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EXECUTIVE SUMMARY 

Background 

The City of Seattle, Department of Lighting CSCLl, is in the 
process of relicensing its Skagit River Project (Project No. 5531 
under the Federal Energy Regulatory Commission CFERCl. As a part 
of that process, in 1984 SCL initiated a study of salmonid fry 
stranding in potholes. The potholes study was initiated because 
of concern expressed by the Washington Department of Fisheries 
CWDFl that salmon fry were being trapped or stranded Ckilledl in 
potholes when river level dropped as a result of SCL's operations 
at Gorge Powerhouse. Potholes are depressions in the substrate 
created by hydraulic pressure; the depressions hold water and 
possibly trap and strand fish. Depending on the substrate type 
and other factors, such as bank storage Cwater retained in gravel 
bars and river banksl, most potholes retain water for some time 
after the river level has dropped. 

With agreement from the Skagit River Standing Committee, SCL 
prepared and implemented a study plan to conduct salmonid fry 
stranding tests during March through April, 1984. At the request 
of WDF, no salmon fry stranding downramping tests were conducted 
after April 8, 1984. It was also agreed by the Skagit River 
Standing Committee that tests for steelhead fry would be 
conducted August through October, 1984, 

Stygy Objectives ang Tasks 

The salmon and steelhead fry stranding studies were oriented 
toward determining the susceptibility of salmonids to pothole 
stranding and identifying those factors that appear to influence 
pothole stranding. 

Specific study objectives included: 

• Test time susceptibility of salmon and steelhead trout 
fry to stranding or trapping in potholes in the Skagit 
River from Newhalem to Rockport. 

• Document the physical characteristics of potholes that 
could potentially impact fry. 

The study area for this project was located on the Skagit 
River in Whatcom and Skagit Counties, Washington. This study was 
conducted on the river between the SCL's Gorge Powerhouse CRM 
94.Sl and Rockport, Washington <RM 67.Sl. 
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During the spring, 11 pothole study areas from RM 67.5 to RM 
82.6 were given descriptive names <Rockport, Wayne's Swim, Tin 
Shack, Bad Spot, Eagle Bar, Forbidden Bar, Stump Haven, Hooper's 
Slough, Inaccessible Island, Fungus Bar, Bacon Creek). An 
additional 16- study areas were added during the fall. 

In January and February, 1984, SCL personnel developed a 
study design and methodology to achieve the objectives set forth. 
It ~as judged that the objectives could be best met by: 
ll carrying out pre-test reconnaissance surveys to locate, mark, 
and characterize the potholes located between Rockport and 
Newhalemi 2) conducting a series of field surveys following 
downramping at Gorge Powerhouse to record the amount of fry 
trapping and stranding and physical conditions <e.g., water 
temperature, depth, width, etc.l of each marked pothole1 and 3l 
compiling and analyzing data gathered during the spring and fall 
surveys. 

Surveys were conducted by placing observers on all study 
areas. Observers were responsible for recording data at each 
pothole study area. The number of trapped <livel and/or stranded 
(dead) fry was recorded for each pothole during every round of 
observations. Date and time of day of each pothole observation 
was noted for comparison of pothole hydraulics with the flow 
record based on OSGS gaging stations at Newhalem and Marblemount. 
Maximum depth, average depth, average length, and average width 
of the pothole were recorded during each -round of observations. 
Pothole water temperatures <°F> were recorded to assess potential 
mortality due to rising water temperatures on sunny days. 

Test flows from the Gorge Powerhouse covered a wide range of 
flow conditions. Further, agreed to by the Skagit River Standing 
Committee, all downramping was completed at least 6-1/2 hours 
before sunrise during the spring tests. 

Personnel from SCL provided SCL power control with proposed 
downramping target times and flows. Upper limit test flows were 
held constant for approximately 10 hours. Target lower limit 
test flow was 2,300 cfs during the spring surveys and 1,400 cfs 
during the fall survey. 

Data Compilation and Analysis 

Field data were entered in the University of Washington 
Cyber computer system. Data were were entered chronologically by 
pothole area <river mile> and pothole number. FORTRAN programs 
were developed for the purpose of: 1) data checking; 2l 
integrating river flow data into pothole records; 3) preparing 
mortality files defined by site, date, and pothole; and 4) 
compiling a master data file consisting of one observation per 
pothole per day and providing consistent cover and substrate 
codes for each pothole as well as high and low flows for each 
day. 

ii 



Data were analyzed to determine the following: 

• General factor analysis to investigate the associations 
between a number of variables in the data set. 

• Multiple regression of fry trapping and stranding vs. 
recorded f 1 ows at the Newhal em and Mar bl emolint gages 
and modeled flows at Rockport. 

• Pair-wise multiple regression analysis of flow history 
(for 24 and 72 hours preceeding each downramping event> 
vs. fry trapping. 

• Forward stepwise and linear regression of amplitude for 
previous 24 hours vs. fry trapping and stranding. 

• Determination of the relationship of cover and 
substrate to fry trapping and stranding. 

• Multiple regression of river flows at Newhalem, 
Marblemount, and Rockport to the lowest maximum pothole 
depth of the day. 

• Regression of fry trapping during spring and fall with 
date and fl ow. 

• Regression of ramping rate of each test vs. trapping 
and stranding for the entire river. 

• Determination of flows at which surveyed potholes 
connect and disconnect from the river as a result of 
downramping and flow releases at the Gorge Powerhouse 
and tributary inflow. 

• Determination of the number of dry potholes at 
Marblemount and Rockport gaging locations. 

• A regression of ramping rate of each test vs. fry 
trapping and stranding. 

• A cursory examination of the timing of downramping vs. 
steelhead fry trapping. 

Study Results 

Potholes from Rockport to Gorge Powerhouse were surveyed 
during the spring, in the summer-fa! 1 period, and again in 
November, 1984. During the spring, 130 potholes were surveyed, 
of which 17 were considered as high flow <those potholes observed 
to stay disconnected from the river except under very high flow 
conditions>. During the fall, 242 potholes were surveyed (of 
which 21 were high flow>. In November, with discharges of 7,000 
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cfs from Gorge Powerhouse, an additional 140 high flow potholes 
were located. 

Of the 113 potholes (excluding the 17 high flow potholes) 
surveyed during the spring, 95 (84 percent) trapped fry, while 33 
(29 percent> s_tranded fry. During the fall, 99 C45 percent) of 
the 221 potholes (excluding 21 high flow potholes> surveyed 
trapped fry, while 39 Cl8 percent) stranded fry. No fry were 
observed trapped or stranded in high flow potholes surveyed 
during November; however, it is assumed that at flows of 
approximately 11,000 cfs at Rockport during ~ebruary through 
August, fry would be vulnerable to trapping and stranding in 
those potholes. 

Fry Trapping and Stranding 

~.i.ng. During the spring, a total of 17,538 fry Ca number 
of which may have been repeatedly trapped) were observed trapped 
during the testing period form March 11 through May 18, 1985. 
One study area <Stump Haven [RM 72.2]) trapped 30 percent of all 
trapped fry observed, with one deep pothole trapping 19 percent 
of all fry trapped during the entire testing period. Of those 
fry trapped, 315 were stranded (killed>; approximately 2 percent 
of the fry trapped. Only a few potholes (33 of 113 potholes) 
accounted for stranding. 

Trapping of salmon fry was most prevalent between March 31 
and April 28, with number of fry trapped decreasing significantly 
during May. The number of fry trapped was less on the second day 
of paired tests (7,496 fry trapped on the first day vs. 3,165 fry 
trapped on the second day of paired tests). Fry stranding 
throughout the test period did not follow the same temporal trend 
established with trapping. 

No mortality caused by high water temperatures was observed 
during the spring. A predominance of potholes (75 percent> had 
some cover (e.g., overhead vegetation) while only 25 percent had 
no cover. 

One common chacteristic of fry stranding was that mortality 
often occurred on the fringes of potholes even though sufficient 
water was maintained in other portions of the pothole to sustain 
remaining fry. Of 1,380 observations of potholes made during the 
spring survey period, on only 17 occasions were all fry observed 
to be stranded. 

bll. During the fall, 3 ,578 fry were trapped during 
testing carried out f raa August 22 through September 28, of which 
426 were stranded. In addition, during a reconnaissance survey 
on August 15, an additional 3,120 fry were observed trapped, of 
which 508 were stranded. Approximately 70 percent of all 
stranding occurred in single potholes at two areas. 

During the fall, over 81 percent of all fry trapped were 
observed during the three earliest test dates. Stranded fry were 
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temporally distributed in a pattern similar to the observed 
trapping. As with spring, the greatest number of fry trapped 
were on the first day of paired tests. 

Of the fry stranded, a majority were killed in potholes with 
sand substrate as compared with other substrates (silt, pea 
gravel, grave1, and cobble> and a majority of both trapped and 
stranded fry were found in potholes having cover of some kind 
<logs, vegetation). 

As with salmon fry observed during the spring, steelhead fry 
also became stranded on the shallow fringes of draining potholes. 

Dur~ng the fall surveys, 69 fry were killed by high water 
temperatures in two high flow potholes which depended on under­
gravel recharge of water. 

Analyses of Riyer Flow 

Analyses of river flow to fry trapping and stranding were 
carried out. Included in the evaluation were relationships of 
trapping and stranding to minimum test flows, average daily 
discharge for 24- and 72-hour periods prior to the test, mean and 
maximum downramp amp! itude during the 24 and 72 hours prior to 
each test and ramping rate. 

No strong relationship were found with any of the 
statistical analyses conducted of fry trapping and stranding. 
The lack of statistically significant relationships appeared to 
be caused by a variety of confounding effects, among them the 
apparent decreased vulnerability of fry to trapping with time and 
the inf! uence of running back-to-back tests <i.e., fry trapping 
and stranding was generally less on the second day of the 2-day 
tests. 

Spring. No strong relationship was found with any of the 
statistical analyses conducted of fry trapping and stranding. A 
weak relationship showed a trend that fewer fry were trapped as 
minimum test flows increased, however, that trend did not hold 
for stranding. Additionally, a logistic regression model showed 
Newhalem and Rockport flows to be more strongly associated with 
stranding than were Rockport flows~ however, the relationship was 
also weak. This, in part, was due to the changes in testing 
procedures after April 8 as requested by WDF. 

Results of analysis of the relationship of average daily 
discharge Cf or the 24- and 72-hour period prior to each test>, 
maximum downramp amplitude (for 24- and 72-hours prior to each 
test) and ramping rate showed no significant relationship to 
trapping or stranding. 

bll. As with the spring results, no strong relationships 
were found with any of the analyses of fl ow to fry trapping and 
stranding. 
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A linear regression of downramp rates (cfs per hourl to 
trapping and stranding yielded a negative relationship, probably 
because the greatest number of fry trapped and stranded occurred 
on a day with the lowest downramp rate. 

A cursory examination of the relationship of the timing of 
downramping to the incidence of steelhead trapping showed that a 
trend of greater numbers of fry trapped during daylight hours may 
be apparent; however, since only one daylight downramp was 
conducted as a part of this study, these cursory results cannot 
be considered conclusive. 

Pothole Connectivity 

Field data collected during the spring and fall seasons 
included information on the flows at which potholes became 
connected and disconnected from the river. Connecting flow 
information was not available for a large number of potholes 
(data were available on 2 of 9 potholes assigned to the Newhalem 
gage, 15 of 60 potholes assigned to the Marblemount gage, and 113 
of 185 potholes assigned to the Rockport gage). The information 
that is available indicates potholes connecting at flows ranging 
from 1,500 to 2,000 cfs at Newhalem, 2,000 to >4,000 cfs at 
Marblemount, and 3,000 to >7,500 cfs at Rockport. 

The data available suggest that during the spring at 
potholes assigned to the Rockport gage, a majority of the fry 
mortality occurred in potholes connecting at flows of 5 ,500 cfs 
and greater. No mortality data were available in the spring for 
potholes assigned to the Marblemount or Newhalem gages. 

For the fall period, data indicate that a majority of the 
fry mortality occurred in potholes connecting in the 2,500 to 
3,500 cfs range at Marblemount and in the 5,500 to 6,500 cfs 
range at Rockport. 

Dry Potboles vs River Flow 

Based on a limited sample of observations, numbers of dry 
potholes in areas assigned to the Marblemount and Rockport gages 
by flow increment were determined. Flow data indicated that 35 
of the 60 potholes (58 percent) assigned to Marblemount became 
dry between 2,000 and 3,500 cfs. Flow data for the remaining 25 
potholes were not available. 

Based on flow data for potholes assigned to Rockport, 68 
percent of the potholes became dry at flows ranging from 3,500 to 
9,500 cfs. The wider range of flows for the pothole areas 
assigned to Rockport is due to the greater number of high flow 
potholes in the lower reach of the river. Flow data for the 
remaining 32 percent of the potholes were not available. 
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Discussion 

Spring 

Of the 17,538 fry trapped during the spring, only 2 percent 
became stranded (mortality>. This figure was low when compared 
with the results of other fry stranding studies conducted on the 
Cowlitz River, where in 2-days time over 7,200 fry were stranded 
(primarily on gravel bars) during downramping. 

several factors may be influencing the low number of fry 
stranded on the Skagit: 1) storage of water in river banks and 
bars (termed bank storage> may have a significant bearing on how 
long water is sustained in potholes following a downramping 
event, 2> the duration of the minimum flow of the downramping 
event, and 3) the elevation of the potholes trapping fry relative 
to elevation of the river during the minimum flow of the event. 
All of these factors may be working in concert; and in many 
cases, the influences may vary from site to site on the river. 

A majority of the potholes surveyed during the spring were 
located in the lower 5 miles of the study area from Rockport to 
Illabot Sloughi however, fewer potholes in the lower river 
trapped fry than did potholes on the rest of the river. A number 
of factors may account for this difference: l> habitat in many 
of the potholes in the lower river were less preferred by fry; 
and 2) potholes, although containing water, were not connected to 
the river except during very high river flows and, therefore, 
were not •available• to fry. 

Temporal distribution patterns were different for trapped 
and stranded fry during the spring surveys. There was no 
apparent relationship between numbers of fry trapped and timing 
of test dates, although 88 percent of all observed fry were 
trapped between March 11 and April 28. The lower numbers of fry 
trapped during the first two test dates may have been a result of 
less observational effort. Chinook salmon are known to have an 
extended fry emergence period, a situation which was evident 
during this study. 

Of interest was the finding that generally less trapping and 
stranding occurred on the second day of •paired• test dates. 
During all paired tests, flow releases from Gorge Powerhouse were 
nearly the same. Any difference in downstream flow conditions 
would result from change in tributary inflow. On most occasions, 
tributary inflow was relatively unchanged during the second day. 

Several reasons may account for this trend: 1) fry may not 
have sufficient time to reinhabit pothole areas between tests, 2) 
fry may •1earn• or become accustomed to the flow fluctuations and 
therefore do not reoccupy pothole habitat immediately following 
the first day of tests, and 3) fry may be territorial and flow 
fluctuations may disrupt their normal patterns of territoriality 
resulting in fewer fish on the second day. Field studies carried 
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out during 1985 will better define the movement of fry in pothole 
areas. 

No strong relationship was found with any of the analyses 
conducted of fl ow to fry trapping and stranding. A majority of 
the flow and- trapping/stranding relationships appeared to be 
confounded by a variety of factors such as the age or size of fry 
(which influenced the likelihood of trapping and stranding), lack 
of continuous testing during the spring survey period Cno tests 
were run from April 14 through May 18, 19~4> and the size, 
species composition, and location of the fry population at risk 
in the river. 

Although no statistical relationship of flows to trapping 
and stranding were clearly evident, there is indication that flow 
history prior to a downramping event is an important testing 
condition that should be analyzed during 1985 studies • 

.f..illl. During the fall surveys, 3,578 fry were trapped and 
315 stranded, a majority of those being emerged steelhead. The 
most important trapping areas for fry were Big Eddy CRM 77.5), 
which accounted for 27 percent of trapping; Wayne's swim (RM 
68.1> accounted for 19 percent of trapping; and Stump Haven CRM 
72.2) 11 percent. 

Several factors could account for the lower numbers of both 
trapping and stranding: 1) less wetted fry habitat Cand 
therefore fewer potholes> was available due to seasonally 
declining river flows; 2) as fry became larger, they were better 
able to avoid trapping; and 3) as they became larger, steelhead 
fry were attracted to different types of habitat. In all 
likelihood, all of those factors had a bearing on the difference 
in trapping and stranding. 

Temporal distribution patterns for both trapped and stranded 
steelhead fry during the fall surveys were markedly more evident 
than were observed for salmon fry during the spring survey. Over 
80 percent of all trapped and stranded fry were observed during 
the first three test dates in a declining manner. Data collected 
during the reconnaissance survey 1 week prior to the first test 
date also corroborated the results. The decline in the numbers 
of steelhead fry trapped and stranded during the study is 
probably associated with the increased size of fry. In all 
likelihood, by late September a majority of the steelhead fry 
either no longer occupied the pothole habitat or were able to 
avoid trapping by moving away from potholes as the river levels 
dropped. 

As was also observed during spring surveys, fewer fry were 
generally observed during the second day of paired test dates for 
the same reasons given for spring. During steelhead fry 
stranding conducted by Crumley (unpublished Skagit Standing 
Committee minutes, January 10, 1984) in 1983, it was noted that 
the first test stranded relatively many fry as compared to 
following tests. He noted that steelhead may have an increased 
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adaptability to flow fluctuations based on their nonmigratory 
behavior. 

Flow records at Gorge Powerhouse indicate that the average 
daily discharges for the 72 hours prior to the test days (2,822 
cfsl were 1,505 cfs less than occurred during the reconnaissance 
survey (4,327 cfsl (Appendix Gl. That reduction occurred because 
the Interim Flow Agreement requires that after August 20, maximum 
flows at the Gorge Powerhouse be no greater than 4,200 cfs. That 
reduction in regulated flows, coupled with a seasonal reduction 
in tributary inflow, probably altered the amount and type of 
habitat available to fry. 

That required reduction in flow may very well have had a 
significant bearing on stranding observations during the first 
two tests on August 22 and 23, just 2 and 3 days after the 4 ,200 
cfs maximum flow was initiated. On August 22, 142 (33 percent of 
all fry stranded during the surveys> were found stranded in one 
pothole at Forbidden Bar (RM 70.5). That pothole was isolated 
from the river but was sustained by water passing through the 
gravel bar. No mortality was reported at that site during the 
rest of the survey. 

A significant number of the fry stranded in the fall !508 
fry, 46 percent) of all fry were killed during the reconnaissance 
survey prior to the drop to maximum flow requirements. As a 
result, many fish were stranded in higher flow potholes, potholes 
that were no longer available as habitat after August 20. 

Potbole Connectiyity 

Preliminary information on the flows at which potholes 
connect to the river indicates that potholes with connecting 
flows greater than 5,500 cfs at Rockport constituted a majority 
of the spring fry stranding; however, this preliminary conclusion 
is based on data which omits 72 spring potholes for which there 
is no calculated connectivity. These data suggest that during 
the spring, fry occupy the high potholes areas <probably to gain 
refuge) during high river flow conditions. Fry occupying those 
potholes would be vulnerable to trapping when flow levels 
declined. 

No connecting flow information during the spring was 
available for potholes assigned to the Marblemount gage; however, 
data for fall surveys showed a majority of the fry stranding 
occurred in potholes connecting at 2,500 to 3,500 cfs. Once 
again, those data are preliminary. 

River flows during the fall were lower than those during the 
spring because of lower tributary inflow and an Interim Flow 
Agreement requirement limiting the maximum discharge at Gorge 
Powerhouse to 4,200 cfs after August 20. As a result, potholes 
that were continually flooded during the spring became dry during 
the lower fall flows. This is reflected in the fact that in 
potholes assigned to the Rockport gage, seven fry were stranded 

ix 



during the spring in potholes having connecting flows <6,000 cfs, 
while in the fall, 232 fry were stranded in potholes connected at 
<6,000 cfs. 
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1. INTRODUCTION 

Background 

As a part of relicensing for the City of Seattle's Skagit 
River Project (Project No. 553), in 5eptember, 1978, the Federal 
Energy Regulatory Commission CFERCl issued an order to initiate 
proceedings which would address the effect of the project's 
<Ross, Diablo, and Gorge Dams> flow regime on the fish resources 
of the Skagit River. In February, 1981, the City of Seattle, 
Washington Departments of Fisheries and Game, National Marine 
Fisheries Service, and Skagit System Cooperative Indian Tribes 
established an interim agreement which set out conditions of flow 
regulation and performance of fishery studies cu. s. Federal 
Regulatory Commission 1981). 

As a part of that agreement, the Skagit River Standing 
Committee was formed to coordinate fish protection needs and 
research studies during the period of FERC relicensing. The 
Standing Committee consists of representatives from the National 
Marine Fisheries Service, u. s. Fish and Wildlife, the National 
Park Service, U. S. Forest Service, the Washington Departments of 
Fisheries and Game, the Skagit System Cooperative Indian Tribes, 
and Seattle City Light <SCLl. 

Section 3 of the Interim Agreement defined seven subject 
areas of fisheries study to be undertaken by SCL over a 2-year 
period (Appendix Al. This pothole stranding study was not 
identified in the interim agreement but was instead reported in 
December, 1983, as a concern by the Washington Department of 
Fisheries <WDFl. The WDF reported on salmon fry stranding in 
potholes observed during gravel bar stranding studies the 
Department was conducting during 1983 on the Skagit River. 
Potholes, by definition, are depressions in the substrate created 
by hydraulic pressure; the depressions hold water and possibly 
trap or strand fish as a result of reduced river flows. Potholes 
are a natural phenomena which occur in both regulated and 
unregulated rivers. 

As a result of their observations, the WDF requested that 
sa. provide flow releases at Gorge Dam sufficient to maintain a 
minimum discharge of 3,900 cubic feet per second Ccfs) at the 
Marblemount u. s. Geological Survey CUSGSl flow gage from 
February through May. It was judged by WDF that such flows would 
adequately prevent major salmon fry stranding in potholes 
<Washington Department of Fisheries 1983al1 however, the Skagit 
River Standing Committee concluded that more information was 
needed to determine the extent of fry stranding and to establish 
any flow requirements. 
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In response to the WDF request, SCL proposed to conduct a 
series of tests during the spring, summer, and fall of 1984 to 
determine the magnitude of pothole stranding as a basis for 
establishing flow requirements necessary to protect the juvenile 
salmonids. -

With agreement from the Skagit River Standing Committee, Sa. 
prepared and implemented a study plan to conduct salmonid fry 
strandiny tests from March through May, 1984, However, due to 
concerns about potentially large fry mortalities, WDF cancelled 
further salmon fry stranding tests after April 8, 1984. It was 
agreed by the Skagit River Standing Committee that tests for 
steelhead fry would be conducted August through October, 1984 
(Seattle City Light 1984a). 

This report presents the results of both the salmon 
<March through May, 1984> and steelhead <August and september, 
1984) fry stranding surveys. 

Study Qbjectives and Tasks 

The salmon and steelhead fry stranding studies were oriented 
toward determining the susceptibility of salmonids to pothole 
stranding and identifying those factors that appear to influence 
pothole stranding. 

Specific study objectives included: 

• Test the susceptibility of salmon and steelhead trout 
fry to stranding or trapping in potholes in the Skagit 
River from Newhalem to Rockport. 

• Document the physical characteristics of potholes that 
could potentially impact fry. 

To achieve the study objectives, a study plan was developed 
which included the following tasks: 

• Conduct reconnaissance surveys to locate, mark, and 
characterize potholes visible at Gorge Dam flows 
between 1,200 and 7 ,200 cf s, 

• Conduct fry stranding and trapping surveys of marked 
potholes in replicated fashion. 

• Compile and analyze 1984 salmon and steelhead stranding 
data. 

A more detailed discussion of the study tasks is presented 
in the STUDY METHODOLOGY section of this report. 
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2. DESCRIPTION OF THE STUDY AREA 

Location 

The study area for this project was located on the Skagit 
River in Whatcom and Skagit Counties, Washington <Figure 2-ll. 
The Skagit River, which is the largest river flowing into Puget 
Sound, originates in British Columbia, Canada, and flows south 
across the international boundary through Ross, Diablo, and Gorge 
Reservoirs <operated by Seattle City Light) and thence for 
94 river miles CRMl west to Puget Sound near Mount Vernon, 
Washington. 

This study was conducted on the Skagit River between the 
Seattle City Light's Gorge Powerhouse CRM 94.2) and Rockport, 
Washington CRM 67 .5) (Figure 2-ll. Key geographical points 
within the study area include the communities of Rockport at the 
western end of the study area; Marblemount (RM 77l; and Newhalem, 
a Seattle City Light community located at the upper end of the 
study area at RM 94. 

The Skagit River study area is bounded by State Highway 20 
along its northern bank and the Rockport-Cascade Road along 
portions of its southern bank from Rockport northeast to 
Marblemount. 

Pbl'sical Characteristics 

The Skagit River from Rockport to Newhalem is characterized 
by a variety of river environments ranging from a broad, braided 
plain over 1,200 feet in width just upriver of Rockport to a 
confined, well-defined channel 300-500 feet wide near Newhalem 
<Washington Department of Fisheries 19751. 

Rockport to Illabot Creek 

This short reach of the study area (4.1 river miles> 
contains a broad floodplain, side channels, sloughs, and 
extensive gravel and sand bars. The gradient C7 feet per mile) 
from Illabot Creek CRM 71.6> to Rockport CRM 67.51 is 
considerably less than in the upper river (Figure 2-2>. The most 
significant tributary along this reach is Illabot Creek 
CRM 71.6). 

Because of the extensive gravel bars, side channels, and 
sloughs, potholes are common, occurring in clusters and groups -­
particularly from the Rockport Steelhead Park to the Skagit Bald 
Eagle Natural Area located approximately 1 mile upriver of 
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Rockport. During surveys for this study, 146 potholes were 
located from Rockport to Illabot Creek. 

Illabot Creek to Bacon Creek 

This 10 mile reach of river has a moderate gradient dropping 
100 feet <10 feet per mile> from an elevation of 340 feet near 
Bacon Creek to 240 feet near Illabot Creek <Figure 2-2>. The 
portion of this reach from Illabot Cr~el< (RM 71.4) to RM 73.1 is 
characterized by a large number of side channels, sloughs, and 
gravel and sand bars. Upriver from RM 73.1 to Bacon Creek !RM 
82.9l, the river channel is more confined but also includes 
gravel bar and side channel areas at RM 76,3, RM 77,5 (Big Eddy), 
RM 77.7 <Marblemount Slough), RM 78,5, RM 82,6, and at the mouth 
of Bacon Creek. The Cascade River (RM 78.1) is the most 
significant tributary found within this reach of the Skagit 
River. 

During this study, 173 potholes were located within this 
reach. 

Bacon Creek to Newhalem 

The reach of the Skagit River from Newhalem to Bacon Creek 
(RM 83> is characterized by a moderate gradient dropping about 
150 feet in 12 miles (elevation of 490-340 feet> or 12 feet per 
mile (Figure 2-2), Mid-portions of the reach from RM 85-89 
contain steep valley walls and large rock formations on both 
sides of the river, whereas the lower portion <RM 83-85) of the 
reach has a wider, though constricted, channel. Significant 
tributaries (those of greatest length and known to support 
anadromous fish> within this reach include Newhalem Creek (RM 
93.3), Goodell Creek <RM 92.9>, Thornton Creek (RM 90,1), Alma 
Creek (RM 85,2l, and Bacon Creek (RM 82.9>. The drainage area 
for the ~kagit River above Bacon Creek has been calculated to be 
3,339 km <1,289 square miles> (lJSGS 1983>. 

Areas of gravel bars and side sloughs in this reach occur 
just downstream of Alma Creek (RM 84.3), downstream of Damnation 
Creek (RM 87), near Sky Creek (RM 88>, at the County Line Ponds 
<RM 89l, and at the three islands near Thornton Creek !RM 90), 

From Bacon Creek to Alma Creek, 11 potholes were surveyed 
during this study. 

A detailed description of channel configuration for portions 
of the Skagit River from Newhalem to Rockport is found in Crumley 
and Stober !1984). The WDF stream catalog (1975> provides 
descriptions and locations of tributaries in the study area. 
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Bydrolo11y 

overview 

This study was confined to the Skagit River from the Gorge 
Powerhouse to the confluence with the Sauk River at Rockport 
CRM 67.5), a portion of the river most affected by flows 
regulated by the Skagit River Project (Seattle City Light Project 
No. 553) located upstream of Newhalem. During the late wir.ter 
and late summer-early fall periods when tributary inflow is 
decreased, river flows in the upper Skagit River are almost 
exclusively regulated by discharge from Gorge Powerhouse, During 
the remainder of the year, tributary inf 1 ow exerts a major 
influence on mainstem discharge, Freshets and snowmelt cause 
erratic streamflow conditions in both the tributaries and the 
mainstem. Such conditions have been observed, on occasion, to 
more than triple the regulated flow. 

As previously mentioned, several tributaries enter the upper 
Skagit River between Newhalem and Rockport (Figure 2-ll. The 
Cascade River CRM 78,ll, located downstream of Marblemount, is 
the major tributary with a mean average discharge of 1,040 cfs 
(CJSGS 1983). Similar to the other larger tributaries in the 
upper Skagit River, flows are generally greater from May through 
July and October through January. 

Based on gaged flows, mean average discharge of the Skagit 
River increases from 4,464 cfs at Newhalem to 5,939 cfs at 
Marblemount as a result of tributary inflow CCJSGS 1983), The 
mean average discharge at Rockport is unknown due to the absence 
of a gaging station. However, an estimate of 7,326 cfs can be 
calculated by applying the river flow model developed for this 
study and described in Appendix c of this report, 

Flow Characteristics 

Coupled with changes in tributary inflow, daily flow 
fluctuations in the upper Skagit River are generally a function 
of daily and seasonal power demand characterized by greater 
discharge during daylight and evening hours and lower discharge 
during late evening and early morning hours. Typically, flows at 
Newhalein are increased between 0600 and 0800 hours to a level not 
to exceed the Interim Flow Agreement maximum flow for that month 
(Appendix Al. Flows are generally decreased from mid-day until 
2200-2400 hours when downramping occurs resulting in a minimum 
allowable discharge, Downramping is defined here as that phase 
of the hydroelectric operational cycle when discharge from Gorge 
Powerhouse declines due to lower electrical demand. 'l'be result 
of this type of power generation regime is to cause both short­
term Cdailyl and long-term <seasonal) fluctuations of river stage 
which are not commonly found in unregulated rivers. Figures 2-3 
and 2-4 compare the short-term river fluctuations of the Skagit 
River (regulated) and the unregulated Cascade River. It should 
be noted that the Skagit River flow fluctuations shown as Figure 
2-3 were measured in 1975, prior to implementation of the Interim 
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Flow Agreement. Daily flow fluctuations have been reduced as a 
result of the adherence to the fl ow regime outlined in the 
Interim Flow Agreement. Daily flow fluctuation in the Skagit 
River often reaches 3,000 cfs throughout the year. The magnitude 
of Skagit River daily fluctuation is larger than observed for tbe 
cascade River, where daily flow fluctuation rarely exceeds 2,000 
cfs. 

Longer-term flot1 patterns in the Skagit River are discussed 
at length by Graybill et. al <1979). Natural high flow 
conditions typical for late spring-early summer are reduced as a 
result of flow management. Conversely, flows which occur during 
the rest of tbe year generally augment •natural• flows (Figure 2-
Sl. Average regulated monthly flows are generally highest in 
June and July and lowest in February, March, September, and 
October. 

Presently, minimum and maximum discharge, downramping rate, 
and flow fluctuation are regulated by an Interim Flow Agreement 
<FERC No. EL-7 8-36) between several state and federal agencies, 
the Skagit River Tribes, and the City of Seattle. Thia agreement 
also mandates the collection of data for fishery resource 
studies, including the present study. 

Fish Resourges 

Oyeryiew 

Five species of Pacific salmon and steelhead trout inhabit 
the upper Skagit River below Newhalem. Chinook, chum, and pink 
salmon are known to be mainatem spawnera while coho salmon prefer 
the streams tributary to the Skagit River. Sockeye salmon 
spawning is limited to the Baker River <located downstream of the 
study areal. Steelhead spawn both in the mainstem and 
tributaries of the upper Skagit River. Detailed salmonid life 
history information pertaining to Skagit River stocks is 
presented in Graybill et al. 11979). Escapement data for the 
above species can be found in annual Washington Department of 
Fisheries and Washington Department of Game (WDGl progress 
reports. Additional baseline information dealing with juvenile 
and adult steel head stocks in the Skagit River was collected by 
WDG beginning in 1977 <Phillipa et al. 1980). 

Chinook, coho, chum, and steelhead fry were judged to 
represent the species moat likely to be subject to stranding 
during the time period of this study. Pink salmon fry, though 
present in the river during even years, were rarely observed. 
This may be due to immediate downstream migration after emergence 
(Scott and Crossman 1973). Sockeye fry were never observed due 
to their confinement to lake environments. Chinook, coho, and 
chum fry made up the bulk of the fry observed during the spring 
surveys (March 11 through May 18, 1984>. Only coho salmon and 
steelhead trout fry were present during fall surveys <August 15 
through September 28, 1984). Figure 2-6 indicates those months 
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of the year when fry occur in the Skagit River. 
life history information for chinook, chum, and 
steelhead trout has been condensed from Graybill 

The following 
coho salmon and 
et al. <1979). 

Chinook Sa1JD.QD. Chinook salmon spawning is generally 
greatest during September1 observational data define the range of 
spawning from late August through October. Preferred depths and 
velocities of chinook spawners range from 1.7 to 4.2 feet and 1.8 
to 3.7 feet per second, respectively. Peak chinook emergence in 
the Skagit River occurs from January through March, with peak 
abundance of fry observed in February and March. Chinook fry 
tend to inhabit the shallow, quiet waters at the edges of the 
river during the rearing phase1 emigration generally occurs from 
April through July. By late July, nearly all of the fry are 
absent from the upper Skagit. 

Chum Salmon. During 1976, greatest numbers of spawning chum 
salmon were observed from November through December, with peak 
spawning noted during early December. Depth and velocity 
measurements indicate that chum salmon prefer shallower water 
with lower velocities compared with chinook salmon; chum salmon 
prefer depths of 1.4 to 4.4 feet and velocities of 0.2 to 3.0 
feet per second. This may account for the observed preference of 
chum salmon to use side channels for spawning. Chum salmon fry 
emerge in March with peak numbers noted in April and May. A 
limited feeding and rearing stage has been observed with 
emigration occurring soon after emergence. By June, most of the 
fry have left the upper Skagit River. 

Coho Salmon. Coho salmon spawning occurs predominantly in 
the tributary streams of the upper Skagit River with at least 75 
percent of total spawning observed in tributaries. The timing of 
coho spawning ranges from mid-October through January. Although 
fry generally begin to emerge as early as February, significant 
numbers are not present in the mainstem until April. Peak 
abundance is generally observed from June through August; 
however, large numbers of juveniles are present in the upper 
Skagit River throughout much of the year due to their extended 
freshwater rearing phase. Younger fry prefer similar habitat to 
chinook fry; shallow, quiet waters along the river bank and 
backwater areas are prime rearing areas. As the fry become 
larger, they tend to seek deeper pool areas with cover. 
Emigration of Age l+ cohorts occurs during the spring. 

Steelhead Trout. Over 80 percent of total steelhead trout 
spawning occurs in tributaries of the upper Skagit River 
<Phillips et al. 1980). Preferred water depths and velocities by 
steelhead are less than those preferred by chinook salmon1 depth 
and velocity values of 0,9 to 2.9 feet and 1.5 to 3.0 feet per 
second were calculated, respectively. Greatest spawning activity 
is observed in April and May. Steelhead emerge later than the 
salmon species, primarily due to their late winter-early spring 
spawning season. Emergence may begin as early as June with peak 
abundance occurring in August and September. Life history 
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similarities between steelhead trout and coho salmon are evident: 
1) the majority of spawning occurs in the tributaries1 2) greater 
numbers of fry emerge in the tributaries, thus causing a delayed 
appearance of larger numbers in the mainstem1 and 3) relatively 
large numbers of fry and/or juveniles are present in the river 
throughout the year. Younger fry inhabit the shallow, nearshore 
region along gravel bars while older juveniles prefer deeper 
waters. 
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3. STUDY METHODOLOGY 

Introduction 

In January and February, 1984, SCL/EAD personnel developed a 
study design and methodology to achieve the objectives of the 
study outlined in the INTRODUCTION. It was judged that the 
objectives could be best met by: 1) carrying out pre-test 
reconnaissance surveys to locate, mark, and characterize the 
potholes located between Rockport and Newhalemr 2> conducting a 
series of field surveys following downramping at Gorge Powerhouse 
to record the incidence of trapped and stranded fry in identified 
potholes along with measurements of the physical conditions 
<e.g., water temperatu·re, depth, width, etc.> of each marked 
potholer and 3) compiling and analyzing data gathered during the 
spring and summer-fall surveys. 

Fry were considered to be trapped if they were observed 
alive in potholes disconnected from the river after the 
occurrence of a downramp event. Dead fry were labeled as 
stranded only if their demise was the ultimate result of being 
trapped in the potholes. such mortality was generally a result 
of dewatered potholes and rarely a result of lethal water 
temperatures. 

Reconnaissance of Potholes 

Spring Reconnaissance 

Prior to the spring fry stranding surveys, reconnaissance 
surveys were conducted for the purpose of identifying the 
abundance and distribution of all potential potholes. Personnel 
from SCL/EAD and Shapiro and Associates <SA) surveyed the 
Rockport-Marbl emount section on March 10 and the Mar bl emount­
Bacon Creek and Alma Creek-Newhalem sections on March 11. 

Both sides of the river were accessed by jet boat as were 
side channels, sloughs, and islands. All areas potentially 
possessing potholes <e.g., gravel bars and sloughs> were checked 
on foot. When a pothole was located, it was assigned to a study 
area, flagged with red surveyor's tape, numbered, and the 
location of the pothole marked on a map. Observational data such 
as number of trapped and/or stranded fry, pothole dimensions, 
substrate and cover types, water temperature, weather conditions, 
and presence of seepage flow were noted along with the time of 
day and location. River mileage <RMJ was determined for each 
study area as an identification marker in both the field and data 
files. The identifying mileage marker was measured at the center 
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of each study area. Access maps were developed to assist future 
field observers in locating the study areas during field testing. 

Mean daily discharge from Gorge Powerhouse for the week 
previous to M-arch 10 ranged from 4,030 to 6,370 cfs, Normal 
operational weekend flows on March 9 and 10 facilitated the 
reconnaissance survey, flows were reduced from 7,119 cfs to 5,466 
beginning at 2300 hours, March 9 and further reduced to 5,162 cfs 
at 1200 hours, March 10, On March 11, a downramp event wa~ 
carried out; flows were dropped to 2,348 cfs until 1500 hours 
when discharge was increased to the initial operating level. 

Summer Reconnaiaeance 

On August 15 and 16, 1984, reconnaissance surveys were 
conducted prior to the summer stranding surveys by personnel from 
SCL/EAD, Jones ' Stokes Associates (JSA), and Gaia Northwest, 
Inc. in the same manner as previously described. The purposes of 
the summer reconnaissance survey were: 1) to relocate and remark 
as necessary those potholes studied during the spring survey, 2) 
locate new potholes not previously identified during the spring 
surveys, and 3) set rebar <with measuring tape attached) at the 
deepest point of each pothole to be used as a depth gage and 
pothole marker, On August 15, the river section between 
Marblemount and Rockport was surveyed. The remaining section 
upstream from Marblemount to Alma Creek was surveyed on August 
16. 

River flow typically declines to the lowest levels during 
later su11U11er-early fall. Therefore, for the purpose of exposing 
potential lower flow potholes, discharge from Gorge Powerhouse 
was reduced from 5,751 cfs to 1,400 cfs, the minimum allowable 
discharge, before midnight on August 14, 1984. Discharge from 
Gorge Powerhouse remained at 1,400 cfs until 1030, August 15, 
when f 1 ows were increased to normal operating conditions. 
Discharge was again reduced to 1,400 cfs for the survey on August 
16. Gaged discharge at Marblemount declined from 6,475 to 2,600 
cfs on August 15 as a result of downramping from Gorge 
Powerhouse, with similar flow conditions noted for August 16. 
For the week prior to the reconnaissance surveys, mean daily 
discharge at Gorge Powerhouse ranged from 3,360 to 4,920 cfs, 
The minimum sustained flow recorded for the week, 2,993 cfs, 
occurred on August 11 over a 12-hour time period. Maximum 
sustained flow during the same period occurred during August 14 
over a 12-hour time period and ranged from 5,523 to 5,751 cfs. 
Sustained minimum and maximum flows recorded at Marblemount 
during the associated time periods were 4,550 cfs and 6,475 cfs, 
respectively. 

High Plgw Potbgle Reconnaissance 

High flow reconnaissance surveys were conducted during 
November 7 and 8, 1984 by SCL/EAD and JSA personnel, The 
Rockport-Bacon Creek section was covered by jet boat while the 
upper Bacon Creek-Newhalem section was surveyed on foot due to 
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mechanical problems with a second jet boat. The purpose of the 
November pothole reconnaissance survey was to identify high flow 
potholes <those potholes associated with very high river flows) 
located along _the upper portions of gravel bars and river banks. 
Similar to the- summer reconnaissance survey, staff gages were set 
at the deepest point of each pothole and physical characteristics 
of each pothole were noted. Discharge from Gorge Powerhouse 
varied from 6,900 to 7,200 cfs on November 7 and from 6,900 to 
7 ,150 cfs on November 8. 

Fish Stranding Surveys 

Experimental Design 

The study design and methodology followed throughout the 
spring and sununer surveys was developed by SCL/EAD personnel. A 
search of the literature indicated that on other rivers no 
comparable studies have been performed. Potential field 
techniques and ideas were included from stranding observations 
previously completed on the Skagit, Cowlitz, and Columbia Rivers 
by the Washington Department of Fisheries (1970, 1974, 1976, 
1977>, the University of Washington, Fisheries Research Institute 
Cl984l, and Graybill et al. Cl979l. The study design emphasized 
the need for determining mortality relationships over the entire 
operational flow range, including extreme conditions. It was 
felt that this approach would best determine the significance of 
fry mortality resulting from SCL operations. 

In order to determine such a correlation, the spring surveys 
included six downramp tests from March 11 through April 8, 1984. 
However, from April 8 through May 12, 1984, all downramping tests 
were curtailed at the insistence of the Washington Department of 
Fisheries. Field studies during that curtailment period were 
limited to observations of stranding and trapping coincident with 
regular SCL Gorge Powerhouse operations during that time. No 
such curtailment occurred during the fall surveys, and 12 
downramping tests were ca~ried out. 

Survey Tecbniques 

Surveys were conducted by placing observers on all study 
areas before daylight in order to minimize the potential bias due 
to removal of fish by predators and scavengers prior to the field 
observations. Between 10 and 15 observers were present over 
selected study areas during all field tests. Prior to field 
surveys, time was spent training field observers regarding the 
locations of potholes, the field methodology to use in measuring 
pothole characteristics, and observing fr~. Observer teams were 
supplied with yardsticks, thermometers ( Fl, clipboards, field 
forms, hip boots, and pothole location maps. 

Field personnel were split into three groups for logistical 
purposes and transported to selected study areas in three 
vehicles. In addition to the land-based crew, a boat crew 
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consisting of two to four personnel was sometimes used to access 
otherwise inaccessible study areas. Initially, two or three 
observers were placed at each study area to become familiar with 
the characteristics of that area. Personnel were shifted to new 
areas for later tests leaving at least one familiar observer at 
each site. After the third test, single observers were assigned 
to familiar study areas. When personnel unfamiliar with 
particular study areas were employed, they were oriented to their 
assigned areas by experienced observers. 

During the fall surveys, observers were responsible for 
completing the field form shown as Figure 3-1. A similar form 
was used for the spring survey with most of the same type of 
information collected. The newer form was developed to aid in 
keypunching of data for computer analysis. All data recorded on 
the older forms were transcribed to the new forms prior to 
keypunching. 

In the fall, each field form contained information for an 
individual pothole. Observers carried a number of data forms 
equal to the number of potholes for each study area during all 
test dates. In addition to general notes on weather conditions 
and comments, the following variables were recorded during each 
round of observations. The number of trapped Clivel and/or 
stranded Cdeadl fry was recorded for each pothole during every 
round of observations. The maximum number of trapped fry 
recorded for a pothole during the entire test day was used as the 
number of trapped fry for that day. Numbers of stranded fry were 
added over all observations for the day. Date and time of day of 
each pothole observation was noted for comparison of pothole 
hydraulics with the flow record based on USGS gaging stations at 
Newhalem and Marblemount. Maximum depth, average depth, average 
length, and average width of the pothole were recorded during 
each round of observations1 these variables were included to 
calculate pothole volume and to gain information on hydraulic 
response of potholes to changes in river discharge. Pothole 
water temperatures c°Fl were recorded during each round of 
observations to assess potential mortality due to rising water 
temperature on sunny days. 

River temperature was also recorded for comparison with 
pothole temperatures to aid in evaluating to what extent potholes 
are recharged with fresh river water during an increasing river 
discharge. The presence or absence of seepage fl ow through the 
gravel was also noted to further assess pothole hydraulics. 
Observers were also responsible for recording cover and substrate 
types of all potholes. Cover and substrate codes were 
established to aid in regression analyses against trapped and 
stranded number of fry. 

During the fall and high flow pothole surveys, river staff 
gages were installed at the major pothole areas. These gages 
were surveyed against 'permanent' benchmarks which were also 
installed at major pothole areas. Most of the benchmarks 
consisted of a spike which was driven into the largest tree 
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nearby. Locations of all river gages and benchmarks are shown in 
the pothole area maps (Appendix B>. River gages were read at 
least once during each round of pothole observations. Also, 
staff gages were installed in all identified potholes to further 
aid in determining hydraulic response of potholes to changing 
river discharge. Pothole staff gages consisted of 3/8 inch rebar 
to which were attached yardsticks or plastic tape marked in one­
hundredth foot gradations. Pothole gage measurements were 
recorded during every round of observations. 

Spring Pothole Sury~. Surveys of pothole areas were 
conducted on 14 days during the period from March 11 through May 
18, 1984. The surveys were carried out at gravel bar and slough 
areas identified during the March 9 and 10 reconnaissance 
surveys. In order to facilitate data compilation, the survey 
areas were given names: Rockport Bar (RM 67.5>, Wayne's SWim (RM 
68.1), Tin Shack (RM 68.3), Bad Spot (RM 70.0), Eagle Bar (RM 
70.1), Forbidden Bar CRM 70.5), Hooper's Slough (RM 72.7), and 
Big Eddy CRM 77.5). A number of pothole areas were added to or 
deleted from the survey based on early fry trapping and stranding 
results. For example, Big Eddy CRM 77.5) was dropped from the 
survey when no fry trapping or stranding was observed. 
Additionally, four pothole survey areas: Stump Haven <RM 72.2), 
Inaccessible Island <RM 73.1), Fungus Bar (RM 78.5), and Bacon 
Creek IRM 82.6) were added, bringing the total of survey areas to 
11. With the exception of Inaccessible Isl and and Bacon Creek, 
all study areas were surveyed during the downramping events of 
April 1, 7, 8, 21, 28 and May 3, 4, 11, 12, 17, 18, 1984 ('l'able 
3-1). Inaccessible Island was surveyed only when a boat was 
available • 

.l.illl Pothole Surveys. 'l'he low flow reconnaissance surveys 
of August 15 and 16 revealed pothole areas in addition to those 
surveyed during the spring. Rick's Surprise CRM 73.0>, Carnage 
Bar (RM 73.3), Big Eddy <RM 77.5), Marblemount Slough (RM 78.2), 
Oink Bar CRM 82.91, and Driftwood Bar CRM 83.0> were land 
accessible; observers were assigned to these areas during most of 
the downramping tests <Table 3-2>. The •boat accessible only' 
areas were sampled on those dates when a jet boat was available. 
A total of 17 land-accessible areas were surveyed over 12 test 
dates with an additional 10 boat-accessible areas which were 
surveyed over five test dates. The fal 1 surveys were conducted 
over 12 test dates grouped into six replicated (2-day> tests. 
Each pair of tests received the same discharge from Gorge 
Powerhouse with similar downramp times. 

Teat Flow Conditions 

Test flows from the Gorge Powerhouse covered a wide range of 
flow conditions. Further, as required in the Interim Flow 
Agreement, downramping was usually completed at least 6.5 hours 
before dawn at Gorge Powerhouse. Due to the lag time from Gorge 
Powerhouse to Rockport, the effects of downramping at the lower 
end of the study area extended 1/2 hour to 3 hours into the 
morning daylight hours on 6 of the 12 tests during the fall 
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Table l-1. s .. pling Frequency During the Spring Piab Strandin9 Study, ltl4 

SPRING SJllVEY DATES 
mmy •pr• kll bli l=ll j:J. !=I i.:1 i:.ll i::il ~ ~ ~ ~ :..:ll ~ 

ltoctport IRK ,7,SI • • • • • • • • • • • • • • W.yne'• 9111• tllM. ,1.1) • • • • • • • • • • • • • • Tin Sh.llct IAll ,I.JI • • • • • • • • • • • • • • kd Spot "'" 70.0) • • • • • • • • • • • • • • Emigle lar CIM 70.lJ • • • • • • • • • • • • • • l'os:bidden aar IM 70.SI • • • • • • • • • • • • • • 
"' ltu.p Haven CltH 72.2) - - • - • • • • • • • • • • ...... looper'• Slough (JUI 72.7) • • • • • • • • • • • • • • Inacceaaibl• I•land IJtM 73.l> - - • - • • - • • rungu1 au .... 71.5) - • • • • • • • • • • • • • aacon Creek CR.JI 12.,J - - • • • • - • • - • - • 

- • lo obller••tiona. 
• • Single oHervation per pothole/day. 
z • Rore than two obaenrationa per pothole/day. 



'1'•ble l-2. l,.pling Frequency During the F•ll Fish Str•ndin9 Study. 1914 

FALL SlllVEY DATES 
fTPM ''[' 1=1.5! 1::11.! l=.ll l.::U l.::ll t=l. l::i J=l l:ll l.:l.f. !.:2D. l:ll !.:ll l:ll 

aockport (AR ,7.5)•• - - • • x x • Mayne'• 81iri• CJUI ,1.11 •• - - x x x • • Tin Shack (Jl:ll , •• 3) •• - - • x x • • 8•d Spot ( ... 70.0J** • - • x • • • lagle ••r UU• 70.lJ** • - • • • • x 
Forbidden aar (all 70.5J•• • - x x x • • Stlllp laYen CAii 72.2J•• • - x x x • • llOdel Pothole (JUI 72 .,J • - - - - -
Booper'• Slough Call 72.7>•• • - • • x • • ltict'• &urpri.e UUI 73.0J • - - - • x • Inacceeaible Ia.land (All 73.lJ*• • - • - • • • cunege au ClUI 73.31 • - - • • • • Dry aar Call 7t.2) • •ortb O'lrtana Ferry Call 7,.01 • .. cluaicm Ialand CIUI 76.lJ • - - • - - • - - - • • "' alg Eddy CM 77. 51 • - • • • • • • • • • • • • "' llarbl•ount llou9b CAii 71.21 • - - • • • - • • • x • rungua l•r (IK 71.SJ•• - • • • • • • • • • • • • x 
s .. •a l•r CJll 12.0J - • - • - - - • Aapl• •• , CAii 12.51 - • - - - - - • ••con Creek ,.,. 12.IJ•• - • • • • x • • • • • • • • P•ce l&I" CRJll 12.7) - • - • - - - • - - - - • -Oink l•r lH 12.11 - • - • • - • • • • • • x x 
Dr if tvood l•r CH 13.01 - • - • • - • • • • • • x • Mlnlbar CH 13.31 - • - • - - - • Flower Pothole Cl.It 13.51 - • - • - - - • Copper Creek (Jl:ll It.DJ - • - • - - - • 

• llo obmerYation•. 
• • Single ob1•n•tion per pothole/day • 
• • More than two ot.erYationa per pothole/day • 
• • a.connai•••nce 1uney only • •• • Ar••• vber• otr.ervationa vere alao .. de during tbe apring. 191t. 



study. However, on September 27 and 28, downramping at Gorge 
Powerhouse ended at 0420 in order to test the effects of 
•daylight• downramping. 

Personnel from SCL/EAD provided SCL power control with 
proposed downramping target times and flows. Upper limit test 
flows were generally held constant during the late afternoon and 
evening hours prior to the downramp event. Downramping was 
generally begun between 2000 and 2330 hours at Gorge Powerhouse 
and completed within 2 hours; downramp ending times varied from 
2215 to 0230 hours. The minimum test flows were usually held 
constant throughout the morning hours of each test day. Lower 
test flows were generally targeted around the minimum flows as 
specified in the Interim Fl ow Agreement; minimum discharge was 
2,300 cfs during the spring surveys and 1,400 cfs during the fall 
surveys <Table 3-3). Downramp rate was always less than 2,000 
cfs per hour (Table 3-3>. Appendix G presents monthly flow 
histories at the Gorge Powerhouse for March through November, 
1984. 

It should be noted that no spring test downramp events were 
conducted for the test dates between April 14 and May 18, 1984, 
by request from the Washington Department of Fisheries. This 
request was made to SCL on April 11, 1984, based on WDF's 
contention that the low flows would potentially cause water 
temperatures to rise to lethal levels in the exposed potholes and 
that high fry mortality would result. It was SCL's opinion that 
the low flows that occurred during the test downramp event would 
likely occur anyway as a result of normal power operations, 
irregardless of the testing events. As a result of discussions 
during the April 25, 1984, Skagit River Standing Committee 
meeting, it was agreed that no additional downramping tests be 
carried out during the spring but that observers could be in the 
field collecting data during normal Gorge Powerhouse operations. 

Data Compilation and !nalysis 

Data Compilation 

Field data forms from the spring and fall surveys were 
reviewed visually to identify any inconsistencies or missing 
values in the data. In order to facilitate data input in the 
computer, as well as to adjust for changes in data collection 
format, data from spring survey forms were transferred to the 
standardized fall survey forms (Figure 3-1). In addition, 
pothole water depths measured in standard inches during the 
spring surveys were converted to the one-hundredth foot surveyors 
gradations used during the fall surveys. 

Once all data adjustments were completed, a computer data 
input format was developed and data from the field forms were 
keypunched directly into the University of Washington Cyber 
computer system. Data were entered chronologically by pothole 
area <river mile) and pothole number. Each data record 
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Table l-l. Di•ch•rt• &ate• and Downr•r T1M• at Gort• •••rho11H Du:r1ng 
Pillb 8trand1nt Sur•ey•, 111 

DI•CHllGI CW DALL DOMlllMP 
'l'UT Dal•IUUIPilll TIME ICPSl DCllDMP llA'l'I DUllilll 
Jl&D Hlllll ...11111 Ulilll ...11111 wg 1c;r•t1gw Plll'l' PQU•• 
3-11 2200 0100 SU2 2359 '34.3 471.0 
3-24 2200 0030 5154 2315 !US.I 1571.0 
3-31 2215 0030 4514 2304 n2.2 1011.0 
4-1 2H5 2345 451' 2304 1105 .o 1222.0 
4-7 2000 2345 '190 2337 1027 .5 1110.0 
4-1 2130 0000 5'37 2304 1333.2 1311.0 
4-21 202' 
4-21 2UI 
5-3 3'10 
5-4 3565 
5-11 1110 
5-12 1700 
5-17 2115 2215 4201 3357 151.0 151.0 
5-11 2115 2215 4140 3201 93'.0 '39.0 

1-15•• 2145 0030 55'1 1441 un .2 UH.O 
1-U 2145 0100 1442 1441 1531.I 2071.0 
1-22 21'5 2315 2730 lHO 713 ,3 HO.O 
1-23 2200 2300 2711 1150 lOH.O 1051.0 
1-31 2215 0030 USt 1441 1252.4 1457.0 
t-1 2030 2315 uu 1450 1015.3 uu.o 
9-1 2330 0200 3515 1477 135.0 1327.0 
t-7 2200 0015 3515 145' 931.0 1135.0 
t-13 0030 0230 35'5 uu 1075.5 1171.0 
9-1' 0015 0215 3550 1423 10'3.5 1317 .o 
9-20 0000 0130 3510 1432 1432.0 1150.0 
t-21 2315 0100 35'0 1441 1221.0 1110.0 
9-27 0245 0430 3700 1423 1301.l 1473.0 
t-21 0300 0430 3550 1432 1412 .o 1540.0 

. - Tb• aaxiaua hourly downr .. p rate 1• 2,000 cf•/bour •• required under th• 
Interill. Flov Agre .. ent. .. - fteconn•i•••nce aur•eyr no foraal field te•t• conducted. 
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contained two SO-column card images, which included 43 separate 
descriptive items. A copy of the data form and description of 
parameters is presented in Appendix D. All data, including those 
collected during reconnaissance surveys and high flow pothole 
surveys <except for a stretch of the river from Alma Creek to 
Newhalem>, were entered into tbe complete data file. 

River flow data from USGS gages at Newhalem and Marblemount, 
plus a predicted flow at Rockport, were entered for each pothole 
field observation. Additional flow data were also entered for 
the 3 days preceeding each field observation. 

Oualit:a> Control 

Data entered into the Cyber computer were reviewed and 
checked by the following methods: 

• Checks built into FORTRAN programs developed for data 
compilation and locating incorrect values, such as 
dates within tbe data files. 

• Use of BMDP package programs which display the maximum, 
minimum, and frequency distribution of each variable to 
check for any out-of-range or invalid values. 

• Visually checking both character and numeric variables 
in summaries of each pothole area. 

Additionally, incorrect variables were also identified when 
data were summarized for the Master Data Set. 

Programming 

FORTRAN programming was an important element of the study. 
Programs were developed for the purposes of: ll data checking; 
2) integrating river flow data into pothole records; 3l preparing 
mortality files defined by site, date, and pothole; 4l compiling 
a master data file consisting of one observation per pothole per 
day; and SJ providing consistent cover and substrate codes for 
each pothole as well as high and low flows for each day. 

Data Analysis 

The mortality files and master data files were utilized to 
prepare summary accounts of measured parameters and to carry out 
statistical analyses of those parameters. Data in both files 
were subjected to the following analyses: 

• General factor analysis to investigate the associations 
between a number of variables in the data set. This 
analysis served as an exploratory tool, highlighting 
variables and relationships which merited further 
testing. 
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• Multiple regression analysis and logistic regression 
analysis of fry trapping and stranding vs. flows at the 
Newhalem and Marblemount gages and modeled flows at 
Rockport. This analysis was to determine the 
re1-ationship of flows at various gaging stations to 
trapping and stranding results. 

• Multiple regression analysis of flow history (for 24 
hc.urs and 72 hours preceeding each downramp event> vs. 
fry trapping. Flow history consisted of five 
variables: mean daily flow for the 24 hours prior to 
the test, maximum downward amplitude for the 24 hours 
prior to the test, mean downward amplitude for the 72 
hours preceeding the test, mean daily flow for the 
previous 72 hours, and the maximum daily downward 
amplitude for the previous 72 hours. 

• Linear regression of amplitude for previous 24 hours 
vs. fry trapping and stranding. Two definitions of 
amplitude were presented and subsequently tested: ll 
amplitude 1 was defined as the difference between the 
discharge at Gorge Powerhouse immediately preceeding 
downramping and the resultant lower test fl ow after 
downramping1 2) amplitude 2 was defined as the 
difference between the maximum discharge measured at 
Gorge Powerhouse within 24 hours prior to downramping 
and the resultant lower test flow after downramping. 
It was felt that this approach would help to determine 
whether trapping or stranding was more a function of 
actual downramping or of flow history prior to 
downramping. 

• Determination of the relationship of cover and 
substrate to fry trapped and stranded. This analysis 
was to determine whether cover or substrate type affect 
fry trapping and/or stranding. 

• Multiple regression analysis of river flows at 
Newhal em, Mar bl emount, and Rockport to the 1 owe st 
maximum pothole depth of tbe day. 

• Regression of fry trapping during spring and fall with 
date and flow. The intent of this analysis was to 
determine any relationship of incidence of trapping to 
calendar date. Dates were 'adjusted' by Marblemount 
fl ow in order to alleviate possible seasonal 
confounding of flow by date. 

• Regression of ramping rate of each test vs. trapping 
and stranding for the entire river. 

• Determination of flows at which surveyed potholes 
connect and disconnect from the river as a result of 
downramping and flow releases at the Gorge Powerhouse. 
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• Determination of the number of dry potholes based on 24 
hours maximum amplitude at Marblemount and Rockport 
gaging locations. 

• A regression of ramping rate of each test vs. fry 
trapping and stranding. 

• A cursory examination of the timing of do~nramping vs. 
steelhead fry trapping. 

Standard statistical programs from the BMDP and SPSS 
packages were used to conduct a majority of the analyses. 

Riyer Floy Analyses 

River flow data from existing USGS gaging stations at 
Newhal em and Mar bl emount were assigned to 19 of the 32 pothole 
areas between Rockport and Newhalem. The Newhalem flows were 
assigned to four pothole areas and the Marblemount flows assigned 
to 15 pothole areas. Because of significant tributary inflow to 
the Skagit River between the Cascade River and Rockport, as well 
as differential lag in the river response downstream to an event 
at the powerhouse, it was determined that gaged river flows at 
Marblemount could not be assigned to the 13 remaining areas near 
Rockport without significant error in analysis. 

In order to provide for a more accurate analysis of flows in 
the Rockport area, a flow model was developed utilizing data from 
the Newhalem and Marblemount gaging stations for calibration, 
employing a Gaussian filter and assuming that the tributary 
inflow between Marblemount and Rockport is 0.94 of the runoff 
between Newhalem and Marblemount !Crumley and Stober 1984). The 
model predicted both. The Gaussian filter was tested between the 
gaged Newhalem and Marblemount stations and then applied to the 
flow between Marblemount and Rockport. Appendix c explains in 
detail the development, assumptions, and outcome of the model. 

River flow data for all test dates were entered into a 
computer file. Flow data from USGS 1984 flow records were 
entered in 15-minute increments beginning at midnight of each 
test day and continuing to midnight of the following day. Flow 
data for paired tests were entered for the entire 2-day period. 
These data were for two gaged locations and one modeled location 
on the river -- Newhalem, Marblemount, and Rockport <modeled 
flows since there is no gaging station at Rockport>. The flow 
data in 15-minute increments were tied to a comparable field 
observation time at each pothole area. For example, if a field 
observer noted water beginning to enter pothole number 15 at 
Stump Haven at 0815, the flow records would indicate the gaged 
fl ow of that same time at Newhal em, Mar bl emount, or modeled fl ow 
at Rockport. Adjustments were made to account for lag time 
between the three gaging sites. 
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Without the benefit of either gaging stations at each area 
or a sophisticated hydraulic model of the river, an exact river 
flow at each study area at a particular time could not be 
achieved because of: ll the effects of tributary inflow between 
each study area and the nearest gaging station, and 2l the 
distance and lag time between a gaging station and a particular 
study area. This method, however, could give a reasonable 
estimate of flow conditions at those study areas closest to 
gaging stations with 1 ess accuracy at those areas further 
downstream. 

The detailed gaged flow records at the Gorge Powerhouse and 
from Marblemount provided information on average daily discharge, 
downramp amplitudes, minimum test flows, and ramping rates. 
Information on connecting flows at each pothole were derived from 
the 15-minute interval flow records. 
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'. STUDY RESULTS 

Pothole Distribution and Characteristics 

Potholes from Rockport CRM 67.51 to Gorge Powerhouse were 
surveyed during the spring, in the summer-fall period, and again 
in November, 198,. Table •-1 shows the number of potholes 
surveyed by pothole area and river mile. 

The general locations of pothole areas on the river from 
Rockport (RM 67.51 to Alma Creek (RM 84.01 are shown on the 
Pothole Index Map in Appendix ~ Appendix B also includes 
detailed maps showing the locations of potholes at each area. 

Pothole areas could be generally characterized by two 
descriptive classifications: 11 side channels/sloughs to the 
Skagit River, and 21 gravel bars. Because of the dynamic nature 
of the river, it was not unusual for areas to have a mix of 
characteristics from both classifications thereby confounding 
attempts to standardize pothole summary information for 
statistical analysis. 

Pothole areas considered as side channels/sloughs were those 
where potholes were found in a linear pattern within or 
immediately adjacent to a definable channel that received water 
from the main river at certain flows. Examples of areas 
considered as side channels/sloughs included stump Haven CRM 
72.21, Hooper's Slough (RM 72. 71, Inaccessible Island !RM 73.ll, 
and Bacon Creek (RM 82.61. 

Pothole areas characterized as gravel bars were those where 
potholes were more randomly scattered over gravel areas and were 
often created by log debris. Examples of areas considered as 
gravel bars included Bad Spot (RM 70.0l, Model Pothole (RM 72.61, 
and Oink Bar (RM 82.91. 

Substrate type was determined for all potholes surveyed 
during the spring and fall. Figure •-1 indicates the substrate 
types for all 2•2 potholes <the 130 potholes common to both 
spring and fall plus 112 additional potholes identified during 
the fall surveys). Sand (31 percent of all potholes) and gravel 
<30 percent! were predominate substrate types, with silt (2' 
percent I, cobble Ul percent), and pea gravel (5 percent I 
constituting the remainder. 

Spring Surveys 

Pothole surveys during the spring generally were conducted 
on the lower 15 miles of the study area from Rockport !RM 67.51 
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Table 4-1. 70tbol.1a Surveyed •nd lec0Mai1unced. lpring, Pall, and IOTeaber, 111' 

mmx '8Jl!6 

llOckport IH '7 .Sl 
Wmyn1 1 1 lvia (JUI. 11.1) 
Tin lhack laM il.ll 
llad Spot IRM 70.0l 
l•tl• •ar CRll 70.1) 
Porbidden •ar (JUI 70. 5) 
J. •· aar IH 71.ll 
••aver Island CJtM 71.4) 
st .. p •••en IAM 72.21 
Model Pothcle IM 72.il 
1ooper 1 1 Slough CIUI 72.7> 
tick 1 a Surpri• CM 73.0J 
Jnacceaaible 11land CAii 73.1) 
C.rna9e Bar (JUI 73.l) 
Power Bar CAM 74.DJ 
Dry BU IRM 74.21 
Horth o•ar1ana Ferry (RM ''·O> 
Seclusion l•land (JUI 71.3>•• 
aig Eddy IAM 77.Sl 
2'eflon ••r IM 77.7) 
Marbleaount Slou9h CM 71.2) 
A&inter lu CM 71.3> 
Pun9ua l1r (RM 71.5) 
l&a 1 1 lar (All 12.0> 
llaple Bar IAM 12.Sl 
aacon cr .. k IAM 12.il 
race Jar ClM 12.7J 
Oink au IRM el. 91 
Driftwood lar CJUt 13.0) 
llinibar (RM ll.ll 
Plower Pothole caM 13.5) 
copper cr .. k <M H. Ol 
Alaa Creek to Goodell Creek 

(IM IS.O to M 92.IJ•• 

.Mot 1urveyed. 

TOTAL lllMHA 
01 PO'nOLU 

iOllYIJID 
&HlftG. 1114• 

I 
12 Ill 
17 (7) 
17 Ul 
11 

' 
20 

10 

12 

10 

4 

llO 1171 

TO'fAL llUMBEll 
Ol l'OftOLES 

SOIYIYED 
W 1L 11149 

31 
20 ( 11 
17 I Sl 
20 1121 
11 

' 
21 

4 
12 

4 
14 

2 

3 
3 
2 ' 2) 

' 
2 

15 I 11 
l 
4 

' l 
' l 
l 
l 
2 

242 (21) 

toTIOLES 
UCONllAIISAllCED 

ONLY DIJllillG 
llQYE"'I' 1114•• 

2 
2 
l 
2 

' 3 

' 2 

' 1 
1 
0 
4 
0 
4 
l 
0 

' s 
2 
4 
l 
4 
0 
0 
I 
0 
l 
l 
0 
0 
0 

..il 

140 

Indicate• the nu•ber of high flow pothole• 1urvey1d. 11.igb flow potbol•• are 
those known to atay diaconnected frm. th• riY•r during the duration of the 
ltudy. 

• Total number includes high flow pothole• aurveyed dU:rin9 spring and fill ltl• • 
•• See Appendi• E for det•iled deacription of tbeM potbolea. 
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to Bacon Creek (RM 82.6). A total of 130 potholes were regularly 
surveyed, of which 104 C80 percent> were located between Rockport 
and Illabot Slough, a distance of approximately 5.2 miles (Table 
4-ll. On test dates when a jet boat was available, that portion 
of the river _upstream of Bacon Creek was surveyed. A number of 
potentially important pothole areas were identified and surveyed, 
Agg Pond Bar <RM 91.3) was surveyed on three occasions with no 
stranding observed. 

Of the 130 potholes regularly surveyed, 17 were determined 
to be high flow potholes, those potholes which were observed to 
be disconnected from the river during the test periods. For the 
purpose of data analysis, those 17 potholes were evaluated 
separately. 

Table 4-2 summarizes the potholes at each study area and the 
number of potholes found to trap and strand fry. Of the 113 
potholes (excluding the 17 high flow potholes) surveyed during 
the spring, 95 (84 percent) trapped fry while 33 <29 percent) 
stranded fry. Within pothole study areas, percentages of 
potholes trapping fry ranged from 50-100 percent, while 
percentages of potholes stranding fry ranged from 0-63 percent. 
Figure 4-2 indicates that there was no apparent linear 
relationship between the total number of potholes, number of 
potholes trapping fry, or number of potholes stranding fry by 
study area with river mile. However, with the exception of two 
areas: Stump Haven and Fungus Bar, there appears to be a 
relationship between total number of potholes by study area and 
number of potholes trapping and stranding fry. 

Fall Surveys 

Numbers of potholes and study areas in the fall period were 
greatly increased over those surveyed in the spring. A total of 
242 potholes were surveyed between Rockport (RM 67 .5l and Copper 
Creek <RM 84.0l, of which 176 <73 percent) were located between 
Rockport and Illabot Slough (5.2 milesl. Of the 242 potholes 
surveyed, 21 were high flow potholes and analyzed separately in 
this report. 

Table 4-3 summarizes the potholes at each study area and the 
number of potholes observed to trap and strand fry. Of the 221 
potholes (excluding the 21 high flow potholes) surveyed during 
the fall, 99 <45 percent> trapped fry while 39 (18 percent) 
stranded fry. Within study areas, percentages of potholes which 
trapped fry and stranded fry varied from 0-100 percent. Figures 
4-3 and 4-4 indicate the relationships of potholes that trapped 
and stranded fry during the fall by river mile. The total number 
of potholes by study area decreased moving upriver, probably due 
to the increase in gradient and narrower river channel and 
floodplain. There was a general tendency of increased numbers of 
potholes which trapped and stranded fry with increased numbers of 
potholes by study area, though not as pronounced as was observed 
for the spring survey. 
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Table 4•2. summa'y of Pothole• Witb Tl'apped and st,anded Fl'y by A[ea, Sp,tng 1914• 

ITlJDI tltt 

aoctport <JUI '7 .5> 
Wayne•a IW'i• {Rfil 61.lJ 
Tin lb.lck (JUI ,1,3) 
lad Spot (ltll 70.0l 
Eagl• ••r CAM 70.l) 
forbidden la!' (JUt 70.S> 
Stmmp l•Yen <AK 72.2) 
looper•• ilou9h (JUI 72.7) 
Inaccea11ble Island [AK 73.1> 
run9u1 Bar Cltll 71.SJ 
Bacon Creek fAM 12.6> 

TOTAL JWJ.Ml!I Ell or 
IU!eEll or POTIOLES WITI 
PQTll(U.r;s fAAf PED FIX 

I ' ll I 
10 5 

I 7 
11 11 

t I 
20 1' 
10 ' 
12 12 
10 ' 

_J ...J. 

113 95 

PEllCENT OF 
POT BOLES 

T••ppING FBX 

75 
73 
50 
19 

100 
19 
10 
90 

100 
90 

w 

" 

IUllBEll OF 
POTHOLES NITB 
ftBA"PEP FIX 

' 2 
l 
5 

' l 
2 
l 
l 
0 

J 

)) 

PEllCENT OF 
POTHOLES 

ST'"NQINC. PIX 

50 
11 
30 
'3 
55 
ll 
10 
)0 
25 

0 
.iO. 

• E•clu~•• bi9h flow potbole• Ctboae potbola1 ne•er obs•t••d connected to tbe Skagit River du,in9 the teat 
period). 
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Table '-3. Su••ry of Pothole• With Tr•pped and Stranded rry by Az:aa, Fall 1114'*, •• 

nPP1 AlfjA 

Rockport (JUI i7.Sl 
Wayne 1 1 lwim (l.M ''·l) 
Tin Shack (JUI il.3) 
Bad Spot 11111 70.0l 
S&gl• ... (JUI 70.l) 
Forbidden ••r ClM 70.S> 
Stuap aaven (M. 72. 2l 
Model Pothole lllM 72.il 
looper'• Sl.ou9h CltM 72.7J 
aick'a Surpri .. ClM 73.0J 
Jnacce1aibl• Jaland (JtM 73.ll 
carnage ••r <AM 73.J> 
Dry lar (ltM. 74.2) 
North O'lriana rerry <KM ''·O> 
Secluaion Jaland tJUt 7i.3J 
aig lddy <llM 77.Sl 
Marbl•oWlt Slough (JtJl!i 71.2) 
rungua 1ar tl.M 71.5> 
s .. •. ear CAM 12.01 
ILlple aar (aM 12.Sl 
.. con cr .. k Clll 12.,J 
race ••r Cl.II 12.7> 
Oink aar CllM 12. 9) 
l>riftvood ••r (JllM 13.0J 
IUnibar ti.fl 13.3} 
Flower Pothole Cl.M 13.5) 
Copper Creek tl.M l,.O> 

TOTALS 
HllCEll'l' 1'G E 

TOTAL lmllBU or 
ll!JllBEll or PO'l'llOLES Wl'l'll 
POTDQLES 

31 
1' 
12 

I 
11 

' 21 
4 

12 
4 

H 
2 
3 
3 

••• 
' 2 

H 
l 
4 

' 3 

' 3 
3 
l 

--2 

221 

TMPPG FRY 

7 
ll 

3 
5 
3 
3 

20 
2 

' 2 
3 
2 
0 
0 

••• 
• I 
s 
0 
0 
s 
l 
s 
0 
l 
0 

...I. 

" 

PEllCHT or 
PO'l'llCl.ES 

TIAfplNG FIJ 

23 
u 
25 
n 
17 
so 
11 
so 
7S 
so 
21 

100 
0 
0 

••• 
" so 
3' 

0 
0 

Si 
33 
13 

0 
33 

0 
li 

45 

NU!eEll or 
PO'l'llOI. ES WI'1'11 
€f!INQ£Q FRY 

3 
3 
l 
2 
2 
l 

' 0 
2 
0 
0 
2 
0 
0 

• •• 
7 
0 
2 
0 
0 
2 
l 
2 
0 
0 
0 

..a. 
3' 

PERCENT or 
POTllOLES 

Cp•HQIHG [ltJ 

10 
1' • 25 
11 
17 
32 

0 
17 

0 
0 

100 
0 
0 

••• 
71 

0 
0 

22 
33 
33 

0 
0 
0 
0 
0 

..a. 

11 

• lscludea higb flow pothole• Ctboae potbol•• ne••r obllerved connected to the Skagit atver during the 
tHt perlodl. 

•• ••• 
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Nove!Dber High Flow Pothole Reconnaissance 

During November, 1984, reconnaissance surveys were conducted 
to identify potholes occurring at very high river flows. The 
reconnaissance covered the lower river from Rockport to Bacon 
Creek and the upper river from Alma Creek to Newhalem. A total 
of 140 high flow potholes were observed. No potholes were found 
between Alm.a Creek and Damnation Creek. Table 4-1 indicates the 
number and location of high flow potholes. Maps in Appendix B 
and the table in Appendix E provide detailed locations and 
information regarding the high flow potholes. Because these 
potholes were surveyed only in November, no fry trapping or 
stranding data were collected and no statistical analyses 
applied. Figure 4-5 indicates the substrate types for 140 high 
flow potholes surveyed during November. Silt was the more co1D111on 
substrate C40 percent of all potholes>, followed by sand (31 
percent>, cobble <27 percent), and pea gravel and gravel (each 
approximately 1 percent). 

On the 25 miles of river surveyed for high flow potholes, 67 
<48 percent) of the 140 potholes located occurred in the upper 
river from Alma Creek to Goodell Creek (7.8 miles>. The 
remaining 73 potholes were scattered from Rockport to Driftwood 
Bar !RM 83.0l, a distance of 15.5 miles. 

Fry Trapping and Stranding 

The focus of the data analysis was to determine the 
relationship of a number of physical and spatial variables to fry 
trapping and stranding. The relationship of trapping with these 
variables was treated directly, with trapping itself as the 
independent variable. Numbers of fish stranded is meaningful 
only as a proportion of fish originally trapped, i.e., the number 
of fish who die out of the number of fish at risk. For that 
reason all relationships of stranding to flow and pothole 
conditions were treated as conditional probabilities, modeling 
the ,logistic .transform of the ratio of stranding to trapping as a 
function of the variables of interest. 

The variables investigated were river mile; julian date; the 
maximum depth of a pothole at its deepest point for any given 
day; the length and width of the pothole; the maximum pothole 
temperature; the river gage reading1 the flow code, which is an 
integral code related to river mile and assigned to either 
Newhalem, Marblemount, or Rockport; the flow at which ea.ch 
pothole becomes connected to the river; the flow at which each 
pothole becomes disconnected from the river; the maximum flow at 
Newhalem just prior to downramping; the maximum flow for 24 and 
72 hours prior to a test; the minimum flow at Newhalem throughout 
the day; the number of times the pothole was observed to be dry 
throughout the day; the area and the volume of the pothole; and 
the number of fry trapped and stranded. 

37 



Skagit River 
High F'low Pothole•, 191!1+ 

60~~~~~~~~~--=-~~~~~~~~~~~~~~~~~ 

50 Silt 

" +o 
~ 
~ - Cobble 0 
Q, ... 30 0 .. .. 
.I> 
E 
" 20 z 

10 

Peo Grovel 

0 
2 3 + 5 

Substrate 

FIGURE 4-5. PRIMM? SllBSTPATE TiPE.S CF HIGH FI£W PC1lH:lUS SURVEYID 
IN NOi/EMBER, 1984, SKAGIT RIVER 

38 



Regressions of trapping and stranding/trapping on river 
flows, downramp amplitudes, and flow history have been done in 
two ways: once on the full data set, including both spring and 
fall, and again with spring and fall data separated. The 
seasonal analyses are presented herein while a discussion of the 
results of the full data set analyses is provided in Appendix F. 
In most cases, results differed when data was broken down by 
season. Regression effects which had been significant on the 
entire data set often were not significant when the smaller 
seasonal data sets were run or were replaced by other ef:Cects. 
Such changes in regression effect can have four possible 
interpretations: ll the strengths of the effects of flows, 
amplitudes, and flow history did, in fact, change by season as 
reflected by the varying regression results1 2l regression 
results, which were weak due to large variation in the data for 
flows, amplitudes, or differing sample sizes1 3) severe 
confounding between the main effects and time changes over the 
seasons1 and 4l all three of the above conditions were in effect. 

Using the entire data set, an exploratory analysis was 
conducted to investigate possible inter-relationships among the 
range of variables C65 correlations>. The output was a 
covariance matrix, showing pairwise covariance of all variables. 
This analysis was run on the entire data set C4,314 cases> and 
again on a set of data for which data having missing values for 
one or more of the aforementioned variables were excluded C50 
cases>. 

Of the 65 variables analyzed, 48 showed a correlation 
coefficient of greater than .279 or less than -.279 Cthe range 
considered statistically significant at the .05 level). A number 
of the correlations were superfluous Ce.g., length-to-area or 
area-to-volume relationship of pothol esl 1 however, the 
correlations did serve as a cross check on the validity of the 
value of the variables. 

Of greatest interest was the correlation coefficient run to 
compare fry stranding with fry trapping. This analysis included 
all non-zero trapping and stranding results C682 cases>. A non­
significant correlation coefficient of .0074 was observed, with 
the conclusion that stranding does not increase as trapping 
increases. 

A statistical summary of the multi variate analysis is 
presented in Appendix F of this report. Additional results of 
the statistical analyses are included in appropriate sections of 
this RESULTS section. 

Spring Surveys 

Trapping and Stranding by Area (Riyer Mile!. A summary of 
the number of fry trapped during the spring in potholes in the 
study areas is shown in Table 4-4. A total of 17 ,538 fry were 
trapped during the entire testing period from March 11 through 
May 18, 1985. One study area, Stump Haven CRM 72.2) trapped 30 
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Table 4-4. Summary of Fry Trapped and Stranded by Area, Spring 1984* 

TOTAL TOTAL PERCENT 
NUMBER OF NUMBER OF NUMBER OF OF TRAPPED 

STUDY AREA TEST DATES TRAPPED PRY STRANDED FRY .f.BI STRANDED 

Rockport (RM 67.5> 14 126 45 36 
Wayne's Swim (RM 68.1) 14 1,837 15 1 
Tin Shack CRM 68.3) 14 90 8 9 
Bad Spat (RM 70.0) 14 1,042 88 8 
Eagle Bar CRM 70.1) 14 1,604 44 3 
Forbidden Bar CRM 70.5) 14 1,663 9 1 
Stump Haven CRM 72.2) 11 5,304 54 1 
Hooper's Slough (RM 72.7) 14 1, 750 7 <l 
Inaccessible Island <RM 73.1> 5 847 11 1 
Fungus Bar CRM 78.5) 13 1,364 0 0 
Bacon Creek CRM 82.6> 8 1.911 --3J. -2. 

TOTALS 17,538 315 
PERCENT.AGE 2 

* Ezcludes high flow potholes <those potholes never observed connected to the Skagit 
River during test dates>. 



percent of all trapped fry observed during the testing period, 
with one pothole trapping 63 percent (3,351 fryl of all fry 
trapped at that area. 

Of the 11 pothole areas studied, six areas contributed to 78 
percent of all trapping. All six areas are side sloughs and side 
channels to the river that have potholes occurring in a linear 
pattern. 

A summary of fry stranding during the spring is presented in 
Table 4-4. A total of 315 fry were stranded, with 84 percent of 
all stranding occurring in 5 of the 11 areas studied. The areas 
of greatest stranding did not correspond with the areas of 
greatest trapping. For example, al though 126 fry were observed 
trapped in potholes at Rockport (RM 67.Sl, 45 fry (36 percent) 
were stranded, while at Stump Haven (RM 72.2) 54 fry of 5,304 
trapped (1 percent> became stranded. 

Figure 4-6 indicates a negligible relationship between the 
number of potholes surveyed that contained trapped fry to the 
number of stranded fry by study area (river mile>. 

One conanon pattern of stranding between study areas was that 
only a few potholes accounted for a majority of the stranding. 
TWo potholes at Bad Spot (RM 70.0l were responsible for 85 
percent of the stranding at that site (Potholes 13 and 14>. 
Stump Haven (RM 72.2>, Rockport Bar (RM 67.Sl, and Eagle Bar <RM 
70.1) are sites with large backwater areas or side channels. 
Ninety-three percent of all stranding at Stump Haven occurred in 
a large pothole (Number 15) located at the upstream end of the 
side channel. Rockport Bar has a relatively gradual slope which 
includes a number of potholes clustered near the upstream end of 
the slough. Nearly half of the stranding for the area <44 
percent) occurred in two potholes <Potholes 1 and 3Al located 
near the back slough. A number of potholes are also clustered 
around the downstream opening into the slough, with one of those 
potholes (Pothole 6) accounting for 53 percent of the spring 
stranding mortality at that pothole area. Stranding at Eagle Bar 
occurred mainly in two potholes (77 percent> associated with the 
upper reach of the slough running through Eagle Bar <Potholes 3 
and SA>. 

With the exception of the Bacon Creek area (RM 82.6), the 
pothole areas associated with greatest spring mortality were all 
1 ocated between Mar bl emount and Rockport on the 1 ow er reach of 
the study area. At the Bacon Creek pothole area (located 0.3 
mile downstream of the confluence of Bacon Creek and the Skagit 
River>, two potholes located in a side channel (Potholes 1 and 2l 
were responsible for all of the observed stranded fry in the 
area. No mortality was found on Fungus Bar (RM 78.Sl, the only 
other regularly surveyed study area 1 ocated upstream from 
Marblemount. 

High Fiow Pothol~. Those high flow potholes identified 
during the spring as having trapped and stranded fry were 
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evaluated separately from tbe data previously presented. Two 
study areas, Tin Shack CRM 68.3) and Bad Spot (RM 70.0), bad l' 
high flow potholes with trapped and stranded fry (Table •-5). 
Tbe fry observed in those potholes were not included in the 
summary information shown in Table ,_, since those fry were 
trapped for the duration of the study. The number of fry 
observed in those potholes varied from one test to another due to 
such factors as changes in weather and light conditions, color of 
the water, and movement of fry within tbe potholes. 

It should be noted that Wayne's SVim, Pothole Number 8, was 
not a high flow pothole but was removed from the main analysis of 
potholes to be analyzed because of its large size and depth. A 
large number of fry continually occupied tbe pothole, probably 
because of the extremely large amount of cover present Csee 
Pothole Area Maps - Appendix Bl. 

Trapping and Stranding by Date. Figure •-7 indicates the 
percent of total fry trapped and stranded by test date during the 
spring, 198•. A summary of trapping and stranding for each study 
area by test date is presented in Tables 4-6 and 4-7. Numbers of 
fry trapped and stranded by study area varied greatly between 
test dates. However, those study areas previously described as 
belng associated with greater overall trapping and stranding 
generally showed greater trapping and stranding over more test 
dates. Stump Haven showed greatest daily trapping over more test 
dates than any other study area C36 percent). Similarly, 
stranding occurred at Bad Spot over more test dates than at any 
other study area (29 pet:centl. · 

Trapping of fry was most prevalent between March 31 and 
April 28, with the number of fry trapped decreasing significantly 
during May. One common relationship occurring tbrougbout tbe 
test period was that the number of fry trapped was less on the 
second day when tests were conducted on consecutive days. Those 
•paired• tests were conducted on five occasions throughout the 
study. A number of factors probably influence the number of fry 
trapped over time: ll river flows prior to the test, 21 the 
minimum test flow, 31 downramp amplitude, 41 number of fry 
utilizing the test areas, and 41 the age and size of the fry. 
Relationships of several of these factors will be discussed in 
later sections of this report. 

River flow at Marblemount and date were included together in 
a regression analysis against trapping. The Marblemount flow was 
used since it was most strongly related to trapping. Botb flow 
Ct • -3.94; p <.OOll and date Ct ~ -4.051 p <.OOll were found to 
be significantly related to trapping, al though the

2 
relationship 

was not a linear one CF value of 33.7; p <.0011 R • .1251, as 
exhibited by a strong fanning pattern of the residuals (Appendix 
Fl. 

Stranding of fry throughout tbe test period did not follow 
the same temporal trend established with trapping. The greatest 
number of stranded fry C94l for any one test were observed on the 
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Table 4-S. High Flow Potholes Surveyed O\rer 14 Test Dates, 
Spring 1984* 

STUDY AR£A 

Wayne's Swim CRM 68.1) 

Tin Shack (RM 68.3) 

Bad Spot (RM 70.0) 

POTHOLE 

008 

002 
oos 
006 
06B 
06C 
llA 
llB 

001 
002 
003 
007 
008 
009 
OlS 
016 
017 

MAX. NO. OF 
TRAPPED FRY TOTAL 

QB SERVED STMNDillj 

0 0 

lSO 0 
so 1 
30 0 
2S 0 

0 0 
30 0 
so 0 

200 3 
300 2 
100 0 

12 0 
7 0 

12 0 
200 0 

0 0 
30 4 

* High flow potholes are those known to stay disconnected from river 
flow during the duration of the study. 
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Table 4-'· Fry Trapped by Te•t Date •t Each Study Are• CAiver MileJ, Spring, 1914, SJc.•git •iwer 

TEST DATE 
STll>f a11a 1=ll l.:U ...l:ll J=1.... ...J=L ....l:L ....bll ...b1J. ~ kt lil. .i:U .i:ll ~ -2:!ll:.6L 

lloctport IRll 67.5) 25 3' 21 0 30 4 0 0 0 0 0 0 0 0 126 
Wayne'• •:l.9 CU 11.1> 60 7 lU 120 Ul 214 2U 5'5 0 0 ' 0 0 0 i,1;1 
Tin Shack llN ,l.ll 2 31 20 7 4 12 2 l 0 0 2 2 0 0 '° Sad Spot IUI 70.0> 2H 7, 72 23 200 " 71 102 50 JS 17 • ' u ' 1,042 
Eagle ••r <•M 70.l> '1 217 '35 31S ,0 131 101 Sl 0 0 0 0 l 2 1,604 
Forbidden aar CIR 70.51 IS 34 105 30 ,2 2Sl lH 172 160 171 180 IS 122 11 1, ... 3 
Stmp llnen CaM 72.2J - - 7H - l,2i2 ,. 1,731 1,211 0 S2 12 0 22 53 5,304 
•ooper'• llough CltM 72.71 n' 100 u f5 175 lH 102 JU " 7 lH 15 1 1 1,750 
Jnacce•aibl• I•land lRM 73.1> - - 407 - lSI 121 - 129 32 - - - - - 147 
PW19u• aar CM 71 .5) - 1l 271 351 lU 11' 12 112 IS " 12' 2S 0 2, l ,J64 
aacon Creet CRM 12.11 - - -2lli --1U ....lll _.2ll -- ......2il lli - llll - ..ll - ....L.lll 

!OTALB H3 S24 3,239 1,231 2,752 1,279 2,4i2 2,921 S71 331 770 201 1'4 lot 17, 531 

- »o ot.erTltion• on that dliy. 

.... 
"' Table C-7. Pry Stranded by Teat Date at Each Study Area Ckiver Mile), Spring, 1914, Skagit atver 

TEST DATE 
Rim ••£• 1=ll l.:U bll i:l !:1 kl ell .l=.2.1. ~ kt lil. .i:U .i:ll ~ :mi:& 

Rockport CRM i7.5) 10 0 lS 0 u • 0 0 0 0 0 0 0 cs 
Wayne' a •ia CM ii .lJ 0 0 6 0 ' ] 0 0 0 0 0 0 0 15 
Tin Sh1ct (AM ,1.3) 0 s ] 0 0 0 0 0 0 0 0 0 0 I 
Bad lpot , ... 70.01 " 0 lS 0 20 0 4 0 0 a 0 0 0 II 
Eagle lair CAM 70.11 35 l 0 0 2 6 0 0 0 0 0 0 0 H 
rorbidden aar CM 70.S> 0 0 0 0 0 • 0 0 0 0 0 0 0 ' &tU8p ll&Ten caM 12.21 - - 4 - 0 0 0 0 0 so 0 0 0 Sf 
eooper•a Slou9b CllJI 72.71 0 0 0 ] 2 l 1 0 0 a 0 0 0 7 
Jnacce•aibl• I•land CllK 73.lJ - - 0 - 10 0 - 0 1 - - - - 11 
rungu• au Cb 71. SJ - 0 0 a 0 0 0 0 0 0 0 0 0 0 
Bacon Creek CIUI 12.,> - ::: J ll ll1. .... ::: ll II - ::: II ::: ....l.f. 

!OTALS H 6 4S 3 " 27 s 11 1 so 0 0 0 31S 

- llo obser•ation• on that day. 



first test date, March 11, 1984, with other stranding peaks 
occurring on March 31, April 7, and May 4, 1984. As with 
trapping, stranding of fry tended to be lower on the second day 
of paired tests. The one exception was on May 4 when stranding 
was greater on the second day of the 2-day tests. No stranded 
fry were observed during observations conducted after May 4. 

%i4RR1na-Ang_.s~i•ngina--1l~_.B~bA~~ate Type. Figure 4-8 
indicates the primary substrate type in those potholes trapping 
and stranding fry during the spring. Potholes with sand C38 
percent of all potholes trapping fry) and gravel (28 percent) 
substrates trapped more fry than did potholes with silt Cl7 
percent), cobble (12 percent>, or pea gravel (5 percent>. 
Potholes with gravel C35 percent of all potholes stranding fry> 
and silt (35 percent) stranded more fry than did potholes with 
sand Cl9 percent), cobble (8 percent), or pea gravel (5 percent). 
This result was confirmed through analyses of the data using a 
logistic regression analysis which showed a significant 
difference of the proportion of stranding to trapping among the 
various substrate types <Appendix Fl. Gravel and silt were 
associated with larger stranding proportions than any of the 
other substrate types. 

Figure 4-9 indicates the number of fry trapped and stranded 
by substrate type. A predominance of fry were trapped in 
potholes with sand, followed by cobble and gravel. Of interest 
is the fact that although the number of potholes with cobble 
substrate !Figure 4-8> was less than silt or gravel, there were 
more fry trapped per pothole with cobble substrate than in 
potholes with other substrate types. More fry were stranded in 
potholes with silt substrate than with any other substrate type. 

Trapping and Stranding by Coyer :i:ype. Figure 4-10 shows the 
primary cover type of potholes with trapped and stranded fry 
occurring during the spring. A predominance of potholes had 
cover C82 potholes or 75 percent) to those potholes without cover 
<27 potholes or 25 percent). 

Figure 4-11 shows the relative number of fry trapped and 
stranded by cover type. Potholes with cover collectively trapped 
and stranded more fry than did potholes without cover. 
Additionally, more fry were trapped in potholes with overhead 
vegetation as the most common cover type. More fry were stranded 
in potholes containing root wads than with any other cover type. 

Analyses of data for both spring and fall using a logistic 
regression analysis showed a significant difference of the 
proportion of stranding to trapping among the various cover types 
and also with the analysis of cover vs. no cover !Appendix Fl of 
fry. In this analysis, cover had a positive effect on 
survivability (chi-square .. 16.61 p <.OOll. 

Potho.le Temperatures. Figure 4-12 shows the frequency of 
maximum daily water temperatures observed in potholes during the 
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spring. No mortality associated with high water temperatures was 
observed. 

Foll Surveys 

Tr1P11ing and Stranding by Area CRiyer Mil el. Total numbers 
of fry trapped in potholes over the 26 foll study areas ore 
summarized in Table 4-8. During the foll test period from August 
22 through September 28, 1984, a total of 3,578 fry were trapped. 
The majority of the fry were newly emerged steelheod fry; 
however, coho salmon were also observed. 

Big Eddy <RM 77.5>, a study area characterized by flooding 
at relatively lower flows, trapped 27 percent of all fry trapped 
in the study. Big Eddy is unique in that no other major pothole 
area contained trapped fry in all surveyed potholes. With the 
exception of Oink Bar (RM 82.9), which trapped 10 percent of the 
total fry, a majority of trapping occurred downstream of 
Morblemount. Study areas located in the lower 5.2 river miles of 
the study reach accounted for 54 percent of all trapped fry. 
Wayne's Swim (RM 68,ll, Stump Haven <RM 72,2), and Hooper's 
Slough (RM 72.7>, responsible for most of the trapped fry in the 
lower section, ore characterized by clusters of potholes around 
side channels and sloughs, Similar to Big Eddy, the above study 
areas included trapped fry in a majority of the surveyed 
potholes. 

Fry stranding summarized over all study areas is also 
presented in Table 4-8; a total of 426 fry were observed to be 
stranded during the foll test period. The largest percentage of 
fry, 33 percent, were observed stranded at Forbidden Bar <RM 
70,5). Within the Forbidden Bar study area, all stranding 
occurred in a single pothole (Pothole 2) located along side the 
upper reach of a high flow side channel on August 22, 1985, This 
particularly large stranding event was due to a combination of 
lower maximum allowable flows from the Gorge Powerhouse and 
declining natural flows. This pothole was never observed to be 
connected to the mainstem of the river during the remainder of 
the study. 

Three of the five study areas which trapped the majority of 
fry were also responsible for 53 percent of total fry stranded. 
Similar to Forbidden Bar, nearly all stranding at Stump Haven was 
attributed to a single pothole located along the side channel 
<Pothole Jl. In contrast, stranding at Big Eddy was distributed 
over several potholes. Similar to the pattern exhibited with 
trapped fry, Oink Bar was the only study area upstream from 
Morblemount where stranding was observed to be high. Fourteen 
percent of all fall stranding occurred at Oink Bar, which is 
located directly on the downstream bank at the mouth of Bacon 
Creek. Fry stranded in this area may have newly emerged from 
Bacon Creek, known to be an important steelhead spawning and 
rearing area. 
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Table 4-1. Summary of fry Trapped and Stranded by Ar••• P•ll ltl4•, •• 

mmy ••g• 
lloclport llM ,7.5) 
Wayne'• •1• UtM , •• l> 
Tin lbocl< llM ,l.31 
IOd lpot llM 7D.DI 
IOgle ••< llM 7D.ll 
rorbidden B•< llM 7D.51 
ltr.mp l••en Cb 72.2> 
llod•l Pothole llM 72.,1 
looper'• Slough (JUI 72.7> 
aick'• 5urpri .. < ... 73.0> 
Inacce11ibl• l•lU1d <I.JI 73.l> 
Carna9• aai CAii 73.3> 
Dry lar (RM 74.2) 
Mortb O'aiiana Feiry (aM 7,.0J 
lecluion 11lU1d tJtM 7,.3) 
Ii• lddy <JUI 77.SJ 
Karblaount Slou9h UtM 71.2> 
Fungua lat (IUI 71.S) 
1 .. •a aar Cl.A 12.0l 
llliple Bar CM 12.S> 
1acon Creek <AM 12.,> 
race aar CAR 12.7> 
Oink Bar (All 12.9> 
Ddftvood lor llM ll.DI 
M1n1bor llM 13.31 
Plower Pothole Utt• 13 .5> 
Copper Creek taK ''·O> 

• 

TO'l'ALS 
PERCENTAGE 

11111B11t or 
Tl&T QA'J'ES 

12 
12 
12 
12 
11 
12 
lD 

4 
12 
lD 
lD 
11 

J 
2 
5 

12 

' 12 
2 
2 

12 
J 

10 
10 

4 
J 
3 

•• ~xcludeo b1gb flow potbolH • 
Eacludea 1/15/I' reconn.a.iaaance aurvey • 

!OTA!. 
1111111111 or 

TM.lpJQ FIX 

54 

"' 30 
125 

13 
235 
405 

35 
302 

22 
17 
1' 

0 
0 

••• 
HO 

" 71 
0 
0 

" 7 
3" 

0 
3 
0 

---'-
3,571 

••• All potholea teated were bi9b flow potbol••· 
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TOTAL 
llUMllD or 

'iT!ABQEP PIX 

11 

' 3 
2 

l3 
142 

17 
0 

' 0 
3 
3 
0 
0 

••• 
79 

0 
7 
0 
0 
2 
l 

51 
0 
0 
0 

_,A 

42, 

HlClllT 
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FIJ S7'1AHQEQ 

20 
l 

10 
2 

1' 
'D 
21 

D 
3 
D 

11 
19 

0 
0 

••• • D 

' D 
D 
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14 
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Figure 4-13 indicates that there is no cl ear relationship 
between the number of potholes containing trapped fry and the 
number of stranded fry for a particular area. For example, while 
Forbidden Bar stranded the most fry by area, only three potholes 
contained trapped fry. Also, Wayne's Swim, with 13 potholes 
containing trapped fry, accounted for only 1 percent of total 
stranded fry. 

Trapping and Stranding During the Beconnaisaance Suryey. A 
summary of trapping and stranding observed during the 
reconnaissance survey of August 15 and 16, 1984, is presented in 
Table 4-9. A total of 3,120 trapped fry were observed over 18 
study areas. Generally, numbers of fry stranded per area were 
higher than were later observed during the fall surveys. 
Although SO percent of all trapped fry were observed at Forbidden 
Bar, Hooper's Slough, and Stump Haven, all major study areas had 
more trapped fry than observed during the surveys. 

For the week prior to the August 15 downramp CS,751 to 1,400 
cfsl, average daily discharge at the Gorge Powerhouse ranged from 
3,360 to 4,920 cfs. Minimum sustained flow over the same time 
period was gaged at 2,993 cfs on August 11. Apparently the 
magnitude of the downramp, along with previous high flow 
conditions, caused a major reduction in juvenile backwater and 
side channel habitat thereby concentrating fry in potholes 
associated with sloughs and side channels. 

Numbers of fry stranded during the reconnaissance survey are 
also summarized in Table 4-9. A greater incidence of stranding 
was observed during the reconnaissance survey than was later 
observed during the fall survey. A total of 508 fry were 
stranded over the 18 study areas, with 69 percent of the total 
fry stranded in single potholes at Hooper's Slough (200 fry in 
Pothole 4) and Eagle Bar ClSO fry in Pothole 8). In both cases, 
the potholes involved with stranding were located at the upper 
ends of sloughs which had become dewatered during the downramp 
event. 

High Flow Potholes. Summary data for trapped and stranded 
fry in high flow potholes surveyed during the fall is presented 
in Table 4-10. As was mentioned previously, all data associated 
with high flow potholes were evaluated separately and were not 
included in other summary tables. 

Twelve high flow potholes in three study areas contained 
trapped fry, of those potholes, mortality was observed in only 
four potholes. Single potholes in Bad Spot and Tin Shack 
accounted for 93 percent of the observed mortality. In both 
cases, mortality was due to high water temperature resulting from 
a combination of lower water levels, very warm air temperatures, 
and no tree canopy over the potholes. Most of the high flow 
potholes had relatively greater volumes and retained water 
throughout the fall surveys. Water quality conducive to fry 
survival was achieved by the recharge of fresh water through the 
gravel bars. This resulted in little observed mortality. 
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Tabl• ,_,_ Sua1acy of Fry Trapped •ad Stranded by Study Area Obaer.ed During Aeconn&iaaanc• 
survey, Au911at lS and li, uu 

11t1•u or NOllHll or 
BY 'f&APP£D 111 BY S:TllANDED• 

,§TQDX t'f' 1:15. l:1i 1:15. l:1i 

lloctport lllll 67.5l 
Wayne• a 5vim ClM il.lJ 
Tin Shack lllll ".3> 
lod Spot (lift 70.0) 107 65 
&agl• •• , (1111 70 .1) 300 150 
.rorbiddan Bar <•• 70.51 621 0 
Stuap Ma•en UtM 72.2) 427 22 
llOdol Pothole (JIM 72 .6l 205 0 
Boopt:r'• Slougb Cati 72.7> 510 200 
aick 1 a Surpri.e (ftM 73.0> 12 0 
Ioaccaaaibla I1l1nd 11111 73.l) 206 3 
Carnage Bar , .. 73.3) 37 36 
Dry Bar 11111 71.2> 
North O'lriana Ferry (JlM 71.0J 
lecluaion Island (JUI 76.JJ•• 
lig Eddy 11111 77.5) 217 31 
Marbl•ount Slouzb CM 71.2) 150 0 
rungua lar UUI 7 • 5 l 42 0 
5am'a Bar Ill! 12. OJ 
&lple ••r IRM U.5l I 0 
l11con creak lll! 12.6) 5 0 
Pace Bar 11111 12.71 26 0 
Oink Bar 11111 12." 101 
Driftwood aar lllll 13.0l 
Mini bar lllll 13 .31 5 0 
Flower Pothole (JlM 13.SJ l 0 
COpper Creek !lift U.0) - - = 

TOTAL! 2,u2 111 507 0 

• Excludea fry trapped or at.randed in b19b flov potbolea • 
lilot surveyed on that date. 

•• ligb flow potbol••· 
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l l 
4 0 
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T•ble 4-10 • •i9b ?low 1othol•• IU&:Y9J'ed Ot'e&: 12 Te8t Date8, ro11 uu• 
llAX. MO. or 
TIAJ'PED rltt TOTAL 

ngpx ''"' !QTIOt,g OISl!IYEQ n••mxw;•• 
Wmyn•'• lwim (IUI 11.1) OOI 500 
Tin Sbact CIUI U.31 002 200 

005 21 
001 1 
llA 0 
lU 0 

••d lpot CRM 7D.OI 001 550 
OlA 370 
OU 300 
OlC 0 
002 52 
003 42 
007 150 
DOI 0 
00, 's 
015 47 
Oll 0 
Dl7 D 

leclu•ion Ialand CRll 71.31 DOA 1 
DD a I 

run9ua •• , CRM 71.51 oor 21 

• atgh flow pothole• were tboae ob9ecved to atay diaconnected f roa 
ri•e&: flow during -11 teat dat••· 

2 
0 

21 ••• 
0 
0 
0 

0 
3 
0 
0 
0 

42••• 
0 
D 
0 
0 
0 
D 

0 
D 

0 

•• Do•• not include Auguat 15, 111' ceconnai•a&nc• 1urYey. Only 
pothole with 1/15 atrandin9 waa aad lpot 003 wttb ZS atrandlid fry. 

••• High temperature •ortality. 

lotes A total of 21 hi9h flow potbol•• were aurveyed during the 
fall, lfl'· Of tlloae, lZ contain.d trapped or •tranded fry. 
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Trapping and Stranding by Date. The temporal distribution 
of fry trapped and stranded over the entire study area is shown 
in Figure 4-14. A summary table with numbers of fry trapped and 
stranded by study area and date is presented in Tables 4-11 and 
4-12. 

Similar to the spring survey, those study areas which 
trapped fry over more test dates were those with greater overall 
trapping. Big Eddy and Wayne's Swim itCre implicated in greater 
trapping over more test dates than any other study areas. 
Stranding over time was not limited to any specific area on the 
river but was spread over several study areas. 

Regression analysis of numbers of trapped fry against date 
and river discharge showed that both flow (t • 2.28; p <.02) and 
date It .. 8.99; p <.OOll were significantly related to trapping. 
As was observed for the s:fring data, the fit was not linear (F 
value of 50.9; p <.0011 R • .160>. 

Over 81 percent of all fry trapped were observed during the 
three earliest test dates of August 22, 23, and 31, 1984. It is 
important to note that peak steelhead fry emergence probably 
occurred immediately prior to and during this time period; 
previous studies have shown peak steel head fry emergence 
occurring in mid-July and August in the Skagit River basin 
!Graybill et al. 1979>. Also during this time, a steadily 
declining tributary inflow resulted in declining mainstem 
discharge as the fall survey progressed. Midway through the 
season, trapping declined to less than 100 fry per test date. 

Stranded fry were temporally distributed in a pattern 
similar to that observed for trapped fry. During the August 22, 
23, and 31, 1984 test dates, 83 percent of overall stranding 
occurred. Incidence of stranding declined to very low levels 
after the second week of the fall survey1 9 percent of all 
stranding was observed during the last 4 weeks of surveys. 

Common to both spring and fall trapping and stranding was 
the occurrence of larger numbers of fry during the first day of 
most •paired• tests. The exception during the fal 1 survey was 
the paired test occurring on September 6 and 7 during which heavy 
rainfall on September 6 substantially increased tributary inflow 
thereby reducing the effect of downramping during both test 
dates. 

~i~~~ina--Ang_s~i~ngina-12~_s~~i~iate Type. Numbers of 
potholes are presented by primary substrate type for those 
potholes which contained trapped and stranded fry during fall 
surveys (Figure 4-15>. No apparent relationship exists between 
potholes with trapping or stranding and substrate type. However, 
fewer potholes involved with trapping were primarily composed of 
pea gravel (4 percent> and cobble <10 percent). Likewise, fewer 
potholes responsible for stranding were primarily composed of pea 
gravel C8 percent> and cobble (10 percent>. Potholes with 
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FIGURE 4-14. PER:Em' OF 'IDl'AL FRY TRAPPED AND STRANDED BY TEST DA.TE, 
Fl\LL, 1984, SKAGIT RIVER 
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T•bl• t-11. Pry Trapped by Te•t Date •t Each &tudy Area CRiver Mile), Fall, 1'14, Sk•91t River 

'UST DATE 
ngpx ''!' ...l=ll l:ll l:ll l:i l=i l=1 1=ll l=ll !=Zit l:.ll l=ll l.:ll 1'llDL 

Rockport (RM ,7.5J 0 5 15 10 a a 0 0 10 0 ' I H 
Wayne'• •1• UtM ,1.1> 154 273 51 lt l • J " 11 2 21 67 679 
Tin Sbllcl (IUI H.J) 2 s • l 0 0 l 5 0 a t J lO 
8ad Sp<>C llUI 70.0) n .. 0 l l 0 l l 2 0 l l 125 
.r.a.vle ••r (RM 70.1> 0 - I 19 l l H 2 0 0 H 0 13 
Forbidden ••r (ltll 70.5J 217 15 a 0 0 0 0 a 0 0 a l 235 
StUllp B•Yen (AM 72.2) 240 '° n I 11 15 - - 0 2 ' 0 cos 
llodel Potllole llUI 72 .61 - 0 - - JO - - - - - 5 - JS 
Moopu'a Slough llUI 72.7> 135 5' H J • JJ 9 12 J 0 1' 15 302 
Jlick'• SmpriM (Ill 73.0) - 1' 5 a - l 0 0 0 0 0 0 22 
Inaccea•ible Island lRM 73.1) J 11 - J 0 0 0 0 0 a 0 0 17 
Cunate au llUI 7l.JI - 0 7 ' 0 0 0 0 0 J 0 0 1' 
Dry ••r tAK 14.l) - 0 - - 0 - - - - - 0 - 0 
•orth o••ri•n• rerry 1111 71.0) - 0 - - - - - - - - 0 - 0 
&eclu•ion Ialmnd (RM 71 .3) • ------------------------------------NIA----------------------------------------------
8it Sddy llUI 77.51 411 2U 190 26 0 55 15 9 5 J 2 0 9b0 
Al.rbl•ount Sloulb Uu• 71.2) - 50 5 5 - 5 l 0 2 0 l - " "' runtu• aar tlll 7 .5> 15 57 5 l a 0 a 0 0 0 a 0 71 .... ..... aar CRM IZ.OJ - - - - - 0 - - - - a - 0 
llapl• ... (Jiii 12.51 - - - - - D - - - - 0 - 0 
aacon Cr .. t CAM 12.IJ 21 '° 0 • l D 0 0 0 0 D 0 16 
race ••r (RM IZ.7> - 5 - - - 2 - - - - 0 - 7 
Oink aar (IUI 12.9> - 1' 331 - D 2 11 ' D 0 0 0 36' 
Di-lit.woo• aar Unt 13.0J - 0 a - a 0 0 D D a 0 0 0 
M1n1bar laM 13.31 3 0 - - - 0 - - - - a - J 
Flower Pothole CAM 13.SJ - a - - - 0 - - - - 0 - a 
Coppe~ Creek tall 14.0J -- _I. - - - _IL - - _J). _J). _J). _J). -'-

TOTALS 1,211 927 707 -101 51 111 75 " 33 10 90 " l ,571 

- llo omervationa on that diiy. 
• ligb flow pothole area only. 



Table 4-12. rry Str•nded by Teat Date at Each study Alea Cli•er MileJ, Fall, 1914 1 Skagit liver 

TEST DAT! mm ,,,,, l=U l=ll l:ll l=.l. !::i J::1. t::ll l.:ll l:2Jl l::ll l::ll .l.:ll .m:w. 
loctport l&M '7 .SJ D 2 7 D D D D 2 D D D 11. 
Wayne'• 8111• (ltll '' .lJ D D 2 0 D 0 l l l 0 l 6 
Tin Sbact (llll 61.3J D 2 l 0 0 0 0 0 0 0 3 
aad Spot (Ill 70.0J l 0 0 l 0 0 0 0 0 2 
a.gle ••r CaR 70.lJ 0 l 0 0 0 5 l 0 ' 13 
Porbidd•n •ar (JUI 70.5J 142 0 0 0 0 0 0 0 0 142 
Stomp u ... an (&M 72.2) 76 2 2 0 l - - l 5 17 
Model Pothole UUI 72.61 - - - 0 - - - - 0 0 
aooper•a lloutb llM 72.71 0 5 0 0 0 2 0 0 0 ' JU.ct'• lurpri .. (Jtll 73.0J - 0 0 - 0 0 0 0 0 0 
I1111cceaaible Jaland UUI 73.lJ 0 - 3 0 0 0 0 0 0 3 
Carnat• lu Utll 73.31 - 2 l 0 0 0 0 0 0 3 
Dry ••r CAii 74.JJ - - - 0 - - - - 0 0 
llorth o••rtana Perry CUI 76.0J - - - - - - - - 0 0 
lecluian Ioland Cltll 7'.3J• ------------------------------------11/A----------------------------------- --------
lig Sddy Clll 77.5J l 35 22 14 0 6 0 l 0 0 0 79 
llarbl•ount Slough CAM 71.2) - 0 0 D - 0 0 0 0 0 - 0 
PW1gu1 aar (Aft 71.SJ 0 6 l 0 0 0 0 0 0 0 0 7 

"' s .. •. ••r (RN 12.DJ - - - - - - - - - 0 - 0 

"' Jlopla aar 1111 12.SJ - - - - - - - - - 0 - 0 
lacon Cr .. k CIUI 12.IJ l 0 0 1 0 0 0 0 0 0 0 2 
roce aar CIM 12.11 - 1 - - - - - - - 0 - l 
Dint aar CIM 12.tl - 4 51 - 0 0 3 0 0 0 0 51 
Driftwood aar CU 13.DJ - 0 0 - 0 0 0 0 0 0 0 0 
Minibar CIM 13.31 0 0 - - - - - - - 0 - 0 
Plwer Pothole C.llll 13. SJ - 0 - - - - - - - 0 - 0 
Copper cr .. t llM 14.0J - .JI - - ::; - ::; ::; ::; .JI. ::; _JI 

'IOTALI 221 " II 31 1 13 5 6 2 11 1 '26 

- lo obeerwation• on that day. 
• •t9b flow pot.bole &rN only • 



Skagit River 
Fall, 1984 

IZZJ w/ Stranded Fry 
Subatr!l.L 
~ w/ Trapped Fry 

FIGURE 4-15. PRJMARY SUBSTRATE TYPFS OF rorIDLE:S TRAPPING AND 
STRAND~ FRY, FALL, 1984, SKAGIT RIVER 
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trapping and stranding were distributed fairly evenly among the 
remaining substrate types: silt, sand, and gravel. 

Figure 4-16 indicates the number of fry trapped and stranded 
based on substrate. Of interest is the fact that more fry were 
trapped and stranded in potholes with sand substrate. This 
indicates that more fry were found in potholes having sand 
substrate than in any other. 

A logistic regression of these data indicated a significant 
rel ationsbip to the proportion of stranded to trapped fry. The 
highest proportion of stranding was associated with silt and 
gravel 7 the 1 owe st proportion with cobble and sand. 

TrApping and Stranding by Cover 'n':Jile. Numbers of potholes 
containing trapped and stranded fry during the fall surveys are 
shown by primary cover type in Figure 4-17. As was apparent 
during the spring surveys, the majority of potholes with trapped 
fry were associated with some type of cover (77 percent); 
predominant cover types were root wads, sticks, logs, and 
overhanging vegetation. However, 27 percent of those potholes 
which stranded fry had some type of associated cover with the 
predominant cover types being the same as those observed for 
potholes with trapped fry. 

Figure 4-18 shows the number of fry trapped and stranded by 
cover type. More fry utilized potholes with sticks and limbs as 
cover than any other cover type. Additionally, more fry were 
stranded in potholes with sticks and limbs than were observed for 
any other cover type. 

A logistic regression of these data showed a significant 
relationship of cover to the proportion of stranded to trapped 
fry. Cover, as a whole, bad a positive effect on survivability 
<chi-square 16 .67 p <.OOll <Appendix Fl. 

Pothole Temperatures. Figure 4-19 shows the frequency of 
maximum daily water temperatures for all potholes observed during 
the fal 1 surveys. The predominance of observed water 
temperatures ranged from 51 to 65°F. No observed mortality was 
due to high water temperatures other than that mentioned 
previously for the two high flow potholes at Bad Spot and Tin 
Shack <Table 4-lOl. 

Analyses of Riyer flow to Fry Trapping and Stranding 

From the outset of the study, it was clear that the flow 
discharges from the Gorge Powerhouse, in concert with tributary 
inf! ows from Newhal em to Rockport, had a direct inf! uence on the 
flooding and dewatering of potholes and on the trapping and 
stranding of fry. 

Because it was not known which flow variables were of 
greatest importance to fry trapping and stranding, a number of 
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FIGURE 4-16. NtMBER OF FRY TRAPPED AND STRAND.ID BASED CN SUBSTRATE 
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FRY I FALL, 1984, SKAGIT RIVER 
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statistical analyses were initiated. These included determining 
the relationships of trapping and stranding to: 

• minimum test flows, 

• average daily discharge, 

• mean and maximum daily downramp amplitude during the 24 
hours and 72 hours prior to each test, and 

• ramping rate. 

Spring Study 

Oyeryiew of Test Floy Conditions. Spring tests were carried 
out during March, April, and May, 1984, The daily flows during 
those months and the daily fl ow amp! itude for 1984 is presented 
in Appendix G (R, w. Beck 1984), Also shown in Appendix G are 
the average daily discharge, average downramp amplitudes, and 
maximum downramp amplitudes for the 24- and 72-hour periods prior 
to each test. The relationship of those flow factors to fry 
trapping and stranding are discussed in the following paragraphs. 

Relationship of Minimum Test Flows to Frv Trapping and 
Stranding. Figure 4-20 shows the relationships of minimum test 
flows as recorded at Marblemount and Rockport to numbers of fry 
trapped and stranded during the spring. Because a majority of 
the tests had minimum flows at the lower end of the range (3,200 
to 3,500 cfs at Marblemountl, the sample size at the upper end of 
the flow spectrum was limited. The figures do show a trend that 
fewer fish were trapped as the minimum test flows increasedi 
however, that trend does not hold for stranded fry. 

A multivariate regression analysis of minimum flows at 
Newhal em, Mar bl emount, and Rockport to trapping showed that the 
Marblemount flow was most strongly associated with trapping 
<t • 3.481 p <.001). The inclusion of the Marblemount flow into 
the equation precluded any other flow variablei however, it is 
apparent that a strong linear relationship does not exist (R2 • 
0,026), Figure 4-21 presents the line of best fit and the 95 
percent confidence interval from simple linear regression 
analysis using Marblemount flow only. 

A logistic regression model was employed in an attempt to 
relate flow at the three gage stations to stranding. The flows 
at Newhalem and Rockport were found to be most closely associated 
with stranding CF' s-to-enter 65.20 and 44.58, respectively>. The 
values of these coefficients reflect the effect of flows on the 
survival of the fry (coefficient/standard errors -5.409 and 
-5,659, respectively). The negative value of the coefficients 
indicates that survivability decreases as fl ow decreases. 

Relationship of Previous 24- and 72-Hour Ayerage Discharge 
to Fry Trapping ang_~~~~ngin~. Figure 4-22 indicates the 
relationship of fry trapping and stranding to average discharge 
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during the 24 and 72 hours prior to each test. There appears to 
be a trend exhibiting greater numbers of both trapped and 
stranded fry during downramp events with greater average daily 
discharge as measured during the 72-hour period prior to 
downramping. - This relationship is confounded by the temporal 
vulnerability of fry to trapping and stranding as is evident bY 
the reduced values of fry trapping and stranding in the 3,500 to 
4,000 cfs range <Figure 4-22). These values are from later test 
dates when fewer numbers of fry were observed. Accordingly, the 
statistical regression of the mean daily discharge for both 24-
and 72-hour periods prior to the test showed no statistical 
significance <Appendix F>. 

A general parallel trend of fry trapping and stranding is an 
indication that flow history prior to each test may be a factor 
that warrants further evaluation during future studies. 

R@lationship of Maximum Downramp An)plityde to Fry Trappipg 
And Strapdipg. The relationship of maximum downramp amplitude 
for 24 and 72 hours prior to each test was explored. Figure 4-23 
shows those relationships. For both variables, no significant 
relationships were noted when regressed against trapping. A 
significant relationship was apparent between maximum downramp 
amplitude during the previous 24-hour period and stranding, as 
determined by logistic regression analysis <p <0.001), A very 
small negative coefficient was associated with the variable which 
indicates a decreasing probability of survival with decreasing 
maximum downramp amplitude (Appendix Fl. This counterintuitive 
result may be due to the inclusion in the analysis of the later 
test dates during which very few fish were trapped suggesting 
that the vulnerability of fry to trapping had declined, 

Relatiopsbip of Rampipg Bate to Troppipg apd Stropdipg. A 
linear regression of downramp rates <cfs per hour> to trapping 
was explored. The analysis was first conducted for all dates 
during the spring. The regression equation generated a slope of 
0.05 and r • 0.25, indicating a very weak relationship. When all 
dates of zero downramping were removed (April 21 through May 12), 
a weak relationship was still evident Cslope • 0.20, r • 0,04) 
indicating that variables other than downramping rate appear to 
be more important relative to trapping. 

A similar exercise was conducted for stranded fry. With all 
dates included, the slope was O ,001 and r • O .24. With all dates 
of zero fry stranding removed, a negative relationship was 
apparent (slope .. -0.04, r • -0.22), The analyses involving the 
examination of ramping rate on fry trapping and stranding were 
conducted in a cursory fashion. Ramping rate was not targeted as 
a test variable during the studies, thus, only a small range of 
ramping rates were available to be analyzed. It should also be 
noted that these analyses were simple linear regressions, No 
attempt was made to standardize the data by date (e.g., the 
number of potholes on which observations were made varied among 
test dates> which may explain the changes in magnitude and sign 
of the slopes and coefficients of the equations. In effect, 

73 



__, ... 

Skagit River 
• s,.r1"'· 1•M 

.... 
' • 3-31 ·t ._ .. t 

. ,_,. 

!I ·-· • •-21 

·-
1.5 i 

1 J • 4-1 
. ._. 

• 3-11 
• B-11 

0..5"' &-3 • 3-2' ·-· 5-17 
•• 5-1• • l!i-1:a 

0 
0 • • (Th8u•9"111•) 

..... """"' 0.-IWM, Alft .. lku• (2' hrs) 

3.5 

I 3-31 

• 
• -I 4-29 

• ·-· • .... ~ •-21 
• t 

.~ ·-,J 1.5 

. J 
4-1 •-• 

i • • ·-· 5-1, • • ·-· o.a -I • ·-· • ]- 24 
s-11. s-11 5-12 • 

I • 
0 

o.a u ._. 3.a ., 
(ThDu• ... 11•) 

...... ""'"' o-,.m .. Amprlt.ull• (72 hni;) 

l:-.. 
J ., 
• ci z 

t 

I ., 
~ • 
ci z 

Skagit River 
120 

s~1. 198' 

, 10 . 

•oo -
• 3-11 

00 

00-

70-
• •-7 

00 

eo .. 15-• 
• 3-31 

'° -
30 -

• A-~ 

20 t ._ .. 
5-11, 

10 5-17 5-JI 5-l 

4-21 

• 
5-12 . ,_, • :S-2• 

0 
0 

"'° 
110 • 

100 . 

•o-
00 -

70-

00 -

80 

•O 

30 • 

20 

10 -

0
.J_ s-11 

o.a 

• • ('JNu·-•> Mllxfl'TILI'" 0.-,.m,. .......... (::U h1P9) 

9-17 

,.__. 
• 

•-21 
5-12. • 

•-2• • 

·-· • 
3-31 • 

·-· • 
l-24 

5-3_ •• 4-l 

1.5 ::Z.l!I u 
(ThDu ....... , 

M11111I""'"' o._,."'LI Am~- (72 h ... ) 

·-· • 

... 

FIGURE 4-23. RElATICfiSHIP CF MAXIKM IOtiRAMP AMPLI'IUDE (cfs) IXlRlNG PR1NIOUS 24 AND 72 IDlR PERI<DS 
PRIOR 10 TESl'S J\ND NtMlERS OF TRAPPED J\ND STRANDID FRY, SPRING, 1984, SIO\GIT RIVER 



other variables are more important in determining trapping and 
stranding given the smal 1 range of ramping rates. These results 
again indicates the importance of considering flow history for at 
least 24 hour_s prior to initiation of a test event. 

Pall Study 

Overview of Test Floy conditions. Fall tests were carried 
out during August and September, 1984. The daily flows during 
those months and the daily flow amplitude for 1984 is presented 
in Appendix G <R. w. Beck 1984), Also shown in Appendix G are 
the computed average daily discharge, average downramp 
amplitudes, and maximum downramp amplitudes for the 24- and 72-
hour periods prior to each test. 

Relationship of Minimum Test Flows to Fry Trapping and 
Stranding. Figure 4-24 shows the relationships of minimum test 
flows as recorded at Mar bl emount and Rockport to numbers of fry 
trapped and stranded during the fall. Because a majority of the 
tests had minimum flows at the lower end of the range (2,300 to 
2,700 cfs at Marblemountl, a large range of fry observations are 
located within a small range of flow conditions. At the high end 
of the flow range <3,900 cfs at Marblemountl the minimum flow of 
3,860 cfs occurred as a result of heavy rainfall on September 6, 
which curtailed much of the field observations and reduced the 
numbers of trapped and stranded fry, This particular test was an 
example of how tributary inflow greatly confounded the results of 
the test even though flows from Gorge Powerhouse at the end of 
the downramp event were similar to previous tests (1,450 cfsl. 

The fall data were analyzed in the same manner as the spring 
data. For fall, neither Marblemount nor Rockport flows were 
significantly related to trapping. However, Newhalem flows 
showed a strong enough association with trapping to be considered 
si~nif icant <t • 4 .911 p <.001) al though the 1 inear fit was poor 
<R • 0.09). Figure 4-25 shows the line of best fit of trapping 
relative to Newhal em fl ow. The results shown in the figure run 
counter to the expected relationship of fry trapping to minimum 
test flows <that fry trapping would decrease as minimum test 
flows increase>. The influence of fry age and size over time 
(and perhaps changes in habitat preference with age) appears to 
affect the outcome. 

A logistic regression analysis showed that none of the 
three flows was siginificantly related to stranding. 

Relationship of Previous 24- and 72-Hour Average Discharge 
.tJLZ..c~_.1'..C.AJ;!J;!.i.n.Q_.A.n.dJ.t..c.A.n.d.i.n.Q. F i g u r e 4 - 2 6 sh ow s th e 
relationship of fry trapping and stranding to average daily 
discharge during the 24- and 72-hour period prior to each test. 
As with the spring period, a general parallel trend of fry 
trapping and stranding does appear for both time periods, an 
indication that flow history prior to each test may be an 
important factor to evaluate during 1985 steelhead studies. 
However, the statistical regression of the mean daily discharge 
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for both 24- and 72-hour periods prior to the test showed no 
statistical significance for either trapping or stranding 
analyses. The reason for the lack of statistically significant 
results appears to be large variations in the data unexplained by 
the relations-hip investigated (Appendix Fl. 

Relationship of Maximum DownralllP Anjplitude to Fry Trapping 
and Stranding. Figure 4-27 shows the relationships between 
maximum downramp amplitude duri!lg 24 and 72 hours prior to each 
teat. The significance of the graph is limited by the fact that 
a majority of tbe tests had similar 24-hour (2,100 to 2,300 cfal 
and 72 hour C2,100 to 2,400 cfa) amplitudes and that paired tests 
<2-day back-to-backl were included Con virtually all occasions, 
trapping was less on the second day of a 2-day teat). 

The regression analysis and logistic regression analysis 
(Appendix Fl indicated that neither the previous 24-hour nor the 
previous 72-hour maximum downramp amplitudes had a significant 
association wi tb trapping or stranding. 

~.lationship of Ramping Rate to Trapping and Stranding. A 
linear regression of downramp rates Ccfs per hour) to trapping 
was evaluated. As with tbe spring analysis, the regression was 
conducted on all dates. The regression equation showed a 
negative slope of -0.22 and an r • -0.42. This negative 
relationship may have appeared because the greatest number of fry 
Cl,268) were trapped on a day with the lowest downramp rate C713 
cfsl but on the first test day of the fall studies. However, as 
with the spring data, other confounding variables are more 
important when considering the relatively small range of ramping 
rates examined. 

A similar negative relationship occurred when stranding was 
analyzed <slope of -0.14 and r • -0.49l, indicating that factors 
similar to the effects on trapping are involved. 

Jie.lationship of Downramp %j.111e_~~-%i~RRjn~. A cursory 
examination was made of the relationship of the timing of 
downramping to the incidence of steelhead trapping. Figure 4-28 
shows the number of fry trapped by downramp ending time at 
Rockport. Numbers of fry trapped are summed over those study 
areas located furthest downstream and most likely affected by the 
downramp lag: Rockport, Wayne's SWim, Tin Shack, Bad Spot, Eagle 
Bar, and Forbidden Bar. The major effects of downramping were 
concluded by daybreak over the remaining upstream study areas. 
The downramp ending time at Rockport was calculated by adding 6.5 
hours onto the downramp ending time at Gorge Powerhouse. This 
analysis has several limitations which should be noted. For 
example, the temporal distribution of trapped fry as shown in 
Figure 4-28 clearly shows that greater numbers of fry were at 
risk of being trapped during the first three sampling dates, 
August 22, 23, and 31, 1984. Also, on September 6, very high 
tributary inflow had a major dampening effect on downramp 
amplitude resulting in fewer number of fry trapped throughout the 
study area. If the results from those four dates are excluded, 

79 



00 
0 

Skagit River Skagit River 
•.O 

r .. , , .... 
200 

,. .... , ..... 
t.• - uo-..... • •-u 320 .J • •-22 
t.2 

200 -

'·' . 
t- t- '"° -•• .. .. 

~ 
o.•. • 1-23 

I 
.. o. 

OJI '"" -
0.7. • B-3 .. •20 -... ~ 0.0 • 100 

i OJI • 00 _I • •-3' z 
0.4• 

,_,, t-7, t-13, t-20, 1-21, 00 ,_,, ,_.,. t-ll, t-20, 0.3. 
40 

• •-23 
0.2. 9-27. t-21 \ t-21, 1-2• • •-1 
0.1 • • • •-14 • •-1 20 

\ •• •-27 .... • •-14 
0 . . . 0 .... ••• • •• ... 2 2.2 ... 2.0 2.8 3 • .... '-' ••• •. o 2 2.2 ... ... 2.0 3 

('1lt.u ...... , 
~11lrnwrn 0..-.,...,~ Aln'91tu• (2' h ... ) 

fn-u•..,U) 
t.411•1""''" o-... "'" Aniip11tu• (:114 h ... ) 

1.5 200 ..... ...., 
1.3 1-22 J 0-22 

• 220 • 
• .2 

200. 
1.1 . 

t- '"° t ' . 0-23 .. 

!I 
0.1 0 

I 
110 -

0.0 
,.., _ 

B-31 
0.7 0 120 -

o.o -• •001 8-31 
i. 0.5· t-Jl, t-20, • 0 

" 00 -
0.4· 9-21, 9-21 

00 
0-23 t-20, 9-21, 0..3 - • 

0.2 -
.., 

·-21. ·-· 0 o-•l·---·· ·-· 20 •-1 -27 0.1 - • • • • • ,_,, ·-· ••• •-1 • • •-14 • 0 . . . . 0 .... ••• • •• ... • .:.. .: . 2.0 2:1 3 • .... ... ••• .... 2 .... ... ••• ... 3 
en--~•> 

M9•1muM 0.wn,..'"fl ~- ('12 hf'll) 
(T'h9u ...... , 

Mi111t""''" 0.W...,.rnp Aln-ltu• (72 hrs) 

FIGURE 4-27. RELATKNSHIP CF M!\Xnut 1XH<IRAMP .AMPLI'IUDE (cfs) OORJNG PRE.VIOOS 24 AND 72 llXJR PERICDS 
PRIOR 10 TESTS .AND NmBERS CF TRAPPED AND STRANDED FRY, FALL, 1984, SKAGrr RIVER 



Skagit River 
Fall. 1 98-4-

500 

1/22 

• 
400 -

1123 
'O • II 
Q. 
Q. 
0 

300 -~ 

t-

2:--
LL -0 
~ 200 -.8 
E 
" z 

1 00 - 1/31 9/21 

• 9/14 • 
9/1 • ''ii' 9/13 • 9120 • 

9_!7 9/21 • '" 0 - -
0400 0600 0800 1000 

Oownramp Endin9 Time (hrs) at Rockport 

FIGURE 4-28 • REIATICNSHIP OF IXHmAMP ENDING TIME 'ID NlJ.IBER OF 
FRY TRAPPED AT SIX S'ruDY ARFAS IOCATED BE1WfilN 
lt1 67.5 and 70.5, FALL, 1984, SKAGIT RIVER 

81 

1200 



then a trend of increasing numbers of trapped fry by daylight 
downramp may be apparent. Of interest is the appearance of 
greater numbers of fry trapped during the last two test dates, 
September 27 and 28 when downramping was conducted later than all 
previous test dates. However, these cursory results cannot be 
considered conclusive since only one paired daylight downramp 
event was conducted. Further, the singular effect of downran.p 
time cannot be distinguished from the effects of other 
confoundi:u;; variables. 

Pothole Connectiyity 

Field data collected during the spring and fall seasons 
included information on the flows at which potholes became 
connected and disconnected from the river. Those field 
observations also included records of when each pothole was 
observed dry <without measurable water in the pothole) and the 
drainage of potholes during the course of each test day. 

A computer program was developed to summarize the pothole 
connectivity. This summary is presented as Appendix I. Appendix 
I includes a record of pothole area1 pothole number; the 
connectivity flow (if available) for each pothole; the river flow 
gage assignment <Newhalem, Marblemount, or Rockport); the average 
number of fry trapped per day for spring and fall; the total 
number of fry stranded during spring and fall; the number of 
observations the pothole was observed connected and disconnected, 
the river flow when each pothole was observed dry and the number 
of observations each pothole was observed dry. 

The following section of this RESULTS section includes 
analyses of river flow and pothole depth, pothole connectivity, 
and dry potholes vs. river flow. 

Relationship of Riyer Flow to Minimum Pothole Depth 

Since the most numerous fry strandings were observed to be 
related to the draining of potholes, the association between 
river flows and drainage, as observed through lowest measured 
pothole depth of the day was measured w 1th a 1 inear regression 
model against the flows at the assigned gage stations CNewhalem, 
Marblemount, and Roc}portl. The regression gave an F value of 
9.93, p • <.001 and R • 0,03. 

The flow at Marblemount was found to be significantly 
related to the depth of potholes in the study areas assigned to 
that gaging station. Similarly, the flow at Rockport was even 
more significantly related to minimum pothole depths at areas 
assigned to that gaging station than was the Marblemount flow 
(Appendix Fl. 

This exercise served as a check on the validity of assigning 
pothole areas to one of the three river gage stations. It also 
gave credence to the Rockport flow model (Appendix Cl. 
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Pothole Connectivity 

Field data collected during the spring surveys included 
observations of flows at which potholes connected and 
disconnected-from the river. In the computer records, the time 
of these observations were associated with the river flow at that 
same time at either Rockport, Marblemount, or Newhalem. Appendix 
I indicates the pothole study areas and the assigned gage 
station. 

Table 4-13 shows the relationship of pothole connecting at 
Newhalem, Marblemount, and Rockport to the number of fry trapped 
per day and the total number of fry stranded. 

The connecting flow information used to develop Table 4-13 
and as shown in Appendix I consisted of the average of the 
maximum river flow at which the pothole was observed disconnected 
and the lowest river flow at which the pothole was observed 
connected to the river. If flow records showed no minimum 
connecting flow, then the maximum disconnecting flow was used. 
If no disconnecting flow data were available, then no 
connectivity information was shown because disconnect flows alone 
were judged to be a more accurate representation of pothole 
connectivity. 

The connecting and disconnecting flow information for each 
pothole was gathered during the field observations. Observers 
noted whether the pothole was connected or disconnected from the 
river and the time of the observation. During most observations, 
the potholes were either completely connected to or disconnected 
from the river. Occasionally, observations were made just as 
flows from the river were just entering potholes or while surf ace 
water from the pothole was still draining as river flows 
declined. In such rare cases, accurate connect and disconnect 
information for the pothole could be achieved. 

For most potholes, however, the connectivity information was 
more limited and usually consisted of several observations of the 
pothole comp! etely disconnected or comp! etely connected to the 
river. For example, observations at Pothole No. 10 at Bad Spot 
showed the pothole was connected to the river at flows of 4,629 
cfs <minimum connecting flow> on April 8 and 6,908 cfs on May 11 
and was disconnected at flows of 3,805 cfs <maximum disconnect 
flow> on September 27and 3,665 cfs on September 28. Based on 
those records, it was clear that the connectivity flow of Pothole 
No. 1 O 1 ay between 3, 805 and 4 ,629 cf s. In this case, the 
connecting flow was the average of the two flows or 4,217 cfs. 

Table 4-13 shows that connecting flow information Cboth 
connecting and disconnecting observations> was not available for 
a large number of potholes, particularly for the Marblemount gage 
(connecting flow information available on 15 of 60 potholes 
surveyed) and Rockport gage (flow information on 113 of 185 
potholes>. The information that is available indicates potholes 
connecting at flows ranging from 1,500 to >2,000 cfs at Newhalem, 
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Table 4-13. Relationship of Pothole Connecting Flows at 
Newhalein, Marbleinount, and Rockport to Number 
of Fry Trapped/Test Day and Total Nwnber of 
Fry Stranded, Skagit River 

AVG. NO. OF FRY TOTAL NO. OF 
NQ. Q[ ~BAEEEDL~ES~ DAI* EB.I S~MmlED * 

[LC>W Ccfsl EQTHQLES SERING** [ALL SERING ?ALL 

NEWHALEM (9 Potholes) 

1500-2000 2 o.oo o.oo 0 0 
>2000 5 o.oo 0.75 0 0 
Unknown 2 o.oo o.oo 0 0 

MARBLE MOUNT (60 Potholes> 

2000-2500 l o.oo 12.17 0 0 
2500-3000 3 o.oo 2.37 0 57 
3000-3500 5 o.oo 4.52 0 56 
3500-4000 l o.oo 4.54 0 7 

>4000 5 o.oo 0.69 0 0 
Unknown 45 3.57 3.51 34 97 

ROCKPORT (185 Potholes) 

3000-3500 3 2 .42 2.04 0 1 
3500-4000 6 0.00 0.64 0 0 
4000-4500 20 1.22 1.80 0 21 
4500-5000 9 3.51 6.93 0 9 
5000-5500 4 3.35 0.86 0 l 
5500-6000 7 8.94 3.70 7 200 
6000-6500 16 11.13 0.82 65 68 
6500-7000 4 13.64 o.oo 4 0 
7000-7500 l 2.40 o.oo 4 0 

>7500 43 2.45 7.08 62 179 
Unknown 72 4.43 3.69 149 312 

* Includes trapping and stranding in high flow potholes and 
during 8/15 reconnaissance survey. Figures do not include 
Noveinber high flow potholes. 

** Note: zeros at Marbleinount in spring resulted from the 
fact no connecting flow information was available at sites 
assigned to Marbleinount gage. 
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2,000 to >4,000 cfs at Marblemount, and 3,000 to >7,500 cfs at 
Rockport. 

The data suggest that at pothole areas assigned to the 
Rockport gage, a majority of the mortality during the spring 
occurred in potholes connecting at higher flows (6,000 cfs and 
greater). However, of the sample, a majority of the observations 
are in potholes with unknown connecting flows. 

For the fall period, more complete information was available 
on connectivity for potholes assigned to both Marblemount and 
Rockport. Data in Table 4-13 indicates that a majority of the 
fry mortality occurred in the 2,500 to 3,500 cfs range at areas 
assigned to Marblemount and in the 5,500 to 6,500 cfs range at 
pothole areas assigned to Rockport. Additionally, 37 percent of 
the known mortality in the fall was attributed to potholes 
connecting at flows >7,500 cfs (Table 4-13). 

Dry Potholes ys. Riyer Flow 

A computer analysis was carried out to determine the number 
of potholes observed dry at various river flows. Figures 4-29 
and 4-30 indicate the number of dry potholes in areas assigned to 
the Marblemount and Rockport gages. 

Dry potholes were determined from spring and fall field 
observations. A dry pothole was defined as a pothole having no 
measurable water depth during the test day. Observations of dry 
potholes recorded during each test day were compared with the 
corresponding flow record for that day to determine the "dry• 
flow. 

Figure 4-29 indicates that 35 of the 60 potholes (58 
percent) assigned to Marblemount become dry between 2,000 and 
3,500 cfs. Flow data for the remaining 25 potholes were not 
available. In contrast, Figure 4-30 shows that the number of dry 
potholes located between RM 67.5 and 73.1, and assigned to the 
Rockport gage, varies widely between 2,500 and 9,500 cfs. This 
may be a result of the presence of greater number of identified 
high flow potholes in the lower reach of the river. Dry potholes 
were observed over a greater range of flows in areas such as 
Rockport, Bad Spot, Eagle Bar, and Tin Shack than were observed 
in upper river pothole areas (Appendix I). For example, potholes 
were observed to dry at flows ranging to 7 ,200 cfs at Rockport, 
Bad Spot, and Eagle Bar. Higher flow potholes in upstream 
pothole areas such as Big Eddy, Fungus Bar, and Oink Bar were 
observed to dry at flows <3,800 cfs as measured at Marblemount. 

Appendix I more concisely shows the sum of observations of 
dry potholes at each site, both spring and fall. This indicates 
those potholes that were dry during the tests. 
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Spring 

5. DISCUSSION 

Locations and Characteristics of Potholes Trapping 
and Stranding Fry 

Of the 17,538 fry observed trapped <some repeated 
observations of fry may have occurred) during the spring, 30 
percent of the trapping occurred at Stump Haven CRM 72.2l, a side 
channel/slough area characterized by clusters of potholes at the 
upstream end of the slough and a series of potholes lying in a 
linear pattern along the remainder of the area. This 
characteristic was common of a majority of the areas that trapped 
fry during the spring. During stranding studies on the Cowlitz 
River, Bauersfeld Cl978l found side channel and gravel bar 
stranding to be significant, particularly when downramping was 
conducted at the lower range of river flows <5,500 to 2,300 cfs 
reduction) • 

In some areas (Rockport, Stump Haven, Hooper's Slough, 
Fungus Bar, and Bacon Creek), potholes located at the top of the 
slough areas accounted for most of the trapping, while in other 
areas <e.g., Forbidden Barl trapping was located at the lower end 
of sloughs. Studies by Hartman <1965), Stein et al. <1972), and 
Lister and Genoe Cl970l indicated the preference of coho and 
chinook fry to occupy backwater eddies near shore and stream 
margins in association with bank cover. The limited swimming 
ability due to size of newly emerged fry appear to also cause fry 
to seek out protected areas (Everest and Chapman 1972). All of 
the areas, previously mentioned provide quiet water refuge for 
fry. 

A majority of the lx>tholes surveyed during the spring were 
located in the lower portion of the study area from Rockport to 
Illabot Slough; however, fewer potholes in the lower river 
trapped fry than did potholes on the rest of the river. Several 
factors may account for this difference: ll habitat in many of 
the potholes in the lower river were less preferred by fry and 
2 > potholes (e.g., Tin Shack [RM 68.3 J l, al though containing 
water, were not connected to the river except during very high 
river flows and therefore were not •available• to fry. 

No fry population estimates in the river were made as a part 
of the study, so the relationship of fry abundance in the river 
to the number of fry trapped in potholes could not be determined. 
Additionally, no species compositions of trapped or stranded fry 
were made. Species composition (particularly as related to the 
timing of emergence> of the fry could hove a significant effect 
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on trapping and stranding results. Woodin et al. (1984) found 
that, based on electrofishing results during 1980 through 1983, 
the Marbl emount area supported the greatest abundance of salmon 
fry7 however, it is believed that more fry utilize the area near 
Rockport than further upriver (Kurko pers. comm.). Fungus Bar, 
the study area closest to previous electrofishing surveys, 
trapped 1,364 fry but with no observed stranding. Stober et al. 
<1981) theorized that site-specific variances in fry abundance 
are related to the spawning grrylmd distribution of adults and the 
dispersal characteristics of the fry. 

Results showed that there was no clear relationship of 
number of fry stranded to those trapped. For example, 45 fry 
were stranded of 126 fry trapped (36 percent) at Rockport, while 
at the rest of the areas only 2 percent of the fish trapped were 
stranded. In those areas of greatest stranding (Rockport, Bad 
Spot, Stump Haven, and Bacon Creek), potholes with stranded fry 
were most often located at the upstream end of each area. 
Additionally, one other common pattern of stranding between study 
areas was that only a few potholes accounted for a majority of 
the stranding. TWo potholes at Bad Spot accounted for 85 percent 
of the stranding, 93 percent of stranding at Stump Haven occurred 
in one broad shallow pothole, 77 percent of stranding occurred in 
two potholes at Eagle Bar, and one pothole at Rockport resulted 
in 53 percent of the stranding at that site. 

The percent of stranding for this study C315 fry> observed 
relative to the number of fry trapped (17 ,538) was surprisingly 
low. Only 2 percent of the trapped fish became stranded during 
14 test days from March through May. During chinook salmon fry 
stranding studies on the Cowlitz River, Bauersfeld <1978> 
reported stranding 42 chinook and coho fry in side channels and 
gravel bars during one 3,900 cfs C9,400 to 5,500 cfs reduction) 
downramping event and 899 salmonids on the next day downramping 
of 3,200 cfs C5,500 to 2,300 cfs reduction). His estimate for 
total side channel loses on the second day alone were 6,329 
chinook and coho fry. 

An interesting note regarding fry mortality at Stump Haven 
and Bad Spot was that on several occa•ions, fry were observed 
stranded on the fringes of potholes that were only partially 
drained. 

According to Scott and Crossman Cl975l, young salmonid fry 
have an affinity to shallow fringes and to substrate rather than 
to the deeper water column occupied by larger fish. During field 
surveys, fry were often observed to seek out cover afforded by 
large substrate such as cobble. If such substrate became exposed 
due to partial pothole drainages, those associated fry would 
become stranded. Similar observations of stranding on the Skagit 
River were made by Thompson U970l and Phinney Cl974l. 

Analyses of data for this study showed that fry were more 
often found trapped in potholes that had some sort of cover (75 
percent) <e.g., overhead vegetation, logs, etc.) vs. potholes 
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without cover (25 percent>; however, this result was not 
surprising since a majority (75 percent> of the potholes studied 
had some kind of cover. Bustard and Narver (1975) found that 
coho fry became more closely associated with cover and lower 
water velocities at low water temperatures C4°C or less> and that 
few fish were found more than 1 meter c-33 inches) away from 
cover. These observations were similar to those made by Bartman 
(1965) • 

Results of this study showed some differences in trapping 
and stranding of salmon fry by substrate and cover type. While 
more fry were trapped in potholes with sand, more fry were 
trapped in potholes having silt substrate. Additionally, more 
fry were trapped and stranded in potholes with cover than with 
potholes without cover. Previous studies by Lister and Genoe 
(1970) showed chinook and coho salmon fry to have a preference 
for habitat with cover. Everest and Chapman Cl972l reported that 
Age O chinook prefer water velocities of <0.15 m/sec and water 
depths of 0.15-0.3 m with silt substrate. 

Several factors may be influencing the pothole stranding of 
fry on the Skagit: 1) storage of water in river banks and bars 
<termed bank storage) may have a significant bearing on how long 
water is sustained in potholes following a downramping event, 
2> the duration of the minimum flow of the downramping event, and 
3) the elevation of the potholes trapping fry relative to 
elevation of the river during the minimum flow of the event. All 
of these factors may be working in concert. In many cases, the 
influences may vary from site to site on the river, e.g., bank 
storage may be more prevalent in an area of massive gravel and 
cobble than on a broad flat sand bar area. These factors should 
be considered in future pothole studies. 

Mortality of fry due to high water temperatures was not a 
factor during the spring. This is not surprising given the fact 
that 75 percent of all potholes with trapped fry had some kind of 
cover. Bauersfeld Cl978) reported fry mortality due to high 
water temperatures in potholes on the Cowlitz River. However, 
during that study, many of the fry were trapped in the potholes 
for nearly 24 hours and were not shaded. 

Whether a pothole is on the north or south side of the river 
may, in some cases, be a more important factor in pothole water 
temperature than the presence of overhead vegetation. For 
example, potholes along the north bank may not be shaded from the 
sun by overhead vegetation, whereas potholes on the south bank 
could be shaded even though overhead cover does not exist. 

During the fall surveys, 3,578 fry were trapped, a majority 
of those being emerged steelhead. The most important trapping 
areas for fry were Big Eddy (RM 77.5), which accounted for 27 
percent of trapping; Wayne's swim CRM 68.ll accounted for 19 
percent of trapping and Stump Haven (RM 72.2> 11 percent. 
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It should be noted here that during the initial 
reconnaissance survey conducted on August 15 and 16, a large 
number of fry <3,120> were observed trapped in potholes at 
Forbidden Bar CRM 70.5), Hooper's Slough <RM 72.7>, Stump Haven 
CRM 72.2), and Eagle Bar <RM 70.ll. With the addition of the 
August reconnaissance survey results, Big Eddy remained the most 
important area <1,247 fry), with Forbidden Bar (856 fry>, Stump 
Haven (832 fry>, and Hooper's Slough <821 fry> ne:a:t in the order 
of importance. 

As with the spring surveys, the common feature of areas 
trapping steelhead fry was that most were side channel/sloughs 
with linear patterns of potholes. 

The most significant areas for fry stranding in the fall 
<including results of the reconnaissance survey> were Hooper's 
Slough <209 fry>, Forbidden Bar Cl42 fry>, Big Eddy CllO fryl, 
and Stump Haven <109 fry>. Once again, a majority of the 
potholes in these areas were located in side channel/slough 
areas. Everest and Chapman (1970) reported that Age 0 steelhead 
prefer rubble substrate in water velocities of 0.15 m/sec and 
depths of 0.15 m and that as fish become larger they moved into 
faster, deeper water. Bustard and Narver (1975) also found that 
Age O steelhead preferred shallow water, often less than 0.15 m 
in depth. Mortality at Hooper's Slough and Eagle Bar was in 
long, linear potholes with sand substrates. During tests after 
the reconnaissance survey, stranding at both Hooper's Slough (9 
fryl and Eagle Bar (13 fry> was extremely low. 

Several factors could account for the lower numbers of both 
trapping and stranding: ll less wetted habitat Cand therefore 
potholes> was available due to seasonally declining river flowsi 
2l as fry became larger, they were better able to avoid trappingi 
and 3l as they became larger, steelhead fry were attracted to 
different types of habitat. In all likelihood, all of those 
factors had a bearing on the difference between trapping and 
stranding. The amount of available wetted habitat was 
determined, in part, by the maximum discharge requirement of 
4,200 cfs Cas measured at Gorge Powerhouse) set forth in the 
Interim Flow Agreement. That factor is discussed in a later 
section of this discussion. 

Comparisons of Spring and Pall Trapping and Str.nding 

Figure 5-1 compares the locations and numbers of fry trapped 
spring and fall. Aside from the difference at Big Eddy (RM 
77.5l, there was a comparable trend of trapping along the river 
both spring and fall. 

Figure 5-2 indicates the spring and fall stranding by area 
Criver mile>. Peaks of steelhead stranding at Forbidden Bar and 
Big Eddy were the major differences in stranding locations 
between the surveys. Fry trapping and stranding were compared in 
potholes common to both spring and fall surveys (Figures 5-3 and 
5-4). Of the 90 common potholes, only 41 trapped fry both spring 
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and fall, while just five potholes stranded fry during both 
seasons (Appendix Hl. Review of water depths of the other 49 
common potholes indicated that 52 percent of the potholes that 
trapped fish in the spring were dry during the f al 1. This 
suggests that even between tests during the fall, river flows may 
not have been. sufficient to flood those potholes and provide 
habitat for steelhead fry. This finding is not surprising since: 
ll tributary inflow to the Skagit River was lower during August 
and September than it was during the spring, and 2> per the 
Interim Flow Agreement (Appendix Al, the maximum allowable flow 
at Gorge Powerhouse is 4,200 cfs. The difference of spring and 
fall flow conditions will likely vary from year to year due to 
variability in tributary inflow and weather conditions. 

High Flow Potholes 

During both the spring and the fall survey periods, a number 
of potholes were found that were continually dry or contained fry 
and a sufficient amount of water to sustain the fish throughout 
the spring, summer, and fall. Those potholes located at Wayne's 
Swim (RM 68.ll, Tin Shack <RM 68.3), Bad Spot (RM 70.0l, 
Seclusion Island (RM 76.3l, and Fungus Bar (RM 78.5) were 
observed to connect to the river only during very high river 
flows. 

High flow observations (9,750 cfs at Karblemount, 11,900 cfs 
at Rockport> made during November, 1984, provided information 
on flows at which these potholes connect to the river. All areas 
are similar in that the potholes are located on cobble bars 
through which river water continually flows. These potholes were 
deep enough and with sufficient cover to sustain fish populations 
even though never directly connected to the river during the 
testing periods. 

Observations at the potholes in November indicated that even 
with a 9,750 cfs flow at Marblemount, many of the potholes were 
not connected to the river. In most cases, streams of water 
flowed through the gravel bars to the potholes with water in turn 
flowing from those potholes to others on the gravel bar 
<sanetimes located 50 to 100 yards away). 

Because fry in these potholes were •residents• and were not 
affected by test flows, data gathered on these potholes were 
treated separately. During the fall at Wayne's Swim, a very deep 
and large pothole that did frequently connect to the river 
(Pothole 8), but always contained water, was also treated 
separately. 

It is believed that the fry were washed into the high flow 
potholes during extremely high water events (probably greater 
than 11,000 cfs at Rockport> during the winter of 1983-1984. It 
is assumed that equally high flows would be necessary to release 
these fry into the river. 
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The number of fry observed in these potholes varied during 
the surveys, but an average of 352 fry in 14 potholes were 
counted during the spring and 565 fry in 11 potholes (excluding 
Wayne's SWim No. 8) during the fall. 

In additi_on to the high flow potholes that were a normal 
part of the spring and fall testing, 140 additional high flow 
potholes were located during reconnaissance surveys in November, 
1984. Those potholes becane connected to the river only at very 
high flows <>9,000 cfs at Rockport> and could cause fry trapping 
and stranding during high winter flows and during snow runoff 
conditions. 

Trapping and Stranding by Date 

Spring 

Temporal distribution patterns were different for trapped 
and stranded fry during the spring surveys. There was no 
apparent relationship between numbers of fry trapped and timing 
of test dates, although 88 percent of all observed fry were 
trapped between March 11 and April 28. The lower numbers of fry 
trapped during the first two test dates (Figure 4-8> may have 
been a result of less observational effort; only seven and eight 
of the eventual 11 study areas were sampled on March 11 and 24, 
respectively. The implication that greater numbers of trapped 
fry would have been observed on those dates is further 
strengthened by the observation that two study areas, Bad Spot 
and Hooper's Slough, contained more trapped fry on those dates 
than were observed on the remainder of the test dates. Fry 
stranding was also observed over an extended period during the 
spring; however, with the exception of May 4, a declining trend 
was apparent. The largest number of ·fry stranded (94 fry> 
occurred on the first date. Bad all areas been sampled during 
the first two dates, it is conceivable that more stranding would 
have been observed. However, fewer numbers of stranded fry were 
observed on March 24 than were observed on subsequent dates at 
study areas common to all test dates. These apparent contrasting 
results are largely due to the extended fry emergence period 
known for chinook salmon. Phinney (1974>, Orrell (1976), and 
Graybill et al. (1978) reported on chinook fry length 
distributions over the spring and concluded that prolonged 
emergence resulted from stock overlaps in habitat use; spring, 
summer, and fall chinook runs all occur in the Skagit River. 
Chinook fry emergence above the Cascade River began as early as 
January and extended into May for the years covered in the 
reports cited. This pattern fits well to the fry abundance data 
summarized by date in Tables 4-6 and 4-7. In general, fewer fry 
were trapped later in the survey period than earlier. 

Of interest was the finding that generally less trapping and 
stranding occurred on the second day of •paired• test dates. 
Several reasons may account for this trend: l> fry may not have 
sufficient time to reinbabit pothole areas between tests, 2) fry 
may •1earn• or become accustomed to the flow fluctuations and 
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therefore do not reoccupy pothole habitat immediately following 
the first day of tests, and 3) fry may be territorial and flow 
fluctuations may disrupt their normal patterns of territoriality 
resulting in fewer fish on the second day. Field studies carried 
out by R. w. Beck and Associates, Inc. during 1985 will better 
define the movement of fry in pothole areas and help to provide 
an answer for -this phenomenon. 

Temporal distribution patterns for both trapped and &tranded 
steelhead fry during the fall surveys were markedly more evident 
than were observed for salmon fry during the spring survey. over 
80 percent of all trapped and stranded fry were observed during 
the first three test dates in a declining manner. Data collected 
during the reconnaissance survey l week prior to the first test 
date al so corroborated this pattern. This relatively sharp peak 
of fry abundance in potholes is consistent with the timing of 
steelhead abundance previously reported in the Skagit River 
(Graybill et al. 1979). 

The decline in the number of steelhead fry trapped and 
stranded during the study is probably associated with the 
increased size of the fry. Bustard and Narver Cl975l noted that 
steelhead fry move into deeper water as they increase in size. 
In all likelihood, by late September a majority of the steel head 
fry either no longer occupied the pothole habitat or were able to 
avoid trapping by moving away fran potholes as the river levels 
dropped. 

As was al so observed during spring survey, fewer fry were 
generally observed during the second day of paired test dates for 
the same reasons given for spring. During steelhead fry 
stranding conducted by Crumley (unpublished Skagit Standing 
Committee minutes, January 10, 1984) in 1983, it was noted that 
the first test stranded relatively more fry as compared to 
following tests. Be noted that steelhead may have an increased 
adaptability to flow fluctuations based on this nonmigratory 
behavior. 

Flow records at Gorge Powerhouse indicate that the average 
daily discharges for the 72 hours prior to the test days C2,822 
cfs) were 1,505 cf s less than occurred during the reconnaissance 
survey C4,327 cfs> (Appendix G), That reduction occurred because 
the Interim Flow Agreement requires that after August 20, maximum 
flows at the Gorge Powerhouse be no greater than 4,200 cfs. That 
reduction in maximum regulated flow, coupled with a seasonal 
reduction in tributary inflow, reduced the amount of wetted 
habitat available to fry. This reduction in habitat was partly 
explained when potholes common in both the spring and fall 
surveys were compared. 

That required reduction in maximum flow may very well have 
had a significant bearing on stranding observations during the 
first two tests on August 22 and 23, just 2 and 3 days after the 
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4,200 cfs maximum flow was initiated. On August 22, 142 (33 
percent of all fry stranded during the surveys) were found 
stranded in one pothole at Forbidden Bar CRM 70.S). That pothole 
became isolated f ran the river but was sustained by water passing 
through the gravel bar. Flows at which that pothole connected to 
the river were estimated to be 6,470 cfs at Marblemount, 
approximately -2,200 cfs greater than the maximum allowable flow 
from the Gorge Powerhouse. No mortality was reported at that 
site during the rest of the survey. 

At Stump Haven (RM 72.2), 76 fry were observed stranded on 
August 22. Estimated connecting flow for that side channel is 
5,400 cfs (Mar bl emount>. Throughout the remainder of the survey, 
11 additional fry were stranded at that site. Additionally at 
Big Eddy CRM 77.5), which was surveyed only in the fall <and 
observed to be fl coded most of the time during the spring), the 
connecting flow was approximately 3,300 cfs (Marblemount>. Based 
on these preliminary results, it is suggested that any 1985 
season steelhead fry studies take into consideration the 
influence of the Interim Fl ow Agreement maximum fl ow 
requirements. 

Analyses of Riyer Flow to Fry TraP!)ing and Stranding 

The analyses of fl ow conditions (minimum test flows, average 
daily discharge, mean and maximum daily downramp amplitude during 
the 24 and 72 hours prior to each test, and ramping rate> were 
affected by a number of factors that caused no strong 
relationships to appear in any of the results, but there were 
some hints of what may be important to evaluate during 1985 
studies. 

One of the most significant factors at work was that of the 
population of fry in the river during the time of the tests. Due 
to the difficulty in conducting such surveys, no population 
surveys in the river were conducted prior to each test. As a 
result, there was no clear indication of the number of fish that 
were at risk of being trapped. Additionally, as mentioned 
previously, populations of fry vary over time and in different 
parts of the river which influence the risk of trapping. Other 
biological factors such as preference of cover, substrate and 
velocity conditions, and age and size of the fry are also 
important. 

Results showed that on the second day of paired downramp 
tests the incidence of trapping and stranding was significantly 
less than during the first day. This particular factor also 
influenced the relationship of each of the flow analyses to 
trapping and stranding. 

The downramp tests conducted during the spring (except for 
those after April 8) and fall bad ending discharges set at #2,300 
cfs and #1,450 cfs, respectively. This resulted in observations 
at similar flows with few other flow conditions for caaparison. 
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Additionally, during the fall, all tests fran September 6 to the 
end of the study began at -3,550 cfs and ended at -1,450 cfs. 
These standardized tests resulted in excellent temporal data on 
fry trapping and stranding (Figures 4-7 and 4-14) but provided 
limited data for comparing the effects of varying discharge 
conditions on trapping and stranding. 

Another influencing factor was that not all study areas were 
sampled equally throughout the tests. During the spring, four 
areas were not surveyed on the first test day and three areas 
were missed on the second test. During the fall, a number of 
sites were not surveyed on each test date. This resulted in an 
unequal set of data for each test day, which made analysis and 
interpretation difficult. 

Given all of these factors, a number of preliminary 
conclusions can be drawn fran the data. 

Spring 

No strong relationships were found with any of the analyses 
of flow to fry trapping and stranding conducted. One weak 
relationship showed flows at Newhalem and Rockport to be most 
closely associated with stranding and that the odds of 
survivability of fry decreased with decreased flows. 

A majority of the flow and trapping/stranding relationships 
appeared to be confounded by a variety of factors such as the age 
and size of fry <which influenced the likelihood of trapping and 
stranding), lack of continuous testing during the spring survey 
period (no tests were run fran April 14 through May 18, 1984) and 
the size, species composition, and location of the fry population 
at risk in the river. 

A multi variate regression analysis of minimum flows at 
Newhalem, Marblemount, and Rockport to trapping showed gaged flow 
at Marblemount to be more strongly associated with trapping 
(Figure 4-21). A decrease in trapping was associated with 
increased river flows; however, a linear relationship did not 
exist. Similarly, neither analyses of average discharge or 
maximum downramp amplitude for 24 and 72 hours prior to the test 
events showed any statistical significance. 

Al though no statistical relationships of flows to trapping 
and stranding were clearly evident, there is indication that flow 
history prior to a downramping event is an important testing 
condition. 

No clear picture of the relationship of minimum test flow or 
ramping rate per hour was evident, in part due to the changes in 
testing procedures after April 8. A regression analysis of 
ramping rate per hour showed a negative relationship because the 
greatest number of fry stranded occurred on the day with the 
smallest downramp rate. 
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In order to achieve a statistical relationship of flow 
conditions to trapping and stranding in 1985 field studies, a 
study design must be established at the outset that will allow 
for a meaningful analysis. A number of downramp minimum flows 
must be considered and the results applied to variables such as 
tributary inflow and the population of fry in the river at the 
time of the tests. 

As with the ypring results, no strong relationships were 
found with any of the analyses of flow to fry trapping and 
stranding conducted. Graphically, the relationship of maximum 
downramp amplitude for 72 hours prior to each test showed the 
greater the downramp amplitude the greater the incidence of fry 
trapping; however, statistical analyses showed no significance. 
The relationship was clouded by tbe high number of trapped and 
stranded fry during the first two dates, August 22 and 23, tests 
dates with the smallest downramp amplitude during the previous 72 
hours. 

When the flow history (Appendix G) prior to the first two 
tests was evaluated, it was noted that flow discharges from Gorge 
Powerhouse for 6 days prior to tbe tests bad ranged from 
approximately 2,800 cfs to 1,800 cfs with an average daily 
discharge of about 2,400 cfs. Because tbe flow discharge from 
Gorge Powerhouse for 72 hours prior to the downramp test was low, 
the magnitude of the downramp event on August 22 and 23 was only 
1,114 cfs, tbe smallest magnitude for any of the test events. 
Therefore, the number of trapped and stranded fish observed on 
August 22 and 23 was probably more a function of tbe overall 
abundance of fry in the river rather than a function of the 
downramp amplitude. Since no fry population surveys were 
conducted during the study, this conclusion is only conjecture. 

No clear picture of the relationship of either minimum test 
flow, average discharge for 24 or 72 hours prior to tbe test or 
average downramp amplitude for tbe 24 hours prior to the test 
events showed any statistical significance. 

An evaluation of downramp ending time to the number of fry 
trapped during the fall showed a trend of increased numbers of 
trapped fry the later into daylight the downramp was concluded at 
Rockport. No statistical analysis was conducted on the data; 
however, Figure 4-28 does show an upward trend, but only if four 
dates (August 22, 23, 31, and September 6) are excluded from the 
analysis. In steelhead fry stranding analyses conducted by 
Crumley during 1983 (unpublished Skagit Standing Committee 
minutes, January 10, 1984), no correlations were found to the 
variables of night/day downramping and trapping. Since only one 
•daylight• downramp was conducted as a part of this study, these 
cursory results cannot be considered conclusive. 
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Pothole Connectivity 

Flow connectivity information for the pothole areas 
indicates a number of unknown connecting flows for 119 of 254 
potholes sampled. Connectivity flow information that is 
available represents an average of the maximum river flow at 
which the pothole was observed disconnected and the lowest river 
flow at which the pothole was observed connected to the river. 
In many cases, both connecting and disconnecting flow information 
was not available; for those cases, a maximum disconnecting flow 
alone was used. If no maximum disconnecting flow was available, 
then no connectivity flow information was shown (i.e., if there 
was only one observation of connectivity at a pothole, it was not 
used). Ideally, the flow at which an individual pothole connects 
is between the connect and disconnect flow; however, a number of 
factors such as bank storage, drainage from other potholes, or 
other parts of a site caused by hydraulic gradient, lag time from 
the nearest gaging station, and tributary inflow between the 
nearest gaging station and the actual site all affect the 
connectivity flow. 

Given the connectivity information that is available, 
preliminary indications are that potholes connecting at flows 
greater than 5,500 cfs at Rockport constituted a majority of the 
spring strandingi however, this preliminary conclusion is based 
on data which omits 72 spring potholes for which there is no 
calculated connectivity flow. This indicates that fry occupy the 
high pothole areas (probably to gain refuge) during high river 
flow conditions. Fry would be vulnerable in those high flow 
areas due to the likelihood that any flow fluctuations would most 
likely be downward than upward as tributary flow decreases. 

No connecting flow information during the spring was 
available for potholes assigned to the Marblemount gagei however, 
data for fall surveys showed a majority of the fry stranding 
occurred in potholes connecting at 2,500 to 3,500 cfs. Once 
again, those data are preliminary. 

River flows during the fall were lower than those during the 
spring because of lower tributary inflow and an Interim Flow 
Agreement requirement limiting the maximum discharge at Gorge 
Powerhouse to 4,200 cfs after August 20. As a result, many of 
the potholes that were continually flooded during the spring 
became exposed during the lower fall flows. This is reflected in 
the fact that in potholes assigned to the Rockport gage, seven 
fry were stranded during the spring in potholes having connecting 
flows <6,000 cfs, while in the fall, 232 fry were stranded in 
potholes connected at <6,000 cfs. 

Preliminary analyses of the flows at which potholes were 
observed dry indicates that 35 of 60 potholes (58 percent) 
assigned to Marblemount were dry between 2,000 and 3,500 cfs, 
while those potholes assigned to the Rockport gage covered a much 
wider range of flows, varying from 2,500 to 9,500 cfs. Of the 
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128 Rockport assigned potholes with dry flow observations, 90 (70 
percent> were observed dry at river flows of <5,000 cfs. 

Forty six percent (508 fry> of all fry stranded in the fall 
were killed during the reconnaissance survey prior to the Interim 
Flow Agreement drop in river flows. Indications are that many of 
the potholes that were regularly flooded prior to the flow drop 
became disconnected from the river and were no longer available 
as habitat for fry during September. 
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6. CONCLUSIONS 

Pothole Distribution and Characteristics 

A total of 382 (including 140 high flow potholes 
reconnaissanced during November> potholes were found over all 
Gorge Powerhouse operational flows Cl,450 to 7,000 cfs) between 
Rockport (RM 67.5) Newhalem <RM 94.0lr the majority of potholes 
were located between Rockport and Illabot Slough. Predominant 
substrate type of potholes was sand <31 percent> and gravel C30 
percent>. 

Fry Trapping and Stranding 

A total of 17,538 trapped fry and 315 stranded fry were 
observed in 84 and 29 percent, respectively, of all 130 potholes 
surveyed during the spring, 1984. An additional 3,120 steelhead 
fry were observed trapped and 507 fry observed stranded during a 
2-day reconnaissance survey on August 15 and 16. 

A total of 3,578 trapped fry and 426 stranded fry were 
observed in 45 and 18 percent, respectively, of all 221 potholes 
surveyed during the fall, 1984. 

Common to both spring and fall was that, while trapping was 
distributed over a wide range of potholes, stranding was limited 
to relatively few potholes. 

Fry Trapping and Stranding by Area 

The majority of fry trapping and stranding was observed 
between Rockport and Marblemount during both spring and fall 
surveys. During spring, 30 percent of all observed fry were 
trapped at Stump Haven CRM 72.2), while stranding was distributed 
over many study areas. During fall, Big Eddy <RM 77,5) trapped 
27 percent of all observed fry, with 54 percent of all fry 
trapped at nine study areas in the lower 5.2 river miles of the 
study reach. Highest percentages of fall stranding occurred at 
Forbidden Bar (33 percent>, Stump Haven C20 percent), and Big 
Eddy (19 percent>, all of which are located between Rockport and 
MArblemount. 

Fey Trapping and stranding by Date 

During the spring survey, no apparent relationship was 
observed between trapping or stranding and dater however, nWDbers 
of trapped and stranded fry declined in May. This is consistent 
with previous reports of an extended chinook fry emergence period 
between January and May in the Skagit River. A temporal fry 
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distributional relationship was apparent during the fall survey. 
Higher numbers of trapped and stranded fry were observed during 
the first paired test dates in August, with a marked declining 
trend through September. 

Fry Trapping and Stranding by Substrate Type 

The majority of trapped fry were found in potholes with 
primarily sand and gravel substrates during spring and fall 
surveys. Stranding was distributed over several substrate types 
in spring but was largely associated with sand substrate during 
fall. 

Fry Trapping and Stranding by Coyer Type 

Trapped and stranded fry were more frequently observed in 
potholes with some cover type as opposed to no cover for both 
spring and fall surveys. overhead vegetaton was the most common 
cover type associated with spring trapping, while fall trapping 
was higher in potholes with sticks and limbs as the primary cover 
type. Stranding was more frequently observed in potholes with 
root wads during the spring and sticks and limbs during the fall. 

Pothole Temperatures 

No observed mortality was associated with high water 
temperatures during the spring. During the fall, mortality due 
to high water temperatures was observed in two high flow potholes 
not connected to the river. 

Relationship of Minimum Test Flows to Fry Trapping and Stranding 

A trend was noted that fewer fish were trapped as minimum 
test flows increased during the spring but not during the fall. 
No apparent trend was evident for numbers of stranded fry by 
minimum test flow during either spring or fall. 

Multivariate regression analysis of minimum flows at 
Newhalem, Marblemount, and Rockport to trapping yielded generally 
inconclusive results for both spring and fall due to the 
confounding effect of other flow variables. However, Marblemount 
flow and Newhalem flow during the spring and fall, respectively, 
were most strongly related to trapping. The logistic regression 
model resulted in stronger associations between Newhalem and 
Rockport flows and stranding in the spring. None of the three 
flows were significantly related to stranding in the fall. 

Relotionship of Ayerage Daily piecborge to Fry Trapping And 
Stranding 

No significant relationships were apparent for trapping and 
stranding by previous 24- and 72-hour average daily discharge for 
spring or fall. 
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Relationship of Maximum Downramp Amplitude to Fey Tr1ppipg opd 
SttMding 

The regression analysis of maximum downramp amplitude for 24 
and 72 hours-prior to each test and trapping during the spring 
resulted in the absence of any significant relationships. The 
logistic regression analysis of maximum downramp amplitude and 
stranding yielded an apparent significant relationship for the 
previous 24-hour va=iable. However, this result must be regarded 
as inconclusive due to the confounding effects of date and 
decreased vulnerability of fry to trapping as the season 
progressed. 

No significant relationships were present between the 
previous 24-hour or the previous 72-hour maximum downramp 
amplitudes with trapping or stranding during the fall. 

Relationship of Romping R1te to Tripping 1od Stc1nding 

Generally, regression analysis between ramping rate and 
trapping or stranding yielded inconclusive results. A weak 
relationship was apparent for ramping rate by spring trapping. 

Relationship of Riyer Flow to Mipimum Pothole Depth 

A significant positive relationship was determined for 
minimum pothole depth by river flow at the assigned gage 
stations. Rockport flows were more significantly related to 
associated pothole depths than were Marblemount flows. 

This exercise served as a check on the validity of 
ll assigning pothole areas to one of the three river gage 
stations and 2l Rockport flow model. 

Relationship of Downcamp Time to Trapping 

A trend of greater numbers of fry trapped during daylight 
hours may be apparent. However, the singular effect of downramp 
time could not be distinguished from the effects of other 
confounding variables since only one paired daylight downramp 
event was conducted. 

Copnectiyity 

Pothole connecting flows at areas assigned to Newhalem, 
Marblemount, and Rockport ranged from 1,500 to >2,000 cfs, 2,000 
to >4,000 cfs, and 3,000 to >7,500 cfs, respectively. 

Based on limited information on pothole connectivity, 
indications are that potholes with connecting flows greater than 
6,000 cfs at Rockport constituted a majority of the fry trapping 
and stranding during the spring. 

During the fall, when river flows were lower, potholes with 
connecting flows between 2,500 and 3,500 cfs at Marblemount and 
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between 5,500 and 6,500 cfs at Rockport constituted the greatest 
number of fry trapping and stranding. 

Dry Potholes ys Riyer Flow 

Based on- a limited sample of observations, numbers of dry 
potholes in areas assigned to the Marblemount and Rockport gages 
by flow increment were determined. For pothole areas assigned to 
Marblemount, 35 of 60 potholes, for which there was information, 
became dry between 2,000 and 3,500 cfs. In contrast, for 
potholes assigned to Rockport, potholes became dry between 2,500 
and 9,500 cfs. The wider range of flows for the pothole areas 
assigned to Rockport is a result of the presence of greater 
numbers of high flow potholes in the lower reach of the river. 
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APPENDIX A 

INTERIM AGREEMENT 



CERTIFICATION OF SERVICE 

I hereby certify that I have th!.s day served the at'::a:hed 

documents des!.g~ated Sub~!.ss!.on o~ Cf~er o~ Settlene~:. C~~er 

of Settlement, and proposed Order Ap~roving C~~er of Settle-

ment upon all parties of record in this proceeding in accord­

ance with the requirements of §1.17 of the Rules of Practice 

and Procedure. 

Dated at Seattle, Washington this ~?d day of 

February, 1981. 

e City o~ Seattle 

SERVICE LIST 

Charles B. Roe, Esq. 
Assistant Attorney General 
State of Washington 
Department of Ecology 
Temple of Justice 
Olympia, Washington 98504 

James B. Snow, Esq. 
United States Department 

of Agriculture 
Office of the General Counsel 
Natural Resources Division 
Washington, D:C. 20250 

David P. Boergers and 
Don Garber 

Arlinda Locklear 
Native American Rights 
1506 Broadway 
Boulder, CO 80302 

Fund 

Charles E. O'Connell, Jr., Esq. 
U.S. Department of Interior 
Office of Secretary 
Washington, D.C. 20240 

J. Richard Aramburu, Esq. 
North Cascades Conservation 

Council 
1411 4th Avenue 
Seattle, Washington 98101 

Federal Energy Regulatory 
Washington, D.C. 20246 

Commission 
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The City of 

UNITED STATES OF AMERICA 
FEDER:..!.. ENERGY REGVLA'i'O?.Y COM:,:r SS Io:; 

Seat:le, ) Proje-ct No. 
) 

Washing";on ) Docket No. "'' --) 
) 

SUB!<:ISSION OF OFFER OF SETTLEMENT 

553 

76-3: 

Pursuant to Section 1.18 of the Commission's Rules of 
Practice and Procedure, the below listed parties submit the 
attached Offer of Settlement. 

EXPLANATORY STATEMENT . 

On September 7, 1978, the Commission issued an order under 
Article 37 of the license for Project No. 553 to initiate pro­
ceedings which would address the effect or the Project's flow 
regime on the fishery resources of the Skagit River. The Project 
consists of three dams (Ross, Diablo, and Gorge) located on the 
Skagit River; the affected fishery resource is located below the 
lower-most or the three dams (Gorge). 

On July 20, 1979, at the request of the Commission staff, a 
Settlement Conference in this proceeding was held in Seattle. 
Commencing on July 29, 1979, certain parties to the proceeding 
entered into negotiations relating to flow levels and flow 
fluctuations from Project No. 553, and their effect on the Skagit 
River fishery resource. Over the course of several months, these 
parties reached agreement on a general framework for an interim 
(two year) settlement of flow and fishery issues. Several draft 
settlements were circulated for cor,llllent. 

On July 24, 1980, the Commission staff again met with the 
parties in Seattle to discuss the status of the negotiations. At 
the July 24 meeting, most of the parties were able to reach 
general agreement on the resolution or the remaining areas or dispute. 
This Offer or Settlement reflects and arises out of the July 24, 
1980, discussions among these parties. 

On this "interim" basis, the Settlement Agreement would 
establish various conditions of flow regulation, including levels 
of minimum flow and constraints on maximum flows and flow fluctu­
ations. Additionally, the Settlement Agreement would require the 
performance or flow-related fishery studies over an approximate 
two-year period. The flow regulation conditions and fishery 
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studies are intended to lead to a long-term resolution of these 
issues through (1) improved constderation of fishery impacts 
and power planning and management, and (2) the addi:ion of 
appropriate conditions in the license for Proj~ct No. 553. 

It should be noted that at the conclusion of the approxi­
mate two-year study period, the City has agreed to continue the 
above flow regulations unt~l a perca~e~t resolution is reached 
under certain circumstances. 

The belo~ listed parties believe that there is substa!"ltial 
agreement on the terms of the Offer of Settlement at the prese!"lt 
time, and that its submission is an appropriate course of action 
to minimize further delay in this proceeding. Accordingly, 
these parties recommend that the Commission approve the Agree­
ment as proposed. 

REFERENCES 

No testimony or exhibits have yet been filed in this pro­
ceeding. The record consists of the petitions of the various 
parties and responses of the City. 

CONCLUSION 

The below listed parties respectfully request that this 
Offer of Settlement be considered and approved in accordance 
with Section 1.18 of the Rules of Practice and Procedure. 

DATED this ~!JM day of February, 1981. 

Respectfully submitted, 

FOR THE CITY OF SEATTLE: 

Arthur T. Lane 
Assistant City Attorney 
City Light Building, Room 917 
1015 3rd Avenue 
Seattle, Washington 98104 

(206) 625-3119 

FOR THE WASHINGTON STATE DEPARTMENTS 
OF FISHERIES AND GAME: 

Temple of Justice 
Olympia, Washington 98504 

(206) 753-2498 
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FOR THE NATIONAL MARINE 
FISHERIES SERVICE: 

FOR THE SAUK-SUIATTLE INDIAN 
TRIBE: 

'1N?'~ 'If_ G 
Russell W. Busch 
Attorney at Law 
Evergreen Legal Services 
Native American Project 
520 Smith Tower 
506 Second Avenue 
Seattle, Washington 98104 

(206) 464-5888 

r~s em~" 
Chai n 
Upper · Indian Tribe 
725 Fairhaven Avenue 
Burlington, WA 98233 
(206) 755-0351 

FOR THE SWINOlllSH TRIBAL 
COMMUNITY: 

Chairman 
Swinomish Tribal C011111Unity 
P.O. Box 817 
La Conner, WA 98257 
(206) 466-3166 
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PROPOSED ORDER 

U!J:i:TED S'i'ATES OF Ari:::::R:CA 
FEDERAL ENERGY R:SG1J:.ATCJ?.Y C0!-'.!1,ISSIO:; 

The City of Seattle, ~ashington ) 
) 
) 

~~~~~~~~~~~~~~) 

Pro~ect :;o. 553 

Docket ~o. E~78-36 

ORDER A ?PROVING OF?ER OF SETT!..EME:<T 

On Febr~ary 27, 1981, the City of Seattle, the State of 

Washington Departments of Fisheries and Game, National Marine 

Fisheries Service, and Skagit System Indian Tribes, all parties 

to the above titled proceedings, filed with the Federal Energy 

Reg~latory Commission an Offer of Settle~ent. The Cornrniss!on 

finds that the Offer of Settlement is in the public interest 

and accepts it, as hereinafter ordered. 

The proposed settlement provides for and establishes various 

conditions of flow regulation downstream of the City's licensed 

Project No. 553 on the Skagit River, Washington, including levels 

of minimum flow and constraints on maximum flows and flow fluctu-

ations. The settlement also requires performance of flow-related 

fisheries studies over an approximate two-year period. It is 

hoped the flow regulations and fisheries studies will lead to a 

long-term resolution or these issues through improved consider-

ation of fisheries impacts and power planning and management, 

and the addition of appropriate conditions in the license for 

Project No. 553. 
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Upon revie~ of the foregoing, the Commission finds that 

the Offer of Settlement represents a reasonable resolution of 

the issues raised in this phase of the proceeding; accordingly, 

the proposed settlement shall be incorporated herein_by reference 

and shall be approved and adopted. 

The Commission finds: 

(1) The Offer of Settlement submitted by the above parties 

on February 27, 1981, should be approved and made effective as 

hereinafter ordered. 

(2) The Commission orders: 

(A) The Offer of Settlement certified to the Commission 

in this proceeding is hereby accepted, incorporated herein by 

reference and approved. 

(B) The Commission's approval of tt.is settlement shall 

not constitute approval of or a precedent regarding any other 

principle or issue in this or arty other proceeding. 

By the Commission. 
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UNITED STATES OF AMERICA 
FEDERAL ENERGY REGULATORY COMMISSION 

The City of Seattle, 

Washington 

) 
) 
) 
) 

~~~~~~~~~~~~~)· 

Project No. 553 

Docket No. EL 78-36 

SUPPLEMENTAL EXPLANATORY STATEMENT OF THE NATIONAL 
MARINE FISHERIES SERVICE AND THE SKAGIT SYSTEM TRIBES 

While the undersigned concur in the Explanatory Statement 
contained in the Submission of Offer of Settlement they are offer­
ing this supplemental statement in order to clarify their position 
on one matter. 

By submitting the Offer of Settlement in this docket the 
National Marine Fisheries Service and the three Skagit System 
Indian tribes do not waive any rights under the Fed·eral Power Act, 
the National Environmental Policy Act or other laws which they may 
have with respect to the relicensing of Project No. 553 or other 
proceedings before this or other agencies or courts. Specifically, 
the tribes and the National Marine Fisheries Service reserve the 
right to challenge relicensing of the Ross Project should it occur 
prior to completion of investigation into downstream fisheries 
effects of the Ross Project. 

FOR THE NATIONAL MARINE 
FISHERIES SERVICE: 

F. Lorraine Bodi 
. Staff Attorney 

Off ice of General Counsel 
National Oceanic and 

Atmospheric Administration 
1700 Westlake Avenue North 
Seattle, Washington 98109 

(206) 442-4140 
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FOR THE SKAGIT SYSTEM INDIAN 
TRIBES: 

Russell W. Busch 
Attorney at Law 
Evergreen Legal Services 
Native American Project 
520 Smith Tower 
506 Second Avenue 
Seattle, Washington 98104 

(206) 464-5888 



UNITED STATES OF AMERICA 
FEDERAL ENERGY REGULATORY COMMISSION 

The City of Seattle, 

Washington 

) 
) 
) 
) 

Project No. ·553 

Docket No. EL 78-36 

~~~~~~~~~~~~> 

OFFER OF SETTLE~NT 

UNDERSTANDINGS 

On September 7, 1978, the Commission issued an order under 
Article 37 of the license for Project 553 to undertake proceed­
ings to examine the effect of the project's flow regime on the 
Skagit River's fisheries resource. Commencing on July 29, 1979, 
tallowing earlier discussions and a meeting with the Commission 
staff on July 20, 1979, certain parties to this proceeding 
entered into specific negotiations to resolve issues relating 
to the flow levels and flow fluctuations from Project No. 553, 
and their effect on the anadromous fish resource of the Skagit 
River. On July 24, 1980, the Commission staff again met with 
the parties to discuss the status of the negotiations and dis­
puted issues. 

Based on these negotiations, the parties have agreed to an interim 
agreement which sets out various conditions of flow regulation 
and requires the performance of related fishery studies. 

The flow regulation conditions and fishery studies are intended 
to lead to a long-term resolution of these issues, through (1) 
improved consideration of fishery impacts in power planning and 
management and (2) the imposition or appropriate conditions in the 
license for Project No. 553. 

Neither this agreement, nor its approval by the Commission, shall 
constitute approval of, or precedent regarding, any principle or 
issue in this or any other proceeding. 

AGREEMENT 

The City shall provide interim flow regulation and cooperate in 
the conduct of studies in the Skagit River in accordance with 
this agreement, which shall become effective as of the date of 
its approval by the Commission, except insofar as the parties 
agree on an earlier commencement of studies. 
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ARTICLE I - FLOW REGULATION 

Section 1 - Minimum Flows 

A. Subject to the exception for Insufficient Water Months in 
Section 3 below, the City shall maintain at least the 
instantaneous minimum flows at Newhalem set forth in the 
first column below: 

Sufficient Month Anticipated 
Minimum Flow, Minimum Flow, 

Time Period Newhalem (cfs) Marblemount (cfs) 

March 2300 3200 
April 1-15 2300 3700 
April 16-30 2000 3400 
May 1700 3300 
June _!.'.:01: 3200 
July 1325 2000 
August 1-10 1325 2000 
August 11-31 1400 2000 
September 1400 2000 
October 1200 2000 
Noveml:)er 1800 3000 
December 1800 3000 
January 1900 3000 
February 2300 3000 

It is anticipated that such flows, together with expected 
sidestream inflows, will result in the flows set forth in 
the second column above. This expected correlation does not, 
however, constitute a condition precedent to maintaining 
the Sufficient Month Minimum Flow at Newhalem set out above. 

B. Notwithstanding the above minimum flow schedule, the City 
shall undertake all reasonable means to supplement said mini­
mum flows during the July 1 to August 10 time period in 
accordance with Exhibit A attached hereto, to the extent 
that high spring flows have resulted in steelhead spawning 
at high stages or the river.!/ 

C. The City shall give both oral and written notice to all 
parties (including FERC staff) as far in advance' as possible 
of (1) its expected inability to meet minimum flows, and 
(2) the particular ac~ions planned to meet-or approach these 
flow levels. Quarterly, the City shall provide all parties 
with a written report documenting (1) the extent of its 

I7For purposes or this Agreement, 'all reasonable means' includes 
efforts to arrange power exchanges within the Pacific North­
west and to modify operations at the Boundary Project, upon 
consideration or system requirements. 
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compliance with the minimum flow levels, and (2) the 
actions were actually taken to meet or approach the minimum 
flow levels. This report may be incorporated into the 
quarterly report provided under Section 7. 

Section 2 - Maximum Flows 

A. The City shall undertake all reasonable means to limit maxi­
mum flows at Newhalem (Gauge #12178000) in accordance with 
the Target Maximum Flows and Preferred Fisheries Flows se; 
forth below. 

Target Preferred 
Maximum Fisheries 

Time Period Flows (cfs) Flows (cfs) 

August 20 - October 15 4200 4200 
(even years) 

August 20 - September 21 4200 4200 
(odd years) 

September 22 - October 31 4200' 3200 
(odd years) 

November 22 - December 31 7000 5000 

All other months No Limit No Limit 

The Preferred Fisheries Flows set forth in the second colum.~ 
above are best ~urrent prediction of those which may maxi­
mize the productivity of the fisheries resources. It is 
expected that the goals set forth through October 1 can 
generally be achieved by reasonable means, but that achieve­
ment of the October 1 - December 31 Target Maximum Flows 
(and especially the Preferred Fisheries Flows) frequently 
will not be so accomplished because of load and flow con­
ditions. It is recognized that inflows between Gorge power­
house and the Newhalem gauge, namely Ladder Creek, will 
increase .the maximum flows at Newhalem to some extent beyond 
the City's control. This expected correlation does not, 
however, constitute a condition precedent to maintaining 
the maximum flows set out in this section. 

At the conclusion or the August 20 - October 31 and 
November 22 - December 31 time period noted above, the City 
shall provide all parties with a written report documenting 
(l) the extent of its compliance with the target maximum 
flow levels noted above, and (2) the actions which were con­
sidered and actually taken to limit maximum flow levels. 
This report may be incorporated into the quarterly report 
provided under Section 7. 
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section 3 - Insufficient Water Months Provision 

A. During Insufficient Water Months, the flows specified in 
Section l.A may be adjusted by the City on an incremental 
basis according to the Minimum Flow Decision Rule as set 
forth in Exhibit B attached hereto. Insufficient water 
months shall occur when both of the following two con­
ditions are met: (1) when the Predicted Combined Basin 
Runoff is less than 95~ of Normal Runoff,· as set forth in 
Section 3.c£/, and (2) when the City (a) requests and 
takes delivery of power11 as stated in Section 9 of the 
Pacific Northwest Coordination Agreement, or (b) requests 
and takes ,delivery of purchased power from any source, or 
(c) attempts to obtain power as described in (a) or (b), 
but no purchase or interchange power is available at a 
reasonable price (this last provision (c) must be docu­
mented). 

£/rt is the general position of the National Marine Fisheries 
Service, the Department of the Interior, the Washington 
Departments of Fisheries and Game, and the Skagit System 
Indian Tribes that the use of a 95% threshold in this sub­
section, coupled with the calculations in subsections 3B, 
3D and 3E, can result in the determination of an "insufficient 
water month" absent an actual water insufficiency. These 
parties would prefer to see a threshold for reduction in 
minimum flows at a point somewhat lower than 95%. However, 
for three reasons, these parties are willing to accept the 
use of a 95% threshold: (1) the fact that the threshold 
would apply to an interim basis only, and would be subject to 
evaluation during the interim period; (2) that the City will 
be incorporating the minimum flows under the Agreement into 
calculations of power planning and management curves; and 
(3) that the City will consider and act upon one or more of 
four possible alternatives as soon as the Predicted Combined 
Basin Runoff is less than 95% of Normal Runoff - (a) utilize 
excess water and capability at the Boundary Project, (b) over­
draft Ross Reservoir to some extent, (c) obtain power through 
lnterchange under the Northwest Power Coordination Agreement, 
(d) purchase outside power at a reasonable price. 

l/For the purposes of this Agreement, "power" signifies both 
energy and capacity. 
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B. The Predicted Combined Basin Water Volume shall be deter­
mined by the following procedure:~/ 

l. If Ross Reservoir storage is greater than the Pacific 
Northwest Coordination Agreement Energy Content Curve 
(E.C.C.), as and if adjusted, at the beginning of the 
month, the volume by which Ross Reservoir storage ex­
ceeds the E.C.C. is added to predicted Skagit basin 
runoff above Ross Dam (Runoff Prediction) to obtain a 
predicted combined basin water volume. 

2. If Ross Reservoir storage is less than E.C.C., as and 
if adjusted, at the beginning of the month, the volume 
by which Ross Reservoir storage is below the E.C.C. is 
subtracted·rrom predicted Skagit basin (Runoff Predic­
tion) to obtain a predicted combined water volume. 

3. For purposes of this subsection, "Ross Reservoir storage" 
includes all foreign storage in Ross Reservoir. 
"Energy Content Curve" refers to the Variable Energy 
Content Curve rather than the Base E.c.c. as it becomes 
available (approximately March l of each year). 

C. Data relating to the Normal Runoff for the Skagit Basin 
above Ross Dam and Insufficient Threshold, for the purpose 
of this agreement, are set out in the table below: 

Date 

Oct. l 
Nov. l 
Dec. l 
Jan. l 
Feb. l 
Mar. l 
Apr. l 
May 1 
June 1 
July l 
Aug. 1 
Sept. l 

Normal Runoff 
(SFD) 

1,226,765 
1,171,430 
1,105,820 
1,.036. 752 

980,735 
930 ,167 
875,886 
773,016 
526,969 
255,697 
105,856 

41,531 

Insufficient Threshold 
(95% of Normal Runoff 

(SFD)] 

1,165,427 
1,112,859 
1,050,529 

984,914 
931,698 
883,659 
832 ,092 
734,365 
500,621 
242,912 
100,563 

39,454 

l SFD • 1.98 AC-FT 

!/In accordance with footnote~/, the National Marine Fisheries 
Service, the Department of the Interior, the Washington Depart­
ments or Fisheries and Game, and the Skagit Sy~tem Indian 
Tribes wish to note their general position that the Energy Con­
Tent Curve and Runoff Prediction as used in this subsection 
may not reflect actual water insufficiencies. This is because 
both the E.C.C. and Runoff Prediction generally derive from 
conservative (i.e., "worst case") analyses or power planning 
needs. 
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D. 

E. 

F. 

G. 

H. 

Skagit basin runoff prediction above Ross Dam (Runoff Pre­
diction) shall be made in the following manner: Runoff 
Predictions for the months of October, November, December, 
and January are the historical average runoff conditions 
(over all years of record) and are as indicated in the 
above table. Runoff Predictions for the months of February, 
March, April, and May shall be made by adding snowpack 
volume (obtained by surveys) to historical average precipi­
tation (over all years of record). The June, July, 
August, and September Runoff Predictions shall be made by 
adding historical average residual snow melt, which has not 
run off, to historical average precipitation. All Runoff 
Predictions shall be made through the end of the water year 
(September 30). 

To determine Insufficient Month Minimum Flows by use of 
Exhibit B, the predicted Combined Basin Water Volume shall 
be divided by the Normal Runoff for the particular time of 
year. The resulting ratio shall be used to obtain the Per­
cent or Minimum Flow ColDlllitted by use of Exhibit B. The 
percent of Minimum Flow Committed shall be multiplied by 
the applicable Sufficient Month Minimum Flow for the month 
from the table in Section l.A to obtain an Insufficient 
Month Minimum Flow. If the ratio of the Predicted Combined 
Basin Water Volume to Normal Runoff is equal to or greater 
than 95~, the full requirement of Section 1 shall apply. 

The above procedure will be followed unless the calculated 
Insufficient Month Minimum Flow is less than 1000 cfs, in 
which case the Insufficient Month Minimum Flow for the month 
shall nevertheless be 1000 cfs. If at any time during an 
Insufficient Water Month the Predicted Combined Basin Water 
Volume exceeds the Insufficient Threshold, the Sufficient 
Month Minimum Flow will apply. 

Notification of the amount of any insufficiency will b& 
given by the City to the other parties as soon as inform­
ation indicating possible insufficiency is available, and 
no later than seven calendar days after the start of each 
month, unless inclement weather prohibits the timely 
performance of snow surveys. In the latter case, insuffici­
ency notification will be issued within four days after the 
survey data are available. 

If in a pink salmon cycle (odd year) it appears that the 
month or September will be insufficient, the City shall 
nevertheless consider conserving storage from the period 
August 15-20 to achieve the Sufficient Month Minimum Flow 
or 1400 crs during the peak pink sal1110n spawning period of 
September 22 - October 30. Under no circumstances, how­
ever, shall such storage conservation result in a flow or 
less than 1000 crs at Newhalem. 
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~ection 4 - Emergency Conditions 

Notw!thstanding the provisions of Section 3 in an Insufficient 
water Month, if the Washington Departments of Fisheries or Game 
determine that conditions pose a critical threat to the fishery 
resource, the City shall use all reasonable means to supplement 
the Insufficient Month Minimum Flows determined under Section 3. 
Under such conditions, the City shall notify all parties and 
shall consult with them on a weekly basis. 

Nothing in this agreement shall constrain the City from taking 
action to respond to emergency conditions, including mechanical 
failure, transmission line failure, floods, landslides, or acts 
of God. At the conclusion of the emergency conditions, the City 
will return to an operation schedule in compliance with the terms 
of this Agreement. 

Section 5 - Flow Fluctuations and Ramping Rates 

Downramp rates at Gorge at various flow levels shall follow the 
curve in Exhibit C within a band width o! + 100 cts/hours. Up­
r"amp rates shall not exceed 2,000 cts/hour: In meeting the flow 
requirements of this article, the City shall use all reasonable 
means to minimize the frequency and range or daily and periodic 
flow fluctuations. 

The City shall provide a quarterly report to all parties (includ­
ing FERC staff) on (1) available technology and other means to 
control flow fluctuations (including computer technology and 
software); (2) the means planned to minimize flow fluctuations 
for the following quarter; and (3) the actual restrictions of 
flow fluctuations and the means used to achieve these restric­
tions in the preceding quarter. This report may be incorporated 
into the quarterly report provided under Section 7. 

Section 6 - Standing Committee and City Contract 

A Standing Committee, composed or one representative each from 
the City, the Washington Department of Fisheries, the Washington 
Department of Game, the Skagit System Indian Tribes, the Fish 
and Wildlife Service, the National Marine Fisheries Service, the 
National Park Service, and the U.S. Forest Service shall be estab­
lished for such consultation and meetings among the parties as 
may be appropriate under this Agreement. Meetings of the Stand­
ing Committee shall be open to all parties and additional repre­
sentatives for purposes of open discussion and observation. 

Within two weeks of the Commission's approval of this Agreement, 
each party shall designate, in writing, a contact person or 
Persons tor par~!es ~e -~e *!i"ee•eRt. The designated contact 
person(s) Will be esponsible tor coordinating that party's · 
Proaipt response to questions, requests tor information, follow-up 
to quarterly compl ance reports, etc. 

1<J<. ~7,...61~1. C.°"'" ,-Z!bb 
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section 7 - Periodic Reoorts 

The City shall provide all parties with quarterly reports of 
its performance and compliance with the operational requirements 
of this Agreement, including documentation of actual flow levels 
and flow fluctuations, and actual operating curves generated 
under this Agreement. Reports required in Sections l and 2 may 
be incorporated into the quarterly report to avoid unnecessary 
duolication. 

The City shall also provide the National Marine Fisheries Service 
and the Skagit System Indian Tribes with copies of the following 
documents, as they become available: (1) the weekly report to the 
Northwest Power Pool; ( 2) the daily reports entitled "Power 
System Generation and Load Data Logs (on a weekly basis); (3) the 
monthly Interchange Summaries; and (4) the monthly Inflow Fore­
casts. 

Section 8 - Use of Flow Regulation Conditions 

The interim flow regulation conditions in this Article shall be 
used by the City as requirements for purposes of power plann!ng 
and management, including their submission as planning and 
management requirements in accordance with Section 6 of the 
Pacific Northwest Coordination Agreement, (e.g., through the 
use of the Sufficient Month Minimum Flow at Newhalem set forth 
in the f'1rst column in Section 1.A, without reduction, in calcu­
lations of the Energy Content Curve). 

ARTICLE II - STUDIES 

Section 1 - In General 

For a period of approximately two years, all parties shall cooperate 
in the conduct or studies of the Skagit River fishery resources, 
as set out in Sections 2 through B below. The purpose of these· 
studies is to provide improved data on the effect of flow regu­
lation on the fishery resource, and, thus, to facilitate a perma­
nent settlement of this proceeding. 

Section 2 - Staffing and Funding 

The City will fund the study effort, including one fUll-time 
biologist each for the Washington Departments of Fisheries and 
Game, as required. In addition, the Skagit System Indian Tribes, 
the Fish and Wildlife Service, the National Marine Fisheries 
Service, and the Washington Departments or Fisheries and Game 
Will each provide a part-time individual for field data collec­
tion, as study requirements dictate. During the course or 
studies, any party may have an observer(s) present, who will be 
accorded fUll cooperation and access by the individual or group 
performing the studies. 
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~ection 3 - Areas of Study 

At a minimum, the following areas will be the subject of studies 
over a two-year pe~iod: 

A. The comparative extent of fry stranding for steelhead trout, 
pink salmon, chum salmon, and summer/fall chinook salmon, 
using at least four downramp rates at representative points 
between 1,500 and 200 cfs/hour (e.g., 1,500; 1,000; 500; and 
200 cfs/hour) at a mutually agreeable period of time as flow 
conditions and species availability permit. Additional ramp 
rates may be undertaken if deemed necessary by the Standing 
Committee. 

B. -The period or steelhead spawning and incubation, and the 
relationship between spawning flow and redd depth distribu­
tion for steelhead. 

c. Flow fluctuation impacts upon spawning area, spawning be­
havior, egg incubation, and frY emergence for steelhead, 
chum, summer/fall ch1nook, and pink salmon. 

D. Evaluation of the relat1onsh1p between flow regulation and 
adult salmon production. 

E. An Instream Flow Group (IFG) assessment, unless the Standing 
Com.~ittee determines that 1t ls duplicative or irrelevant. 

F. An analysis or the effects or m1n1mum flows, maximum flows, 
and reduced ramping rates on power operations, costs, and 
Ross Lake recreational factors. 

G. A detailed evaluation or the relative ava1labil1ty or longer 
range alternatives for meeting spec1f1c fish flow require­
ments, including lbad management, conservation, and re~ources. 

Section 4 - Dec1s1on-Making 

A written and detailed study outline (including an 1nd1v1dual 
work plan for each study) w111 be prepared for each year of study. 
All aspects or study planning, implementation, and coordination 
with other ongoing studies shall be subject to the unanimous 
agreement or the Standing Committee, which shall meet as fre­
quently as study requirements dictate. 

Section 5 - Permits and Approvals 

All parties, particularly the Washington Departments of P1sher1es 
and Game, will cooperate with and assist the City in obtaining 
the necessary permits and approvals for conducting studies. 

Section 6 - Reports 

The City will prepare a draft study report in cooperation-with 
all parties promptly at the conclusion or each phase or study. 
Data interpretation and report writing will be a cooperative 
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effort among all parties to this a:gz eement, and a final report 
will be subject to the agreement of the Study Comr.:ittee 
described in Section 4. In the event that unanimous agreement 
cannot be reached by the Committee, the report will reflect 
both majority and minority views. 

section 6 - Data Access 

All parties will have open mutual access to all' relevant data, 
reports, information, etc., pertaining to fisheries, stream 
flow, or power generation on the Skagit River. 

ARTICLE III - AMENDING PROCEDURE 

The City has agreed to the flow restrictions set forth in 
Article I, based on its present best judgment that such restric­
tions are workable. The development of unexpected, severe 
operational impacts during the course of this agreement could 
prove this present judgment wrong. Similarly, preliminary 
biologic study results may disclose impacts on the fisheries 
resource that are unforeseen at this time. Accordingly, in the 
event of severe, unanticipated impacts, including impacts on 
recreational factors on Ross Lake, any party may request a 
change in the parameters of the agreement. Should agreement on 
the relevant issue not be reached after discussion among the 
parties, the complaining party may petition the Commission for 
resolution. 

ARTICLE IV - FURTHER PROCEEDINGS 

At the conclusion of the.approximate two-year study period con­
templated by Article II of this Agreement, any party may petitiOriJ 
the Commission to convene a hearing in this or other proceeding, 
either for the purpose of conducting further studies or for the 
purpose of achieving a permanent resolution of issues. Until a 
permanent resolution is achieved, the City shall nevertheless 
continue to provide the flow regulations set forth in Article I 
unless otherwise agreed by the parties, unless resolved under 
Article III, or unless a specific disputed flow restriction 
under Article III has remained unresolved for a period of six 
months after a petition to the Commission. 
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EXHIBIT C 

OPERATIONAL DOWN RAMP 
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Gag-e Diacharge in Cubic Feet per Second 
P~~ER CO~lJ~OL CE Height .co .01 .02 .03 .04 .05 .o6 ,07 

in feet 
4&>.5 ·a,a 837 844 851 8~. 865 872 879 886 893 

.6 91» 907 914 921 9;,>8 935 942 949 956 963 

.7 970 977 984 991 99& 1005 1012 1019 1026 10J3 

.a 1o4o 1048 1056 1064 1072 TOSO 1088 1096 ttOlw 1112 

.9 1120 1128 1136 1144 1152 1160 1168 1176 n84 1192 

1181.0 f2()0.t 12o8 1216 1224 1232 1240 1248 1256 1;.>64 1272 
.1 1280 1288 1296 2:~ 1312 1)20 1328 1336 1344 1352 
.2 1)6o 1)69 13'78 1387 -'~ 1405 1414 1423 1432 1~41 

.} 1450 1459 1468 1477 1486 1495 ~ 1513 1522 1531 

.4 1540 1549 1558 1567 1576 1585 1594 ·~ 1612 1621 

.5 1630 1640 1650 1660 1670 . t68o 1690 •100 1710 1720 

.6 17JO 1740 1750 1760 1no. 1780 1~90 ri!oot 1810 1820 

.1 18)0 1840 1850 1860 1870 1880 1 90 1908 1910 1920 

.a 1930 1941 1952 1963 1974 1985 ,.~ 2007 2018 2029 

.9 2040 2051 2o62 207) 2084 ~2095 2106 2117 21:>8 2139 
' 482.0 2150 2161 2172 2183 21gli '~ 2216 2227 2238 2249 

• 1 226o 2271 2282 2293 ·"23Qlit 2315 2326 23'7 2 3!.5 • 2359 
.2 2370 2382 2394 2#Q6e 2418 24)0 2442 2454 2466 2478 
,3 2490 250:1• 2514 2526 2538 2550 2562 2574 2586 255El 

·" .·;z6'H) 2622 2634 . 2646 2658 2670 268? 2694 ~700 2718 
.5 27JO 2742 2754 2766 2ns 2790 ~ 2814 2826 2838 
,6 2850 2863 2876 2889 .29Qal 2915 2928 2941 2954 2967 
.7 2980 2993 -~ 3019 3032 3045 3058 3071 3084 "}097 

.8 )110 3123 3136 3149 3162 3175 3188 ~~ 3214 3227 

.9 3240 3253 3266 3279 3292 ·).3'15o 3318 3331 .. --144 " . 3357 

. . 
483.q 3370 3385 -.'}l!Oi 3415 3430 3445 3460 3475 }490 ,3'50SI 

.1 3520 3535 3550 3565 3580 ~ )610 3625 3640 3655 

.2 3670 3685 ,,,.,. 3715 3730 3745 376o 3775 3790 ,38cs. 

.3 3820 3835 3850 3865 3880 "1':;19; 3910 3925 3940 3955 
• Ii 3970 3987. .. 4021 4"0}8 4055 4072 4o89 ,.tOli 4123 
.5 4140 11157 4174 4191 ,.. 4225 4242 4259 4276 _4.29}:1 
,6 4310 4}27 4344 4361 4378 ...,,,. 4412 4429 4•-46 4463 
.1 448o --~ ~514 4531 4548 4565 4582 :.!1?9'l 4616 4633 
.0 4650 4667 4684 .,..,.,., 4718 47)5 4752 1.769 "786 48o.) 
.9 4820 4839 4858 48n d~ 4915 4934 4953 4972 4991 

11811.o ~ 5029 5048 506·r 5086 "~ 5124 51113 511'\2 5181 
• 1 ~ 5219 52}8 5257 5276 5295 ·!}}• 533j ':.352 5371 
.2 5390 ""°"' 

5428 5447 5466 5485 ~ 5523 :,,4? 5561 
,3 5580 •"511!1 5618 5637 5656 5675 ~ 5713 5732 5751 
. " 5no '~ 5812 5833 5854 5875 ~ 5917 5933 5959 
.5 598o 6(1()\ 6022 6043 6064 6085 ...,. 61?.7 614E 6169 
.6 6190 -6at.• 6232 6253 6274 6295 t.}SD 6337 li}';8 6379 
.7 6llo9 6421 6442 6463 6484 ~ 6526 6547 6S(a 65(!9 
.8 681~ 6631 6652 667) 669'i ~ 6736 6757 ens ·679'!"' 
.9 6820 6843 6866 ~ 6912 6935 6958 6981 ..J~ 7027 

485.0 7050 707) 'l09tl 7119 7142 7165 7188 ·'lC>H 7234 7257 
.1 7280 ._'J}O}t 7326 73119 7372 l'm 7418 74.;1 7462 7487 
.2 1~10 7533 7556 7579 .q6a! 7625 7648 7671 ~ 7717 
.3 7740 7763 7786 7809t 78}2 7855 7878 .. ]9&;t1 7924 7947 

·" 7970 i99'JI> 8020· 8o45 8o70 8095 8120 8145 3170 8195 
.5 8220 8245 8270 8295 8320 8345 8370 8395 8h20 8445 
.6 8470 8495 8520 8545 8570 8595 A620 8645 8670 8695 
.1 8720 8745 8no 8795 8820 8845 8870 8895 8920 8945 A-20 
.8 8970 8995 9020 9045 9070 909'; '1120 014<; 01-.n 



Rating Table (Cont'd) 
f 
' 

G"p;e 
' 

Discharge in Cubic Feet per Secqnd 
~Hei~ ,06 ,08 •in Feet ,00 .01 ,02 .03 ,04 ,05 ,07 ,09 

486.0 9520 9550 9580 9610 9640 9670 9700 9730 9760 9780 

,1 9620 9850 9880 9910 9940 9970 10000 rno30 1 •1)60 1COSo 

,2 10120 10150 1018o 10210 10240 10270 10300 10}30 10360 103c::o 

,3 10420 10450 10400 10510 10540 10570 10600 10630 1'J660 10690 

,4 10720 10750 1078o 1o810 1o8uo 1o870 109no 10C~l 1 O)IPll 1oc;90 

,5 11020 11055 11090 11125 11 H)O 11195 11230 112i::5 11 :~oo 11335 

.6 11370 11405 11440 11475 11520 11545 11580 11615 1 : ,,50 11 uF.5 

.7 11720 11755 11790 11825 11860 11895 1'Q)O 11965 1 ;;.Jo·~ 12035 

.8 12070 12105 12140 12175 12210 12245 12280 12315 1?. .150 1 ;> )85 

,9 12420 12455 12490 12525 12560 12595 12630 12f65 ~ 27C0 :2735 

487.0 12770 12805 1281\o 12875 12910 12945 12980 13015 13050 •3085 

• 1 13120 13160 13200 13240 13280 13320 133€0 1)400 , "•440 1'1480 , 
,2 13520 13560 1}600 13640 1)f'80 13720 13760 •;?:00 1 ··""'I,') , ;820 .. ~ ..... 

,3 13920 13960 1l1000 14040 14080 14120 14160 14200 1 !.24c ~4280 

4 143?.0 111360 14400 14440 14480 111520 14')60 111000 ~ L~ta 14~20 
• 

c 14720 14760 1480o 14840 14880 14920 14960 ~:-·:i~o i:-.:;~'J 1 :-o;: :i ., 
.6 15120 15160 15200 15240 15280 15320 15)60 1 ;1100 , .-J ... .... 1:c.2'J 
.7 15520 1556o 151'00 15640 15680 15?20 15760 15.~1."C ,~,:j4J · =.OC" ....... ...,..; 

.s 15920 15960 16000 16040 16080 16120 16160 • €:·C'1 1·· :!:.r• "'5?21" 

,9 16320 16365 164-10 16455 16500 16545 16590 11}r~·;5 1 ~,:2f 1f-:725 

4i38.o 16770 16815 1686o 16905 16950 16995 17040 1 ·· ~oc.. ,- • '2.~ : '.''75 
4 .... "" -~ 

• 1 17;>?0 17265 17310 1n'J5 17400 17445 17490 17:))j , 7' ::,:] ·7625 

.2 17f.70 17715 17760 17805 17850 17895 1791;0 17':'~5 1[,;;-5 ~~07j 

.3 18120 18165 18210 18255 18300 18345 18390 1 ~:~ J'C .-1f.4SC :t.;?5 •4 .,, _ 

4 18576 18615 113660 18705 18750 16795 1881•0 1 ~::i<:- ~ ,:=r.3-'.J ':9;-5 
• 
.5 19020 19065 19110 19155 19200 19245 19290 ·- ~- · 9.~s: ~ 9!l ::s .-
.6 1'}470 19515 1956o 19605 19650 19695 197110 , c~~:; 1 c:C :'' ~;.c-75 

,7 19920 19965 20010 20055 20100 20145 20190 ----z.c: ~"·2~(: :?'J325 t:.Vr , ~ 

.8 20370 20't 15 201160 20505 ?05e,o 20595 ?0640 ;>Or~, · c1;0 2C775 

.9 20820 20865 ?<l910 2095'.l ?1000 21045 ?1090 :-1 135 2 ~ 1 =0 21225 

489.0 21270 21315 2u60 21405 21450 21495 21540 21~85 :; ',:: ·:o 21675 
,1 21720 21770 21820 21870 21920 21970 2;>0;:0 ::2.170 ......... -.... 22170 ~,-:I-'-' 

,2 22220 22270 22320 22370 22420 221~70 22520 ??C,70 ~26ZG 22670 
.3 22"/20 22770 22820 22870 2~]20 225'70 230?0 ;;:3c1c 231 ':':) 23170 
.4 23220 23270 23320 23370 23420 23470 ?}'120 .:3')70 .-:;:.20 2}570 

.5 23720 23770 23820 23870 2)920 2.~970 24020 21··.· ,'C ""': t~ ~ ""f) :~i70 

.6 242?0 24270 ;>4)20 24370 24420 ?.41~70 2'~52f1 2~'.')70 <:4:.'2-~ ~4670 

.7 24720 24770 24820 24870 24920 ?11970 25020 ?)070 25120 2:;170 

.8 25220 25270 25320 25370 25420 25470 25520 2)570 2:;c.;:c 25670 

.9 25720 25770 25820 25870 25920 25970 26020 ?6C7'J ?~120 26170 

490.0 26220 26270 26320 26370 26420 26470 26520 26570 266<:0 26670 
• 1 26720 26770 26820 26810 26920 26970 27020 -:J .... ":i7C 271 -:':J 27170 
.2 27?20 27270 27320 27370 27420 27470 2752!"l -;:7:-..70i ?7f.211 27670 
,3 27720 27775 278·30 27885 27Q40 27095 280">0 2'31 '.J) 2~ 1r'.c 211215 
.4 2B270 28325 28"380 28h35 28490 28545 28600 21''"·55 ?S7tv ;:P7(,5 
,5 28820 28875 28930 28985 29040 ;.'9095 :?9150 :?ll.-'")'j ~c;.2~0 2::;315 
.6 29370 29425 29480 29')35 29590 29645 29700 :1_::7:_-,h :1~~0 29€~5 

.7 2'1920 30030 30085 301110 30195 30250 30305 503to 3·:'',? 3"470 

.8 30525 30580 3o635 3o690 30745 30800 308')5 5C'J10 :~0C)ri5 3~ "J20 

,9 31075 31130 31185 31240 31??5 31350 3140<; 514(,Q j1.;1; 31570 
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APPENDIX B 

• B-1 Pothole Maps 

• B-2 Access Maps to Pothole Areas 



Appendix B 

POTHOLE AREA MAPS AND POTHOLE AREA ACCESS MAPS 

A series of 31 maps representing the 33 pothole areas 
located within the study area from Rockport (RM 67.5) to Alma 
Creek (RM 85.0l are presented in order of increasing river 
mileage. All potholes studied during the spring and fall 
surveys, as well as the high flow potholes surveyed in November, 
are included with the exception of seven potholes surveyed in the 
spring that were deleted from the fal 1 studies. Those potholes 
were excluded from the fall survey because of changes in the 
physical structure of the potholes. In the fal 1, four potholes 
that were surveyed in the spring had become indistinguishable 
from nearby sloughs while the other three potholes had been 
eliminated due to the scouring effect of high river flows. 

A series of pothole area access maps have also been 
developed as an aid for locating the pothole areas in the field. 
Names of roads, mileage from nearby towns, and other prominent 
landmarks have been included for those areas which are land 
accessible. It should be noted that there are a number of areas 
which are boat accessible only. For those areas, river mileages, 
as well as prominent landmarks, are provided. 
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1 ROCKPORT BAR ACCESS (RM 67.5) (21 miles from Newhalern - 2 minute walk from car) 

-"? 

Go to Rockport Cou~ty Park. 
spots at west end of park. 
crossing point. 

7. 7 miles from Marblemount sign ("Rockport 7 - Burlington 45"). Park in the RV camping 
Cross to the bar just below the first camp spot. All the potholes are downstream of the 
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2 WAYNE'S SWIM (RM 68.1) (23 miles from Newhalem - 5 minute walk from car} 

Travel to Marblemount, then head west to Rockport (21 miles}. Cross Darrington-Rockport bridge. Make a sharp left 
at the first turn past the bridge. Drive down gravel driveway to place where you can pull off to the left and park 
in front of an old white VW bus. Walk to the right and behind the bus toward the river. Follow path for 5 minutes 
to shoreline then go upstream (to the right) following orange flags to a large maple tree with yellow flag. Drop 
down to the river at that point. You will access the bar between Potholes #2 and #3. 

NOTE: The residents of the home at the end of the driveway should be consulted prior to using this access route. 
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3 LOWER TIN SHACK (RM 68.3) (20.5 miles from Newhalem - 20 minute walk from car) 

Travel to Marblemount. Turn west and go 6.5 miles west of the Marblemount sign that says 11 Rockport 7 - Burlington 45" 
on your right. Just past the sign "Rockport 1/2 mile" is Schuler Road and a stop sign on the right. Pull over to the 
left and park at the head of gravel road. Walk down old road grade. Cross over wood fence and continue out into 
the field. Head west across the field toward the woods. Walk along the edge of the pasture to a place where a 
yellow flag marks the trailhead through the woods. Go into the woods and follow flagging across a narrow waterway 
onto the gravel bar. You access the bar on Lower Tin Shack. Walking access time from Highway 20 is 20 minutes. 
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Walk upriver from the LOWER TIN SHACK area and wade to the UPPER TIN SHACK gravel bar. Potholes 7 through 17 occur 
along the bar. 
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5 BAD SPOT (RM 70.0) (25 miles from Newhalem - 6 minute walk from car) 

Travel to Marblemount. Go east across Marblemount bridge for 0.25 mile to the Cascade-Rockport Road. Turn right and 
cross the Cascade River bridge. Go southwest for 9.3 miles to Martin Ranch Road and take the hairpin turn to the right 
with DEAD END sign. Follow this road for 1.4 miles, then turn left on Road 5375. This is the WDG driveway that passes 
Barnaby Slough to the north. Take the road left and behind the caretaker's house. Go past the slough all the way to 
the "cable/drum" gate, 1 mile from house. Shove the drum out of the way, drop the cable and drive over it, then close 
it again and drive to the old wood bridge (0.3 mile from gate). DO NOT DRIVE ACROSS THE BRIDGE! Park and walk across. 
Continue on that old road grade across a narrow waterway until you see flags on the right of the path (4 minute walk) 
Turn right and follow flagged shrubby path along a fence line norttl to the river for 2 minutes. You will access the 
pothole area at the east and near Pothole #16. 
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Travel to Marblemount. Drive 5.8 miles west from Marblemount sign ("Rockport 7 - Burlington 45"). There will be a 
gravel road on the left which parallels the river for about 0.2 miles. Park near the "Skagit River Bald Eagle Natural 
Area" sign on the south side of Highway 20. Walk along the gravel/dirt road by the water channel for about 5 minutes 
to a 12-foot boulder on the left side of the road. Turn left there and follow the narrow trail to the river side 
channel. Cross the water onto the gravel bar. Walk toward the main river channel and upstream slightly to find 
Pothole #1. Boat access is required at very high flows. 
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7 FORBIDDEN BAR (RM 70.5) (25 miles from Newhalem - 5 minute walk from car) 
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Travel to Marblemount. Access is from the south side of the Skagit River. Go east across Marblemount bridge for 
0.25 mile to the Cascade-Rockport Road. Turn right and cross the Cascade River bridge. Go southwest for 9.3 miles 
to Martin Ranch Road, take the hairpin turn to the right with DEAD END sign. Follow this road for 1.4 miles, then 
turn left on Road 5375. This is the WDG driveway that passes Barnaby Slough to the north. Take the road left and 
behind the caretaker's house. Go past the slough all the way to the "cable/drum" gate, 1 mile from house. Park in 
the opening in the trees just before the "cable/drum" gate. There is a large maple tree with an orange flag. The 
trail starts just to the right of this tree. Head into the woods. The trail is easy to follow. It crosses a barbed 
wire fence (well flagged, but be careful!). Then follow the fence for awhile. Turn right and head out to a narrow 
but deep (mucky) channel, cross slightly upstream of the trail access. Head out toward the river. Follow shoreline 
along flagged trail to a large root wad on your left. Drop down to the river. Acce~s will be at Fotholc Nl. 
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High flow pothole area surveyed only during 11/84. Boat access only; however, land access may be possible from 
the STUMP HAVEN parking area. 
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High flow pothole 9rea surveyed only during 11/84. Boat access only. 
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10 STUMP fl~VF:N IRM 72.2) (Ii miles from Rockport-Stcelhead P•rkl 
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cro95 Rockport-Darrinqton br1dqe over the Skagit heading soulh. Take the second left turn 
12 miles) at Rockport-Cascade Road, Travel about l.5 miles to Hartin Ranch Road (DE~D END 
signl and bear to the left. Proceed for 2.~ miles, past Road 5375, and stop at the first 
gated ro~d on your left, This gate should be unlocked (owner, Fred Martin, lives in the 
mobile home •t the end of the ro~d if you need to get a key) . Open the gate, drive in, then 
close the gate •gnin, •nd go through another unlocked gate l•lso closed). At the fork in 
the road, toke the left branch and drive about 0.5 miles along the creek and past pastures 
on the left. Stay to the right and drive throuqh a pasture (roughly parallel to Illi11bot 
Slouqh). Park where the path narro~s to a bushy foot trail. Some flagging is tied onto 
trees and • limb in the middle of the road at this point. W~lk to flagg1nq and drop 
down to bank. Cross the channel where the flaqging is tied on the opposite bank of the 
slough. Proceed downstream (200 feet) to the flagged trail. Cross the small creek (thick 
mudl and follow the dried river bed back through woods to a log Jam for about 15 minutes. 
Cross the loq Jam and enter the woods (approx. SO feet). Follow flagginq to the river. At 
the ri.vcr b.1nk, proeecd upstream for 200 feet to a gravel bar/side channel. Pothblc 11 is 
at the tree line of the island. 
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12 HOOPER'S SLOUGH (RM 72.7) (17.5 miles from Newhalem - 2 minute walk from car) 
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Travel to Marblemount. 3.5 miles west of Marblemount sign ("Rockport 7 - Burlington 45"), there will be a culvert 
on right side of Highway 20 and a concrete guardrail on left. Pull off just east of the guard rail. Go directly 
south down the bank toward the river. Cross a small channel with mud bottom and continue out toward the main river 
channel. 

4.2 miles east of Rockport going east, pull over just past culvert crossing at first wide spot on the south side. 
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13 RICK'S SURPRISE/INACCESSIBLE ISLANU (RM 73,0 and 73.1) 
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Travel to Marblernount. Go east across Marblemount bridge for 0.25 mile to the Cascade-Rockport Road. Turn right 
(south) and travel across Cascade River bridge. Continue for 5.Smiles. Turn right onto flagged gravel road -­
this road will come to and travel with the transmission corridor. Follow this road for .8 miles and turn at the 
first left turn (flagged). Follow for another .8 miles until you cane to an unpassable· spot in the road. Park in 
the turnout and walk about 100 feet to the Skagit River. RICK'S SURPRISE and INACCESSIBLE ISLAND are to the right. 
Walk upstream to the riffle and cross over to RICK'S SURPRISE. INACCESSIBLE ISLAND is the next island over. During 
high flow conditions, the areas can only be accessed by boat. 
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Travel to Marblemount. Head west for 4.2 miles from the parking area across from the Log House Inn. 
onto a gravel road about 100 yards past mile marker 102. Veer left and follow the road to the river 
Park here. The pothole area is located about 200 yards downstream. 

Turn left 
(0. 5 miles) • 
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15 POWER BAR (RM 74.0) 
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High flow pothole area surveyed only during 11/84. Travel to Marblemount. Go east across Marblemount bridge for 
0.25 mile to the Cascade-Rockport Road and turn right (south) and travel across Cascade River bridge. Continue 
for 5.5 miles. Turn right onto dirt road under and then parallel to transmission corridor. Continue on road along 
transmission corridor until road begins to bear east away fran corridor. Park at bend in road and walk to river 
along power lines. POWER BAR is just downstream of poWer lines. 
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16 DRY BAR (RM 74.2) 
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DRY BAR was accessed only by boat; however, land access may be possible from the north side of the river where 
Corkindale Creek crosses Highway 20. From the log cabin at Marblemount, travel 2.3 miles west on Highway 20 to 
Corkindale Creek. Take private road on the left side of the highway (road foilows edge of the forest/pasture 
area) to river. DRY BAR is just upstream at end of the road. 
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18 SECLUSION ISLAND (RM 76.3) 
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Travel to Marblemount. Head west for 1.25 miles from the parking area across fran the Log House Inn. Just past 
mile marker 105 is a "Speed Zone Ahead" sign on the left side of the highway (river side). Park in front of the 
sign and walk down the trail (flagged) to where a fallen oak tree crosses the side channel of the river. At low 
flows you may be able to ford the channel; but at higher flows, cross over the tree. Head to the right and towards 
the main river channel for about 150 yards. The pothole area is located near a large pile of debris about 50 feet 
into the woods from the main river channel. 
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19 BIG EDDY (RM 77.5) (17.4 miles from Newhalem - 2 minute walk from car) 

,,,.. 
11/0lll"ll 

'CA~cMlE. 

lt1>'EJt 
62-c<,E. 

Travel to Marblemount. Access is from the south side of the Skagit River. Go east across Marblemount bridge for 
0.25 mile to the Cascade-Rockport Road. Then go south across Cascade River bridge. Continue southwest on 
Cascade-Rockport Road for about 1.5 miles. There will be a pull-off on the right side of the road (beer cans, 
trash -- definitely a public spot!). Park there and take the path directly north toward the river. The trail goes 
down the steep bank to a small shack. The gravel bar is slightly downstream of the house across a side channel. 
Total access time from Cascade-Rockport Road is 3 minutes. 
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21 MARBLEMOUNT SLOUGH (RM 78.2) 

Travel to Marblemount. Park across the highway from the Log House Inn. Walk east along the highway and follow 
the trail that leads to the right and under the Marblernount bridge until you reach the river. The pothole area 
is in a slough about 300 yards downstream from the bridge. 
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22 RAINIER BAR (RM 78.3) 
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RAINIER pothole is approxilllately 1,000 feet upriver of the Marblemount bridge off of Highway 20 and approximately 
600 feet south of the USGS gaging station. 
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23 FUNGUS BAR (RM 78.5) (15.5 miles from Newhalem - 10 minute walk from car) 
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Travel to Marblemount. Go east across Marblemount bridge for about 0.25 mile. Turn left at Foxglove Road. Drive 
this dirt road for 1 mile to several downed trees across the road. Park here. Walk along the road for 300 yards 
as it curves toward the river. Follow the trail upstream along the river. The trailhead is flagged. Follow the 
trail all the way to the lower end of FUNGUS BAR. Cross a small channel to the bar. 
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26 BACON CREEK (RM 82,6) 

See Access Map F for detailed description. 
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26 BACON CREEK (RM 82.6) (10 miles from Newhalem - 1 minute walk from car) 

Head south for 10 miles on Highway 20 from Newhalem. Proceed 0.4 miles past the Bacon Creek bridge. There will 
be one transmission tower on each side of the road. Pull over on the gravel area, left hand side across fran the 
tower. Walk directly down the riprap slope to the side channel. Pothole ~l is upstream of the parking spot at 
the base of the road embankment. Access from the south is 12 miles from Rockport or 4 miles from Marblemount. 
Go over Diobsud Creek bridge, then go to the transmission towers. 



0 

"" B-64 

.... . 
"' CD 

~ 
..: 
< 
"' 
"' u 
< 
I>< 

.... 
"' 

>< ..... 
c 
0 

UI 
UI ., 
u 
u 
"' .., 
"' 0 

"' 



AC.C.ESS. MAP F 
'?oTHOLC Al\EAS .:u, , ~'f 

- . - - - - - - - . - -·. 

{'4 .... ) 

... 

8ACoN Cl\ffK. 

@ 

27 FACE BAR (RM 82.7); OINK BAR (RM 82.9) 

Boat access only for FACE BAR. 
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OINK BAR is just downriver of the confluence of Bacon Creek and Skagit River. Head south from Newhalein on Highway 
20 for 10 miles. Cross the Bacon Creek bridge and turn right at paved entrance to recreation area. Park and walk 
across the highway and down the bank to the mouth of Bacon Creek. 
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28 DRIFTWOOD BAR (RM 83.0) 
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Head south from Newhalem on Highway 20 for 10 miles. Turn left onto a gravel road .1 mile before the Bacon Creek 
bridge. This is the access road for the transmission corridor. Just before the locked gate (.1 mile), turn right 
onto another gravel road and follow it to the end (.1 mile). Bacon Creek is directly in front of you. Park here 
and follow the flagged trail downstream to the Skagit River. DRIFTWOOD BAR is located directly on the edge of 
the Skagit River about 250 yards upstream from the mouth of Bacon Creek. 
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APPENDIX C 

Predictive Model for Skagit River Flows 



APPENDIX C 

A PREDICTIVE l«JDEL rDR SKAGIT RIVER FLOWS AND RIVER ELEVATIONS 
AT ROCKPORT, WASHINGTON, 

River Flow 

The discussion in this appendix concerns predictions of 
Skagit River nows. The purpose or the model is to predict river 
elevations at Rockport given the Observed flows at (Newhalem) 
(Gorge Powerhouse) and Marblemount. Marblemount is located 14. 5 
rivermiles down11tream or the powerhouse and Rockport an additional 
1 O. 8 r i verm i les downstream of Marblemount. Between Ne.,halem 
and Rockport there is tributary inflow or water which is ungaged 
and uncertain as to its variation in time and magnitude. Based 
upon water11hed area it has been e11timated that the total trib..atary 
inrlow ill approximately 1.94 times the tributary inflow between 
Gorge Powerhou11e and Marblemount (Wooden et al. 1984). 

The flow data show that ro11owing a change in the regulated 
now at the Gorge Powerhou11e the changee in flow rates vary 11omewhat 
more :slowly at Marblemount. Thill results because of the time 
it takes the water to drain from or fill sloughs, side channels, 
spaces aro,md the rocks which make up the river bed and river 
banks, and also bank storage. It takes about two hours for any 
change in now at the powerhouse to be seen in Marblemoun t nows. 
Ir there was no spreading in time of the 11hape or the flow vs 
time curve between Gorge Po.,erhouse and Marblemount then the 
dtrference or the powerhouse flow (displaced in time) and the 
Marblemount now could be used to estimate the r..anorr between 
these two gaged locations. Becau11e or the dispersion it is necessary 
to modify the rlow record at the powerhouse before determining 
the tributary runorr. 

Illustrated in Figures 1 and 2 are the Newhalem (powerhouse) 
flows, the Marblemount flows, and the differences between the 
flows. The Newhalem now curve has been displaced in time by 
2.25 hours which is the time it takes ror the innuence or diminished 
dam r1ow to reach Marblemount. The upper curve is the observed 
rlow at Marblemount, the central curve is the observed flow at 
the dam, and the lower curve is the dirference between the two 
nows. The dtrference between the two flows is d..ae to tributary 
runorr, however as shown in the figures the simple differencing 
or the Observed nows at Marblemount and Newhalem (Gorge Powerhouse) 
does not lead to a realistic estimate of the tributary runoff. 
The pulses in the tributary runoff curve result becauses or diffe­
rences in the shapes or time historie11 or flo"' at the gaged stations 
and not real changes in tributary runoff. The tributary runoff 
curve could be smoothed by eye and values estimated manually, 
however such a process would be time consuming. Thus a procedure 
has been developed which gives better estimates of the tributary 
runorr than simple differencing and thereby automates the analysis. 
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FIGURES 1 and 2. NEWHALEM (GORGE POWERHOUSE) AND MARBLEMOUNT 
FLOWS AND DIFFERENCES BETWEEN FLOWS FOR 
SEPTEMBER 13 AND 20, 1984 
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The approach adopted to solve the problem or predicting 
the tributary runoff is based upon the rollowing premises: 

1) Time variations in runorr are small relative to 
the time variations in the regulated powerho:.ise rlow. 
Downramping events at the powerhouse occur over time 
periods or 1 to 2 hours. 

2) The river rlow is primarily controlled by friction. 

3) The same model used to explain the di rrerence in 
the rlow curves beteen Newhalem and Marblemount is 
used to predict the Rockport· flow given the observed 
Marblemount flow. 

II) The relation between rlow and river elevation at 
Rockport ls not known. Therefore the assumption is 
made that the river cross section is the same at both 
Rockport and Marblemount. 

One way to proceed in solving the river rlow problem 
would be set up a river now model and then numerically integrate 
the equations. In general such a model would include both friction 
and the hydrodynamics or how a wave or impulse of water would 
change shape as it propagates down a river. The assumption that 
fl"i ct ion is the most important physical process reduces such 
a river flow model to a dHrusive model. The solution to the 
equations would be a relationship expressing the flow downstream 
in terms or the history of the upstream flow. Instead of integrating 
a river flow model we have used the observations to determine 
a filter which is then extrapolated rrom the Newhalem to Marblemount 
observed flows to the Marblemount to Rockport flows. Beca\.lse 
the model parameters are not based upon a physical model the 
procedure only can be erfective when the stations are approximatly 
the same river distance apart, 

The calculations discussed in this appendix were accomp­
lished on a spread sheet program for a microcomputer. By adopting 
this approach it was possible to obtain flow estimates for all 
time periods of interest quickly, Certainly more sophisticated 
models could be developed, however there was neither the time 
nor the demonstrated necessity for more study, The estimates 
were compared with one set of observed river elevations obtained 
at Rockport, The comparison was extremely favorable with predicted 
and observed elevations agreeing to within a couple of inches 
of water level. 

C-3 



Analytic Details or the Flow Model 

The river model is based upon the rollowing expression: 

M(t)• M(t-1) + Nm(t) +T(t) ( 1 ) 

where M(t) is the rlow at Marblemount at time t, Nm(t) is a modified 
flow at Newhalem, and TC t) is the tributary runorr into the river 
at time t. The observed flow at Newhalem will be denoted by 
N( t) in the equations which rollow. The now, Nm( t), is determined 
by requiring the runofr estimate, TC t), to be as smooth as possible. 
The observations of nows were made at 15 mine1te intervals. 
In the above rormulas t is the present time and t-k is the time 
k 15 minute intervals preceeding the present time. 

For the 
determined by 

calculations discussed in this appendix 
the equation: 

L.A~ 

Nm(t)• N(t-1) + c~(N(t~k)-N(t-k-1))exp(-a(t-k)2) 

where 
/(•I 

LAG 
c • 1/( 2 exp( .. a(k)2)) 

K•I 

(3) 

(2) 

The value or c is determined by the criteria that over a long 
period or time the average value or NmC t) must equal the average 
value of N(t). 

The exponential rilter in (2) with a quadratic dependence 
on the time delay was round to fit the observations better than 
any other r11ter. Filters were tried with linear and cubic factors 
in the argument or the exponent and neither performed well. 
Unfortunately there was not time in this study to do a goodness-of-fit 
calculation. Parameter estimates were made by viewing graphic 
dhplays obtained using a range or parameter values. For the 
rau (low runofr) observations a value or a•.11 and 15 lags appeared 
to be optimum. For the spring (high runorr) observations a value 
or a•.6 appeared to rit the observations better. 

Examples or the application of ( 1), (2), and (3) are shown 
in Figures 3 and 4. These are the eame dates as the nows shown 
in Figures 1 and 2. The application or the rilter berore dirferencing 
to determine runorr yields estimates which are appreciably smoother 
in time than if the raw data is u.11ed. 

In order to improve even rurther the runorr estimates the 
runorr calculations were smoothed with a 5 point running mean 
r11ter. 

The runorr predictions ror all observation periods are shown 
in Figures 5-22. 
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NOTE1 Definition• ot Abbreviation• 

RUNOFF PREDICTIONS FOR DOWNRAMP TEST DATES OF 
MARCH 11, 24, 31, 1984 AND APRIL 7, 1984 
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M.iti.r - Cia9ed flow at Ma.rblemount. 
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Rockport flows 

Predictions or Rockport flows were made by applying (1 ), (2), 
and (3) to the observed Marblemount flow. In this application 
the runorr is assumed known, It is the previously estimated 
runorr plus .94 or the runorr. This increment to the runoff 
is intended to acco;int for additional inflow between Marblemount 
and Rockport. When the runofr is given (1) becomes a predicter 
for the Rockport flow R{t), That is, substitute R(t) for M(t) 
and M(t) for N(t) in equation (1). 

The graphs showing the predicted Rockport flows do not she" 
the displacement in time between Marblemo.mt and Rockport flo.,s. 
The displacement was incorporated when values were extracted 
from the estimates for inclusion in the master file of all data. 

The predicted Rockport flows are shown in Figures 23•40. 

River Elevations 

Strandings of fish are related to potholes, the intercon .. 
nectivity or potholes, and the depth of water in the potholes. 
These variables are related to river elevation. Therefore in 
order to carry out statistical tests a methodology is needed 
"hi ch relates river no" volumes to flow elevations at locations 
where potholes and fish stranding observations have been made. 

Figure 41 show11 the USGS evaluation [U.S. Geological Survey, 
Water Resources Div is ion, Tacoma, Washington, Rating Table for 
the Skagit R lver at Marblemount, Washington] of the relationship 
bet.,een gage height and river flow at Marblemount. The observed 
relation between flow and river elevation can be rtt to a function 
or the form 

Q - 1210( 1 + o.5<r1 ,4) + (y - 1.4)1.5J ( 4) 

where Q is the flow rate (cfs) and y ls the river elevation in 
feet. The com par i11on or ( 4) with the observations 111 indicated 
in Figure 41. 

Equation (4) can be inverted so that elevation can be determined 
as a function of flow rate. Let 

x• y- 1.ll, s- Q/1210 •1 • z• xO. 5 (5) 

then (4) may be written 

z3 +0.5 z2 • S • O (6) 

which has the solution 

(7) 

C-11 



3-, 1 

• 
• 
, 

~ . ,, 
§j • 
~ . 

• 
2 J /Runoff 

0 4 • 12 ,. 20 24 

HOU"5 
MAftl!SLE - ~UNOl'T -- ftOO(POP<T 

FIGURE 23. 

7 ·~ -· ,._. 

"' . C\ • • ~ . . 
• • • • T \• .. -\, ~ \V.y 

§l :) \ ; \....; 
2· 

-
o;..----..------,.-----~----~-----1 

0 20 •O 
HOUltS 

C MAl'tDLE + 1'UNOl'1" 0 1'0Cl<POl'tr 

FIGURE 25. 

§I 

§I 

3-24 
10,.-------~~-----------~--~~-, 

• 
• 
, Rockport~ 

• 
• Marblemount 

• 
• 
2 1-~~~R~u~n~o~f~f=""-~~~~~=:::=::=::==;~~~-; 

0 20 • • 12 

"""""' ftUNOFl" 

•• .. 
~ISLC -- ftOO<POffi" 

FIGURE 24. 
'-07 

•-.------------------------~ 

:~ ~ 
.~ Ptt rt 
·-&\ 1 \\j 
.~\ a 'Ii_ D 

' ? ......, .. 
2 

1 

0-t-----..------.------.----~----~ 
0 20 •O 

HOU"5 
C MA.ABLE + ftUNOfT O ftOCl<PORT 

FIGURE 26. 

FIGURES 23, 24, 25, and 26. PREDICTED FLOWS (MODELED) AT ROCKPORT FOR 
MARCH 11, 24, AND 31, 1984 AND APRIL 7, 1984 



£-21 £-28 ... 
:~1 • -I J ~ I 

'-'Rockport 

¥,Rockport 3 .•. 
•.• -t ,,_ ... 
• 3~j 'Marblemount 

~I ··: ~Marblemount Iu ! 2.a 
2.• 

2.2 

2.5 2· 
1.a 

2 -l 

I 
1.•. 
1.• 

1.5 -I _...Runoff :; j Runoff 
/ 

' ' ' 0 • • 12 10 20 .. 0 • • 12 18 20 .. 
HOUftS HOURS 

"""•LIC - ft.UNOPT - •OOCPOftT - MAftSLC - ftUNOfT - ftOO<POIU 

FIGURE 27. FIGURE 28. 

() 5-03 5-1, 
7 

:1 i 
I .... 

w • 
• .J 7- !""----' . 

... 

:l ~1 ~1 
3 

2 

0 1 
0 20 •o 0 20 •O 

HOUft5 HOU"5 
0 MAl"DL!: + ftUNOl"f • ft0C;l(P0~ 0 MARBLIC + ftUNOfT • l'tOCl<F'01'T 

FIGURE 29. FIGURE 30. 

FIGURES 27, 28, 29, and 30. PREDICTED FLOWS (MODELED) AT ROCKPORT FOR APRIL 21 AND 28, 1984 
AND MAY 3 AND 11, 1984 



a-,7 • 

, I .... ~ '\. I • 
.... • 
~1 • 

• 
2 

' 

n • 
I ,_. 

... .u 

• 
.... 

~1 • 
2.a 

• 
, ... 

o.o 

[ :- :~- ••• : I -: 
0 20 '° HOU"" D MARaLll!: + ltUNOP'P' • ftOO<POltT 

FIGURE 31. 
•-22 

. \ r "'\ ! 
_l=m=-"ti '-.J,. - 'I. ~pr; 

D 0 D 

. c I \ a 
\ D \,, D 

. 

. 

. 

~· 

-· 

I p ? 

' . • 15 ,. 
M0UR5 

D M&r~l..f: .., ftl..'l~Orf" • ftOO<PORT 

FIGURE 33. 

,. 

' 

~I 

~1 

·-,~ 
12 

" 
10 

• 
• 
7 

• .. 
• ~~.'-- • iliD • • • \: ~ • • • + 

+ • • • 

' 
0 -· 0 • • 12 ,. 20 2' 

HOU .. 
D MoAl'aLIC + kuNOTr • ltOCl<POltT 

FIGURE 32. 
•-31 • , 

•4 ~\ ~\ ~ 
~~ D~ 

' 
D • ~ D 

~~ \ a o ~ a 

• a ~ Ii> D 

"" D D 

• 
./'"·· .......... \ 

0 I :r=-:~'' -· • ,. •• ,. 
HOU AS 

D t..ltJ"BLf: • ftU:~OFf • RCO<PCRT 

FIGURE 34. 

FIGURES 31, 32, 33, and 34. PREDICTED FLOWS (MODELED) AT ROCKPORT FOR MAY 17, 1984, 
AUGUST 15, 22, AND 31, 1984 

•• 



('l 
I .... 

01 

~I 

~I 

'1-0• 
10..,..~--,..-~~~~~~~~~~~~~~~~~~~~~-, 

• 
• 
7 

• 
• 
• 
• 

• • 

.\J 

2 i I I I I I ' I I I I -· • 
D MM\l!ILE. 

10 

HOUltS 
f. ftUNO" 

.. 
FIGURE 35. 

•-20 

.. '5 

• ftOCKPOftT 

........ ~--,..-~~~~~~~~~~~~~~~~~~~~~~ 
• 

•.&. . . 
3.15 -

•· .... 
2. 

1.6. 

O.& I -· 
• 

t\ ~\ ~ c j~• .. 

D~ r \\• • :·'-J. : ~\ .ru 
a :-.f D '--J'O 
• a o 

L . . i:. • \, ,/ 

t""'" I -I I 

• 10 .. .. 
HOU"5 

M.&l'l:l!LC • ftUNOf",.. • ftOCl<PORT 

FIGURE 37. 

• 

•• 

FIGURES 35, 36, 37, and 38. PREDICTED FLOWS 
SEPTEMBER 8, 13, 

•-13 
•-.-~~~~~~~~~~~~~~~~~~~~~~--, 

~1 
• 

' r ' ~ . . . ~· . ~ . 
II~ t:1 Jb~ 
a• Q D~ B 

~ \...J. ~ '-.-.) 
\. ; \_; 

•· 

•· 
2 • 

1~ ~ 

•+-~~..-~..,.~~,-~---.~~ ...... ~~..-~-.-~~,-~~ 
0 10 20 >O •o 

"OUftS 
D ~ll!iLC + PIUl..fOf"f" • ftOCKPORT 

FIGURE 36. 
•-2? 

•-.-~~~~~~~~~~~~~~~~~~~~~~-, 

~ ... 
• 

~ \ -· r . -.. . . . 
a• a 1.. 
ICI • ~"> D • 

~1 
g ~ /rJ D .. 

:·~j,u ~~ r-. .. • \.... I -. . ~ 
\ D ~ D 
~ '1i!J1Qwwwmf' 

... 
> 

2.a 

2 

u 

... l~r .~I 
0 ,. 20 >o AO 

HOURS 
D ~e"Lf: +- f'tUNOf"f" • ftoa<PORT 

FIGURE 38. 

(MODELED) AT ROCKPORT FOR 
20, AND 27, 1984 



11-0? 
13 

12 - r· ...,d• 
I ' 11 - • • • = 

4:\ • 4b 

10 - .. 
alB d9i11i... :V' 9 - l.mll - Ill!! .,..... -\ i a .... 

....... 
" 8• 8 c 

'tJ 

~I c 
11111 

?- c ~ 0 , F. B- a 

""" 
5 . 

.. -
3 -

2- ....-. ,t 
~ 

1 • • • • 
0 20 40 

HOURS 
c MAftSLf:: .f. RUNOF"F" <> ROCKPORT 

FIGURE 39. 

11-14 
11 

10 

9 

II .. 
~ c ... • a a int. 

~ "i1" ? ! i 
'tJ 

~c 
II ii~ 

F. ~ """ .. 
3 

2 

1 
0 20 40 

HOURS 
c MARBLE: .f. RUNOF"F" <> ROCKPORT 

FIGURE 40. 

FIGURES 39 and 40. PREDICTED FLOWS (MODELED) AT ROCKPORT FOR 
NOVEMBER 7, s, 14, and 15, 1984 

C-16 



12 

11 -

10 -

SI -

B -,... 
" "D 

~8 
7 -

rt' B -

....... 
s -

... -
3-

2-

, , 

MARBLEMOUNT 
1210•(1 +.S('Y-1.4)+("1"-1.4}-1.S) 

" Ill 

• • l!I 
ti'tJ 

i!i6 
+ i!i i!i 

i!iD 
i!i i!i 

0-i!i 
i!i i!i 

l!I 6 
l!I L!I 

11119 
• II 

11• ••• . . • • • • 
2 3 ... 

n:ET 
c USGS + '1T 

Source: USGS, Water Resources Division, 
Tacoma, Washington, Rating Table 
for the Skagit River at Marblemount 

ljl !j! 

FIGURE 41. RELATIONSHIP BETWEEN GAGE HEIGHT AND RIVER 
FLOW AT MARBLEMOUNT BASED ON U.S.G.S. 
METHODOLOGY 

C-17 

D 
!j! + 

s 



In (7) the factors s1 and s2 are given by 

q • 1136 

q3 + r2)O,5)113 

q3 + r2)0.5)1/3 

r • 0.5S - 11216 

(8) 

These equations have been incorporated into a FORTRAN program 
which is used to calculate river elevations given the flows. 

Because there was no information on the shape or the river 
channel at Rockport, the same model (4)-(8) was used for both 
Marblemount and Rockport. Rive» elevations for Harblemount and 
Rockport are shown in Figures 42"'59. 

On September 27, 1984 there were some sparse observations 
or the changes in flow elevation at Rockport as a result or a 
downramping at the powerhouse. To show the overall consistency 
or the calculations the observations and predictions are compared 
in Figure 60. Although all details are not exact, it does appear 
that both the range or water level change and the time dependence 
or water level change have been reproduced. 
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APPENDIX D 

COMPUTER DATA ENTRY FORM 



DATA FORM 

Item # Description Eg/Column # 

Card 1 

1 Pothole Site w s 
12 

2 Pothole Number 1 3 B 
345 

3 River Mile 7 8 • 2 
6789 

4 Date - Month 0 9 
10 lI 

5 Date - Day 2 7 
12 13 

6 Date - Year 8 4 
14 15 

7 Time - Hours 0 9 
16 17 

8 Time - Min. 3 0 
18 19 

9 Maximum Depth 0 6 7 
20 2I 22 23 

10 Average Depth 0 1 3 
24 25 26 27 

11 Connectivity 1 

0 = not connected: 28 

1 = connected: 
2 = dry 

12 Average Length 1 0 0 5 
29 30 3I 32 33 

13 Average Width 3 7 3 
34 35 36 37 

14 Pothole Temperature 7 5 5 
38 39 40 41 
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Item * Description Eg/Column * 
15 Cover 1 1 

0 root wad; 42 = 
1 = roots; 
2 = sticks; 
3 = logs; 
4 = boulder, rocks; 
5 = submerged vegetation; 
6 = overhanging vegetation; 
7 = no cover 

16 Cover 2 2 

(Categories same as Cover 1) 43 

17 Substrate 1 1 

1 silt; 44 = 
2 = sand; 
3 = pea gravel; 
4 = gravel (~-4") 
5 = cobble ( 4 n & up) 

18 Substrate 2 2 

(Categories same as 45 

Substrate 1) 

19 Number of Fry Trapped 1 0 0 0 
46 47 48 49 

20 Number of Fry Stranded 0 1 0 0 
50 sI 52 53 

21 Seepage 0 

0 54 = no seepage; 
1 = seepage 

22 River Gage 1 2 5 
ss 56 57 58 

23 Pothole Gage 1 1 5 
59 60 6I 62 

24 River Temperature 4 5 5 
63 64 65 66 

25 Card Number 1 
80 

D-2 



Item * Description Eg/Column * 
Card 2 

26 Pothole Site w s 
T2 

27 Pothole Number 1 3 B 
345 

28 River Mile 7 8 . 2 
6789 

29 Date - Month 0 9 
10 ll 

30 - Day 2 7 
12 13 

31 Date - Year 8 4 
14 15 

32 Time - Hours 0 4 
16 17 

33 Time - Min. 1 0 
18 19 

34 Elevation at Marblemount 2 2 4 
20 2T 22 23 24 2S 26 27 

3S Elevatio'n at Rockport 2 7 6 
28 29 30 31 32 33 34 3S 

36 Flow at Newhalem 1 4 4 1 
36 37 38 39 40 4T 

37 Flow at Marblemount 1 4 4 1 
42 43 44 45 46 47 

38 Flow at Rockport 1 4 4 1 
48 49 so Sl s2 s3 

39 Trapping 1 1 0 
s4 s5 s6 s7 SB s9 

40 Stranding 1 0 0 
60 6T 62 63 64 65 
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Item II Description Eg/Column II 

41 Instantaneous Stranding 1 2 0 
66 67 68 69 70 7l 

42 Adjusted trap. (Max. Ill 1 0 0 0 0 
72 73 74 75 76 77 78 79 

43 Card Number 2 
80 

D-4 



APPENDIX E 



Appendix la ligh Flow Pothole• Ob•erved Between Alma Creek and Mevti.lm During th• Jteconnai••ance Sul'V"Y of 
Hovamber 7 and I, 1914, vi th Gol'ge Powerhoume Di•cb•rge of Approzimately 7 ,000 cf• 

AIVD r<>'l'llOLE AIVEll POTHOLE DSP'l'I LDG'l'B Wlll'1'1l TEMP 
JllLL All!A llliL PIEl.D I lUL -1llL lUL CoNNECT ~ SUISTIATB•• ~ U.BAB.•". 
11.0 Dall.nation Cr••k if••t H 0.40 II 12 Seepage ' 5 41 No 
19.2 County Line Ponda We•t 17 0.50 50 20 Yo• ' l - No 
H.5 Plood Plain lar ..... l 0.50 9 l No ' l - No 

l'lood Pl aJ.n l•r ..... 2 0.42 3 2 No ' l - No 
rlood Plain Bar Eaat 3 0.25 100 3 No ' l - No 
Plood Plain lar .... 4 0.50 ' 4 No ' l - No 
Flood Plain Bar Ea at 5 0.33 ' 2 No ' l - No 

10.0 Mo H•e Island .... l 0.33 ' 7 Yea 7 5 - No 
Ho lfame Ialand l:aat 2 0.17 2 2 No ' l - No 
Mo Nae I Ill and .... 3 0.25 ' 2 No ., 1 - No 
lo luie Ial and Ea at ' 1.00 10 ' No ' 1 - No 
lo tli11111e I 111 •nd .... 5 l.H 15 ' No ' l - No 
lfo 11ne Ialand Ea at ' 0.33 5 4 Yea ' l - No 
Ho Hae I•land .... 7 0.50 10 4 Yea 7 l - No 
110 II•• l•l and Ea at I 0.42 2i 3 No 6 1 - No 
Mo Huie laland .... ' o. 50 10 ' No 7 l - No 
110 llae I•land Ea•t 10 0.25 24 l No ' l - No 
Mo llar.e laland Eoot 11 0.17 20 10 No l l - No 
Jlo Jlne Ialand Ea at 12 0.25 10 2 No l l - No 
•o llmr.e I •land Eaot 13 0.25 9 3 No ' l - No I;] 110 llaae I•land Ea at 14 0.2i 20 5 Yeo 7 5 - No I •o Hue I ale.nd ..... 15 0.33 20 10 No ' l - No ..... tlo tlue l•l and !aet H 0.50 15 2 No ' 1 - No 10.2 'l'bornton Creek West 15 0.30 20 10 Yeo ' 2 47 No 

90.5 Tbree Isl and lar Ea at l l.32 12 10 Yoe 3 5 - Yoe 
Three Island Bar Eut 2 O.iO 10 I No ' l - Yes 
Three Ialand Bar Ea at 3 l.il 30 12 No ' 2 - Yea 
Three l•land Bar Eoot ' 0.31 9 2 No ' 5 - Ye• 
'l'bl'ee Ialand Bar Ea et 5 0.'2 12 5 No ' 5 - Yes 
'l'bree I•land Bar Eo•t ' 1.11 25 12 Yeo ' 1 - Yeo 
Three Island Bar Ea at 7 0.51 20 20 Yeo ' 1 - Y•• Three laland lar Eaot I O.i5 20 5 Yea 3 l - Yes 
Tbr•• Ialand Bar Ea at I 0.10 30 12 Yeo ' 1 - Yes 
'fbree Ialand Bar .... 10 laDO 50 20 Yeo 6 5 - Yes 
Three I•land Bar East 11 0.50 I I Yeo 6 2 - Yoo 
~r•• Ialand Bar .... 12 o.u 20 10 Yeo 3 2 - Yes 
Three I•land aar Ea at 13 1.25 15 15 No ' 1 - ... 
'J'br•• Island Bar Eaat 14 0.71 100 ' No ' 1 - Y•• Tbrea Ialand lar &ast 15 0.30 15 4 No ' l - Y•• Three Island Bar kot 16 0.52 3 1 No 6 l - Yes 
Thr•• Ialand B•r Ea at 17 l.U 175 25 No ' 5 - Yes 
Three Ialand Bar Eoot lB 1.60 75 15 No 6 5 - Yes 
'three I•l and Bar Eut 19 o.u 150 I No 6 l - Yeo 
Three I•land Sar Eaot lO 1.02 50 20 No 6 l - Yes 
!bree l•land B•r East 21 1.00 100 20 Yes ' l - ••• Three Ialand Bar Eaat 22 3.00 100 20 No l 5 - Yes 
Three l&land Bar East 23 1.50 200 50 No 3 1 - ••• Three Island Bar East 24 0.50 100 10 No ' l - No 



Appendh a. Continued 

RIVD POT•OLI RIVD PO'l'IOU DIP'l'• LPJIGm NID'l'll TOP 
lllLL ,,,. -- FllLP t .ln.L ...il%L .!.UL CONNJCT ~ &llt§Tptg• * .i2.r.l. Bll6.I**" 

'!br•e l•land aar ..... 25 o.n 20 lD No 3 1 - No 
Three l•land aar ..... 2i l.DD lDO ID NO 1 - No 
'l'b.r•• Ialand aar ..... 27 0.75 10 10 No 1 - No Tiu•• Illland aar ..... 21 3.Do 400 30 YH 2 - No 
Tbree Ialand aar !laat 29 0.42 12 10 No 5 - No 
Tb.rea laland Bar ..... 30 D.33 I 3 No 2 - No 

9D.I lo.t Launch Waat 14 0.30 ' ' Se•pa9e 4 .s No 
91.2 -- Eaat I D.30 lSD 20 Seepage 5 - No 
91.3 Pond aar We at 13 D.30 iO lD No l 41 No 
91.S -- ..... 4 0.50 3' 12 No 5 47 No 

hot 5 o.so " 11 No 5 47 No 
hot ' 0.4D 20 20 No 5 47 No 
hot 7 0.40 ID 15 Yeo l 47 No 

12.1 -- hot l 0.40 15 ' Yea 2 48 No 
12.s Cobble Bar .... l o.so ]) s llo 2 45 No 

Cobble Bar Eaot 2 0.20 30 4 No 2 45 No 
92.1 Goodell Creet we at lD 1.00 11 ' No 2 44 No 

Goodell Creek hot 11 0.20 10 10 Yes 2 '7 No 
Goodell Creek waat 12 0.40 15 l Yeo 2 47 No 

t'l • I CO't'et Code&: 0 • rootwad1 l • roota1 2 • stick&, liaba1 l• • 109•1 4 • bouldera, rocka1 5 • aut.ar9ed vegetation1 

"' ' • overhanging vagetationJ 7 • no cover. 
•• 5ublitrat1 Codeaa l • ailt1 2 • aa.nd1 3 • pea 9ra..-el1 ' • gi:awal Cl/2 - 4•J 1 5 • cobble t>C•J. ••• bbar aet in pothole during reconnaiaaance auivay • 
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APPENDIX F 

SUMMARY OF RESULTS OF STATISTICAL ANALYSIS OF 
FRY TRAPPING AND STRANDING STUDY DATA 

Introduction: 

This sect1on contains a detailed d1scuss1on of stat1st1cal 
analyses conducted on the S~agit River fry trapping and stranding 
study data. Variables thought to impact salmon and steelhead 
fry the most were those having to do with operations at Gorge 
Dam--river flow and ramping amplitude, as well as the physical 
characteristics of the potholes themselves. The relationship 
of trapping with these variables was treated directlv, with trapping 
itself as the independent variable. 

Numbers of fish stranded, however, i = meaningful on 1 ·1 as 
a proportion of fish originally trapped, i.e., the number of 
fish who die out of the number of fish at risk. For tr.at rea:or• 
all relationships of stranding to flow and pothole conditions 
were treated as condition al probabilities, modelling the l_QQ.i s_tlS 
transform of the ratio of 5trand1ng to trapping as a fwnct1on 
of the variables of interest. BMDPLR, <BMDP, 1981> C\r Biomedical 
Data Analysis Program for the Logistic Regression model, allows 
the entering of number at ris~ as COUNTS, and the number of ''failures'' 
as FCOUNTS. The logistic transform <Co::, 1977) then gives a 
1 i near model 

L, = log <t, / (1-t,) l = 8 0 + B1 >: ( 1 ) 

where L, is the logistic transform oft,, the probability that 
a particular case <trapped fish) will not become a failure or 
:tranded fish (BMDPLR models the probability of SL\£.S_g?-~). This 
proportion, t,, is aggregated across all fish stranded within 
one pothole and is represented by the proportion of fish which 
survive over trapped fish in one pothole. As is evident from 
the extreme right hand side of equation (1), this transformation 
of the proportion can be modeled as a linear function of the 
tndependent variables. BecaLtse of the Ltse of maximum likelihood 
or asymtotic covariance methods instead of least squares in arriving 
at parameter estimates, collinearity in the independent variables 
no longer poses a problem when modelling regressions. This model 
has the additional advantage of ability to incorporate categorical 
variables (i.e., cover, substrate types) as linear predictors. 

Fall and Spring Breakdown: 

Regressions of trapping and stranding/trapping on river 
flows, downramp ampl1tL1des, and flow history have been done in 
two ways: once on the full data set, including both spring and 
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fall, and again with spring and fall data separated. In most 
cases results differed when data was brolen down by season. 
Regression effects which had been significant on the entire data 
set often were not significant when the smaller seasonal data 
sets were run or were replaced by other effects. Such changes 
in regression effect can have four possible interpretations: 
11 the strengths of the effects of flows, amplitudes, and flow 
history did, in fact, change by season as reflected by the varying 
regression results, 2> regression results, which were weaJ. due 
to large variation in the data (see R2 values) for flows, amplitudes, 
and flow history, were unstable and subJect to the influence 
of d1ffer1ng sample sizes, and 31 severe confounding between 
the main effects and time changed over the seasons, and 4> all 
three of the above conditions were in effect. 

Multivariate Analysis: 

Purpose: 

A preliminary multivariate analysis was run to investigate 
the associations between a number of the variables in the dat" 
set. This analysis was to serve as an exploratory tool, h1qhl1qhting 
variables and rel,.tionships which merited further testing. 

Method: 

A factor analysis was run on the following set of vari,.bles: 
river mile <RMILEl,Julian date IJULDAYI, the minimum depth throuahout 
the day of each pothole at its deepest point <MAXDJ, the length 
ILENJ and the width IWIDI of the pothole, the maximum pothole 
temperature <PTEMPJ, the river gage reading IRGAGEI, the flow 
code IFLOCJ an integral code related to river mile, assigning 
" flow gage station Ii .e., Newhalem, Rod·port, and Marblemocintl 
to e"ch pothole, the river flows at the three stations <RFLON,RFLOM, 
and RFLORI, the +low at which connect1v1ty occurs CCFJ and the 
flow at which disconnectivity occurs <DFl, the ma>:imum flow at 
Newhalem Just prior to downramping CMAXFLOll and the maximum 
flow for the last 24 hours IMAXFL02J, the minimum flow at Newhalem 
throughout the day CMINFLOJ, the number of times the pothole 
was observed to be dry throughout the day CPRDRYJ, the area <AREA> 
and the volume (VOLi of the pothole <computed from LEN, WID, 
and MAXDJ, and the trapping ITRAPl 1 and stranding <STRANDJ 2 • 

The outpc1t was a covariance matri:: which gave the pairwise correlation 
between every pair of the above variables. This analysis was 
run first on the entire data set 14314 cases), then again on 
a set of data for which data having a missing value for one or 
more of the above variables were e>:cluded 150 cases). 

1 0ne was added to this value for all non-missing cases in the 
dat" set. This was subtracted off in the analysis, except for 
when the logs were taken. 
2 See footnote for TRAP. 
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Re5ult5: 

Since this i5 an eAploratory analysis only, pairs of variablE5 
for which the correlation coefficient is more than .'2 or le55 
than -.2 are li5ted in the followinq table. Note that for 5u 
or more ca5e5 a correlation coefficient of greater than .'279 
or le5s than -.'279 i5 con5idered stati5tically 5ignificant at 
the .05 level <Di>:on and Massey, 1969). 

Table 1 

Variables FL1l l set (4314) Reduced set ( 5(1) 

RMILE-FLDC -.874 -.871 
RMILE-PTEMP - .. :1C15 
RMILE-RGAGE -. '.21)5 

RMILE-MAXFL01 -.'201 - .. .'24(i 

RMILE-MAXFL0'2 - • '.2(>5 
RMILE-MINFLD - .. 229 -.414 
JULDAY-RGAGE ""!"i:::..-. -. -'~-
JULDAY-RTEMP - .. '.:02 
JULDAY-RFLDN ..,~~ - ................. -.486 
JULDAY-RFLOM -.220 -.754 
JULDAY-RFLOR -. 2C>2 -.586 
MAXD-LEN • 5(>:; • 621 
MAXD-WID .585 . 59:; 
MAXD-TRAP • 376 
MAXD-RFLON • '::.97 
MAXD-PTEMP .450 
MAXD-MAXFLD1 ............ -...... -'..) 

MAXD-MAXFLD2 .. 24::: 
MAXD-PRDRY -.329 
MAXD-AREA .411 .477 
MAXD-\IOL .451 .518 
LEN-WID .762 .835 
LEN-PTEMP .302 
LEN-TRAP . 278 .344 
LEN-AREA . 884 .918 
LEN-VOL .684 .890 
WID-PTEMP .428 
WID-TRAP .280 .301 
WID-AREA .860 
WID-VOLUME .838 
PTEMP-TRAP • 28.'.2 
PTEMP-PRDRY -.585 
TRAP-RFLOR - • '.2.'.2'.2 
TRAP-MAXFLDl -.2'37 
TRAP-MINFLD -.200 
TRAP-AREA .221 . '.283 
TRAP-VOL .274 
RGAGE-RTEMP "'T"'!l'C" . ...,,_, .... 
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Variables 

RGAGE-FLOC 
RGAGE-RFLON 
RGAGE-RFLOM 
RGAGE-RFLOR 
RGAGE-MAXFL01 
RGAGE-MINFLO 
FLOC-MAXFL01 
FLOC-MAXFL02 
FLOC-MINFLO 
RFLON-RFLOM 
RFLON-RFLOR 
RFLON-MAXFLOl 
RFLON-MAXFL0'.2 
RFLON-MINFLO 
RFLOM-RFLOR 
RFLOM-MAXFL01 
RFLOM-MAXFL02 
RFLOM-MINFLO 
RFLOR-MAXFL01 
RFLOR-MAXFL02 
RFLOR-MINFLO 
MAXFL01-MAXFL02 
MAXFLOl-MINFLO 
MAXFLOl-PRDRY 
MAXFLO::!-MINFLO 
MINFLO-PRDRY 
AREA-VOL 

Conclusion: 

Table 1 

Full set (4314) 

• '.245 

. '.281 

.799 

.698 

.351 

• 364 
.960 
. 4:;2 
.365 
.526 
• 46 -:3 

.527 

. 728 

.818 
-. 20'.2 

.562 
-. '.230 

.842 

Reduced set ( 51) > 

• :.31 
.295 
.621 
.695 
.870 
.854 
.284 
-.215 
.433 
.488 
.448 
.419 
- • .2C)5 
.463 
.926 
• 728 
-.285 
.757 
.860 

.818 

.955 

-.:224 

.99(> 

Of the above long list of correlations, some are obvious 
and redundant, such as that of FLOC with RMILE and RFLON with 
all other flow variables. Pos1t1ve values for these correlat1on5 
are, however, comforting to observe as they act as a cross chec~ 
on the validity of the values of these variables. Of special 
interest, however, is the positive correlation of trapping with 
pothole si::!e <i.e., LEN and WID> and pothole temperature, PTEMP. 
A separate correlation coefficient was run to compare STRAND 
with TRAP for non-zero values of TRAP <682 cases>. A correlation 
coefficient of .0074 <not significant> was observed for this 
run. The conclusion is that stranding does not necessarily increa:e 
as trapping increases. 

Limitations: 

This analysis was done only on the extremes of the full 
data set or Just the cases with no missing data. This analysis 
should be repeated on a subset of the variables which are present 
for most of the cases, thereby providing an intermediate si::!ed 
data set on which to test the correlations. One suggestion is 
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to run the factor analysis using only variables of greatest interest 
only on cases where TRAP = •). 

Connectivity of Potholes as a Result of Downramping and Flow 
Releases at the Gorge Powerhouse. 

See text for discussion. 
to a statistical model. 

These data did not lend themselves 

Multivariate Regression of Three Flows on Trapping and Stranding 

Purpose: 

This analysis was run to asses the effect of the magnitude 
of flows at three gage stations, Newhalem, Marblemount, and Roc~port 
simultaneously first on trapping, then on stranding. 

Trapping, Fu.11 Data Set: 

Methods: 

The relationship between trapping and the flows at the three 
stations CNewhalem, Marblemount, and Rockport) was investigated 
with a multiple regression of TRAP versus RFLON, RFLOM, and RFLOR 
simultaneously. There were 3486 cases in the analysis. Prelim­
inary inspection of a normal probability plot of the residuals 
showed a mar~ed s~ewed and curvilinear relationship, indicating 
that the linear fit was a poor one. This was corroborated by 
an e~tremely $mall R2 of .(10=5 even though the regression was 
significant at F=2.95, p=.OJ14. Of the three flows, only RFLOR 
had a significantly non-;:ero coefficient C;:;=.(>41. Both the R'"' 
and p value of the F test were imp~oved Ito .017J and F=J.98, 
p=.0078 respectively> by t:;l'ing the log transform of TRAP CLTF:F'I 
and droppir~ the ;:ero values of TRAP out of the data set. This 
left 709 cases. However, this time, none of the flow coefficients 
was significantly non-;:ero. The e~clusion of zero TRAP values 
brought the normal probability plot of the residuals much closer 
to the ideal straight line. Investigation of the residuals plotted 
against the independent variable, however, still showed a fan 
shape that narrowed and inclined downward as flows increased. 
This fan shape as well as the low R'"' was an indication that the 
linear model still does not describe this relationship well. 

Inspection of the covariance matr1>: of the three coefficients 
showed presence of strong multicollinearity. In order to investigate 
the e::tent of this as well as to determine whether the flows 
at one of the gage stations would be sufficient to describe the 
relat1onsh1p~ a forward stepwise multiple regression was run, 
allowing the model to choose the most significantly related flow. 
This approach, however, was not enpected to correct th8 shape 
of the residual curve. 
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Results: 

The forw•rd stepwise regression procedure first calculates 
an F statistic individually for each independent variable. This 
F statistic, called an F-to-enter, measures the significance 
of the regression effect of the given independent variable on 
the dependent variable. When the value of this statistic is 
high, that is above the critical 0.1 probability level, the variable 
is considered related and included into the stepwise regression 
procedure. 

While the original F's-to-enter of RFLON and RFLOM were 
high, (6.8•) and 5.88, respectively, the p value for both <.<)5) 
RFLOM, the flow at Marblemount, was seen to have the highest 
F to enter (lC>.67, p •· .(•Oll, making the fit more stat1stic•lly 
significant although the R2 of 0.0154 did not show an improvem8nt 
in the fit. 

VARIABLES 
Intercept 
RFLOM 

TABLE '.2 

COEFFICIENTS <S.E.) T-VALUES 
c). 70:: 
(I. 000(1975 ( • 0000299) 3. '.27 

p 

• (ll) 1 

The coefficient for RFLOM is small because flow values are on 
the order of 10"'. Inclusion of RFLOM into the equation precluded 
the presence of any other flow variable. 

Conclusion: 

While the flow at all three gage stations seems to be related 
to trapping, the flow at the Marblemount gage station is most 
strongly related. Because of their strong correlation with RFLOM, 
it was not possible to assess the effects of RFLON and RFLOR 
independently. Notice that the coefficient of the effect of 
RFLOM is positive. This would indicate that the greater the 
minimum flow at Marblemount the greater the trapping. This result 
which runs counter to intuition is perhaps due to a confounding 
effect with date. Large trapping events tended to occur 1n the 
beginning of the season when flows were high. This would be 
related more to the age of the fish than to the flows themselves. 
Later in this appendi:: is described a regression which was done 
on the relationship between trapping and flow at Marblemo1.mt, 
broken down by season, and adJusted for Julian date. Here the 
coefficient of the flow became negative as would be e1:pected. 

Limitations: 

A fan shape exhibited by residuals for the simple linear 
model indicated the inadequacy of this model to fully e>:plain 
the relationship between trapping and flows. A more complete 
analysis should be run, including along with Julian date lsee 
Conclusion paragraph above), other variables such •s pothole 
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depth (MA~D>, area \AREA), and flow hlstory variables (see page 
8 of this appendu:). Some of the va1'"1ables needed to e"plain 
trapping may not even be present in the 1984 fry stranding study 
data :et. 

Trapping, Spring Only: 

ResL1l ts: 

The F's-to-enter of RFLON and RFLOM from a stepwise multiple 
regres-:1on on 449 cases are high, (6 .. ::;6 and 1() .. 32, reepect1,1e)y, 
the p value for both · .05) RFLOM, the flow at Marblemount, was 
seen to have the highest F to enter 112.11, p .- .001 '• mal1ng 
the fit statistically significant although the R2 of 0.0264 shows 
a pattern of large variances and departures from the fit. 

VARIABLES 
Intercept 
RFLOM 

TABLE 3 

COEFFICIENTS CS.E.l 
1. 726 

-•). (1(1(11493 (. •)000429) 

T-•JALUE 

:::. 48 

Inclusion of RFLOM into the equation precluded the presence of 
any other flow variable. 

Trapping, Fall Onl_y_: 

Re:ults: 

Ne1tr1er F:FLOM nor RFLOR had a significant F-to-enter <RFLOM, 
3 .. 63, p - .1 ~ RFLOR 1) .. 59, p : .. 9) in a stepwise mLtlt1ple regre~s1on 
on 233 cases. RFLON, the flow at Newhalem, was seen to have 
the highest F to enter <'.24.17, p, .•:•Oll, maling the fit stali=tir:all·1 
significant although the R2 of 0.0947 shows a pattern of larqe 
variances and departures from the fit. 

IJARIABLES 
lntercEpt 
RF LON 

TABLE 4 

COEFFICIENTS CS.E.l 
0.316 

-o. (1(102326 ( • 0(1004 73) 

f-VALUE p 

4.91 - .. 1)(t1 

Inclusion of RFLON into the equation precluded the presence of 
any other flow variable. 

Stranding, Full Data Set: 

Method: 

The relationship of stranding to river flow was investigated 
with stepwise log1st1c regression. 
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Results: 

The loqist1c regre~s1on model was run on 682 cases (m1s~1ng 

stranding values removed>, with RFLON, RFLDM, and RFLOR a: covar­
iates. Like the stepwise multiple regression, the stepwise logistic 
regression computes F-to-enter values on all possible covariates. 
The covariate with the highest F-to-enter is entered, whereupon 
the F's-to-enter of the remaining variables are adJusted to take 
into account their correlation with the first. RFLOR was entered 
fir:t, showing to be the most directly related to stranding as 
a proportion of trapping with an F-to-enter of 117.41. RFLOM 
was ne><t in line with an F-to-enter of 56.38. RFLON wa" last 
with an F-to-enter of ~.57, not even significant at the 0.05 
level <the degrees of freedom of these F's-to-enter is 11. RFLOM, 
however, when adJusted for correlation with RFLOR, achieved an 
F-to-enter of a men: 1. 56. Therefore RFLON and RFLOM were 1iot 
included in the equation. RFLQR achieved an improvement Chi-square 
of 137 Ip ·· .0011 when regressed on stranding/trapping. However 
the goodness of fit Chi-square, 4193 Ip ~ .0011 also remains 
high, ind1cat1ng there is room for more variables in this equation. 
Parameters for a logistic regression are now related linearly 
to the logistic transform and not the proportion of stranding 
to trapping itself. 

TERM 
RF LOR 
Constant 

Conclusion: 

TABLE 5 
COEFFICIENT IS.E.) 

0.001 
(I. 041 

(small) 
((1.2871 

COEFF/S.E. 
11.17'2 
0.141 

The risk of stranding, given trapping can be e>tplained bv 
any one of the three gage station flows. However, the association 
with the Rockport flow is the strongest. Once this flow is included 
in the equation, the inclusion of any other of the flows is ••dun­
dant. Because BMDPLR measures the probability of success with 
the coefficient, in this case a positive coefficient means greater 
survivability with greater flow, which would be expected. 

Limitations: 

The model as it stands is far from saturation. Many other 
variables are needed to e>tplain this risk. A more complete 
analysis should be run, including along with Julian date (see 
Conclusion paragraph above>, other variables such as pothole 
depth IMAXDI, area IAREA), and flow history variables (see page 
8 of this append»:). Some of the variables needed to e.:plain 
stranding/trapping may not even be present in the 1984 fry stranding 
study data set. 
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Stranding, Spring Only: 

Results: 

The log1st1c regression model was run on 449 cases (m1ss1ng 
stranding values removed!, with RFLDN, RFLDM, and RFLDR as covar­
iates. RFLOR was entered first, showing to be the most directly 
related to stranding as a proportion of trapping with an F-to-enter 
of 65.20. RFLOM was next in line with an F-to-enter of 44.58. 
RFLDN was last wit~ an F-to-enter of 24.78, all three variables 
were significant at the 0.05 level !the degrees of freedom of 
these F's-to-enter is 1). All three variables, RFLON, RFLOM, 
and RFLOR, were entered into the equation. However the values 
of the coefficients were extremely small and did not show up 
on the printed output. No attempt was made to recover these 
values as the strength and direction of the association were 
considered of sufficient interest. This strength and direction 
is indicated by the si~e and the sign of the coeff1cient divided 
by the standard error. For the three variables, these values 
were: RFLDN, -5.409, RFLDM, 1.747, RFLDR, -5.659. The coeff,cients 
of RFLDN and RFLOR lead to the conclusion that the proportion 
of survivability goes down as does flow at Newhalem and Roc~port. 
The opposite sign on the Marblemount coefficient reflects the 
high degree of correlation of Marblemount with Newhalem and Roc~port 
(-.539 and -.85~ respectively) leaving its role in this mod~l 
a residual one only. 

Stranding, Fall Only: 

In the fall, none of the three variables, RFLDN, RFLDM, 
nor RFLOR had a high enouqh F-to-enter to be inclL1ded in the 
equation. These values were: RFLON, 1. 35, RFLDM, •).56, and F:FLDF, 
~.84. The regression was run on 233 cases. 

Regression of Previous Day's Amplitude on Trapping and Stranding: 

Purpose: 

Two possible definitions of previous day's amplitude were 
presented: 1) flow prior to downramp1ng m1nLlS m1n1mum flow for 
the day IAMPll and 21 magimum flow from the previous 24 hours 
minus minimum flow for the day IAMP21. The association between 
stranding and trapping and these two amplitudes was of interest. 

Trapping, Full Data Set: 

Methods: 

The relationship of trapping to amplitude was investigated 
first with a forward stepwise regression, to determine which 
of the two amplitudes was most strongly related, and then with 
a simple linear regression, in order to examine the patterns 
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of the residuals and assess the fit of the linear model. 

ResLtl ts: 

The stepwise regression on 445 cases selected AMP2 as beinq 
the most strongly related to trapping <F=9.76, p : .002). The 
inclL1sion of AMP2 precluded AMP1, whose F to enter, 3.30, is 
below tolerance for entry into the equation. A simple linear 
regression, r-1..\n on the same cases gave an l ntercept of • 85 and 
a slope of -.0(10114 (T = 3.13, 443 d.f, p = .0019). 

Conclusion: 

Only AMP2 has a statistically significant association with 
trapping. 

Limitations: 

E,:am1nation of the residuals showed the same fanning pattern 
o:een in the> re>gression of trapping ve>rsus flows. R2 for this 
equation is .0216. The> fanning pattern of the residuals as well 
as the low R2 again indicate> that the fit is inadeoquate. 

No significant reolationship was noteod betweoen trapping and 
AMP1 or AMP2 <276 cao:es>. 

Trapping. Fall Only: 

No significant relationship was noted between trapping and 
AMPl or AMP2 ( 169 case>sl. 

Stranding, Full Data Set: 

Methods: 

As for the> flows, the logistic regression model was used. 
BMDPLR is a stepwise regreossion program, and AMP! and AMP2 were 
entered and/or removed from the equation on the basts of the 
improvement they made individually to the Chi-square. A variable 
was included only if the improvement in the fit was significant 
given the de>grees of freedom that variable contributes. Variables 
highly correlated to variables with higheor improvement Chi-square= 
will most probably not be selected. 

Results: 

As a re>sult of applying the> logistic regression model to 
445 cases, only AMP2 was included in the equation with an F to 
ente>r of 12.95. AMPl, with an F to enter of (1.14, was not considered 
a strong enough influence> to include in the> equation. A parameter 
for AMP2 was too small to be printed as it was on the> order of 
10-4

• However, the coeofficie>nt divided by the standard error 
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was 3.56, indicating a significant effect. Since the strength 
of association rather than the absolute si=e of the parameter 
is of interest, no attempt was made to recover this value. 

Conclusion: 

Only AMP2 had an association with stranding/trapping strong 
enough to be considered statistically significant. 

Limitations: 

The 563.41 goodness of fit Chi-square Cp · .. 001, we must 
reJect the null hypothesis that this model fits' I indicates this 
fit comes far short of fully e::plaining the stranding to trapping 
ratio. 

Stranding, Spring .Qnl_y_: 

Results: 

A stepwise logistic regression on 448 cases showed significant 
relationships with both AMP1 and AMP2 with F's-to-enter of 70.47 
and JJ.71 respectively. Again, coefficients were to small to 
be printed, but the coefficient divided by the standard error 
gives the following results: AMP1: -6.35, and AMP2 1.917. The 
minus sign on the coefficient of AMPl again indicates an effect 
of decreasing probability of survival with decreased amplitude. 
This counterintuitive result can be_explained by the confound1nq 
effect of time. Amplitudes decreased as vulnerability of fry 
decreased. Since AMP2 is highly correlated with AMP1 Cr = .808) 
its effect in this model is residual only. With a goodness ot 
fit Chi-square of 563.41, this model cannot be considered e=haustive. 

Stranding, Fall Only: 

Results: 

A stepwise log1st1c r~gress1on run on :58 cases showed no 
significant effects with either AMP1 or AMP2. 

Regression of Flow History on Trapping:· 

Trapping, Full Data Set: 

Purpose: 

The association between flow history and trapping was of 
interest. Flow history was broken down into five variables: 
mean daily flow for the 24 hours prior to the test IAVD24HJ, 
maximum downward amplitude for the 24 hours prior to the test 
IMXM24HJ, mean downward amplitude for the previous 72 hours IAVD72HJ, 
mean daily flow for the previous 72 hours IAVM72Hl, and the ma"imum 
daily downward amplitude for the previous 72 hours IMXM72HJ. 
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Methods: 

This problem was approached in a similar manner to Tas~ 
~ and :.. A forward stepwise regression was run to eliminate 
superfluous or redundant variables. This was followed by a multiple 
regression on only the variables selected by the stepwise regression. 

Results: 

When a stepwise multiple regression was run on 589 cases, 
variables MXM72H and MXM24H were entered into the equation in 
that order with F's to remove of 22.54 and 11.23 respectively. 
F-to-enter val 1..1es for the other three variables were too smal 1 
to be entered once MXM72H and MXM24H were selected. The multiple 
regression on these variables only gave the following parameters: 

TABLE 6 
VARIABLE COEFFICIENT T-VALUE F' 

Intercept (). 8C>5 
MXM24H -(l. (l(IO(l8(>7 ( . 000024) -:::. :;51 (_.(H)l) 

MXM72H 0. 000152 ( • (l (l (l(l:. :;:') 4.748 (',. (HJ1) 

The F val1..1e of the regression was 11.29 (2,586 d.f. l, p ' .(>01. 
The R2 was 0.0:.71. 

Cone l 1..1si on: 

Only the maximum daily downward amplitudes for the 24 and 
72 hour periods before the test had a strong enough association 
with trapping to be considered statistically siqnif1cant. Other 
variables were either redundant or not associated. 

A fan shape exhibited by residuals for the multiple linear 
model indicated the inadequacy of this model to fully expl~in 
the relationship between trapping and flow history. A more complete 
analysis should be run, including along with Julian date (see 
Conclusion paragraph above>, other variables such as pothole 
depth <MAXD>, area (AREA>, and ~low history variables (see page 
8 of this appendix). Some of the variables needed to explain 
trapping may not even be present in the 1984 fry stranding study 
data set. 

Trapping, Spring Only: 

Results: 

A stepwise multiple regression run on 397 cases showed no 
significant relationship with any of the five flow history variables. 
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Trapping, Fall Only: 

Re,;ul ts: 

A stepwise multiple regression run on 192 cases showed that 
only AVD72H (average downramp amplitude for the previous 72 hours! 
was significantly related to trapping. When adJusted by AVD72H 
whose F-to-enter was 40.39, the F's-to-enter of the other variables 
were all under 1.00. The model gives the following coefficients: 
intercept, 1.402, AVD72H, -.0003801 ls.e., .00005991, t = 6.~6, 
p .0(>1. The R2 for this model is 0.1753, a low value which 
shows widespread variation and departure from the model among 
the data values. 

Number of Potholes Observed Dry at Observed Flows for Marblemount 
Assigned Potholes Only: 

See text for discussion. 

Cover and Substrate Matrix of Trapping and Stranding: 

Purpose: 

Of great interest is the survival rate of a fish already 
trapped in a pothole. Because the maJor killer of trapped fish 
was pothole drainage, cover and substrate types were thought 
to play a role in survival rate. The relationship between survival 
rate and cover and/or substrate was investigated for this stc1dv. 

Method: 

Raw totals of fish trapped but not stranded compared to 
fish stranded are shown plotted in the te•t for all types of 
cover and substrate. Although such graphs are good for illu,;tralive 
purposes, a single episode of a large stranding in one particular 
cover or substrate category may have a great effect on the appearance 
of the graph. To ~eep trac~ of the day to day pattern of stranding 
/trapping it is necessary to ~eep weight,; equal for each unit 
obser-vation of a pothole per day. To do this two logistic regre:sion 
models lsee equation 11 were used, the first of which contained 
terms for- spring/fa! l IFALSPRI, cover ICOVI, and substrate ISUBI, 
and the second of which contained a term to distinguish cover 
from no cover- ICNCI in place of COV in the first model. 

Coefficients for categorical variables from a logistic regression 
can provide an odds ratio, or a measure of survivability lthe 
reciprocal of the riskl when a particular factor is present. 
An odds ratio greater than one indicates an increased survivability: 
an odds ratio less than one, an increased risk. 
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Types of pothole cover considered separately: 

ResL1l ts: 

All three terms of the first model contributed highly significant 
improvement chi-sqares to the fit as is shown in the following 
table: 

TABLE 7 

TERM DF IMPR CHI-SQ P-VALUE GOF CHI-SQ P-VALUE 
constant 2281.6 .001 
FALSPR l 562.5 .. • l)t)l 1719.1 ~ • (•01 
SUB 4 237.7 '· . 001 1481.4 • O<Jl 
cov 7 339.4 • (>01 1142.(1 '· • (1(11 

For each effect of N levels <COV has 8 levels; SUB has 5, 
and FALSPR has 2l the BMDP logistic regression pac~age made a 
contrast variable to identify pairwise differences beween the 
levels. The contrasts for the main effects <SUB, COV, and FALSPRJ 
were set up as in Table 8: 

VARIABLE 
FALSPR 

cov 

SUB 

TABLE 
NAME 

SPRING 
FALL 

NO COVER 
ROOT WAD 
ROOTS 
STIG'.S 
LOGS 
BOULDERS 
SUB VEG 
OVER VEG 

SILT 
SAND 
PEA GRAVEL 
GRAVEL 
COBBLE 

8 
CAT INDEX 

1 
2 

1 -1 
2 0 
:; 0 
4 0 
5 0 
6 (I 

7 (I 

8 1 

1 -1 
2 (I 

-· 0 
4 (I 

5 1 

DESIGN VARIABLES 
-1 

1 

-1 -1 -1 -1 -1 -1 
0 0 0 0 0 1 
0 0 0 (1 1 •) 

0 0 0 1 0 ,_, 
•) (I 1 0 (I (I 

1) 1 0 (> ') 1) 

1 0 (I 0 (• 1) 

0 0 0 (1 (l 1) 

-1 -1 -1 
0 0 1 
0 1 0 
1 (I 0 
(I 0 0 

There are 12 contrasts in this design. The first tests 
the difference between spring and fall (were proportionately 
more fish stranded in the spring or the fall?). The contrasts 
in the cover category compare all covers in turn with the "NO 
COVER" cO\tegory. There are seven of these contrasts. FoLir sL1bstrate 
categories are compared in turn with SILT. Since BMDPLR gives 
coefficients in terms of probability of success comparing the 
factors pairwise in this way gives us a relative survival factor. 
Comparing "ROOT WAD" with "NO COVER", will tell us whether propor­
tionately more fish were stranded in the presence of root wads, 
or in the absence of cover. 

Resulting coefficients for the above contrasts are given 
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in Table 9: 

TERM 

FALSPR 

cov 

SUB 

CONSTANT 

Cone 1 LlSl on: 

TABLE 9 
COMPARISON 

FALL/SPRING 

OV VEG/NO COVER 
SB VEG/NO COVER 
BOULD/NO COVER 
LOGS/NO COVER 
STIU-.S/NO COVER 
ROOTS/NO COVER 
RT WAD/NO COVER 

SAND/SILT 
P GRAV/SILT 
GRAV/SILT 
COBB/SILT 

COEFFICIENT <S.El 

-0. 955 ((>. (>45) 

o. 142 (I). 186) 
0.147 (0.464) 

-1. 594 ((>. 237) 
1.016 <0.231> 

-1.534 ((>.163> 
~.53() ((1.881) 

-0.7•)3 (0.171> 

~). 845 
•). 841 

-1.488 

((>. 13•)) 
(i).1)95) 

(0.194) 
0. 744 ((>. •)9(>) 

2 .. 91(> (0. 153) 

ODDS RATIO 

.. 385 

1. 15 
1. 58 

:::. 76 
.216 

1 :'.. 5 
.495 

~ -­_,;,_. ·-· ._. 

All three terms included in the model have proven significantl; 
related to the proportion of stranding to trapping or the survi ·1.;­

bi lity rate of fish in potholes. The survivablity rate was worse 
in the fall. Certain covers: overhanging vegetation IOV VEG>, 
submerged vegetation (SB VEG>, logs and roots seemed to decrea,;;e 
the rish of stranding. Of the substrate t;pes, gravel <GRAV) 
and silt were associated with larger stranding proportion=; sand, 
cobble, and pea gravel (because there were few potholes with 
this substrate> contributed to smaller strandings. These results 
resemble those shown in figures in the te·:t, where proportions 
are ta~·en in terms of numbers of potholes. 

Cover versus no cover: 

Results> 

All three terms of this model, FALSPR, SUB, and CNC contributed 
highly significant improvement ch1-sqares to the fit as is shown 
in the following table: 
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TABLE 10 

TERM DF IMPR CHI-SQ P-VALUE GDF CHI-SQ P-VALUE 
constant 1418.6 ' .001 
FALSPR 1 562.5 • 001 856. 1 <. • 0(11 
SUB 4 237.7 < • 001 618.4 .001 
CNC 1 16.6 <, .001 601. 7 . (>01 

For each effect of N levels (CNC has :2 levels; SUB has 5, 
and FALSPR has '.2l the BMDP logistic regression package made a 
contrast variable to identify pairwise differences beween the 
levels. The contrasts for the main effects (SUB, CNC, and FALSPR> 
were set up as in Table 11: 

TABLE 11 
VARIABLE NAME CAT INDEX DESIGN VARIABLES 

FALSPR SPRING l -1 
FALL 2 1 

CNC NO COVER 1 -1 
COVER :2 1 

SUB SILT 1 -1 -1 -1 -1 
SAND 2 0 0 0 1 
PEA GRAVEL ~-

(I 0 1 0 
GRAVEL 4 0 1 0 (> 
COBBLE 5 1 0 •) 0 

There are 6 contrasts in this design. The first tests the 
difference between spring and fall (were proportionately more 
fish stranded in the spring or the fall?). The contrasts in 
the cover category compares cover with no cover. Four substrate 
categories are compared in turn with SILT. Comparing the factors 
pairwise in this way gives us a relative survivability factor( 
the reciprocal of the relative ris~I. Comparing ''COVER'' with 
"NO COVER", will tell us whether proportionately more fish were 
stranded in the presence or in the absence of cover. 

Resulting coefficients for the above contrasts are given 
in Table 12: 

TABLE 1:2 
TERM COMPARISON 

FALSPR FALL/SPRING 

CNC NO COVER/COVER 

SUB SAND/SILT 
P GRAV/SILT 
GRAV/SILT 
COBB/SILT 

CONSTANT 

COEFFICIENT <S.EI 

-1. 036 ((>. 044 I 

-0.232 ((>.059) 

0.864 ((>. 1051 
1. 018 ((>. 091 I 

-1.432 ((>.1761 
0.279 co. 0771 

2.658 (0.0711 
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Cone 1 Llsi on: 

All three terms included in the model have proven significantly 
related to the proportion of stranding to trapping or the surviva­
bility rate of fish in potholes. The survivablity rate was worse 
in the fall. As was eMpected, cover had a positive effect on 
survivability. Of the substrate types, gravel IGRAVI and silt 
were associated with larger stranding proportions; sand, cobble, 
and pea gravel (because fewer potholes have this substrate) contri­
b1.1ted to smaller strandings. These r-es1.1lts resemble those in 
figures shown in the teMt, where proportions are taken in terms 
of numbers of potholes. 

Regression of MaMimum Depth of Pothole as it Relates to River 
Flows at the Three Gage Stations: 

PLtrpose: 

As the most numerous strandings were observed to be related 
to the draining of potholes, the association between river +lows 
and this drainage, as observed through lowest measured pothole 
depth of the day <MAXDI was measured with a linear regression 
model. 

Method: 

A multiple regression compared the minimum depth observed 
at the deepest point of the pothole for the day IMAXDl to flows 
at the closest of the three gage stations. By a method called 
"Dummy Regression" l•.leinbaum and ~:upper, 19781. Variable Zl 
was set to 0 for Marblemount and 1 for Newhalem. Dummy variable 
Z2 was set to 0 for Marblemount and 1 for Roc~port. The variable 
FLOW was set equal to RFLOM. Newhalem flow IV!> was designated 
as l*RFLON for the Newhalem sites (see list of sites assigned 
to Newhalem, Rockport, and Marblemount in te;:t), and Rocf·port 
flow <V2> was designated as l*RFLOR. 

Results: 

This model, run on 1610 cases, gave an F value of 9.93, p 
.001 1 and an R2 of 0.03. 

VARIABLES 

Intercept 
Zl 
Z2 
Vi 
V2* 
FLOW* 

TABLE 13 
COEFFICIENTS <S.E.> 

o. 5(13 
-(, . .295 ((I. 645) 
o. 155 <0.1371 

-0. (>000145 ( . 0002(>4) 

T-VALUES F' 

-1). 457 . 65 
1. 1-::.1 • 26 

-0. 071 • 94 
-0. (l(J(J(>656 ( • (l(J(H)338) -'.2. 06() 
0. 0000831 ( . (>000142) 5. 842 

• (l4 

• (l(l 
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Variables significant at the .05 level are indicated with a •. 
Flow is significantly different from Lero. The significance 
of Zl, Z2, Vl, and V2, are measured against the default coefficients, 
intercept and FLOW. The significance of V~, the flow at Roclport 
indicates an effect over and above that caused by the flow at 
Marblemount. 

Conclusion: 

The flow at Marblemount is significantly related to the 
depth of potholes in the areas assigned to it. The flow at Roclport 
is significantly more related to the depths of potholes assigned 
to it than is the Marblemount flow. As in previous regression=, 
a strong relationship exists, but examination of R2 and residual 
plots show the fit does not fully explain the relationship. 

Regression of Trapping on Julian Date and Flow: 

Purpose: 

The association between trapping and Julian date is of interest 
because most of the trapping is thought to occLtr at a ti me when 
fry are JUSt emerging. 

M,,.thod: 

A regression of trapping on Julian date only may g1v,,. a 
spurious result because of a confounding effect of date with 
flow, as Julian date, which affects flow, also affects trappinq. 
To avoid this problem it was necessary to adJust for flow in 
any regression which includes Julian date by including flow in 
the equation also. The flow used in these equations was the 
minimum Marblemount flow for the day of observation only <RFLDM', 
as this flow was most strongly relat,,.d to trapping (see the section 
on regression of flow versus trapping). These regressions were 
done separately for spring and fall data. 

Spring: 

Reo;ults: 

Both flow and Julian date were found to affect trapping 
lt=-3.9 and t=-4.1 respectively, p • .. 001 for both values>. 
The F value for this fit was 33.7, p: .001 with an R2 of .1~52. 

The regression was done on 474 cases. 

VARIABLES 
Intercept 
JUL DAY 
RFLOM 

TABLE 14 
COEFFICIENTS IS.E.I 

1. 95 
-o. 00653 ((I. 00 1 61 ) 
-0. 000191 (. 00004861 
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Cone l LlSl on: 

Both Marblemount flow and Julian date tested s1gn1f1cantly 
related to trapping. 

Limitations: 

Inspection of the graph of trapping versus Julian date (~ee 

Fig. 5) shows a clear nonlinearity in the relationship. The 
residuals also eAhibited a strong fanning pattern indicating 
the inadequate fit of the simple linear model. 

Fall: 

Results: 

The F value for this flt was 50.9, p ', .001 with an F: 2 of 
.1601. The regression was done on 537 cases. 

VARIABLES 
Intercept 
JULDAY 
RFLOM 

Conclusion: 

TABLE 10 
COEFFICIENTS CS.E.l 

4~48 
-o. 0160 ( . 001 79) 
-0.838 (. 0000368) 

T-VALUES p 

-8.988 • 1)() J 
-2.276 

Both Marblemount flow and JUl1an date tested s1gn1f1cantly 
related to trapping. 

Limitations: 

Inspection of the graph of trapping versus Julian date (~ee 

Fig. 5) shows a clear nonlinearity in the relat1onsh1p. The 
residuals also eAh1b1ted a strong fanning pattern indicating 
the inadequate fit of the simple linear model. 

Remarks: 

A subset of 23 potholes were never connected throughout 
the spring or the fall studies. These potholes always contained 
the same fish during successive observations. Therefore they 
were deleted from this analysis. The following potholes were 
involved: 

BS--1 , 1 A, 1 B, 1 C, 2, _,, 7, 8, 9, 15, 16, 1 7 
FB--F 
SI--A, B 
TS--2, 5, 6, 6B, 6C, 11A, 118 
WS--8 

Tasks C>, 2, 
tical programs. 

3, and 4 were run with the BMDP package of statis­
Task 6 was run with MINITAB. 
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APPENDIX G 

e DAILY FLOWS FROM GORGE POWERHOUSE, 1984 

e 1984 DAILY FLOW AMPLITUDE 

From: R. W. Beck, Inc. 1985 
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Appendix G. Plow COndition• Prior to Te•t Date• 

ll&lml 

Zli-BDQB 21ilIW'* JZ-UQllB !llIQD• 
AVU.ME AV DAGE AV.U.AGE AVD.H;.E MAXIMUM 

llAD DAILY P1$CHABGB D()WNft&MP AMPl.ITUQE P6Il.X PISCBABGB QWNAl,Mf MPI 'T"Pf: DQWNBAMP AMPLITUDE 

3-11 S,SlO ',372 S,933 2,151 4 ,372 
3-24 5,7IO 3,539 i,210 1,127 3,539 
3-31 4,510 3,592 ,,,so 3,262 3,i33 
4-1 3,010 2,2t5 3,937 2,11, 3,592 
4-7 s,soo 3,15] 6,0.fO 2,750 3,853 
4-1 3,,20 3,333 5,060 3,141 3,153 
4-21 2,470 1,77, 2,143 2,085 2,511 
4-21 2,100 3i 3,110 1,739 2,185 
5-3 ),530 10 4,0,0 1,955 3,352 
S-4 3,ilO 10 3,733 IU 2,5-04 
S-11 2,010 IH 2,060 343 114 
5-12 2,,50 2,210 2,270 1,072 2,210 
5-17 3,710 ISi 3,,,7 1,1,S 1,662 
5-11 3,,10 952 3,720 1,155 1,662 

ZALL 

G'l 1-15•* t,920 ,,321 4,327 1,101 4,321 
I I-Ii•• 3,510 5,001 4,223 3,110 5,001 

"' 1-22 2,310 1,070 2,447 721 1,114 
1-23 2,llO l,Oil 2,397 1,014 1,11' 
1-31 3,170 2,111 3, 713 1,517 2, 811 
t-1 2, 740 2,792 3,397 1,910 2,111 ,_, 2,850 2,127 2,5,3 1,635 2,127 
t-7 2, 730 2,1,, 2,7,3 2,071 2,166 
t-13 2,130 2,205 2,777 1,957 2,205 
t-H 2,940 2,517 2,743 2,239 2,517 
t-20 2,s50 2,141 2, 737 2,101 2,2,s 
t-21 2,,90 2,15' 2,617 2,119 2,265 
t-27 3 ,050 2,277 2,1170 2,113 2,36.f, 
t-21 2,1,0 2,lll 2,717 2,156 2,283 

• Por 24- and 72-bour period preceeding each teat • 
•• aeconnaiaa..ance only. Mo foimal field testa conducted. 

aouaCEs USGS Primary •ecordi, 1914, for flow& at Gorge Powerhouse. 
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Appendix H. Trapping and Stranding in Potholes Common to Both 
Spring and Fall Surveys 

POTHOLE SfB.Ifili li:!.LL 
All.EA NO. TRAPPED STRANDED TRAPPED STRANDED 

Bacon Creek 1 373 13 0 0 
2 27 21 11 1 
3 2 0 0 0 
4 1.510 _ll 1Q .Q. 

1,912 34 81 1 

Bad Spot 4 77 2 6 0 
5 469 0 65 0 
6 28 1 34 1 

10 3 0 0 0 
12 136 2 19 0 
13 214 14 0 0 
14 115 .il --1. l. 

1,042 88 125 2 

Eagle Bar 1 19 2 3 0 
2 1 0 0 0 
3 10 9 0 0 
4 13 0 0 0 
5 1 1 3 1 
SA 177 25 0 0 
6 301 1 0 0 
7 73 6 0 0 
8 231 0 0 0 

10 560 0 0 0 
11 219 _ll 0. .Q. 

1,065 44 6 1 

Fungus Bar 1 66 0 5 0 
2 16 0 0 0 
4 495 0 45 0 
5 22 0 0 0 
6 79 0 0 0 
7 42 0 0 0 
8 147 0 0 0 
9 133 0. J. .6. 

1,000 0 59 6 

ForbiJ:jen Bar 1 132 0 24 0 
2 527 0 148 142 
3 6 0 0 0 
5 970 0 63 0 
6 7 l. _o. _o. 

1,642 1 235 142 . 
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Appendix H. (Continued) 

POTHOLE Sf BI HG fAI.L 
Alla NO. TRAPPED STRAHPED TRAPPED STRANDED 

Hooper's Slough lA 290 0 55 0 
2 748 0 0 0 
3 23 3 32 0 
4 223 2 10 0 
5 209 0 110 0 
6 43 0 20 0 
9 67 0 10 0 

10 lD - 2. __Q Q 
1,613 7 237 0 

Inaccessible Island l 8 0 0 0 
2 45 0 6 0 
3 314 0 J 3 
4 21 0 0 0 
5 9 l 0 0 
6 92 0 0 0 
7 90 0 8 0 
8 68 0 0 0 
9 105 0 0 0 

10 2 0 0 0 
11 3 l 0 0 
12 ....iD. J. ....I!.. Q 

847 11 17 3 

Rockport l 8 6 0 0 
3 l 0 0 0 
4 10 l 0 0 
5 30 0 0 0 
6 .3.i ll Jl Jl 

87 31 0 0 

Stump Haven 2 191 0 25 0 
3 6 0 l 0 
4 266 0 21 0 
5 99 0 17 l 
6 75 0 2 0 
7 14 0 l 0 
8 350 0 60 0 
9 0 0 3 0 

10 260 0 7 0 
11 4 0 0 0 
12 50 0 0 0 
13 63 0 9 7 
14 12 0 2 l 
15 3,351 50 89 l 
16 9 0 0 0 
17 25 ....I!.. ..J. ....5. 

4,775 50 246 15 
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Appendix H. (Continued) 

POTHOLE S~B.Ifili EALL 
AREA NO. TB,APPED STAANJ)EQ ,U:\PPEP STMNQED 

Tin Shack l 0 0 16 0 
7 37 0 8 0 
8 20 5 0 0 
9 6 0 3 3 

12 2& .2. _..Q. !!. 
91 7 27 3 

Wayne's SWim l 296 0 82 0 
2 400 0 2:2 8 0 
3 320 0 116 0 
4 492 0 146 0 
5 167 11 0 0 
I 0 0 6 1 
G 0 0 59 0 

11 44 0 0 0 
12 II ....! --'1. !!. 

1,727 15 637 1 

H-3 
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APPENDIX I. SUMMARY OF FLOW CONNECTIVITY VARIABLES FOR POTHOLE AREAS 

RIVER MILE STUDY lt.lltEA sm: "'· ' c F!D """' ....... TMP F snwm s .......,. DR< FLO ..,-- --,-- -,- -.-- -.- --... 7 • ' 10 11 12 -rl u lS 

67.S Rockport Bar RP 1 621B 3 O.Jl o.oo • 0 0 0 • 1 '5270 l~O 240 RP 2 0 3 0.00 0.00 0 0 0 0 0 1 4838 0 220 RP 3 6948 3 0.04 0.00 0 0 0 1 • 0 4BJB JOO 200 RP 4 0 l 0.38 0.00 1 0 1 0 0 0 7209 320 2ib•) RP 5 0 l 1.20 o.oo 0 0 4 0 0 0 7209 220 2•0 RP • 0 l 1. 4 l 0.00 24 0 2 0 1 2 5348 l!iO 2:..0 RP 1 6360 3 0.00 o.oo 0 0 l 1 2 0 5606 120 2:::;0 RP • 4386 3 0.00 o.oo 0 0 0 4 0 1 44~7 0 lOC1 •P • 0 3 o.oo o.oo 0 0 0 4 0 2 3Sib3 0 70 RP JO 0 3 0.00 0.7:5 0 • 0 0 0 2 4612 0 210 RP 11 4760 3 0.00 o.oo 0 0 0 1 0 2 30~8 0 40 RP 12 3'563 3 o.oo o.oo 0 0 0 5 0 s :2948 0 20 RP 13 3944 3 0.00 0.00 0 0 0 • 0 5 lOO• 0 20 •P 14 0 3 o.oo 0.'50 0 0 0 10 0 I 0 0 0 RP 15 '5391 3 o.oo o.oo 0 0 0 8 0 3 0 0 0 RP •• 3612 3 0.00 0.09 0 0 0 1 0 4 0 0 0 RP 17 4'573 3 0.00 0.36 0 0 0 • 0 2 0 0 0 RP 18 '56'52 3 0.00 o.oo 0 0 0 • 0 I 2lf'O'i' 0 20 RP .. 4366 3 0.00 0.!3 0 I 0 1 0 2 30S9 0 :c• RP 20 44!iB 3 0.00 0.73 0 0 0 4 0 4 366'5 0 30 •P 21 -4760 3 0.00 o.oo 0 0 0 2 0 2 4287 0 120 RP A 3370 l o.oo 2.20 0 1 0 4 0 • 0 0 0 RP B 0 3 o.oo o.oo 0 0 0 0 0 0 6119 0 180 RP c 0 3 0.00 0.00 0 0 0 0 0 0 6120 0 170 RP D 0 3 0.00 o.oo 0 0 2 0 3 0 0 230 190 RP IA 0 3 o.oo 0.00 0 0 0 0 0 0 617S 0 210 H RP 3A 0 3 2.79 0.00 14 0 5 0 7 0 4176 40 0 I RP 7A 61 :53 l o.oo o.oo 0 0 0 0 0 I 4838 0 ••o ,_. 
RP 13A 3249 3 o.oo o.oo 0 0 0 2 0 I 27:i7 0 20 RP l7A t.697 l o.oo 0.00 0 0 0 l 0 0 4BJ.B 0 150 RP 19A 0 l 0.00 o.oo 0 0 0 0 0 0 4BJ.8 0 140 RP -- 61 l' l o.oo o.oo 0 0 0 I 0 0 0 0 160 II.I Wayne'• Swim ws 1 5128 3 11.38 3.lS 0 0 2 11 11 1 0 0 0 ws 2 5857 3 1:5.JB a.11 0 0 s 11 • 1 0 0 0 ws l SSJ.I l 12.31 4.4• 0 0 3 11 ' 1 5222 10 0 WS 4 4700 3 19.•B :5.84 0 0 2 5 10 4 0 0 0 WS 5 0 3 •• 42 o.oo 11 0 13 • 0 0 3100 0 40 ws I> 4336 3 o.oo o.oo 0 0 1 3 ll 5 :Sl27 0 60 ws • 4624 3 o.oo :53. 12 0 2 0 11 14 1 0 0 O' ws • 4542 3 9.17 o.oo 0 0 2 0 JO 0 0 0 0 ws 11 5330 3 2.00 o.oo 0 0 4 • • 1 3224 0 50 ws 12 6478 3 0.40 0.00 4 0 1 0 7 l 4l•J. 10 310 ws A 4435 3 o.oo o.oo 0 0 0 l 0 2 4242 0 210 ws • 4158 l o.oo o.~8 0 4 0 • 0 1 3293 0 120 ws c 4:S8b l 0.00 0.08 0 0 0 11 0 1 0 0 0 ws D 0 3 o.oo 0.17 0 0 0 11 0 I 0 0 0 WS F 4J6b 3. o.oo 0.17 0 0 0 11 0 I 0 0 0 WS G 4653 3 o.oo 2.57 0 0 2 11 • 1 0 20 0 ws H 4225 l o.oo o.oo 0 0 0 10 0 2 0 0 0 ws I 5203 l 0.00 0.29 0 l 0 4 14 3 2853 0 0 ws J 4302 3 0.00 0.67 0 1 0 • 0 2 0 0 20 ws K 4024 3 o.oo o.oo 0 0 0 7 0 5 0 0 0 WS L 4146. 3 o.oo 0.18 0 0 0 • 0 2 0 0 0 ws E 0 3 o.oo 1.67 0 0 0 11 0 1 0 0 0 



APPENDIX I. (Continued) 

JlllIVElt MILE STUDY AREA l 2 J • s ' 7 • 9 10 11 12 ll " 15 

il.3 Tin Shack TS I 0 3 0.00 O.:i9 0 0 7 11 I 2 4B89 130 0 
TS 2 0 3 12.60 28.61 0 0 12 12 I 2 0 0 0 

TS 3 0 3 0.01 o.oo I 0 7 0 0 0 7204 210 0 

TS " 0 3 2.30 1.04 I 26 12 12 0 0 0 0 0 
TS 6 0 3 2.70 0.04 0 0 11 II 0 0 0 0 0 

TS 7 0 3 1.2'!5 0,29 0 0 II II 0 0 44<J7 20 0 

TS s 0 3 O.B:S o.oo • 0 4 0 0 0 720!S 240 :s.:.u 
TS 9 0 3 0.24 0.12 0 3 • I 0 2 4888 150 310 

TS 10 0 3 0.00 0.00 0 0 rn I 0 2 4987 110 290 
TS 12 0 3 1.oe o.oo 2 0 7 0 0 0 6175 170 300 
TS 13 0 3 o.oo 0.00 0 0 0 0 0 0 8736 420 340 TS 14 0 3 o.oo o • .oo 0 0 7 0 0 0 6137 180 290 TS A 0 3 o.oo o.oo 0 0 0 12 0 2 0 0 0 TS • 0 3 o.oo 0.23 0 0 0 10 0 0 0 0 0 TS c 0 3 o.oo o.oo 0 0 13 12 0 0 0 0 0 TS 13A 0 3 o.oo o.oo 0 0 0 0 0 0 6137 0 330 TS 6B ..... 3 6,41 0.00 0 0 14 13 7 2 0 0 30 TS •c 0 3 •.7S o.oo 0 0 I 0 0 0 0 30 0 70.0 Bad Spot OS I 0 3 38.07 109. 07 3 0 II II 3 2 0 0 0 
BS 2 0 3 29.69 12. 14 2 0 10 10 3 2 0 0 0 
OS 3 6:!83 3 25.lB S,96 0 •7 , 10 3 2 0 0 0 •• 4 0 3 2.66 0.62 2 0 • a 4 2 :SO~i!I 0 30 
BS " 0 3 16.17 2.:59 0 0 II 10 2 2 0 0 0 
OS • 0 3 0.97 1.'!59 I I 12 7 I 2 3108 0 30 BS 7 0 3 0.55 10.1• 0 0 13 10 0 I 0 0 0 BS • 0 3 0.31 o.oo 0 0 13 I 0 I 3729 0 200 

H •• 9 0 3 2.62 JS.00 0 0 10 9 0 0 0 0 0 
I OS 10 4217 3 0.10 o.oo 0 0 " B • 3 2931 0 20 

"' as II 6175 3 o.oo o.oo 0 0 I I • 2 4~07 220 260 OS 12 0 3 4.69 0.83 2 0 • 10 " 2 0 0 0 •• 13 0 3 7.38 2.76 14 40 4 0 0 2 7207 250 270 as 14 0 3 3.97 0.03 •• I 12 I 0 2 5289 60 260 •• 15 0 3 40.14 4.03 0 2 12 • l I 0 0 0 .. 16 0 3 o.oo 0.00 0 0 • I 0 0 4498 130 260 as l7 7368 3 2.40 o.oo 4 0 " I • 2 4087 40 220 .. IA 0 3 o.oo Bl.71 0 3 0 • 0 0 0 0 0 .. 10 0 3 o.oo 67.17 0 0 0 • 0 0 0 0 0 ... IC 0 3 o.oo o.oo 0 0 0 6 0 0 2843 0 10 70.l Et1.qle B.ar EB l 0 3 0.7S 0, IJ 2 0 • 0 2 0 6119 240 "~o EB 2 0 3 0.04 o.oo 0 0 7 I 3 0 4363 70 420 EB 3 0 3 0,37 0.00 • 0 • 2 0 0 4507 210 420 El 4 0 3 0.50 o.oo 0 0 II • 2 2 2788 0 •o EB • 0 J 0.04 o. 12 I I 0 I 0 I 7205 400 3BO Ea • 0 3 12.04 o.oo l 0 12 2 0 0 ,. 1 ti.a 60 340 EB 7 0 3 3.04 o.oo • 0 • 1 0 0 4546 200 430 
E• • 0 J 9.24 11.54 0 1'0 II 3 0 0 4169 70 34f.i 
El 9 4094 3 o.oo 0.00 0 0 0 • 0 2 3685 0 JO EB 10 4225 J 24.35 0.00 0 0 3 10 7 2 0 0 0 
E• II 0 3 10.43 0.00 0 0 J 0 • 1 4327 0 •20 EB 12 3~65 3 o.oo 0.00 0 0 0 3 0 • JJO' 0 ao EB 13 6270 J 0.00 0.00 0 0 0 1 0 0 4242 0 -4~10 
EB 14 0 3 0.00 o.oo 0 0 0 ·1 0 I 4302 0 330 E• OA 0 3 1.oa o.oo 25 0 5 I 0 0 5298 240 4:;:;0 EB BA 0 3 o.oo o.oo 0 0 0 0 0 0 l'S~9 0 300 .. IJA 422S 3 0.00 7.70 0 12 0 • 0 4 0 0 0 EB OB 0 3 o.oo 0.00. 0 0 0 0 0 0 ,341 0 430 



APPENDIX I. (Continued) 

l 2 3 4 s ' 7 • 9 10 ll 12 13 14 IS .-1vE..: MILE STUDY AREA 
70. 5 Forbidden Bar FD 1 0 3 4.4~ l. :52 0 0 12 12 0 2 0 0 0 FD 2 0 3 lB.17 12.00 0 142 11 11 0 2 2653 0 10 FD J 0 J 0.21 0.00 0 0 4 0 0 2 7205 300 270 FO • 0 J o.oo o.oo 0 0 • 0 0 0 6376 1•0 270 FD • 0 3 34.64 16.:54 0 0 11 12 0 0 0 0 0 FD 6 6448 J 0.30 0,04 1 0 3 2 3 2 4331 10 170 FD 7 6481 J 2.67 0.00 4 0 J 0 2 0 0 30 0 FO e 0 J 1.00 0.00 4 0 0 0 • I 9289 0 10 FD 9 0 J 0.29 0.00 0 0 I 0 2 0 9000 0 20 72.2 Stump HAven SH I 0 3 48.09 o.oo 4 0 2 0 4 0 0 00 0 SH 2 0 J liil.30 2.83 0 0 9 10 1 l 0 0 0 SH J 6:S53 3 0.26 0.04 0 0 6 11 • 1 0 0 0 SH • 0 J J l.57 0.91 0 0 7 10 3 l 0 0 0 SH • 0 3 4.~ 1.68 0 I 7 10 • 1 0 0 0 SH • 622:5 J 3,26 0.09 0 0 7 11 2 1 0 0 0 SH 7 0 J 0,64 0.05 0 0 10 J 0 0 -409'5 0 100 SH e 0 3 1'5.22 3. 91 0 0 10 10 0 1 0 0 0 SH 9 0 J o.oo O.:i7 0 0 • • • 1 4172 10 130 SH 10 0 J 11.30 1.39 0 0 • 10 • 2 0 0 0 SH 11 0 3 0.33 0.00 0 0 • 0 • 1 0 0 0 SH 12 0 J 3,33 o.oo 0 0 • J 7 1 0 0 0 SH 13 4909 3 2.74 0,39 0 7 • 7 7 3 31 '51 0 20 SH 14 0 3 o.s5 0.09 0 I • 1 7 I 4838 0 160 SH 10 611'i' J 14:5.70 6.91 00 I • 10 • I 0 0 0 SH .. 0 3 0.43 o.oo 0 0 3 0 • l •137 0 200 SH 17 0 3 1. 14 0,41 0 • 3 • 7 2 0 0 0 SH IB 0 3 0.00 0.00 0 0 I 0 2 0 0 0 0 H SH 19 6196 3 o.oo o.oo 0 0 2 0 I 0 0 0 0 I SH 20 6181 3 0.00 0.00 0 0 3 I 0 0 -4435 0 1•0 w SH A 4Sl6 3 o.oo o.oa 0 0 0 3 0 " 3368 0 so SH B 0 3 o.oo 0.42 0 0 0 • 0 2 2804 0 10 SH c 0 3 0.00 0.20 0 2 0 0 0 1 6212 0 170 SH D •3B• 3 o.oo 17.92 0 1 0 B 0 2 3368 0 20 SH F 0 3 o.oo o.oo 0 0 0 0 0 1 3368 0 l.0 SH G 0 J o.oo 0.17 0 21 0 B 0 2 4833 0 20 SH H 0 3 o.oo o.oo 0 0 0 1 0 1 2832 0 1~0 SH I 0 3 o.oo 0.18 0 0 0 5 0 • 3J68 0 10 SH J 0 3 o.oo 13.30 0 69 0 5 0 2 3724 0 20 SH K J:i7S J o.oo 0.00 0 0 0 • 0 2 0 0 0 SH E 0 3 o.oo 0.92 0 I 0 • 0 2 0 0 BO 72.6 Hodel Pothole HP 10 0 J o.oo o.oo 0 0 0 0 0 0 0 0 0 .... A 0 J 0.00 21. 25 0 0 0 J 0 1 0 0 0 ttP • 0 J o.oo •• 2:i 0 0 0 J 0 I 0 0 0 t1P c 0 J o.oo 100.00 0 0 0 0 0 0 0 0 0 72.7 Hooper 1 s Slough HS 2 5SJl J 25.79 o.oo 0 0 7 1 J 2 4242 0 340 HS 3 5551 J 0.79 1.10 J 0 • II • 2 4497 •O 0 HS 4 :SS96 3 7.96 11. 11 2 200 7 7 3 2 3219 0 l:iO HS • 3370 J 7. 2:i J.93 0 0 9 4 2 10 0 0 0 HS 6 0 J l.48 1.10 0 0 ll 12 0 I 0 0 0 HS 7 0 3 10.21 o.oo 0 0 • 0 0 0 4498 130 0 HS B 0 J 0.00 o.oo 0 0 • 0 0 0 6341 200 380 HS • 0 J 4.19 0.63 0 0 7 I 3 1 0 0 0 HS 10 5531 3 O.lB 0.46 2 0 • 2 • 2 4264 0 300 HS II 0 3 o.oo 2.85 0 • 0 B 0 • 0 0 0 HS IA 0 J 10.36 l. 96 0 0 7 • • 9 3197 0 10 HS lB 0 3 o.oo 10.t.7 0 0 0 10 0 5 0 0 0 HS IC 4006 J o.oo 3. :S'3 0 1 0 JO 0 • 0 0 0 



APPENDIX I. (Continued) 

RIVER MILE STUD'i AltEA 1 2 ) • 5 • 7 I • 10 11 12 13 " 15 

Rick's Suprise RS A 0 3 0.00 2.70 0 0 0 10 0 0 0 0 0 71.0 
RS I 0 3 0.00 6.50 0 0 0 10 0 0 0 0 0 RS c 0 3 0.00 1.00 0 0 0 2 0 0 4403 0 300 
RS D 0 3 0.00 0.20 0 0 0 • 0 0 J224 0 160 

Inaccessible lsland II I 0 3 0.47 o.oo 0 0 3 1 2 1 4~6 0 300 73. 1 
II 2 0 3 2.37 0.47 0 0 0 • 0 0 2843 0 40 
II 3 0 3 IB.47 6.06 0 3 4 3 1 I 4:iB6 0 220 
II 4 0 3 1.24 0.06 0 1 • 0 0 I 4366 10 340 
II 0 0 3 O.:il O.oO 1 0 0 0 0 I 4:i06 0 310 
II • 0 3 :5.41 o.oo 0 0 • I 1 I 4336 0 2:i(l 
II 7 0 3 :5. 29 l.06 0 0 3 10 1 I 0 0 0 
II B 0 3 4.00 0,06 0 0 3 I 2 I 4336 0 240 
11 • 0 3 6.56 0.19 0 0 3 I 2 1 4:S:S6 0 200 
II 10 0 3 0.12 0.:59 0 0 0 2 0 I 4566 0 280 
II ll 0 3 O. lljl O. IJ I 2 I 0 I I 4:566 ;o 33.0 
II 12 0 3 6.00 J.33 • 0 3 2 0 I 367:5 0 210 
II A ::S'954 3 0.00 3. 70 0 0 0 • 0 2 0 0 0 
II I 4331 3 o.oo 3.25 0 0 0 B 0 0 0 0 0 

73.J earn.age !t1r CB A 0 2 0.00 2.e:; 0 •• 0 2 0 I 2'964 0 280 Cl I 3098 2 o.oo 1.23 0 3 0 • 0 0 2282 0 30 74. 2 Dry l!lar RB A 0 2 o.oo o.oo 0 0 0 0 0 2 4060 0 ::;11 RB I 0 2 0.00 o.oo 0 0 0 I 0 2 2149 0 ,,, •• c 0 2 0.00 o.oo 0 0 0 0 I 2 214Ci' 0 10 76.0 North O'lr1ens NF A 0 2 0.00 o.oo 0 0 0 1 0 0 2149 0 10 F•rry NF B 0 2 o.oo o.oo 0 0 0 1 0 0 214'9 0 10 NF c 0 2 o.oo o.oo 0 0 0 0 0 0 2:570 0 10 
76.1 seclusion Island SI • 0 2 o.oo 5.Bb 0 0 0 3 0 I 2282 0 20 SI • 0 2 o.oo 3,43 0 0 0 0 0 0 0 0 0 77.5 l!liq Eddy BE • 0 2 o.oo 2.85 0 21 0 0 0 • 0 0 •~o 8£ B 0 2 0.00 4,54 0 7 0 4 0 , 0 0 JIO OE c 0 2 o.oo 40.33 0 22 0 • 0 3 0 0 " 

... BE D 0 2 o.oo 23.00 0 1• 0 8 0 4 0 0 0 I OE F 0 2 o.oo o.oe 0 I 0 0 0 2 3562 0 4(1(1 .... BE G 3241 2 o.oo 3.54 0 30 0 • 0 3 0 0 0 OE H 3241 2 o.oo 14.70 0 I 0 7 0 3 0 0 0 BE E 0 2 o.oo 0.40 0 2 0 4 0 4 2030 0 240 8£ C2 0 2 0.00 1:5.27 0 7 0 7 9 • 0 0 0 71.2 Harblemount Slou9h 
"" A 0 2 o.oo 19.91 0 0 0 • 0 3 0 0 0 "" • 0 2 o.oo o.oo 0 0 0 7 0 3 0 0 0 71.5 Fungus Bar FO I 0 2 2.44 o. lli' 0 0 • 11 7 I 2282 0 90 Fl 2 0 2 0.'!59 o.oo 0 0 10 I I I 3324 70 450 FO 3 0 2 0.00 o.oo 0 0 8 7 5 I 2530 0 2::>0 FO • 0 2 18.33 2.49 0 0 7 13 • I 0 0 0 FO • 0 2 O.Bl o.oo 0 0 10 0 2 I 3896 10 4:;Q •• • 0 2 2.i;i::; o.oo 0 0 10 0 I [ 3886 BO 460 FB 7 0 2 I. :i6 o.oo 0 0 7 • • I 3324 40 410 •• • 0 2 6.13 o.oo 0 0 7 8 2 I 2282 0 1:::;.n Fl • 0 2 S.'!54 o. 79 0 • • • 0 I 253(1 0 2:::;0 FO 10 0 2 33.09 o.oo 0 0 5 0 4 0 0 0 0 F• A 0 2 0.00 o.oo 0 0 0 13 0 I 0 0 0 FB • 0 2 o.oo o.oo 0 0 0 • 0 I 2530 0 210 Fl c 0 2 0.00 1.92 0 0 0 12 0 I 0 0 0 FB D 0 2 0.00 o.oo 0 0 0 • 0 2 2530 0 25-0 •• F 2244 2 o.oo 12.17 0 0 0 • 0 3 0 0 0 FB E 3094 2 0.00 0.29 0 [ 0 B 0 • 0 0 0 82.0 Sam's l!lar SP • 2590 2 0.00 o.oo 0 0 I 2 0 0 0 0 u 1!12. 5 M.aple B.ilr "" A 0 2 0.00 2.67 0 0 0 2 0 I 0 0 0 MB • 0 2 0.00 o.oo 0 0 0 2 0 I 0 0 " "" c 0 2 o.oo o. (1(1 0 0 0 2 0 I 0 0 " "" D 0 2 0.00 o.oo 0 0 0 I 0 (• 257() 0 10 



APPENDIX I. (Continued) 

RIVEll HILE STUDY AREA l 2 3 • s ' 7 I ' 10 ll 12 13 14 IS 

82.6 Ba.con Creek BC l 0 2 16.Cf:i 0.00 13 0 • I I I 3562 0 3~0 BC 2 0 2 1.23 o.:;:; 21 l • ll I l 0 0 20 BC 3 0 2 0.10 o.oo 0 0 • I I I 3586 0 290 
BC • 0 2 6B.5'l 3.32 0 0 • 12 I 0 0 0 • BC • 0 2 o.oo o.oo 0 0 0 l 0 l 3562 0 360 BC I 0 2 o.oo o.oo 0 0 0 3 0 I 3562 0 :l.10 BC c 0 2 o.oo 0.31 0 0 0 II 0 I 0 0 0 BC D 0 2 o.oo 0.08 0 0 0 7 0 2 2530 0 15(1 oc E 0 2 o.oo 0.08 0 I 0 I 0 3 3:ib2 0 240 

12.7 Face lar JS A 0 2 2.:;o 4. :;o 0 l l • 0 l 0 0 0 
JS B 0 2 o.oo 1.00 0 0 0 I 0 l 3278 10 30 
JS c 0 2 o.oo 0.00 0 0 l l 0 l 3278 a 20 

12.9 Oink Bar OB A 0 2 o.oo 16.33 0 0 0 • 0 • 2530 0 2!;rJ •• • 0 2 o.oo 15.58 0 0 0 6 0 • 0 0 80 OB c 2737 2 o.oo :i.b7 0 57 0 • 0 7 2282 0 120 09 D 0 2 o.oo o.2s 0 I 0 6 0 3 2~30 0 200 OB F 2903 2 o.oo 1.44 0 0 0 I 0 e 0 0 0 08 E 0 2 o.oo o.oo 0 0 0 6 0 s a 0 60 
IJ.O Driftwood Bar DB A 1986 I 0.00 o.oo 0 0 0 3 0 7 0 0 0 

DI • 0 I o.oo 0.00 0 0 0 3 0 7 0 0 0 
H D8 c 1725 1 o.oo o.oo 0 0 0 • 0 6 0 0 0 
l IJ.l M.inibar 18 A 0 l o.oo 2.00 0 0 0 4 0 0 0 0 0 

U1 IB • 0 l o.oo o.oo 0 0 0 2 0 0 0 0 0 
18 c 0 l o.oo o.oo 0 0 0 l 0 I 4713 0 10 

IJ.5 Flower Pothole '" • 0 l o.oo 0.2:5 0 0 0 • 0 0 0 0 0 
14.0 Copper creek cc A 0 I o.oo 1.50 0 0 0 4 0 0 0 0 0 cc. • 0 I o.oo o.oo 0 0 0 I 0 0 0 0 0 



Appendix I. Format Description 

COLUMN 

1 

2 

3 

4 

5 

6 

7 

8 

9** 

10** 

11** 

12** 

13 

14 

15 

VABIABLE 

SITE 

PH I 

C FLO 

GAGE 

TRAP S 

TRAP F 

STRAND S 

STRAND F 

DRY FLO 

DESCRIPTION 

Code of pothole area Csee attached sheet> 

Pothole number at each area 

Connectivity flow (avg. of max. lDFl and 
min. CF)* 

Assigned gage location 
1 = Newhalem 
2 = Marblemount 
3 = Rockport 

Avg. I trapped/daily observation for 
spring 

Avg. I trapped/daily observation for fall 

Total I stranded - spring 

Total I stranded - fall 

Sum of disconnect observations - spring 

Sum of disconnect observations - fall 

Sum of connect observations - spring 

Sum of connect observations - fall 

Maximum assigned flow when pothole dry 

Sum of dry observations - spring 

Sum of dry observations - fall 

* DF is the flow at which the pothole was observed disconnected 
from the river. 

CF is the flow at which the pothole was observed connected to 
the river. 

If the minimum (CFJ was missing, then the maximum CDFJ was used; 
if the maximum (DF) was missing, then the CFLO = O. 

**These variables represent sums of the last observation of the 
day and not the sum of all observations, i.e., the number of 
days during the spring and fall surveys when the pothole was 
observed connected or disconnected. 

I-6 



STUDY AREA 

Rockport Bar 
Wayne's Swim 
Tin Shack 

·Bad Spot 
Eagle Bar 
Forbidden Bar 
J. R. Bar 
Beaver Island 
Stump Haven 
Model Pothole 
Hooper's Slough 
Rick's Surprise 
Inaccessible Island 
Carnage Bar 
Power Bar 
Dry Bar 
North O'Brians Ferry 
Seclusion Island 
Big Eddy 
Teflon Bar 
Marblemount Slough 
R-ainier Pothole 
Fungus Bar 
Sam's Bar 
Maple Bar 
Bacon Creek 
Face Bar 
Oink Bar 
Driftwood Bar 
Mini bar 
Flower Pothole 
Copper Creek 

Skagit River Pothole Study Areas 

mm; 

RP 
WS 
TS 
BS 
EB 
FO 
JR 
BI 
SH 
MP 
HS 
RS 
II 
CB 
PB 
RB 
NF 
SI 
BE 
TB 
MS 
RA 
FB 
SP 
MB 
BC 
JB 
OB 
DB 
IB 
FP 
cc 

RIVER 
MILE 

67.5 
68.l 
68.3 
70.0 
70.1 
70.5 
71.1 
71.4 
72.2 
72.6 
72.7 
73 .o 
73.1 
73.3 
74 .o 
74.2 
76.0 
76.3 
77.5 
77.7 
78.2 
78.3 
78.5 
82 .o 
82 .5 
82 .6 
82.7 
82.9 
83.0 
83 .3 
83.5 
84 .o 
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POTHOLE 
MAP 

REF, NO. 

1 
2 

4,3 
5 
6 
7 
8 
9 

10 
11 
12 
13 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
27 
28 
29 
30 
31 

RIVER 
GAGE 

ASSIGNMENT 

Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Rockport 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Marb1emount 
Maeblemount 
Marblemount 
Marblemount 
Marblemount 
Marblemount 
Newhalem 
Newhalem 
Newhalem 
Newhalem 
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