two reports are in striking contrast to a May 19, 
1994 Fish Passage Center memorandum. (Tab 3). The Fish Passage 
Center reported that based on the data collected through the 
smelt monitoring program, "all sites are reporting no symptoms of 
GBD or minor incidents." We find such a report incongruent with 
recent data and disturbing given the juvenile steelhead data and 
USFWS memo. 

We understand that based on NMFS' May 27, 1994 letter, 
NMFS has determined to reduce spill by one-third at six of the 
eight mainstem dams. (Tab 4). Significantly, NMFS determined to 
reduce spill by one-third even though it was not in possession of 
all of the fish monitoring data when it decided to reduce spill. 
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Monitoring data since then shows that further reduction is 
necessary. From the May 31, 1994 juvenile hatchery steelhead 
data, it is obvious that the impacts of the spill program 
continue. It is apparent that opposition to transportation of 
salmon smelts has motivated entities to develop a program which 
poses unacceptably high risks to all fish and other biota in the 
Columbia River. 

We are also enclosing a May critique by Dr. James 
Anderson of NMFS' efforts to assess the net effects of the 
emergency spill plan. (Tab 5). The Commission in its Statement 
of Need for OAR 340-41-155 stated that the "purpose of these 
spills is an emergency operation aimed at assisting the 
outmigration of juvenile salmon." The Anderson critique 
demonstrates that the transportation analysis relied upon by NMFS 
to institute the spill plan is significantly flawed, and thus 
NMFS' conclusion that the spill program will aid outmigration is 
erroneous. 

The only attempt by NMFS to assess the net effects of 
the spill plan in any quantitative manner is through the state 
fishery agency and tribal computer model FLUSH which purports to 
represent the effects of passage through the dams on juveniles 
migrating downstream. The particular versions of the model used 
to assess the spill program have never been peer-reviewed. 

Three versions of the FLUSH model were run to assess 
the effects of the spill plan. Model 2 assumes only 42.5% 
survival of transported fish (in fact, approximately 99% juvenile 
salmon are released alive from the transport barges). Even with 
this pessimistic assumption, FLUSH Model 2 showed that, on 
balance, the spill plan would decrease the survival of migrating 
juvenile salmon. 

Two additional versions of the FLUSH model assume even 
lower transportation survivals, and in particular assume 
(contrary to the evidence) that transportation survival decreases 
in low flow years. These assumptions are rationalized by 
arbitrarily looking at a subset of the available data on 
transportation. Model 3 assumes no benefit at all from 
transportation in high flow years, and Model 4 assumes that 
transportation is significantly harmful in high flow years. 
Models 3 and 4, which show a small positive effect to the spill 
program, are the sole quantitative justification for that 
program. The positive predictions of these two versions of the 
FLUSH model arise from a misuse of the existing data on the 
benefits of transportation, and from the fact that all versions 
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of the FLUSH model make no meaningful attempt to take account of 
the negative effects of gas supersaturation. 

The FLUSH models also rely on data from the 1970's to 
determine the effect on juveniles which are not transported. 
That data has been determined by NMFS and others to be 
inapplicable to present passage conditions. By ignoring more 
recent and applicable data, all versions of FLUSH assume that 
survival in the river is much lower than is in fact the case. 
Given Mr. Anderson's critique, the Commission should reconsider 
the basis for its finding that an emergency exists warranting 
degradation of water quality to implement this spill plan. 

Finally, the spill program continues to ignore effects 
on the most important fish under the Endangered Species Act: 
returning adults. Enclosed please find a letter from Dr. Wes 
Ebel regarding NMFS' Final Gas Bubble Disease Monitoring and 
Management Plan dated May 20, 1994. (Tab 6). Dr. Ebel's letter 
shows that the monitoring plan for TOG submitted by NMFS on 
May 20, 1994 will not protect adult salmon. The Commission may 
recall that Dr. Ebel testified at the May 16, 1994 hearing. Dr. 
Ebel worked for NMFS for 31 years and personally conducted much 
of the research on gas supersaturation in the Columbia and Snake 
Rivers. 

NMFS has requested that monitoring of TOG occur in the 
forebays of the dams. Dr. Ebel notes that, in contrast, the most 
biologically relevant gas saturation levels are those in the 
tailraces. Monitoring in the tailrace is necessary because adult 
passage problems at the dams on the Columbia and Snake Rivers are 
usually caused by delays in fish finding the fishway entrances, 
and that during these periods of delay, adults are searching in 
the tailraces of the dams on both the spillway and turbine sides 
of the dam for fishway entrances. High concentrations of TOG in 
the tailrace therefore threaten the survival of adults during 
their upstream migration. Because NMFS' proposal fails to 
monitor in the tailrace and does not adequately address impacts 
on adults, the Commission should reject NMFS' proposed monitoring 
program as unacceptable. 

We hope that the Commission appreciates that the spill 
program has caused a significant deterioration of water quality 
notwithstanding the Commission's order that the federal agencies 
operate the river in a manner to minimize total dissolved gas. 
It is incumbent upon EQC to consider all environmental impacts 
resulting from this spill program. The limited and insufficient 
analysis of effects on salmon, and the failure to address effects 
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on other biota, does not justify a deviation from the EPA 
standard for TDG. We strongly suggest that the Commission review 
its temporary rule and take steps to protect endangered salmon by 
lowering TDG standards to safe levels -- the 110% level set by 
EPA to protect all fish in the rivers. 

We encourage an open public process which allows 
interested parties to be included in the decision making process. 
We hope that the information included with this letter is helpful 
to you when evaluating the water quality impacts of the spill 
program. Please contact me if you any questions. 

Enclosure 

Very truly yours, 

tJ~-~ T¢-k 
Nanci Tester 
Environmental Manager, 
Direct Service Industries, Inc. 



·FISH PASSAGE CENTER 
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·PHONE (503) 230-4099 •. P/iX (503) 230-7559 

DATE; 

TO; 

FROM: 

. ' 

J\)ne 1, 1994 

Internal Signs of GBT Discussion Group. 

~Filardo 
Data collected May 26 - June 1 .. 

I am providing a detailed description of the GBT signs observed in \he sacrjficed hatchery steelhead 
. ·as agreed on the :conference call lru;t Thursday. The summary sheets 'will be distribu!-ed 0n Monday, 

Wydnesoay and Friday, with the complete update on Wednesday. I anticipate that these data will be 
forwarded by NMFS to the Operations Team for discussion at their Friday meeting. These are the mosi 
complete data a.s of the writing of this memo. I will be prepared to di.Seuss any additional data that is 
·received prior to the confe.rence call tomorrow morning. 

Lewiston Trap · : 
5126 - A total of fifteen fish were examined. 0/15 with GBT signs. 

Lower Granite Dam 
5126 - A total of fifteen fish were observed. 4/15 witb. GBT signs. ' 

2 fish with distended swim bladders. · 
2 fish with one bIJ?ble eich observed in the lateral line. 

Little Go<.ise Dam 
5/26 - No external or internal lateral line. 11/30 with shms of GBT. 10/30 with gill 

filament bubbles; 6 with less than 20 bubbles, 4 with 20-50 bubbles: 3 distended 
swim'.bladders. · 

5/28 - No internal or external lateral line bubbles. 6/30 with gill filament bubbles '(4 
to SO). No internal body cavity signs. 

5/30 - No internal or external lateral line bubbles. 10/30 with signs of GBT. Gill 
filamenr bubbles; 7 less than 10, l less than 25, 1 less than SO and 1 great.er than 
50. 1 fish with bubble in kidney. 

Lower Monumental Dam . '. 

•. :;~:r .• ::::;. '. 

5/27 - No observations of bubbles in the external observation of lateral line. 15/30 
affected. 1/30 with internal lateral line signs. 6130 with gill filament bubbles; 
2 fish with one bubble, 1 with 2 bubbles. 2 with ~ bubbles, and 1 with ten 
bubbles. 4 fish· observed with distended swim bladder and 2 with a few bubbles 
on the kidneys. · 

1 
. ·-· ... ., 



5129 - Thirty fish observed, no lateral line bubbles observed. 10/30 observed with 
bnbbl~s in the gill filaments - 1 with one bubble, 1 witli. 3 bubbles, 1. with 4 
bubbles, 3 with 5 bubbles, 1 with 6 bubbles, l v.."ith 7 bubbles, 1 with 8 bubbles 
and I with 10 bubbles. 5/30 observed with distended swnn.bladder anc! l/30 
with bubbles on the kidney. 

McNary Dam 
5/27 - no signs obsen•ed . 
5129 - one fish observed with a bubble in the kidney. 
5/31 - no signs observed. 

Jolm Day Dam 

Bonneville Dam ; 
5124-25 - A :·total of 30 fish were sampled. 29/30 with GBT signs. 28130 witli a 

small number of inte{nal lateral line bubbles. 21130 with bubbles in gill 
fJfaillents. All observations are of bubbles in one or two filaments. 3 out 
of, 21 were described as several small bubbles and 1 was described. as 
many bubbles in 8 filaments. 7 /30 with distended swim bladders and 2 
out ·of 30 with bubble in kidney. 

5/26-27 - A: total of thirty fish were sampled. 30/30 with GBT signs. 24/30 with 
external lateral line bubbles. Most descnbed as smaII, a few described 
as occluding in a lin11ted area. 21130 with bubbles m -gill filaments. 
Most are described as small and in the endS or one or a few filaments. . 

. One .fish described as having small bubbles· in 803· of the filaments 
observed on the slide. Another described as having many small bubbles 
in many filaments observed. 7 /30 with distended swim bladder, 1 with 
diStended swim bladder and bubbles in intestine. 2/30 with 2 small 
bubbles in the kidney. 

5/28-29 - A total of 15 fish examined. l'.2/15 with external lateral line signs; most 
with small numbers, some with lin1ited occlusion. 1 fish reported with 
· 11 and 1 with 30. All with internal laterai line, 12/15 with gill filament. 
Observation under microscope with 1 OOX w..agnificatiori. Most with 1, 
2 or 3 small bubbles,. in up to 8 filaments. 3 fish with distended swim 
bladder and 1 with 3 small bubbles in the kidney. 

5/29-30 - A total of 15 fish examined. 8/15 with external lateral line, 14/15 witil. 
internal lateral line, 1 with no signs at all. Magnification for internal 
lateral line bubbles ranged ·from 20-45x. 6/15 with gill filament bubbles; 
3-8 bubbles in the gill filaments. 

5730-31 • Thirty fLsh examined. 19/30 with bubbles in extemaf lateral line, some 
6ccluding in a limited area. 30/30 on internal lateral line (20x). 25/30 
with gill filament ,bubbles; small number of bubbles in a small number 
of filaments. 3/30 with a distended swim bladder and J/30 with bubbles 
in the intestine. 

448-94.mf 

_._ . 
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Lateral Line Lateral Line ' Gill lnternal Total 
Site Daie ft Sampled External In!;ernal Filaml)m:. Symptoms, 'Affected 

Llrtle Goose D= ! 5120 30 0 o I 8 2 , !O 
' 5122 30 0 o I 11 ' 2 12 ! 
; I .. ' ' 5/24 30 0 0 9 0 9 
; 

5/26 30 0 0 10 - 3 . ll 

5/28 30 0 0 6 0 6 
! -

S/30 30 0 0 10 l 10 
' .. 
! 6/01 15 0 0 1 1 1 

Lower Monumental Oam! 
.. 

5119 30 0 0 ;15 6 17 
' .. ! 

5/21 30 0 0 7 -. 1 !I 

! 5/23 30 0 0 I 7 8 14 
' .. i 

~ 
5125 30 0 0 I 11. 7 16 ... ' I 

li 5121 3{) 0 I ! 6 6· 
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,, 
.""; .. :.,:::6. J 
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. 
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5129' 30 0 0 0.: . ... 1 .. l 
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,... 
\ ' / 

/0 /.o '· ' ' ' 5/31 30 0 ... 
' / 0 .. .. o 

I : .. 
I 1- \ I .. ' 
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5121 30 .: 0 ·/ 2 \ 2 ; 
'\ 9 I 

A 
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3· 26 
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5/23 12 ., 
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\ I 
\ 
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Sf29 30 20 I 29 18 6 29 . I \ \ ; 
<;I> 1 30 [9 ""' ry'[ I 4 ' 30 -.. ,,../ \ I i \ 

Fish Passage Center· 

TOTAL P.03 



Rl·S7 

UNITED STATES GOVERNMENT FISH AND WILDLIFE SERVICE 

Memorandum 
FAX 1RANSMI'IT AL SHEET 

Lower Columbia River Fish Health Center 
MP 61.7SR SR 14 

Underwood, WA 98651 
Phone: 509-493-3156 
FA.){: 509-493-2748 

No. of Pages: _l_ 

TO Assistant Regional Director· Fisheries and Federal Aid DA TE: 5/18/94 
Region 1, Portland Oregon 

FROM Project Leader, Lower Columbia River FHC 
Underwood, WA 

SUBJECT: Gas Bubble Disease 

An update from this moming: 

Trurung has been given at all dams. I completed McNary on S/12 (3 people), John Day (3 
people) and Bonneville (2 people) on 5113. Eric completed Little Goose on 5/16 (4 people) 
and Lower Monumental on 5117 (3 people). Today I'm going back to John Day and 
Bonneville to follow up. 

One the 12th and 13th we did not see any gas bubbles in the fish. Eric reported that at Little 
goose 1 fish of four had bubbles in the lateral line. At Lower Monumental, all four fish 
examined had some minor signs: 2 in gills, 2 in lateral line, and 2 in kidney. 

In talking with the Bonneville people to<Uy, their la.st sample of 15 fish produced 11 with 
lateral line bubbles. 2 with bubbles in the gills. l .,.,th a bubble in the lcidney. At John Day 
they have found "minor" signs· e1lls in parucular. Nobody has seen any external signs at the 
fish passage centers of the dams. But the John Day fish biologist says she talked to NMFS 
rcscan:hers at The Dalles dam, who report external and internal signs. They arc: apparently 
speaking directly with Earl Dawley aboJt all this, so noonc is sure if even the Fish Passage: 
Center has heard of this. 

Gas lc:vc:ls measured have been around 116%, 113% and 114%, I haven't heard any values of 
over 120%. 
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FISH PASSAGE CENTER 

l>ATB1 May 19, 1994 

TO: FPAC 
Ualaon Otoup 

~ S,W, 'flltST AW. • SUI1'! 1.30 • P.Om.AND, Oil 97211l'41Sf 
PKONB (llOl) .uo-4099 • 'IAX ($03) ~m 

/ /J/i0

:=1:a:y~ 
FROM: .,_.. Ji~be\1 ~ 
Rn: aas Monltor1n1 

IiffOrtJ BU pTe!inll)' underway to ~QO?dlnato 1111d OOllipll• ttll Of th~ dinolVcd gas r&!At@d mQnltotllli 
lnfonnation 10 be illisntinite:d to 101oros1cd pNtlOG. TheGe efforts are on•golns aJld c11t yet complotod. 
Thezefore, we atO dlstJilmtlng le> you th11 Smol! MonhodnJ l'tosram part of the t(I.'; niot'lltorlng iniliatlvn 
and the avaUable dissolvr.d ga. lrtfomlltlon fto!Xl the COB. We hop1 lha.t this provides you with Gpm~ 
Ulld~stNldll'IS Clt the present dita coU¢cd tluo1.1¥h the Smoll Mhttitotl!IJ Program. Thi data tepresent 
the pc«Sfll~ of cxterual aymptoms and 111 yQu Oil\ &I.le, n\I aitos ate re)X11ilt11 110 tympwms of OBD or 
minor inc\denoe. 
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0 wso 15 0 

~l -- 0 
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lL 
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M&Y 2 7 !994 

M~jor General Em.Est J. har~elL 
U.S. Army Corps of 3nginaers ' 
North Pacific ~ivisicn 
p.o. Soll 2870 
?o~tland, Oregon 97208 

Dear Genera1 Harrell: 

j UN1,.ec ii>TATI:S 01:1>.ARTllf'l!!Nr or CCMMERCE 
J NRCl=""'1 C,,_..i<:> 1t;-;:I Atm=pl-.eric: Athl!rll811tft!lm 
J 1"'-TOt<AL t.-1A~l>IE f'&-ta:iiES: lil!FlV'.Cil. 
I 
j 

No:i:--l:h-;;est ~e.qi on 
7'500 sand Po:l.nt Way, 
3!N C1,700 Bldg i 
Seatt:la, i'1A :YS.115 

on MaJr'" 9, 1994 t.:~e !'lat.ion al r~arir:.e :isheries sarvics 2:'e;quasted. 
the Corps-to in~le~ent a spill prograi:;i to ir.prove sur~ival Of 
li,.ted Snake River $alonon juveniles. The. program was institutad 
on May l.l. 01nd N'Ml"$ has baen closely 1110111.coidng tll.e bioloqic:al 
impi:;cts, .To date >1'e bave see.n a. very low incidence. {less thi!!n 
one p..:ccent) r;;;f grosE external signs o: qas bubble disease in 
smol~s, ar.d no incidenc~ in ad~lts. Microsccpio bul:!bles hav• 
been <>bse:rved, hovevar, in late;i:-al. line am! inte=al. 
ex:ain.ination:s. 

As yo~.~ay be cware~ ~ic~o~copic f$.Xaminati?r~ ~ave not been 
conducted in the past, so-tnere is littla i~fortr.ation fro~ ~hich 
to Judge the. Sl;i.\.~.:.rity of t!1e.se Sl-'"!U:Ptor:rs~ A.s a pr~caution, ~re al:.""e 
req>.ie:stitig a reduction in spill 1-E>wels at so:me projects Uhtil we 
can e~nvane a pe.nel of sci.a:htists to c~view t~e inroxmation to 
date B.nd advise us on i\:;s inter::;-reta'i:icn. ll'e a1i;;o ho19e to hava 
addit:J.ona::l.. 1ntor;.ratio:'l available at that tir.1e. on the incidence of 
these. tyi;:as of s~~toi= in smolt:s above. !:owe:i: Granite Oam. We 
hope to convene. t:.~is pa~al as early aG ne"" ~eek. 

This l~tJ;e;:; cont i=s the verbal request ;ne,de to colonel :SOl:U"l 
today to ~educe spill by ona third ac all sna~e and ColWDb1a 
rive~ mainstem da~s. exca~t Ice Harbor an~ The Dalles, beqinnihq 
toni;;h.t. : Discussions J;etwee.n our staffs indicate that if spill 
is re~ucad by o~e- ~~ird ~t tt.ainstep p~ojects; i~ ~i11 ~educe ~he 
recent dissolved gas. le'1els seen in t:."ie r!ver:s by a!)proximat:ely 
five ~erc~ntaqe points. 

We. oapprecie.:te y.-.;n . .t~ cooperation on this J:.at't.ei; ~ 

£J--B""'"'-­rf-i. J. Ga::-;:y smi tb. 
U Aotin9 Regional. Direc:i::ox:-



Use of the FLUSH passage model in evaluating the 
NMFS emergency spill program 

prepared May 25, 1994 

by James J. Anderson 
School of Fisheries and Center of Quantitative Science 

University of Washington 

The recent spill program implemented by the National Marine Fisheries Service 

(NMFS) as an emergency measure was, to a significant degree, based on model runs 

from the States' and Tribes' mainstem passage model FLUSH. No other models were 

used, nor was the FLUSH model, as used in the analysis, subjected to peer review. In 

light of the cost and controversy of the emergency spill program NMFS 's exclusive use 

of FLUSH was inappropriate and contrary to the adaptive management of the Columbia 

River. What follows are comments concerning the problems in using FLUSH in this 

context. They also add to my declaration regarding the direct effects of gas bubble 

disease arising from the emergency spill. 

To evaluate the effect of the NMFS spill program the FLUSH model was used 

with three different model assumptions on the efficacy of the transportation of juvenile 

fish through the hydrosystem. With one set of assumptions (designated transport model 

2) FLUSH indicated that the NMFS spill program would have a negative impact on 

system survival. Under the other assumptions (designated models 3 and 4) the spill 

would benefit fish (Table 1). NMFS did not evaluate the spill program with the 

CRiSPl .4 model, which is the most developed mainstem passage model and is used by 

Bonneville Power Administration and the Army Corps of Engineers. An analysis using 

CRiSPl.4 indicated no benefit to the spill program1. Because of the significance of 

models in 3 and 4 in justifying the emergency spill it is important to understand their 

development and the uncertainties in them. 

1. CRiSPl .4 and FLUSH model 2 both predicted system survival would decrease 
about 2% under the emergency spill program (See Table 1). 

1 



Table 1 System and transportation survivals from four model scenarios 

Survival in 
Spill CRiSP" FLUSH FLUSH FLUSH 
plan model 2 model3 model4 

Total system Moub 50% 20.1% 9.4% 6.8% 
passage NMFSC 48% 17.7% 10.3% 8.2% 

Transportation 80% 42.5% 21.2% 15.2% 

a. Kesuits rrom ' 1.4 usm a trans g p ortatton survtval or ou " 
b. Memorandum Of Understanding on spill prior to emergency spill plan 
c. NMFS emergency spill plan implemented in May 1994 

History 

I first encountered the FLUSH transportation models at the Model Comparison 

Workshops conducted in 1993 (Anonymous 1993). The purpose of the workshops was 

to compare the theory, general responses and sensitivities of the life cycle and passage 

models used by the various agencies in the Columbia River Region. The purpose was 

not to evaluate the correctness of the models or how well the models fit observed data. 

Transportation models 2, 3 and 4 (referred to under different names then) were 

put forward by the States' and Tribes' modelers. Model 2 represented a middle of the 

road scenario on the level of survival in transporting fish1. Models 3 and 4 represented 

scenarios of worse case conditions or low transportation survival2. At no time were 

models 3 and 4 considered best representations of transportation survival. The 

transportation models next appeared in the analysis submitted by the States and Tribes 

to the Salmon Recovery Team3. The document (CBFWA et al. 1993) contains a more 

complete written description of the transportation models. The Recovery Team did not 

specifically address these transportation models in developing their recovery plan. 

Models 3 and 4 surfaced again as central assumptions in justifying the NMFS 

emergency spill plan. In brief, the transport models were developed in a model 

comparison framework as possible scenarios. Since then they have been applied to 

1. Model 2 transportation survival was 42.5% in the comparison workshop report. 
2. Transportation survivals were 21.2 and 15.2% respectively in models 3 and 4. 
3. Model 2 transportation survival was changed to 66.4% in the report to the Recov­

ery Team. 

2 



management decisions. At no time in development or application have models 2, 3 and 

4 been reviewed1. 

The models 

The FLUSH passage model contains three sub-models describing different 

assumptions on juvenile fish survival in transportation. Transport model 2 represents 

the standard model used for comparison purposes in the model Comparison Workshop. 

In model 2 transport survival is a constant over all flows. Models 3 and 4 assume low 

transport survival under average flows and further decrease survival with low flows. 

Models 3 and 4 were described in the model comparison workshop proceedings 

(Anonymous 1993) as follows: 

Model 3 and 4 reduce the survival for water travel times less than 
15.7 days to the -survival associated with a TBR from LGO of 
1.0: 1 and 0.4: 1 in 1986 respectively, and use a linear model to 
connect the survivals at 15.7 days to three times the observed 
survival from LGO in 1977 

Models 3 and 4 imply that transportation does not benefit fish. This is contrary to 

the conclusions of the peer review of transportation by Mundy ( 1994 ). In that document 

he states, "It is more probable than not that transportation acts to improve survivals of 

certain kinds of salmon from the Snake River under certain combinations of darn 

operations and river flow conditions." 

The three models are illustrated in Fig. l. The curve shapes were adjusted 

according to data and assumptions specific to 1977 and 1986. Information from 1986 

was used to fix the flat part of the curves in Fig. l. In this year, the water travel time was 

specified in FLUSH as 15.7 days. Conditions for the year 1977, corresponding to a 

water travel time of 36.7 days, were used to specify the minimum transport survival. A 

linear relationship between the maximum and minimum survivals was assumed for 

both models 3 and 4. In effect, 3 and 4 are identical models except for the choice of 

maximum survival. Details on how the three models were developed follows. 

1. The model peer review panel, charged with the task of reviewing all regional life 
cycle and passage models under the of coordination Oak Ridge Environmental 
Laboratory, has not reviewed transport models 2, 3 and 4 (Barnthouse, personal 
communication) 

3 
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Fig.1 Three transportation survival models used in FLUSH showing 
relationships between survival and water particle travel time. 

Generally speaking, transportation survival for any given year is estimated by the 
formula 

8transport = TBR x 8river (1) 

where transport survival for a specific year, Stransport• is the product of the transport 

benefit ratio (TBR) for the year times the in river survival (Sfiverl for the year. The level 

of survival in model 2 was set with a more complete data set derived from studies of 

spring chinook transported from Lower Granite Dam in 1986. Model 3 and 4 used 

selected data from 1986 to define the flat section of the survival curves and assumptions 

on the conditions in 1977 to define the minimum survival point. The validity of the 

models rests entirely on the validity of using data from these years to represent survival 

in the current transportation system. 

First consider the selection of TBR in the models. TBR is essentially the ratio of 

returning test and control adults tagged as juveniles at Lower Granite Dam. The test fish 

were placed in barges and transported to below Bonneville Dam, the lowest in the 
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hydrosystem. The control fish were trucked to and released below Little Goose Dam, 

the dam immediately down river of Lower Granite. Since the adults were captured at 

different locations in their return different TB Rs could be generated depending on 

which capture locations were selected. For model 2 only test and control fish captured 

at Lower Granite Dam were used to calculate the 1986 TBR. This gave a TBR of l.6to 

1. Model 3 used a subset of the fish captured above Lower Granite dam. The resulting 

TBR was 1 to 11. Model 4 used a further reduced subset of fish captured above Lower 

Granite Dam. The TBR was 0.4 to 1. The actual numbers of fish used to define these 

ratios were a small fraction (0.017%) of the fish tagged in the transportation study. Ali 

a result the TB Rs in Table 2 contain significant uncertainty. The numbers for model 3 

and 4 in Table 2 are approximate because the exact selection of data used is not 

available in any of the documents. 

Table 2 Captures of test and control spring chinook from the 1986 
transportation study. The numbers are used to estimate TBR ratios in 
models 2, 3 and 4 (Anonymous 1992). A total of 90,000 fish were tagged. 

Model 
Capture Transport Control 

TBR 
Location Recoveries Recoveries 

2 atLGR 74 47 1.6 to 1 

3 aboveLGR 12 19 -1to1 

4 selected sites >9 > 15 - 0.4 to 1 

For models 3 and 4 a second estimate of TBR was required to identify the slope 

of the survival curve under low flow conditions. The States and Tribes choose 1977 as 

the low flow year. No fish returned from either test or control groups that year so no 

TBR is available. In spite of the extreme low flow conditions in 1977 and the 

documented poor conditions of fish arriving at Lower Granite Dam (Steward 1994) an 

intermediate TBR of 3 to 1 was chosen without clear justification. Using the maximum 

observed TBR, which was 8.5 and occurred in 1978 under a flow of 89 kcfs, 

transportation survival in low flows would be much higher than set in models 3 and 4. 

1. The FLUSH modelers excluded the Rapid River hatchery collections. Had it been 
included the TBR would be 1.1to1. 
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A weakness of the FLUSH transportation models is that they selectively used 

transportation information from one year only, 1986. The eight transportation 

experiments conducted at Lower Granite since 1975 gave TBRs between 0.6 to 8.5 

(Fisher 1993). Including these additional data yields a different result. Fisher (1993) 

analyzing all TBR data demonstrated a positive relationship between transportation 

survival and flow. Models 3 and 4 assume a negative relationship. To demonstrate a 

worse case scenario it is permissible to use selected data but for management purposes 

a model should consider all available data. Clearly models 3 and 4 were misused as the 

sole justification of the emergency spill plan. 

The second element required to calculate transport survival is in river survival 

(Sriver). Here also, the choice of values yields a low transportation survival. FLUSH 

uses a flow in river survival curve based on the Sims and Ossiander flow survival 

relationship generated from data collected in the 1970's and 1980's. A revaluation of 

this data set (Steward, 1994) indicated serious flaws in the analysis including; 

misreporting of results, problems in experimental design, and unusual hydrosystem 

operations in earlier years. Steward recommended that the Sims and Ossinder data not 

be generalized to existing populations and passage conditions. FLUSH uses this 

relationship at the exclusion of other, more recent results. The NMFS survival studies 

in the Snake River in 1993 and turbine survival studies in the mid Columbia support the 

contention that in river survival is higher than that estimated from the Sims and 

Ossinder data.1 

Finally, the use of two transportation models (3 and 4) obscures the issues and 

falsely implies that additional evidence supports the low transport survival hypothesis. 

In fact, models 3 and 4 are the same model using different numbers, both equally 

supported or unsupported depending on ones point of view. 

1. In calibrating CRiSP we are taking a more comprehensive approach that includes 
a variety of data sets. Our estimates of in river survival are higher than those 
used in FLUSH (Anderson et al. 1993). It is our belief that calibrations of the 
models for use in making management decisions should use all available data 
sets, not a single data set. 
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The bottom line 

The benefits to system survival from the NMFS emergency spill plan rest solely 

on using the FLUSH passage model with transportation model 3 or 4. These models are 

the same with different parameters. They were developed to explore worst case 

scenarios of transportation in a Model Comparison Workshop and their use to evaluate 

the emergency spill plan to the exclusions of other models and scenarios is 

inappropriate. Models 3 and 4 are based in part on unsupported assumptions, selective 

use of the data, and data from studies that should not be generalized to current passage 

conditions. 

In my opinion, NMFS's conclusion that the emergency spill improves system 

survival rests solely on questionable use of models and data. This action serves nobody 

well in the long run. 
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Michael Llewelyn 
Department of Ecology 
300 Desmond Drive 
Olympia, WA 98504-7600 

Dear Mr. Llewelyn: 

IU I-'. ldl 

WESL.EY J. E:BEL, Ph.D. & Associates 
Fish and Wildlife Consultants 
107 NW 185th Street 
Seattle, WA 98177 

May 26, 1994 

I have reviewed the National Marine Fisheries Services 
Final Gas Bubble Disease Monitoring and Management Plan dated May 
20. 1994 and have the following comments. 

In section 5.1, I note that NMFS has chosen to control the 
saturation levels by monitoring the forebay levels of saturation. 
They state that the forebay concentrations a.re "The most 
biologically relevant" because measurements of tailrace 
concentrations will be extremely variable depending en their 
location relevant to the Powerhouse or s~illway. This rationale 
may be correct fo.- smolts but not for upstrsam migrating adults. 
The most biologically releva.nt concentrations for adults are those 
in the tail ra.ces. Numerous studies have shown ths.t adults pO\ssase 
problems at dams on the Columbia and 5nake Rivers are usually 
caused by delays in fish finding the fishway entrances. entering 
and passim;1 through the fishway systems. Dudng thes€ periods <:if 
delay, adults are searching in the tailraces of the dams on both 
the spillway and c.urbi ne sides of the darn fo·r fishway entrances 
Therefore high concentrations of dissolved gas in the tailraces 
could be critical to survival of adults during their upstream 
migration. The proposed level of spill required to reach the goal 
of 80% fish passage efficiency «ill resu.lt in high le•Jels cf 
dissolved 9as (over 120%) on the spillway sides of most -:if the dan•s 
listed in the spill plan. Therefore, I believe the tailrace 
concent;ations should be considered as well as the forebaY 
concentrations in controlling the amount of spill; particularly '"·t 
Ice harbor and Bonneville Dams where spillinsi will occuc 24 hov.i-s " 
day. The tailrace concentrations of dissolved gas on the spillway 
side should be used to control the level ot spill at these dams. 
The mixed value of dissolved gas measured in the forabay of McNa.ry 
Dam has little relevance to adults attempting to pass Ice Harbo,­
Dam. 

I also note in section 5.2 that spilled water will be 1-educed if 
signs of G8D exceed 5% in juveniles and 2% in adults. My 



MRY-26-1 994 05 : 11 PM FROM 286 546 3122 
r·' "-""'" 

recollection of the recommendations of the Oregon Environmental 
Quality commission on May l6, 1994 was that spilling would be 
reduced if any a.dults showed signs of GBD and that the dissolved 
gas measurements for controlling spill wo•..1ld be made in the areas 
where concentrations would be expected to be high (tailraces) cf 
the dams. 

In summary, l believe NMFS should carefully mo:-iitor dissolved gas 
levels of spillways a.t dams where concentrations are a.re known '::·:. 
get high, such as, Litt.le Goose, Lower t~onurnental, Ice harbor • a.nc 
John Oay Oams and strive to hold saturatiol"I levels at or below 120"< 
during times when adults '.Ire known to be present. ln addition. C2'!1 
counts of adults should be closely monitored throughout the adult 
migration for any indication of delay or loss at • particular dam 
so that corrective action can be taken. 

Sincerely, 

WESLEY J. EBEL, Ph.O. 



BULLIVANT HOUSER 
BAILEY 
PENDERGRASS 
&HOFFMAN 
ATTORNEYS AT LAW 

R. ERlCK JOHNSON 
Direct Dial (503) 499-4475 

Mr. Fred Hansen, Director 
Oregon Department of 

Environmental Quality 
811 s.w. Sixth Avenue 
Portland, Oregon 97204 

300 Pioneer Tower 
888 S.W Fifth Avenue 
Portland, OR 97204-2089 
(5031228-6351 

May 31, 1994 

Fax (5031295-0915 
Cable Address Portlaw 
Telex 5101010486 Bullivant 

Re: Spill in the Lower Snake and Columbia Rivers 

Dear Mr. Hansen: 

Results of the biological monitoring for impacts of 
the current National Marine Fisheries Service's spill program 
are now becoming available. We enclose a copy of the Fish 
Passage Center's May 27 summary showing impacts on juvenile 
hatchery steelhead observed at monitoring points at five 
facilities. (Tab 1) 

We are alarmed at the very high incidence of signs of 
Gas Bubble Disease (GBD) in these juveniles. Apparently, NMFS 
and the Corps of Engineers agreed on Friday, May 27, that the 
spill program had to be reduced immediately, by one-third, in 
order to respond to this data. This was in addition to reduc­
tions in spill made to comply with the Environmental Quality 
Commission's May 16 ruling. 

The information we provided to the EQC in advance 
of its May 16 hearing, the submission by independent expert 
Dr. Gerald Bouck, and the testimony of our advisor Dr. Wesley 
Ebel, as well as Dr. Bouck, at the May 16 hearing all indicate 
how dangerous this spill program is. 

The agencies that support the spill program attempt 
to justify it as a response to the collapse of the Columbia and 
Snake Rivers spring chinook runs, but this spill program is not 
a logical response to that development. Spill does not benefit 
upstream migrating adults. Instead, it harms them. Spill makes 
it harder for the adults to find fish ladders because it creates 
flow patterns in the tailraces of the dams that confuse adults 
and obscure attractant flows designed to lead adults to the fish 
ladders. At a minimum, this delays the adults' upstream 
migration. 

PORTLAND• SACRAMENTO•SEATTLE•VANCOUVER 



BuLLIVANT HOUSER BAILEY PENDERGRASS &HoFFMAN 

Mr. Fred Hansen, Director 
May 31, 1994 
Page 2 

Worse, as Dr. Ebel explained, when as a result of 
spill adults are delayed in the tailraces of the dams, they are 
subjected to very high concentrations of dissolved gas. This 
at least weakens the adults, and may be lethal if there is suffi­
cient exposure. As Dr. Bouck advised the Commission, one should 
not expect to see external signs of gas bubble disease in adults. 
The absence of visible external signs in adults passing through 
fish counting facilities does not mean there have not been lethal 
or sub-lethal (but still seriously adverse) exposures. Internal 
signs are, we understand, certain to exist in adults when juve­
niles show the high incidence of internal and external signs 
that the Fish Passage Center and the monitoring agencies have 
observed. 

The monitoring program that is in place does not hold 
any promise of disclosing the real incidence of GBD in adults 
because there is no plan to sacrifice the few that remain in 
order to conduct tests necessary to ascertain the existence of 
internal signs. Based on the testimony of the leading GBD 
experts, we believe it is irrational to assume, as it appears 
the Fish Passage Center and the Oregon Department of Fish & 
Wildlife do, that absence of external signs means affected fish 
will only suffer sub-lethal effects or that sub-lethal effects 
are not something to worry about. Adults will die and their 
carcasses will not likely be found in a river the size of the 
Columbia. 

We asked Dr. Ebel, our gas saturation and GBD advisor, 
to review and comment on NMFS' monitoring program for this spill. 
Dr. Ebel's letter of May 26 (addressed to the Washington Depart­
ment of Ecology for its May 31 hearing) is enclosed. (Tab 2) 

To justify this spill program as a response to the 
collapse of adult runs is illogical. The spill cannot benefit 
the ESA listed adult salmon; it can only harm them. Not only 
that, as Dr. Bouck testified, it also harms many other organisms 
comprising the Columbia River biota, including steelhead runs 
that are subject to an ESA listing petition and other healthier 
runs of salmon. 

The results of the biological monitoring on juveniles 
also shows the serious harm being inflicted on them by the spill 
program. The proponents of the spill concede that this season's 
population of downstream migrants is not weak. The juvenile runs 
do not need special assistance from increased spill. 
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The Fish Passage Center's seriously flawed critique 
of transport notwithstanding, a comparison with 1989 is in order. 
In that year, flow conditions closely paralleled those of 1994. 
Transport/control studies were conducted to assess the effective­
ness of transport as compared to in-river passage. The results 
showed a 2.5 to 1 transport benefit ratio, meaning that trans­
ported fish experienced a 60% reduction in passage mortality, as 
compared to the control group. The choice this year to employ 
greatly increased spill, and thus to reduce the number of juve­
niles transported, was based on speculation, not on sound data 
and not on the basis of a crash in the juvenile population. 

We recognize the DEQ staff and the EQC have been placed 
in the difficult position of assuming the scientific validity of 
a highly controversial policy decision to spill in this low flow 
year, rather than to fully implement the transport program. You 
asked the EQC and witnesses to focus on the effects of gas super­
saturation at the May 16 hearing, but the proponents of spill 
spent much time justifying the proposal and criticizing the 
transport program. Taken as a whole, the spill proponents' 
effort was such as to cause two Commissioners to voice sharp 
criticism of the justifications offered for the spill. 

We believe the EQC was misinformed when it heard only 
one side of the transport/spill debate. We asked Dr. Donald 
Chapman to provide us an analysis of the merits of this spill 
proposal, as compared to transport. We enclose a copy of his 
letter of May 13 and his resume. (Tab 3) Dr. Chapman advises 
that the best scientific information today favors transportation 
over in-river migration at low river flows, such as are occur­
ring now. He also concludes that the risks of the proposed 
spill program in this low-flow year are too high to bear. The 
80% FPE spill program, according to Dr. Chapman, risks killing 
an unacceptable number of ESA-listed smelts and adults. 

Testimony before the EQC on May 16 also included 
statements by spill proponents that their computer model (FLUSH) 
supported the spill decision. You may recall that the corps of 
Engineers' Mr. Athearn candidly suggested that the FLUSH model 
results were entirely dependent on the assumptions embedded in 
it. In fact, FLUSH was inappropriately used to justify the spill 
proposal. We enclose copies of a paper by modelling expert James 
J. Anderson (Tab 4) which describes the flaws in the use of FLUSH 
to support this spill. We also enclose an affidavit (and resume) 
of Prof. Anderson which explains how another model, CRiSP, is the 
only model which attempts to estimate the adverse effects of gas 
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supersaturation caused by increased spill. (Tab 5) The CRiSP 
model predicts that increasing spill will increase mortality as 
a result of gas supersaturation. 

This speculative spill exercise is all but certain 
to prove to have been a disastrous failure. The EQC can and 
should act to mitigate the harm this irresponsible experiment 
is causing. We urge you to bring before the Commission at the 
earliest possible time the question of abrogating the temporary 
rule that allowed gas supersaturation levels to peak at 120% and 
returning to the standard of 110%. This spill should be stopped 
now before it kills even more fish. 

Enclosures 

cc (w/encl.): EQC Members 

Very truly yours, 

R::ic~;~::~Jz'·cC:-
Attorney for .§;/ 
Pacific Northwest 
Generating Cooperative 

Cfl ~~ \ ~· 
Grst;;; J.Gtiner 
Attorney for 
Public Power Council 
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Michael Llewelyn 
Department of Ecology 
300 Desmond Drive 
Olympia, WA 98504-7600 

Dear Mr. Llewelyn: 

TO 1503295105d F', 01 

WESLEY J. EBEL, Ph.D. & Associates 
Fish and Wildlife Consul t.a.nts 
107 NW 185th Street 
Seattle, WA 98177 

May 26, 1994 

I have reviewed the National Marine Fisheries Services 
Final Gas 8ubble Disease Monitoring and Management Plan dated May 
20. 1994 and have the following comments. 

ln section 5.1, I note that NMFS has chosen to control the 
saturation levels b·y monitoring the forebay levels of saturation. 
They state that the forebay concentrations are "The most 
biologically relevant• because measurements of tailrace 
concentrations will be extremely variable depending on their 
location relevant to the Powerh<>use or st:>i llway. This ,. atlona.le 
may be correct fol" srnolts but llOt fo,. upstream migrating adults. 
The most biologic.ally relevant concentrations for adults are those 
in the taili"aces. Numerous studies have shown tha.t adults p"ssa.ge 
proble1ns at dams ori the Colltmbia and Snake Rivers ara usually 
caused by delays in fish finding the fishway entrances, entering 
and passing through the fishway systems. During these periods <:if 
delay, adults are searching in the ta.ilraces of the dams on both 
the spillway and turbine sides of the dam for fishway entrances 
Therefore high concentrations of dissolved gas in the tailraces 
could be critical to survival of adults during their upst,.eam 
migi"ation. The pi"oposed level of spill required to reach the goal 
of 80% fish passa,ge eff;i.ci.ency •~ill. resu.lt in high levels of 
dissolved gas (over 120%) on the spillway sides of most of the de.ms 
listed in the spill plan. Thei"efore, I believe the tailraca 
concentrations shou.ld be considered as well as the fon~oay 
concenti"ations in controlling the amount of spill; particularly .,,t 
Ice haxbor al'1d Bonneville Dams where spillins;i will occur 24 hovn'l a 
day,, The taili"ace concentrations of dissolved gas on the spillway 
side should be used to control the level of spill at t.hese dams. 
The mixed value of dissolved gas measured in the forabay of McNary,, 
Darn has little relevance to adults attempting to pass Ice Harbor 
Dam. 

I also note in section 5.2 that spilled wate'<" will be \·educed if 
signs of G8'.) exceed .5% in juveniles and 2% in adults. My 
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recollection of the recommendations of the Oregon Environmenta.l 
Quality Commission on May 16, 1994 was that spilling would be 
redu.ced if any adults showed signs of GBD and that the dissolved 
gas measurements for cont.rolling spill would be made in the ereas 
where concentrations would be expected to be high (tailraces) of 
the dams. 

In summaTy, l believe NMFS should ca<efully monitor dissolved gas 
levels of spillways at dams where concent<ations a<e are known !o 
get high, such as, Little Goose, Lower Monumental, Ice harbor , e.nd 
John Day Dams and strive to hold saturatio11 levels at or below 1.20'• 
during times when adults axe known to be present. ln addition. darn 
counts of adu.lts should be closely monitored throughout the adult 
migration for any indication of delay or loss at a. pa-,-ticular dam 
so that corrective action can be taken. 

Sincerely, 

WESLEY J. EBEL, Ph.D. 



Don Chapman Consultants, Inc. 

3653 Rickenbacker, Suite 200 
Boise, Idaho 83705 

(208) 383-3401 •FAX (208) 344-4861 

Mr. Bill Masters 

Bullivant, Houser and Bailey 

300 Pioneer Tower 

888 S.W. 5th Ave. 
Portland, OR97204 

Dear Mr. Masters: 

13 May 1994 

You asked me to evaluate the NMFS/FWS proposal to use spill in combination with 

transportation to provide 80% FPE (Fish Passage Efficiency) 1 for smolts in the 

Columbia River system. I respond in summary by stating that the risks entailed in 

the proposed spill program are unknown, hence unacceptable in comparison with 

full application of transportation. I conclude that the proposed program will kill 

more fish than would full reliance on transportation. I estimate that smolt survival 

in 1993 was very low in spite of high flows, extensive spill, and FPEs greater in the 

Snake River than those proposed for 1994. I estimate that the adult run of spring 

chinook in 1995 will be disastrously low, far lower than the 1994 adult run, 

indicating an ecological bottleneck downstream from Bonneville Dam in the smolt­

to-adult stage. I urge that managers and researchers extend mitigation-oriented 

research beyond transport, flow, and travel time considerations. I recommend that 

NMFS declare at least the nearshore sea in Pacific Northwest waters as critical 

habitat. 

I begin by examining how the 1995 run is likely to shape up after it enjoyed 

1 Percentage of fish that arrive at the upstream face of a dam and arrive in the tailrace or in 

transportation facilities. 

1 



excellent conditions for inriver migration from both the mid-Columbia and Snake 

rivers: 

1. Over the past 10 years, according to FPC records, 2 the average count of spring 

chinook at Bonneville Dam through May 5 of each year was 70,502 adults, and the 

average jack count was 1,580. In 1993, the adult count was 88,537 and jacks 

totaled 503. In 1994, the adults totaled 15,936 and jacks 169 by May 5. As you 

know, jack numbers can be used to predict adult runs one year later.3 

2. Over the past 1 O years, the count by May 5 has amounted to 88% of the total 

spring chinook run at Bonneville. The jack count by May 5 has amounted to 39% 

of the total spring chinook jack count, showing that jacks tend to come in a bit 

later, on average, than adults. If I divide the 1994 jack count by 0.39, I get a total 

jack estimate of 433 for 1994. This estimate is 11 % of the 10-year jack average 

for the spring chinook run. It suggests that the spring chinook run of 1995 will be 

disastrously low. A check on this calculation is that the 1993 jack total was 

1,344, which would suggest that the 1994 adult run should be roughly 33% of the 

10-year average, or about 26,800 adults. Latest estimated adult run for 1994 is 

about 22,000 fish. My calculations could certainly be refined with regression 

analysis, tweaking here and there, and by corrections for adult age distributions, 

but they suggest a 1995 run of less than 9,000 adults; a disaster by any account. 4 

Even if I am off by 100%, and the run is 18,000 adults, it will still be a disaster. 

3. Conditions in 1993 for the smolt migration in-river were very, very good, and 

generally accorded with long-term agency and tribe wishes, although the conditions 

resulted largely from a very wet spring, not human intervention. Nonetheless, we 

can use those conditions to examine the passage routing of smolts. 

2 Fish Passage Center weekly report #94-8. 

3 
Dammers, W. 1993. Run size forecast for Columbia River upriver adult spring chinook, 

1994. WDF, Columbia River Lab. Prog. Rep. 93-27. 

4 
I caution that my jack information only goes to May 5, 1994 for the 1994 jack run. It is 

possible, though not expected, that jack numbers could blossom late in May, making my 

calculations invalid. 

2 



a. Assuming an FGE (Fish Guidance Efficiency) 5 of 55% at Lower Granite 

Dam (LGR) turbine intake deflection screens between 26 March and 25 June, I 

used collections and spill fractions from FPC reports to estimate total Snake River 

smolt passage (spring and summer chinook combined in the Snake River). I 

estimated the passage at about 3.5 million. If I use an FGE of 44%, based on 

calculations from data in Iwamoto et al. ( 1994), the total passage would be about 

4 million smolts. Thus, we can state that the smolt run did not fail. 

b. Using proportions wild as recorded in FPC data for LGR (I used the Snake 

River trap data for the first week or so), I estimated a proportion wild as about 

19% in the smolt run. This estimate may be slightly high, as a few hatchery 

smolts did not have the adipose removed. Wild fish would amount to about 

670,000. 

c. FPC reports show 1,692,270 smolts (combined spring/summer) 

transported from LGR, or about 48% of the estimated arrivals. About 1.39 million 

were transported by May 13, or about 82% of the total transported by late June. 

The fish that were bypassed or went via spill were exposed to high flows through 

the migration. I calculated that about 640,000 smolts reached the Lower 

Monumental Dam (LMO) tailrace, after adjusting for transport, bypass and project 

loss at 12 % per project. 6 

d. If I very conservatively assume a TBR of 1.0, 7 transported fish would 

enjoy no survival advantage over in-river migrants. I would then apply a smolt-to­

adult survival rate to the 3.19 million combined smolts that are transported and 

that migrate (from LMO tailrace) in the river. Adult returns for survivals of 0.5% 

and 1.0% 15,950 and 31,900. 

5 The fraction of fish that enter turbine intakes and is deflected upward into gatewells in 

intakes equipped with submerged travelling screens. 

6 Most fish not transported passed LGR May 12-30 when spill and discharge averaged 45 

kcfs and 157 kcfs, respectively. Project mortality estimates from PIT tag releases in 1993 were 

obtained at zero spill and discharges of 60-70 kcfs in late April. They equaled 10% in LGR from 30 

km upstream from the dam to the tailrace, and 14% from LGR tailrace to LGO tailrace. Thus, a 

project mortality of 12% seems a reasonable assumption. 

7 TBR (the ratio of observed survival of transported test groups to observed survival of 

control groups that migrate inriver) in 1986 and 1989, the most recent years of transportation 

studies with controls, equaled 1.6 and 2.5, respectively. Flows in 1986 were about average for 

long-term conditions in the Snake River, while those in 1989 were well below average. 
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e. In (d) above, I dealt only with Snake River migrants, and combined 

spring/summer chinook. Fish classed as summer chinook in the Snake River 

amounted to about 20% of the combined spring/summer chinook adult count at Ice 

Harbor over the past 10 years. Thus, for spring chinook alone, I would expect 

spring chinook adult returns from 3.19 million spring/summer smolts to amount to 

80% of the totals in (d), or 12, 750 and 25,500 adults at the 0.5% and 1.0% 

survival rates. 

f. Adult spring chinook counts (FPC adult passage data) at various dams in 

the Columbia River over the past 10 years have averaged: 

Bonneville 81,341 

The Dalles 55,545 

John Day 

McNary 

Ice Harbor 

Priest Rapids 

44,924 

42,228 

21, 197 

14,261 

g. Adult counts of spring chinook at Ice Harbor Dam (IHR) and Priest Rapids 
Dam (PRO) should be adjusted by interdam disappearance at about 5% per 

project, 8 thus divided by 0.81, or (0.95) 4
, so the count at Bonneville for IHR and 

PRO would be: 

Adjusted IHR 

Adjusted PRO 

Adjusted IHR +PRO 

Adults 

26, 169 

17,606 

43,775 

% of Bonneville adult count 

32.2 

21.6 

53.8 

h. The run of spring chinook to the Snake River in 1995, given an adult run 

at Bonneville of 9,000 spring chinook (see #2 above), could thus be estimated as 

2,898, if I use the adjusted 21.6% IHR contribution to the Bonneville count as in 

(g) above. This would represent a survival to Bonneville from Snake River smolt 

(0.8 x 3, 190,000 combined spring/summer smolts = 2,552,000 spring chinook 

smolts) to adult of about 0.12% (see (d) above). Survival from smolt to IHR adult 

8 
Chapman, D., A. Giorgi, M. Hill, A. Maule, S. Mccutcheon, D. Park, W. Platts, K. Pratt, J. 

Seeb, L. Seeb, and F. Utter. 1991. Status of Snake River chinook salmon. Don Chapman 

Consultants, Inc., Report to PNUCC, February 19, 1991. 
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would be lower, about 0.10%. 9 

i. The agency performance standard for the Lower Snake River 

Compensation Plan is 0.8% survival from hatchery smolt to adult. Estimates of 

Petrosky ( 1992) 10 for survival of wild spring/summer chi nook would predict an 

adult return of over 2.0% for a May discharge mean in 1993 of about 131,000 cfs. 

Even for June discharges in 1993, which were over 100 kcfs for most of the first 

three weeks of the month, Petrosky (1992) would predict 1.5-2.0% survival (for 

ready reference, see Figure 2 of Appendix B of the NMFS Biological Opinion for 

operations through 1999, as attached to letter from Schmitten to Hardy dated 

March 16, 1994). 

5. The key point in the foregoing treatment is that with 1993 discharges much 

above average in the system, and with significant spill over most of the latter half 

of May in the Snake and Columbia rivers, estimated survival of Snake River smolts 

to adulthood will be very low. I recognize that some of the returning adults in 

1995 will consist of 3-ocean fish that went to sea in 1992, but the very low run in 

1994 indicates that 3-ocean fish will not be abundant in the 1995 run. The higher 

that fraction is, the lower will be the smolt-to-adult survival of 2-qcean fish, with 

my assumptions in the treatment in #1-#4 above. 

6. A key question is "What were the Snake River FPEs in 1993?" I estimate them 

on the basis of total arrivals at LGR, or 3.5-4.0 million, in relation to combined 

numbers transported from all Snake River projects or arriving at LMO tailrace. With 

that combined approach for LGR arrivals of 4 million smolts, FPE was about 3.19 

million divided by 4 million, or 80%. That equates to 93% per project for LMO, 

Little Goose Dam (LGO), and LGR. If I adjust the LMO tailrace survivors by IHR 

survival at 0.88 (using PIT tag reach survival in 1993 through LGO project as a 

9 Calculations to this point are sensitive to FGE. If FGE is greater than 55%, the number of 

smelts that arrived at LGR is less than I estimate. If FGE is Jess than 55%, the number of arrivals is 

greater. The arrival estimate is also sensitive to the assumption that fish pass in spill in proportion 

to the volume spilled in relation to total river discharge. However, I used assumptions commonly 

used by agency and tribal biologists in modeling. 

10 
Petrosky, C. 1992. Analysis of flow and velocity effects: smolt survival and adult 

returns of wild spring and summer chinook. Chinook Smalt Workshop Draft Summary. Idaho 

Department of Fish and Game, Boise, Idaho. 8 p. +figures. 
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surrogate for survival through IHR project), the FPE from the combined Snake River 

projects would equal (640,000 at LMO x 0.88 = 563,000 survivors at IHR tailrace, 

plus transported total of 2,550,000, divided by 4,000,000). This equates to FPE 

of 0.94 for the average Snake River project. This FPE would be equivalent in 

definition to, although greater than, the target FPE of 0.80 per project proposed for 

1994. 

7. If the foregoing materials are reasonably on track, it would appear that a 

survival problem beyond flows and FPEs exists for Snake River spring chinook. 

Possibilities, not mutually exclusive, that come to mind include: 

a. The high proportion of hatchery fish in the Snake River system may 

depress survival of the smolt cohort, either because of inherent low viability or 

because of ecological interactions. This explanation seems less than reasonable for 

the sudden collapse of the 1994 and 1995 adult runs, at least as a major cause of 

the problem. This is not to say that excessive numbers of hatchery fish in the 

migration route have no influence on cohort survival. 

b. Transportation seems an unlikely cause of the severely depressed survival 

that appears to be indicated for smolts in 1993 (see above analysis of jack counts 

for 1994), especially in light of the analysis of Matthews et al. ( 1993) 11
, which 

indicated that the part of the smolt run in 1990 that consisted of a high proportion 

of wild fish survived at adult return percentages much higher than were enjoyed by 

parts of the smolt run with a high proportion of hatchery fish. Observed survivals 

to completion of observations in 1993 of two groups known to be constituted of 

mostly wild fish that were transported were 0.8% and 1.3%.12 Actual survivals 

were considerably higher (over 2%) because only part of the adult arrivals at LGR 

were examined for marks. Transported groups that consisted mostly of hatchery 

smolts survived at observed rates of about 0.2%, or about 0.4% to 0.5% with an 

11 Matthews, G., J. Harmon, D. Kamikawa, 8. Sandford, N. Paasch, K. Thomas, and K. 

Mcintyre. 1993. Evaluation of improved collection, handling, and transport techniques to increase 

survival of juvenile salmonids, 1993. Abstract of report of research funded by U.S. Army Corps of 

Engineers, Contract No. DACW68-84-H0034, Northwest Fisheries Science Center, National Marine 

Fisheries Service, Montlake, WA. 98112-2097. 

12 This analysis involved "index" groups transported. No control groups were involved, 

making moot the argument that control groups were transported to LGO, and that TBRs are 

unrepresentative of survival gains from transportation. 
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approximate adjustment of the observed fraction. Furthermore, the run collapse of 

1994 and the predicted collapse of 1995 appear to involve spring chinook from 

areas where fish are not transported. If only the Snake River were involved, and in 

worst case all transported fish from the Snake River died, the runs at Bonneville 

Dam might go down by a maximum percentage of about 15% in 1995 (32% 

contribution of Snake River fish, with about half of the smolts transported in 1993) 

or up to 32 % in 1994 (most smolts transported in 1991 and 1992). But the runs 

are down by 75% in 1994 and predicted to drop from the 10-year average by 89% 
in 1995 (see #2 and #3(f)). Transport is not the culprit. 

c. Gas supersaturation may have affected inriver migrants in 1993, 

especially in the period in May when dissolved gas levels reached mean daily levels 

greater than 120% saturation (May 10-May 26, excluding 3 days slightly below 

120% saturation) at LMO. Daily high gas saturations reached 138-141 for 3 days 

in mid-May. High mean gas saturation levels were frequent at McNary and other 

dams on the lower Columbia River. Gas problems would likely have affected in­

river migrants more than transported smolts, partly because of the concentrated 

transport before spill began in early May, and partly because the smolts transported 

at the upper three Snake River Dams were not exposed to high gas levels before 

they were collected. 13 The adult run collapse of 1994 should not be related to gas 

levels, for they were relatively low during smolt migrations. 

d. A bottleneck may exist downstream from the hydro system for the first 

few weeks of juvenile ocean life. It may consist of an exceedance of carrying 

capacity in the estuary and/or nearshore habitats as a result of too many hatchery 

coho, chinook, steelhead in a relatively small time window, too many shad, low 

upwelling of nutrients, changes caused by a reduced Columbia River plume in 

spring (Ebbesmeyer and Tang born 1993) 14
, or several other potential problems. 

Predation in the estuary and nearshore areas may be involved. Beamish and Buillon 

13 
This point leads one to suggest that the jack-based analysis means a survival bottleneck 

occurred downstream from the barge release point downstream from Bonneville Dam. 

14 
Ebbesmeyer, C., and W. Tangborn. 1993. Great Pacific surface salinity trends caused 

by diverting the Columbia River between seasons. MS submitted to Nature, 17 September 1993, 

Evans-Hamilton, Inc., 731 N. Northlake Way, Seattle, WA 98103. 
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(1993) 15 warned of the potential risks of unabated hatchery output in periods of 

lowered ocean productivity. Evidence is scant as to the real cause of low 

survivals, but the fact that runs in rivers outside the Columbia River have declined 

in recent years leads me to believe that reduced ocean productivity is at least partly 

responsible (e.g., see trends in Central Valley chinook runs, Klamath inriver chinook 

runs, Rogue and Umpqua escapements, north-migrating Oregon coastal chinook, 

Olympic Peninsula chinook, since the late 1980s, in PFMC (1994) 16
). I think a 

collapse of carrying capacity of the nearshore ocean environment and density­

dependent interactions there are likely candidates for an important part of the run 

depression. 

8. Because chinook smolts and adults that swim deeper in the water column may 

hydrostatically adjust gas in tissues to some degree, it is difficult to predict 

precisely the effects of given gas supersaturation levels. Information on fish 

behavior in the presence of gas supersaturation is very limited. However, EPA 

(Environmental Protection Agency) and state standards specify a gas 

supersaturation level of 110%. Dawley and Ebel (1975) 17
, as a result of studies of 

fish survival and sublethal stresses at various gas supersaturation levels, believed 

that the standard was justified. Risk attends spill that increases dissolved gases to 

more than 110% saturation. Managers must rationalize that risk in relation to 

possible benefits of spill for increasing survival "across the concrete." I am 

concerned about the high spill fractions and extended spills proposed at LGR, LGO, 

LMO, and IHR for 1994. 

9. In low flow years, mortality in tailraces and reservoirs may offset gains 

produced by passage of smolts through spill. The reasons are two-fold. First, low­

flow years tend to produce higher river temperatures earlier, in turn tending to 

15 
Beamish, R., and D. Bouillon. 1993. Pacific salmon production trends in relation to 

climate. Canadian J. of Fisheries and Aquat. Sci. 50:1002-1016. 

16 PFMC (Pacific Fishery Management Council). 1994. Review of 1993 ocean salmon 

fisheries. Pacific Fishery Management Council, 2000 SW First Ave., Ste 420, Portland, OR 97201-

5344. 

17 Dawley, E., and W. Ebel. 1975. Effects of various concentrations of dissolved 

atmospheric gas on juvenile chinook salmon and steelhead trout. Fish. Bull. 73(4):787-796. 
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increase predator physiological activity and daily rations. Secondly, fish travel time 

tends to increase with lower discharge, 18 so that smolts may be exposed to 

predation for a longer period than would otherwise be the case. Spill is thought 

not to affect predation through the length of the reservoir. The agencies and tribes 

have repeatedly stressed dangers of extended travel time, and used NMFS data 

from the early 1970s to estimate low survivals in reservoir passage at low river 

discharge. The current NMFS/FWS action to force passage of more smolts at low 

discharge seems contrary to that history of position. 

10. Biological monitoring as specified in the May 6, 1994 memo from NMFS/FWS 

does not specify how monitoring would be conducted. Does it include tissue 

sectioning and examination by pathologists, swimming performance, blood 

chemistry, body counts of dead fish in raceways, or other techniques? It is 

important to specify techniques, for they can lead to false impressions. For 

example, if fish collected in shallow, degassed raceways are used for monitoring, 

they might or might not display serious symptoms, and might or might not suffer 

greater mortality than fish that are free to swim deeper in the open river. Adults 

that must pass fishways may lose the option of deep swimming to adjust for gas­

supersaturated water. How will adult condition and mortality be evaluated? It 

would be tragic if managers succeeded in "reducing risk of transportation" if the 

spills specified result in acute, chronic, or delayed mortality in adult salmon. As far 

as I can determine, the only places to evaluate adults would be for fish trapped at, 

say, Ice Harbor and perhaps LGR. By the time adults reach that point, we could 

have lost many and never be aware of it. I think the NMFS/FWS action is a 

gigantic and unprecedented gamble without knowledge of the odds. 

11 . Best scientific information today favors transportation over in-river migration at 

low river flows. Discharge this year certainly will be low, absent prompt torrential 

rains in May. River temperature in the Columbia River system will rise early and 

remain higher than average, favoring early predator activity .19 Although some 

observers may criticize past transport study results, those data are the best that 

18 Petrosky (1992), op cit. 

19 Air temperatures in Boise were well above normal in all the first 1 0 days of May. 

Precipitation is far below normal. 
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we have. A recent review by Mundy et al. (1994) 20 states: "It is more probable 

than not that transportation acts to improve the relative survivals of certain kinds 

of salmon from the Snake River under certain combination of dam operations and 

river flow conditions." "Certain kinds" here means steelhead and, "to a lesser 

degree, spring/summer chinook." "Certain ..... dam operations" here means low 

flow and low spill fractions. Mundy et al. (1994) also note: "Before a "spreading 

the risks" policy can be implemented, the risks need to be known." I submit that 

the low flow of 1994 should trigger full transportation, even if one relied only on 

the comments of Mundy et al. for support. It is important to proceed with great 

caution in encouraging in-river migration in the present river system, for the risks 

are not known for the mitigation scheme proposed in the NMFS/FWS letter of May 

6, 1994. 

12. Assuming that the wild smolt population in 1994 is close to that which arrived 

at LGR in 1993 (I estimated about 670,000 -- see #3(b)), I used the existing 

information from the 1989 TBRs (another low flow year, in which TBR was 2.5, 

meaning that 1.0 inriver migrants would survive to adulthood while 2.5 transported 

migrants would survive, or a ratio of 40%) to estimate that at LGR, spill to reach 

the 80% FPE will result in 0.80 minus 0.55 (based on FGE of 0.55), or 25% of the 

run lost to transport. That means, again based on the 1989 TBR, that the action 

by NMFS/FWS can be estimated to be responsible for loss of about 100,500 

smolts, calculated as: (1.0-(1.0/2.5)(0.25)(670,000). At LGO, I would calculate 

loss from spill by estimating that about 167,500 wild smolts will pass LGR in spill. 

About 90% of them, or 150,000, will arrive at the upstream face of LGO. FPE for 

turbine routing would be about 60% (FGE =0.60), while FPE with spill would be 

0.80. Thus, 20% of the arrivals, or 30,000 fish, that could have been transported 

will go over spill. They, too, based on TBRs in 1989, will survive about 40% as 

well as if they had been transported. Thus, the spill program will cause another 

18,000 wild smolts to die. Finally, at LMO, about 27,000 fish spilled at LGO will 

survive to the upstream face. Spill to reach 80% FPE will deny 15% of the arrivals 

(assumes FGE of 65% in turbine intakes) the benefits of transport. I assume TBR 

20 
Mundy, P., D. Neeley, C. Steward, T. Quinn, B. Barton, R. Williams, D. Goodman, R. 

Whitney, and M. Erho, Jr. 1994. Juvenile salmonid transportation from hydroelectric projects in 

the Columbia River Basin, an independent peer review. Final Report, U.S. Fish and Wildlife Service, 

Portland, OR. 
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would go down somewhat at LMN with one less project to traverse, so I would use 

a TBR of about 2.0 for calculations. The loss would be (0.15)(27,000)(0.50) = 

2,025 more smolts will die from spreading the risk. Total estimated kill of wild 

smolts, based on the 1989 TBR of 2.5 (but 2.0 at LMO) would equal 100,500 at 

LGR plus 18,000 at LGO plus 2,025 at LMO, or 120,525 fish. That is a loss of 

18 % of the wild smolt run that I estimated would arrive at LGR. 

13. The estimates in #14 can be criticized, of course. But the main point is that 

they are based on the best scientific information available on transportation 

benefits. I consider the data that underlie the estimates to be greatly superior in 

quality to the data that one might use to estimate losses from in-river passage 

caused by gas supersaturation, for example. 

14. I conclude that the risks of the proposed spill program in this low-flow year are 

too high to bear. The 80% FPE program of NMFS/FWS risks kill of an 

unacceptable number of ESA-listed smolts and adults. 

15. Finally, I suggest that it is imperative for managers and researchers to look 

beyond flow, spill, and transportation.21 We need to do all that is scientifically 

justified to improve smolt and adult survival during migrations through the 

Columbia River system, but I believe that the lower estuary and nearshore marine 

areas may constitute an ecological bottleneck. We may be witnessing a collapse of 

the carrying capacity of the nearshore sea. We may have to look also at declines 

in offshore productivity. We must quickly design research and management-level 

experimentation that will examine these factors. 

16. I believe that NMFS should immediately declare the sea as critical habitat, at 

least including a region off the Pacific Northwest to the Canadian border. The 

collapse of Snake River spring chinook in the 1994 run and the predicted greater 

depression in 1995 mandate emergency action. At the very least, I hope NMFS 

and other agencies will seriously evaluate what I have said in this letter. I fervently 

hope I am wrong about the collapse in ocean productivity and the disastrously low 

21 This paragraph is not meant to downplay the importance of tributary habitat husbandry. 

Although NMFS is addressing freshwater habitat issues as part of Section 7 consultations, we must 

act holistically, treating critical habitat as a seamless fabric. 
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run of 1995. I urge colleagues to demonstrate that I am in error. As a scientist I 

hope they can do so. 

Signed: D. W. Chapman 
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HONQRS AND AWARDS 

Phi Sigma outstanding graduate student, 1957, Oregon State University. 

Sigma XI 

Most significant paper of the year award, 1965, 1976, and l988 volumes of 
Transactions of American Fisheries Society. 

Award of Excellence, 1989, Idaho Chapter American Fisheries Society. 

PRESENT ACTIVITIES 

Catch and stock assessment, anadromous fish passage problems, population 
productivity in salmon and steelhead, habitat evaluation in salmon and steelhead 
spawning and rearing areas, fishery resource management, best management practices 
for land use, training and seminars and expert testimony. 

PROFESSIONAL EXPERIENCE 

Dr. Chapman founded Don Chapman Consultants, Inc. in 1978 and is the company 
President and principal scientist. The clients and projects Dr. Chapman has served 
include the following: 

Idaho Power Company. Consultation on ecological studies of fall chinook. 

Pacific Northwest Utilities Conference Committee. Completed st.atus reports on five 
salmon species proposed by petitions for listing as rare and endangered. Current 
consultation on endangered and threatened salmon (Snake River) and recovery 
plans. 

State of Montana. Expert witness on effects of heavy metals on fisheries in.the Clark ·· .. 
Fork, Montana. 



Alaska Pipeline Defense Fund. Biological witness on proceedings for evaluating civil 
damage claims arising out of Exxon Valdez oil spill in Prince William Sound, Alaska. 
Primary emphasis was stock and recruitment effects on salmon. 

Pacificorp. Potential of White Salmon River (Columbia River tributary) to produce 
anadromous fish. 

Los Angeles Department of Water and Power. Fish habitat and ecology in the Mono 
and Owens basins, califomia. 

Battelle Laboratories. Completed an evaluation of criteria for predicting effects of 
sediment (fines) on intragravel survival and on rearing and wintering of salmonids. 

State of Idaho. Consultant in US v. Oregon case on harvest rates and escapement 
needs of stoclhead trout in mixed stock salmon and steelhead fishery in the 
Columbia River. 

State of Idaho. Retained as expert rebuttal witness against Southern Refrigerated 
Transport, Inc., on salmonid kill in the Little Salmon River, caused by Vitavax spill. 

Stone Container Corporation. Retained to advise on ecological effects of pulp mill 
effluent on salmonids in the Clark Pork River, Montana. 

Bechtel Corporation. Conducted environmental evaluations of anadromous fish 
habitat potential in Panther Creek, a Salmon River tributary. 

Montgomery Engineers. Technical advisor on habitat reclamation in Bc.ar Valley 
Creek, Middle Fork Salmon River. 

Montana Power Company. Retained to advise on mitigation and compensation for 
Kerr Dam relicensing (Flathead River). 

Eugene Water and Electric Board. Currently advising utility on ecological studies 
needed for relicensing McKenzie River hydro projects. 

Native American Rights Fund. Retained to advise attorneys on water requirements 
for fish and wild Ii fe on lhe Klamath Reservation. 

Native American Rights Fund. Provided advice on sockeye salmon and chinook 
salmon management problems in Copper River, Alaska. 

Envlrocon, Ltd., Vancouver, B.C. Consulted in salmon and steelhead ~logy for 
problems relate.cl to ALCAN. developments in the Nechako River, an upper Fraser 
tributary, and in the Morice River, a Skeena tributary. 
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Chelan PUD. Conducted a 3-year study of microhabitat utilization by chinook 
salmon and steelhead in the Wenatchee River, Washington. Also conducted a 2-year 
study of genetic makeup of mid-Columbia River salmon and steelhead. Also 
completed a two year study on effocts of a 3-f[ pool raise in Rocky Reach Reservoir 
on fall chinook spawning. 

Grant County PUD. Conducted a 5-year study of effe.cts of peaking flows on fall 
chlnook spawning below Priest Rapids Dam, Columbia River. Completed an analysis 
of effects of peaking on fish and invertebrates in the Hanford Reach. Currently 
retained on fish passage problems at Wanapum and Priest Rapids dams. Testified 
in PERC hearing re. fish passage facilities at two Grant County PUD dams on the 
Columbia River. 

Chelan PUD. Currently retained for continuing consultation on fish passage 
problems in the mid-Columbia :River. 

Douglas County PUD. Conducted a study of sockeye salmon enhancement 
opportunities upstream from Wells Dam. 

Montana Power Company. Advice on mitigation and compensation for effects of 
Kerr Dam on fisheries of the Flathead River. 

Washington Water Power Company. Currently retained as witness in case involving 
Spokane Indian Tribe claims against the company. 

Several small-scale hydro entrepreneurs. Conducted instream-flow studies on 
Billingsley, Cedar Draw, Orofino, Deadhorse, Goose, Mink and Fisher creeks in the 
Payette River, Patterson Creek, Carmen Creek, and West Fork Hood River. 
Prepared Exhibit E materials on fish, wildlife and botanical resources for 
projects at Auger Falls (Snake River), Fisher Creek, Goose Creek, and Elk Creek 
Falls. A California project, Rock Creek, resulted in a full scale FERC hearing. 

Pacific Northwest Utilities Conference Committee. Completed an analysis of salmon 
and steelhcad runs in the Columbia River as affected by hydro and other factors, 
associated with the Power Planning Council's 201 Section. With Drs. Mckenzie and 
Van Hyning, prepared a paper on alternative methods of assessing hydro-caused 
losses on the Columbia River. Estimated historical run sizes in the Columbia River. 
Recently completed a study of progress toward the Northwest Power Planning 
Council's doubling goal. Conducting a study of status of chinook salmon in the 
Snake River basin, and coho salmon in the Lower Columbia River. 

Muckleshoot Indian Tribe. Worked for the Native American Rights Fund as witness 
against Puget Power. Conducted a study of environmental degradation from water 
diversion and dams on the White River near Seattle. 
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Bureau of Indiru1 Affairs. Conducted a field study of effects of a dam on Kootenai 
Falls with regard to trout populations in the Kootenai River. Testified before FERC 
against Northern Lights, foe. 

Bureau of Indian Affairs. Conducted studies of instream flow and habitat in about 
85 reaches in 14 rivers in the Pacific Northwest, to estimate habitat and fishery 
damages caused by various dams and water diversions. They included the Blwha, 
Baker, Sultan, Cedar, Green, Puyallup, Nisqually, Skokomish, North Fork Hoquiam, 
Walla and White salmon in Washington, Willow Creek and Klamath in Oregon, 
Clearwater in Idaho. 

Bureau of Land Management. Prepared an EIS for effects of water withdrawals in 
the Snake River between Twin Falls and Brownlee pool. 

Chelan PUD. Testified in FERC hearings in June/July 1985 as expert witness on 
river and ocean mortality rates, as well as mitigation and compensation 
requirements associated with smolts passing Rock Island Dam. 

Pond ancl Aeri,,111ttir<'. Organization (UN). Periodic miooions in South Amcd1,;11 lo 

provide advice on stock and catch assessment, including 1-2 month consultations in 
Colombia (1978), Peru (1979 and 1980) and Panama (1984). 

Department of Justice. Effects of irrigation withdrawals on lahontan cutthroat and 
cui-ui suckers in the Truckee River. Completed. 

Corps of Engineers, Walla Walla District. Investigated limnological effects of 
impoundment of North Fork Clearwater River. 

Department of Defense. Critique of environmental impact statement prepared by 
Bureau of Reclamation on Mountain Home Project. 

Thorne Ecological Foundation, Boulder, Colorado. Studies of effects of molybdenum 
mining in White Cloud Mountains with regard to fish and Jimnology. 

Salmon Unlimited (now defunct). Evaluation of potential impoundments for 
production of coho salmon. 

Hecla Mining Company. Habitat alteration by stream diversion in North Fork of 
Coeur d'Alene River. 

1978-Presenti Consulting Biologist and President, Don Chapman Consultants, Inc, 

1980-Sprlng: Visiting professor at Montana State University, 

Taught fishery management. 
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1976-1978: Inland fishery Biologist, Food and Agriculture Organl:ratlon, United Notions, 
Cartaeena, Colombia. 

Developed catch assessment program and economic evaluations of fishery in Rio 
Magdelena systemi trained counterpart personnel. 

1973-1976: Stock assessment specialist, FAO, Klgoma, Tanzania. 

Assessed population structure, abundance and fish behavior for pelagic species in 
I..ake Tanganyika; trained counterpart personnel. 

Fall, 1972: Visiting associate professor of Ihnnology, University of Wisconsin, Madison. 

Taught limnology and population dynamics, advised graduate students on research 
methods. 

1964-1972; Lender, Idaho Cooporotivo Fishory Unlt Rnd 'Prnf""c:nr, Unlve~lty of Idaho. 

Taught graduate and undergraduate students in population dynamics and fishery 
management; conducted personal research; supervised four staff members and up to 
18 graduate students. Principal emphasis was salmon and steelhead ecology in fresh 
water. 

1963-1964: Director of Research, Oregon Fish Commission. 

Supervised research and management work of research division wilh 65 biologists 
charged with marine and freshwater food • fish management, with emphasis on 
Columbia River salmon, steelhead, and other anadromous stocks. 

1962·1963: Associate Professor - Oregon State University. 

Supervised and engaged in research, taught biometry and ecology. 

1961·1964: Assistant and Associate Professor, Oregon State University; Coordinator of 
Alsea Watershed Study and Exec. Secretary of Water Resources Research Institute. 

Supervised and engaged in research, taught biometry and ecology. 

1959-1961: Assistant Professor, Oregon State University and Coordinator, Alsea Watershed 
Study, 

Coordinated several research activities and engaged in research on effecls of timber 
harvest on stream ecology, especially on coho salmon. .,, 



1957·1959: Coordinating Biologist, Governor's Commission on Natural Resources, Salem, 
Oree on. 

Sarne duties as 1959-1961. 

1955-1957: Graduate assistant, Oregon Cooperative Wildlife Rcsearcli Unit, Corvallis, 
Oregon. 

MS research on life history of steelhead trout. 

MUJIARY SERVICE 

United States Army Reserve • Active duty July 1953 to May 1955. Honorable 
discharge as First Lieutenant, Infantry. 

PROFF.sSIONAL ACTIVITIES 

Member American Fisheries Society. 

Associate Editor for American Fisheries Society for salmonids, 1981-1983. 

Member of National Marine Fisheries Commission Endangered Species Act 
Technical Advisory Committee. 

Member of National Academy of Science Committee on Conservation of Northwest 
Salmon. 

Member NOAA Advisory Board on Oil Spill Effects. 

FACULTY APPOINTMENT 

Adjunct Professor, Idaho State University, Pocatello, 1984 -. 

ADDITIONALQUALIFJCATIONS 

Licensed as SCUBA diver. 
Licensed as private pilot, instrument, multi-engine. 
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Use of the FLUSH passage model in evaluating the 
NMFS emergency spill program 

prepared May 25, 1994 

by James J. Anderson 
School of Fisheries and Center of Quantitative Science 

University of Washington 

The recent spill program implemented by the National Marine Fisheries Service 

(NMFS) as an emergency measure was, to a significant degree, based on model runs 

from the States' and Tribes' mainstem passage model FLUSH. No other models were 

used, nor was the FLUSH model, as used in the analysis, subjected to peer review. In 

light of the cost and controversy of the emergency spill program NMFS 's exclusive use 

of FLUSH was inappropriate and contrary to the adaptive management of the Columbia 

River. What follows are comments concerning the problems in using FLUSH in this 

context. They also add to my declaration regarding the direct effects of gas bubble 

disease arising from the emergency spill. 

To evaluate the effect of the NMFS spill program the FLUSH model was used 

with three different model assumptions on the efficacy of the transportation of juvenile 

fish through the h ydrosystem. With one set of assumptions (designated transport model 

2) FLUSH indicated that the NMFS spill prograni would have a negative impact on 

system survival. Under the other assumptions (designated models 3 and 4) the spill 

would benefit fish (Table 1). NMFS did not evaluate the spill program with the 

CRiSP 1.4 model, which is the most developed mainstem passage model and is used by 

Bonneville Power Administration and the Army Corps of Engineers. An analysis using 

CRiSPl .4 indicated no benefit to the spill program1. Because of the significance of 

models in 3 and 4 in justifying the emergency spill it is important to understand their 

development and the uncertainties in them. 

I. CRiSPI.4 and FLUSH model 2 both predicted system survival would decrease 
about 2% under the emergency spill program (See Table 1). 
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Table 1 System and transportation survivals from four model scenarios 

Survival in 
Spill CRiSP" FLUSH FLUSH FLUSH 
plan model 2 model 3 model4 

Total system MOUb 50% 20.1% 9.4% 6.8% 
passage NMFSC 48% 17.7% 10.3% 8.2% 

Transportation 80% 42.5% 21.2% 15.2% 

a. Kes wts 11 om LI a trans 1;:;.t" 1.<1 usm g p ortatlon SllI'VlViU or ov ~ 
b. Memorandum Of Understanding on spill prior to emergency spill plan 
c. NMFS emergency spill plan implemented in May 1994 

History 

I first encountered the FLUSH transportation models at the Model Comparison 

Workshops conducted in 1993 (Anonymous 1993). The purpose of the workshops was 

to compare the theory, general responses and sensitivities of the life cycle and passage 

models used by the various agencies in the Columbia River Region. The purpose was 

not to evaluate the correctness of the models or how well the models fit observed data. 

Transportation models 2, 3 and 4 (referred to under different names then) were 

put forward by the States' and Tribes' modelers. Model 2 represented a middle of the 

road scenario on the level of survival in transporting fish 1. Models 3 and 4 represented 

scenarios of worse case conditions or low transportation survival2. At no time were 

models 3 and 4 considered best representations of transportation survival. The 

transportation models next appeared in the analysis submitted by the States and Tribes 

to the Salmon Recovery Team3• The document (CBFWA et al. 1993) contains a more 

complete written description of the transportation models. The Recovery Team did not 

specifically address these transportation models in developing their recovery plan. 

Models 3 and 4 surfaced again as central assumptions in justifying the NMFS 

emergency spill plan. In brief, the transport models were developed in a model 

comparison framework as possible scenarios. Since then they have been applied to 

1. Model 2 transportation survival was 42.5% in the comparison workshop report. 
2. Transportation survivals were 21.2 and 15.2% respectively in models 3 and 4. 
3. Model 2 transportation survival was changed to 66.4% in the report to the Recov­

ery Team. 
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management decisions. At no time in development or application have models 2, 3 and 

4 been reviewed 1. 

The models 

The FLUSH passage model contains three sub-models describing different 

assumptions on juvenile fish survival in transportation. Transport model 2 represents 

the standard model used for comparison purposes in the model Comparison Workshop. 

In model 2 transport survival is a constant over all flows. Models 3 and 4 assume low 

transport survival under average flows and further decrease survival with low flows. 

Models 3 and 4 were described in the model comparison workshop proceedings 

(Anonymous 1993) as follows: 

Model 3 and 4 reduce the survival for water travel times less than 
15.7 days to the -survival associated with a TBR from LGO of 
1.0: 1 and 0.4: 1 in 1986 respectively, and use a linear model to 
connect the survivals at 15.7 days to three times the observed 
survival from LGO in 1977 

Models 3 and 4 imply that transportation does not benefit fish. This is contrary to 

the conclusions of the peer review of transportation by Mundy ( 1994). In that document 

he states, "It is more probable than not that transportation acts to improve survivals of 

certain kinds of salmon from the Snake River under certain combinations of dam 

operations and river flow conditions." 

The three models are illustrated in Fig.1. The curve shapes were adjusted 

according to data and assumptions specific to 1977 and 1986. Information from 1986 

was used to fix the flat part of the curves in Fig.!. In this year, the water travel time was 

specified in FLUSH as 15.7 days. Conditions for the year 1977, corresponding to a 

water travel time of 36.7 days, were used to specify the minimum transport survival. A 

linear relationship between the maximum and minimum survivals was assumed for 

both models 3 and 4. In effect, 3 and 4 are identical models except for the choice of 

maximum survival. Details on how the three models were developed follows. 

1. The model peer review panel, charged with the task of reviewing all regional life 
cycle and passage models under the of coordination Oak Ridge Environmental 
Laboratory, has not reviewed transport models 2, 3 and 4 (Barnthouse, personal 
communication) 
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Fig.I Three transportation survival models used in FLUSH showing 
relationships between survival and water particle travel time. 

Generally speaking, transportation survival for any given year is estimated by the 
formula 

S transport = TBR XS river (1) 

where transport survival for a specific year, Stransport• is the product of the transport 

benefit ratio (TBR) for the year times the in river survival (Sriver) for the year. The level 

of survival in model 2 was set with a more complete data set derived from studies of 

spring chinook transported from Lower Granite Dam in 1986. Model 3 and 4 used 

selected data from 1986 to define the flat section of the survival curves and assumptions 

on the conditions in 1977 to define the minimum survival point. The validity of the 

models rests entirely on the validity of using data from these years to represent survival 

in the current transportation system. 

First consider the selection of TBR in the models. TBR is essentially the ratio of 

returning test and control adults tagged as juveniles at Lower Granite Dam. The test fish 

were placed in barges and transported to below Bonneville Dam, the lowest in the 
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hydrosystem. The control fish were trucked to and released below Little Goose Dam, 

the dam immediately down river of Lower Granite. Since the adults were captured at 

different locations in their return different TB Rs could be generated depending on 

which capture locations were selected. For model 2 only test and control fish captured 

at Lower Granite Dam were used to calculate the 1986 TBR. This gave a TBR of 1.6 to 

1. Model 3 used a subset of the fish captured above Lower Granite dam. The resulting 

TBR was 1 to 11. Model 4 used a further reduced subset of fish captured above Lower 

Granite Dam. The TBR was 0.4 to 1. The actual numbers of fish used to define these 

ratios were a small fraction (0.017%) of the fish tagged in the transportation study. As 

a result the TBRs in Table 2 contain significant uncertainty. The numbers for model 3 

and 4 in Table 2 are approximate because the exact selection of data used is not 

available in any of the documents. 

Table 2 Captures of test and control spring chinook from the 1986 
transportation study. The numbers are used to estimate TBR ratios in 
models 2, 3 and 4 (Anonymous 1992). A total of 90,000 fish were tagged. 

Model 
Capture Transport Control TBR 
Location Recoveries Recoveries 

2 atLGR 74 47 1.6 to 1 

3 aboveLGR 12 19 - 1to1 

4 selected sites >9 > 15 - 0.4 to 1 

For models 3 and 4 a second estimate of TBR was required to identify the slope 

of the survival curve under low flow conditions. The States and Tribes choose 1977 as 

the low flow year. No fish returned from either test or control groups that year so no 

TBR is available. In spite of the extreme low flow conditions in 1977 and the 

documented poor conditions of fish arriving at Lower Granite Dam (Steward 1994) an 

intermediate TBR of 3 to 1 was chosen without clear justification. Using the maximum 

observed TBR, which was 8.5 and occurred in 1978 under a flow of 89 kcfs, 

transportation survival in low flows would be much higher than set in models 3 and 4. 

1. The FLUSH modelers excluded the Rapid River hatchery collections. Had it been 
included the TBR would be 1.1 to 1. 
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A weakness of the FLUSH transportation models is that they selectively used 

transportation information from one year only, 1986. The eight transportation 

experiments conducted at Lower Granite since 1975 gave TBRs between 0.6 to 8.5 

(Fisher 1993). Including these additional data yields a different result. Fisher (1993) 

analyzing all TBR data demonstrated a positive relationship between transportation 

survival and flow. Models 3 and 4 assume a negative relationship. To demonstrate a 

worse case scenario it is permissible to use selected data but for management purposes 

a model should consider all available data. Clearly models 3 and 4 were misused as the 

sole justification of the emergency spill plan. 

The second element required to calculate transport survival is in river survival 

(Sriver). Here also, the choice of values yields a low transportation survival. FLUSH 

uses a flow in river survival curve based on the Sims and Ossiander flow survival 

relationship generated from data collected in the 1970's and 1980's. A revaluation of 

this data set (Steward, 1994) indicated serious flaws in the analysis including; 

misreporting of results, problems in experimental design, and unusual hydrosystem 

operations in earlier years. Steward recommended that the Sims and Ossinder data not 

be generalized to existing populations and passage conditions. FLUSH uses this 

relationship at the exclusion of other, more recent results. The NMFS survival studies 

in the Snake River in 1993 and turbine survival studies in the mid Columbia support the 

contention that in river survival is higher than that estimated from the Sims and 

Ossinder data.1 

Finally, the use of two transportation models (3 and 4) obscures the issues and 

falsely implies that additional evidence supports the low transport survival hypothesis. 

In fact, models 3 and 4 are the same model using different numbers, both equally 

supported or unsupported depending on ones point of view. 

1. In calibrating CRiSP we are taking a more comprehensive approach that includes 
a variety of data sets. Our estimates of in river survival are higher than those 
used in FLUSH (Anderson et al. 1993). It is our belief that calibrations of the 
models for use in making management decisions should use all available data 
sets, not a single data set. 
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The bottom line 

The benefits to system survival from the NMFS emergency spill plan rest solely 

on using the FLUSH passage model with transportation model 3 or 4. These models are 

the same with different parameters. They were developed to explore worst case 

scenarios of transportation in a Model Comparison Workshop and their use to evaluate 

the emergency spill plan to the exclusions of other models and scenarios is 

inappropriate. Models 3 and 4 are based in part on unsupported assumptions, selective 

use of the data, and data from studies that should not be generalized to current passage 

conditions. 

In my opinion, NMFS's conclusion that the emergency spill improves system 

survival rests solely on questionable use of models and data. This action serves nobody 

well in the long run. 
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rnortalicy -:o eacn of :he :hree principal means by which juvenile 

salmon ::iay pass a :lam ·•hile rnigrating downriver: through a 

spillway, through a ~ypass system, or through the electric 

:urbines. :he :~is? ~~del 3lso contains parame~ers which model the 

effects of ':ranspcr::ng :uven1!e salmon around the dams. The CRiSP 

model is thus capacle 8f predic::ng the net change in mortality to 

1uven1le salmon ar:s:ng fr::rn a change in operations that increases 

Che percentage of ·.;ater passing through spillways and decreases the 

percentage of water passing -:hrough turbines. 

J. Although mor't:ality to salmon passing through spillways is 

generally regarded as lower Chan mortality to salmon passing 

Chrough turbines, increased spill tends to increase the percentage 

of dissolved gases presen't: in wa't:er. This phenomenon, called gas 

supersa1:ura1:ion, has long been recognized to be a problem arising 

from the dams, because high levels of gas supersaturation are 

lethal to both juvenile and adult salmon. 

4. Th• CRiSP model is the only computer model in existence 

which --attempts to estimate the adverse effects of gas 

supersaturation caused by increasing spill at the hydroelectric 

projects along the Columbia and Snake Rivers. Thus the CRiSP model 

Page 2 - DECLARATION OF JAMES JAY ANDERSON 

Wl, J.t.Hll: & NCNllQ. 
"-"- .. ... 

101 l.W ...... .,._ 
........... er.... '1'Jaill 

! ...... tla221o2AI 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2 

3 

4 

5 

6 

-
' 

8 

9 

'.O 

11 

12 

13 

14 

15 

16 

17 

l8 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

is the only model that o:an provide an es-i:i:nate of the balance 

between advantages to :~.creasing S!'.Jlll and the disadvantage of 

:ncreasing gas supersaturat:=n. The ~odel predicts effects from 

gas supersaturation t:ased =n the ·•ark of :lawley e;; al. ( 1976), 

using the relationsn1ps =et~een gas supersaturation and survival 

developed througn experi:nents in deep tanks. 

5. t have been '1nable to Obtain definitive documentation Of 

the program to increase sp1l:s. :t is unusual to have a program of 

this magn1t'1de ::ieveloped :n ~.aste, and :.:nplemented '.'ithout any 

public review ~r sc:-:..i~1!1y. As best : can determine, -:he u.s. Army 

Corps of Sng1neers, ac the urging of the National Marine Fisheries 

Service ·: ~/MFS) and ;:ther ;oar-: :.es, ·..;ill change previously-planned 

operations to: 

(a) spill at The Dalles Dam to 40 percent 24 hours a day; 

(b) spill 25,000 c'-lbic feet per second (25 kcfs) of water 
at Ice Harbor Dam 24 hours a day; 

(c) operate the remaining six dams to spill during the 12 
nighttime hours (and 24 hours at Bonneville Dam) at the lesser 
of (l) the quantity of spill needed to meet 80% fish passage 
efficiency and (2) the quantity of spill producing a maximum 
12 hour average dissolved gas concentration of 120\ measured 
at the next downstream project; and 

(d) increase spill to meet 80\ fish passage efficiency to 
th• extent that there are no observed adverse biological 
effects ot dissolved gas over and above 120\ in increments of 
2.st. 

I also U';!i.•rstand that the Bonneville Power Administration has 

estimated the increase in spill at the eight :nainstem projects to 

achieve 80\ fish passage efficiency as follows: 
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current Spil! Increased Spill 

Lower Granite 40% :2 hrs 78% 12 hrs 
Little Goose JO% :2 hrs 48% 12 hrs 
Lower !'\onumental none 54\ 12 hrs 
rce Harbor 25 kcfs 24 hrs 100% 12 hrs 
!'lcNary none 48% 12 hrs 
John Day none 33\ 12 hrs 
The Dalles 30% 8 hrs 40% 24 hrs 
Bonneville 180 kcfs 8 hrs same 

75 kcf s :..s hrs 

6. I have run the CRiSP l.4.5 model to compare current and 

the ~FS 80% :?E spill plans. Total system survival is sot for 

:::urrent sinll :::::indit:.::ins :.nd :7\ under the !'lMFS plan. These 

estimat:es ~nclude sur-n•:al :::t both tish that are transported to 

below 3onnev11le Dam and :ish that ::iigrated through the river 

system . 

7. The survival of fish traveling in river is also adversely 

affected :.n the ~IMFS spill program. The total passage survival of 

in river fish decreased from 34\ under current conditions to lit 

under the NMFS plan. This is a decrease in fish survival of sot. 

8. The decreases ·..ii th the NMFS plan are the result of 

decreased transportation and the high level ct nitrogen 

supersaturation. rn the current plan saturation is below 114\ but 

it reaches to lJ9t under the NMFS plan. The percent ot fish 

transported is also decreased under the NMFS plan • current 

transport is sot. Under the NMFS plan 37\ ct the tish are -transported. 

9. Attached as Exhibit 2 is a very brief report providing 

details of these analyses. 
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10. These results '"'ill tend to underestimate the adverse 

effects of the NMFS spill program for at :east three reasons. 

3 first, the CRiSP model does not calculate adverse effects to salmon 
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cinti.l the dissolved gas concentrations exceed 114%. Generally 

recognized water quality standards call for avoiding levels higher 

than 110% to protect ::sh; some research suggests that significant 

adverse effects begin at even lower levels. Second, the CRiSP 

model works with average gas supersaturation levels and does not 

:ake account =f :ccali:ed areas cf '1Uch higher gas supersaturation 

~evels assoc:..a~ed ....... ... "" ..... :--.:..qn lVerage supersaturation rates. Third, 

the '.:R1SP :-'.Ode l joes '10t take account of adverse effects on 

returning adults, which :end to concentrate below dams where 

localized gas supersaturation levels are highest. The loss of 

returning adult salmon from gas supersaturation may hava much 

greater consequences for the population of endangered and 

threatened salmon stocks than the loss of juvenile. 

11 . I understand that NMFS bases its rationale for the 

lncreases in spill at least in part en certain computer modeling 

results provided by the states and tribes. I have not seen these 

results. However, assuming that they are generated with the FLUSH 

model generally used by the states and tribes, they would not show 

the neqative effects of gas supersaturation at all because the -FLUSH model does not take account of the negative effects of gas 

supersaturation. 
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Evaluation of NMFS Spill recommendation 
prepared May 11. 1994 

by Jame1 J. Anderson, Ulllvcnity of WuhinlfOll 

Introduction 

Th.ii repon deac:ribea an analysil of the propOled May/1une l ~ epill program 
fot tile Sna.lce River. The analyeil u1e1 the CRISP! .4.S model witb Iba m011 up io dall!I 
c:alibrauom includi:li tlle NMPS eurvival arudy in 1993 and made! parameters uaed in 
the Syatem Openuoc Review . 

The model rum Ul8d flow• and lemper1IUl'CI from 1990. a yemr similar to 
observed and projected floWI for 1994. The 1990 f!OWI may be below I.be 1994 flowa 
10 in thia rapeet the model runa underectimate nill'Ogen mortality a!fcal . 

Resulta apccific to spring cllinoot are given in ttblea below which compare a bae 
cue using the CW'rent spill schedules. the NMPS proposed 1pill level1toachieve1 8~ 
fah puaaae efficiency (PPE), a 1pilla io meec eucdy 80 PPB. and lpilla tha1 illnit 
nill'Oll•n level to 120%. Table I gives tot.al system IUl'Viva.I and ll'lmponation 
pen:entage1 under the four sc:enlllios. Table 2 tlltoup Table S ljiw in river cooditime 
including now at dams. percent inll&llWleOU& 1p11! at demi (spill WU let at 12 hr per 
day except at Ice Harbot which apilled for 24 hr to a mui.mum of 2.S kcti), pcrceat 
nitrogen saturation levels in pool1 behind dum, PPB ai demi. and percent in river 
survival of fiah IO elCb dam . 

The total ayatem 1urvivll undet ttaaaporwion (Table 1) amim. trUilpOl't 

survival of 80%. A document ls in preparsiion deWlina thecailbratioa oftranaparucioa 
1urvivll ealimatea (Anderton ec al in pl'Qpll'ation). Symm aurvival ia tai.cn u the 
percent of fllh rc!eued atthe top of Lowet Otanite Relervoir thauurvive to the e&tulfY . 

'Illble 1 Symm llll'VMl llld trwponation 
percen11 under four pla .,.... Pll: ... Soenlrio 

•llnival ll'IDIP Ill red 

Curreai soc. 4K 

NMPSplan 3~ 3'1r. 

PPB•8°" 331r. 1• 
N2 < 1201'. - ~ 

, EXBIBIT 2 
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~blc .z Cwrent condltiona projected for May 20 . 

RiYWHpell! Plow Spill !I Nl1roaen PPB Inriwir 
or project (kc:f1) (hr) In pool 1urvival 

Bltlllry . 112 36 

Hoamville 232 so 107 70 39 

TbeOalla 216 30 (8) 105 52 42 

John Day 212 0 106 72 46 

McNary 208 0 107 70 .51 -
Jee Harbor (ii 2.s• 114 .SI 56 -· 
Lower Monumemal 61 0 113 65 62 

Little Goose 61 30 (12) 103 65 70 
Lower Oraniie 61 4-0 (12) 105 67 82 

a ... n..,1 .... 11eviou unccr tit l&l I UU p 

Tlblc J Condition• uncle: 80!t PI'B for May 20 

River 1epnen1 l'low Spill Nliroaen la river PPB «project (kcfl) 'lit in pool turYival 

&tuary . 113 17 

Bonneville 232 50 116 64 20 

TboO.U. 216 40 113 74 22 

JolulO., 212 33 110 71 23 

McNlty 20I 48 110 80 26 

lcefflrbor 61 25• 139 84 33 

... Laww Monumental 61 54 12:1 83 62 -
Uul4GOOIC 61 48 lll 75 n 
LoWU' <klaita 61 71 100 82 " 
L~KGq UllCICI" "4 Ill" 'PW 
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'l'abll 4 conc11t1oa1 uader eu=ly 8°"' PPB far May 20 

River sepicnt Plow Spill Nitropa 
PP! 111 river 

or project (kc&) 'J& in pooi IW"Yiva.I 

BllUlry . 113 15 

Somieville 232 90 118 80 16 

The Dallea 216 48 113 80 17 

John Day 212 36 110 80 19 

McNary 208 48 110 80 21 

Ice Harbor 61 ~ 140 80 27 

LoWlll' Monumental 61 47 129 80 51 

UltieOOOIC 61 60 111 80 72 

Lower Orarucc 61 .71 100 80 84 
I. ,.., '""'I &....,h"" Uuuet ,.., •u I 11.U p 

Table! Conditiona for keepina nhropn below 12°"' and maximlzlq PI'B 
up to 80'llt for May 20 

River 1epen1 Plow Spill Nia op IDriwr PPB 
orprojeot (k.cf1) "' in pool survm1 

Bltulr/ . 113 31 

Bonneville 232 90 118 80 40 

TbeDallee 216 48 113 80 40 

1obADay 21:1 3' 110 80 '44 

MGNary 208 41 110 80 52 

Jee Hncr Tlilraca 121 56. 

JceHlrbor 61 2!1. 120 64 '' 
Lower Moaumemal 61 5 120 61 63 

U&dea~ 61 30 111 6' 71 

Lower Oraniec 61 71 100 80 84 
L .. .,_. ........ .......... _. 


