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1.0 SUMMARY 

The purpose of the present study was to investigate the relationships 

between flow and temperatures of the mainstem Susitna River and quanti ties 

and temperatures of upwelling groundwater in side sloughs tributary to the 

Susitna River in the reach between Devil Canyon and Talkeetna. Four sloughs 

representing important salmon habitat areas were examined in some detail. 

These sloughs are designated as SA, 9, 11 and 21. 

Information on groundwater flow to the sloughs was requested by the Federal 

Energy Regulatory Commission (FERC) in their April 12, 1983 Request for 

Supplemental Information~Schedule B, Exhibit E, No. 2.34. The Alaska Power 

Authority's response was filed with the FERC on July 11, 1983. This report 

presents the results of studies which were ongoing at the time of that 

response. 

A considerable amount of data has been collected over the last two years in 

these sloughs by the Alaska Department of Fish and Game and R & M 

Consultants. The present study was based on a review of these data, visits 

to the site and conversations with project personnel and others, including 

representatives of the U.S. Geological Survey, the Alaska Department of 

Geological and Geophysical Surveys, and the U.S. Fish and Wildlife Service. 

The following conclusions have been reached: 

1. It is not possible using the existing data to make a complete 

evaluation of the possible sources of groundwater upwelling to the 

sloughs. Such an evaluation could require extensive drilling and 

aquifer testing. These activities would be very expensive and it 

is possible that the results might not provide the data required. 

Thus it is not presently considered economically justifiable to 

perform such activities. 

420613 
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It is possible, applying our best professional judgment to the 

available data, to isolate the apparent groundwater upwelling 

component of slough discharge at Sloughs 8A, 9 and 11. Using 

elementary statistics, correlations between mainstem flow and the 

upwelling flows can be estimated. Such relationships are shown on 

Figures 1, 2, and 3 for Sloughs 8A, 9 and 11, respectively. 

Variations in the inferred upwelling component are between 0.0001 

and 0.00035 of corresponding variations in mainstem discharge 

measured at Gold Creek. These statistical inferences are felt to 

be strongest at Slough 11, less strong at Slough 9 and relatively 

weak at Slough 8A. Nonetheless, we believe these relationships 

are suitable for making preliminary analyses regarding project

related changes in the groundwater upwelling component of slough 

discharge. Further studies to refine these relationships are 

included in our FY85 Scope of Work. 

The relationship at Slough 11 may be indicative of the behavior of 

the groundwater upwelling component of slough flow at other 

sloughs in the study area. Slough 11 is the least complicated of 

the study sloughs, with little flow resulting from either local 

runoff or upstream berm overtopping. Consequently, the upwelling 

component of slough discharge at Slough 11 is relatively easy to 

isolate and to relate to mainstem conditions. The general 

relationship between slough discharge and mainstem discharge is 

illustrated by the regression line shown on Figure 3. With

project river discharge will often be lower than the mainstem 

discharge values used to develop this relationship and caution 

must be used in extrapolating the relationship for very low flows. 

Based on this linear regression relationship, Figure 4 shows the 

expected groundwater upwelling on a monthly average basis at 

Slough 11 for Watana operation and Watana/Devil Canyon operation 

for the period May 1982 to April 1983 with a comparison to 

naturally-occurring upwelling estimated in a similar manner. For 

the winter months of January through April, a mainstem discharge 

1-2 
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corresponding to the ice-influenced mainstem stage, rather than 

the actual mainstem discharge, was used in applying the regression 

equation to develop Figure 4. Additional studies will be conduc-

ted during FY85 to confirm and clarify relationships between 

upwelling rates and mainstem stage, rather than discharge • 

Based on these apparent relationships, groundwater upwelling would 

continue throughout the year with project operation. It must be 

remembered, however, that for most of the sloughs in the river 

reach of interest, groundwater upwelling is only one factor 

affecting the fisheries habitat of the slough, particularly during 

the open-water season. Tributary runoff and overtopping of 

upstream berms can be important influences on the slough 

habitats. 

3. The temperature of the groundwater discharge to the sloughs 

appears to remain relatively constant at a value approximately 

equal to the mean annual (time-weighted) river temperature. 

Changes in mean annual river temperature resulting from project 

operation will probably be reflected in the temperature of the 

groundwater upwelling component. Based on currently available 

temperature simulations, the mean annual temperature of the 

Susitna River at Slough 9 would be approximately 3. 9° C, for 

natural conditions, in the period May 1982 - April 1983. With 

Watana in operation, the mean annual temperature would be 4.3° C 

for the same period. With Devil Canyon in operation, the mean 

annual temperature would be 4.1° C. This suggests that the 

temperature of groundwater upwelling would increase slightly with 

project implementation. However, these differences in estimated 

mean annual temperatures are small enough that they may not 

represent significant changes. 

Project implementation is expected to result in the following general 

changes in groundwater upwelling: 

420613 
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1. During the period of May to September, with-project discharges 

will be less than natural, resulting in a reduction in groundwater 

upwelling in the sloughs. 

2. During the period October to April, with-project discharges exceed 

3. 

natural discharges. An ice cover will form on the river during 

this period. At a given slough, the mainstem water surface 

elevation will depend on ice processes and it will be possib~e to 

estimate how groundwater upwelling during project operation would 

compare to natural conditions when results of ice modeling are 

available. 

It may be possible to more accurately estimate the changes in 

temperature of groundwater upwelling when results of instream ice 

and instream temperature modeling are available. 

4. Project implementation is expected to reduce fluctuations in 

420613 
840803 

mainstem Susitna River discharge and temperature. This is 

expected to result in more stable groundwater upwelling flows and 

temperatures. 
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2.0 INTRODUCTION 

This report provides results of a study begun by the Harza-Ebasco Joint 

Venture in September 1983 to evaluate hydrologic conditions affecting 

side sloughs of the Susitna River between Devil Canyon and Talkeetna, 

downstream of the proposed Susitna Hydroelectric Project. Because of the 

importance of these sloughs as salmon spawning and rearing areas, and the 

possibility that groundwater discharge to the sloughs is derived from the 

mainstem, the current study involves evaluation of existing data to 

determine whether hydraulic and thermal relationships might exist between 

mainstem flows and slough flows. The basic objective of this study is to 

predict possible variations in the amount and temperature of groundwater 

discharge to the sloughs as a result of variations in mainstem flows and 

temperatures induced by project operations. 

The current study is based largely on data collected during 1982 and 1983 

by R&M Consultants as a subcontractor to the Joint Venture, and by the 

ADF&G Su Hydro Aquatic Studies Group. Data were collected primarily from 

the vicinity of four sloughs, SA, 9, 11, and 21, whose locations are 

shown on Exhibit 1. Those data have been used in a variety of 

statistical and other mathematical analyses in an attempt to identify 

significant interrelationships between mainstem and slough discharge and 

temperature. 

2-1 
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3.0 METHODOLOGY 

3.1 DATA COMPILATION AND·REVIEW 

A variety of surface water, groundwater, and water quality data have been 

compiled from sources such as ADF&G, U.S. Geological Survey, and 

published and unpublished reports prepared for this and other projects. 

The types of data which were available include the following: 

o Aquifer test data, specific capacity data, and well logs from 

shallow wells in the Talkeetna area. 

0 

0 

0 

0 

0 

Groundwater level data - occasional water level measurements 

during 1982 from sixteen wells and shallow standpipes near 

slough 8 and sixteen wells and shallow standpipes near slough 9; 

continuous datapod water level records during 1983 from three 

wells near slough 9. 

Aerial photographs. 

Mainstem discharge data - daily records from the USGS gaging 

station at Gold Creek for 1982 and 1983. 

Mainstem water surface elevation data - obtained from periodic 

staff gage readings during 1982 and 1983 at 33 stations in the 

vicinity of Sloughs 8A, 9, 11, and 21; water surface profiles 

predicted by hydraulic modeling. 

Slough discharge data - daily records during the summer of 1982 

from gaging stations in sloughs 9 and 11, and daily records 

during the summer of 1983 from gaging stations in sloughs 8A, 9, 

and 11. 

3-1 
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o Seepage meter data - measurements of seepage rates into sloughs 

made at various mainstem water surface elevations during 19S3 at 

nine seepage meters in sloughs SA, 9, 11, and 21. 

o Summer 19S2 and 19S3 weather data from the Sherman weather 

station. 

o Groundwater temperature data - occasional temperature 

measurements during 19S2 from fifteen wells near slough SA and 

from fourteen wells near slough 9; continuous datapod records 

during late 19S2 through 19S3 from three wells near slough 9. 

o Occasional 19S2 temperature measurements at various mainstem 

(two locations, near each of sloughs SA and 9) and slough 

(sloughs 6A, SA, 9, 9A, 9B, 10, 11, 20, 21, and 22) locations. 

0 Intermittent mainstem temperature data for the summer of 19S2 

through the summer of 19S3 (seventeen locations between 

Talkeetna and Devil Canyon); intermittent slough temperature 

data for the winter and autumn of 19S2 through the summer of 

19S3 (sloughs SA, 9, 11, 16, 19, and 21). 

o Miscellaneous water quality data from several mainstem and 

slough locations. 

Approximate locations of the sources of data discussed in this report are 

shown on Exhibits 2 through 9. Exhibit 2 shows locations of stage 

recorders and seepage meters in sloughs SA, 9, 11, and 21. Exhibit 3 

shows locations of surface water elevation measuring points in and near 

sloughs SA, 9, 11, and 21. Exhibits 4, 5, and 6 show locations of 

surface water temperature measuring points in, respectively, the summer 

of 19S2, winter of 19S2-S3, and summer of 19S3. Exhibits 7 and S show 

the locations of observation wells at sloughs SA and 9, respectively. 

3-2 
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Exhibit 9 shows the locations of water supply wells in the Talkeetna 

area. All of the data measuring points shown on Exhibits 2 through 9 are 

approximately located. In most cases, locations were determined from 

coordinates or verbal "descriptions, rather than maps, and thus could not 

be precisely plotted. Nonetheless, it is believed that the locations are 

sufficiently accurate to support the applications of the recorded data 

made in this study. 

3.2 SITE VISITS 

A site reconnaissance trip was conducted on September 21 and 22, 1983. 

The visits were made during a period of relatively low mainstem discharge 

(approximately 10,000 cfs), so the presence of groundwater inflow to the 

sloughs was more apparent than it would have been had the sloughs been 

conveying turbid water due to their upstream berms being overtopped by 

higher mainstem flows. 

During the afternoon of September 21, helicopter flyovers of several 

sloughs between Talkeetna and slough 11 were made, with stops at sloughs 

SA, 9, and 11 for more direct observations. In these sloughs, several 

observations were made of seepage and upwelling. In addition, 

instrumentation including staff gages, stage recorders, and seepage 

meters was observed on the ground, and monitoring wells at slough 9 were 

observed from the air. Lower reaches of slough 11 were toured on foot, 

and the servicing of instrumentation at well 9-lA was observed. Several 

sloughs upstream of slough 11, and Devil Canyon, were observed from the 

air in flying to Watana Camp at the end of the day. 

· On September 22, the lower reaches of slough 9 were toured on foot. 

Seepage meter measurements were observed at slough 11, and side channel 

10 was visited briefly during the return to Talkeetna by boat. 

3-3 
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3.3 AGENCY AND SUBCONTRACTOR CONTACTS 

Following the site visit described above, a number of knowledgable 

individuals and organizations were contacted in order to obtain published 

and unpublished information which might be available, and to elicit any 

comments or suggestions which might affect future studies. Organizations 

contacted included R&M Consultants, the Alaska Power Authority, Trihey & 

Associates, AEIDC, U.S. Geological Survey, Alaska Geological and 

Geophysical Surveys, and the U.S. Fish and Wildlife Service. 

3.4 DATA ANALYSES 

3.4.1 Aquifer Properties 

Results of aquifer tests and specific capacity data in the Talkeetna area 

have been obtained from USGS files. These data were used in standard 

hydrologic analyses for estimation of aquifer properties for the alluvial 

materials at that site. The resulting aquifer properties in the 

Talkee·tna area are thought to be similar to those of the valley-fill 

materials further upstream, in the vicinity of the side sloughs. In both 

areas, the valley-fill materials of interest consist of modern flood 

plain materials or adjacent fluvial and glatiofluvial terrace deposits. 

Although the valley is somewhat wider in the Talkeetna area than in the 

study area further upstream, all of the Talkeetna-area wells are located 

within about one-half mile of the river (Exhibit 9). 

Datapod hydrographs have been provided for mainstem stage and groundwater 

levels in w~lls at slough 9. The data are reproduced in Appendix A. 

Attempts have been made to interpret these data by applying published 

(9) l/ h . f . . "f . b d d - tee n1ques or est1mat1ng aqu1 er propertLes ase on groun water 

variations in response to stream stage variations. 

l/ Refers to the numbers in 11 References 11 at the end of the text 
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· 3.4.2 Aerial Photograph Interpretation 

Available aerial photographs have been interpreted to identify probable 

contacts between bedrock, glacial detritus, and alluvial materials. 

Locations of reported seeps and upwellings have been compared with the 

inferred surficial geology to seek any obvious relationships between 

geologic contacts and locations of groundwater discharge to sloughs. 

3.4.3 Field ~ Reduction 

The reduction of available field data has involved the tabulation, 

plotting, and computer storage of selected data. Data collected during 

1983 has been emphasized because of the variety of data available and the 

existence of relatively large amounts of continuous or 

partially-continuous data. Where possible, mean daily values of 

parameters such as water level, discharge, temperature, and precipitation 

have been plotted versus time, and the resulting graphs compared to 

ascertain possible correlations. Parameters suspected of being strongly 

correlated have been plotted against each other on linear and logarithmic 

paper to determine the probable functional form of any relationships 

between the variables. During the course of the statistical analyses 

discussed below, much of the 1983 data has also been input to computer 

files, basically in the form of time series, in order to facilitate the 

statistical analyses and other mathematical analyses. It must be 

recognized that much of the 1983 data is provisional and subject to 

change as the data are reviewed and further reduced. However, these data 

should still be adequate to illustrate major trends and 

interrelationships. 
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3.5 MATHEMATICAL MODELING 

3.5.1 Data Correlations 

A variety of statistical correlations of existing time-series data (water 

levels, discharge rates, temperatures, other water quality parameters) 

have been performed. These activities were conducted to attempt to 

ascertain significant correlations among the various parameters for which 

data are available. 

In general, these activities have included autoregression of time series 

data to ascertain preexisting trends; transformation of data so that 

nonlinear regression analyses can be performed, including lagging the 

data with respect to time; and multiple linear regression of transformed 

and nontransformed data. Transformations of the data were based in part 

on knowledge of the general hydrological setting of each slough. The 

objective of these analyses was to ascertain significant relationships 

among variables such as slough discharge and temperature, mainstem 

discharg.e and stage, air temperature, mainstem water temperature, 

precipitation, etc. 

3.5.2 Two-Dimensional Cross-Sections ~Profiles 

Simplified analytical models of flow and thermal transport in vertical 

sections normal to the river have been used in analyzing existing data 

for the slough hydrologic regime. Computer programs were prepared based 

on published analytical solutions to relevant flow problems (1, 7). 

Simulations of the groundwater surface between the mainstem and the 

sloughs, and variation of that surface with variations in mainstem water 

levels, within a two-dimensional vertical section extending from the 

river to the slough, were conducted by applying the convolution integral 

approach outlined by Hall and Moench (7). Although this approach 
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presumes symmetry with respect to the dimension normal to the vertical 

section, and is thus only an approximation, it is believed to provide a 

reasonable estimate of the relationship between variations in mainstem 

stage and groundwater levels. Similar analyses were carried out for 

groundwater temperature variations, by applying the convolution integral 

approach of Hall and Moench (7) to the coupled thermal and groundwater 

flow solution developed by Acres American (1). 
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4.0 RESULTS 

4.1 HYDROGEOLOGIC SETTING 

4.1.1 Regional Geology 

The regional geologic setting of the Susitna River between Devil Canyon 

and Talkeetna has previously been described in several works (6, 8, 10), 

and those descriptions will not be repeated in detail here. However, 

basic characteristics of regional geology relevant to the present study 

are briefly discussed below for the sake of completeness. 

As described by R&M Consultants (10), 

" all sloughs along the river are part of the modern floodplain of the 
Susitna River [which] consists predominately of cobbly sandy gravels with 
silty mantles in areas between and adjacent to the main channels. Above 
and immediately adjacent to the modern floodplain lie a series of fluvial 
and glaciofluvial terraces deposited ••• following the later Wisconsin 
glaciations of Southcentral Alaska. The terrace deposits generally 
consist of coarse sandy gravels overlain by a few feet of sandy silt and 
silt overbank deposits ••• The valley floors and side walls above the 
terraces are thought to consist of glacial tills composed of gravel, sand 
and silt ••• Older ••• glacial and glaciofluvial drift may underlie the 
terraces and modern floodplains. Bedrock underlies the unconsolidated 
materials at an undetermined depth." 

Available geologic mapping (13, 16) suggests that the unconsolidated 

fluvial and glaciofluvial deposits are confined to a very narrow interval 

along the river valley, with consolidated bedrock located on both sides 

of the river between Devil Canyon and Talkeetna. Interpretation of 

aerial photographs suggests that the width of the valley-fill sediments 

in the reach between sloughs 11 (near Gold Creek) and 8A is relatively 

consistent, averaging approximately 3,000 feet. 
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4.1.2 Interpretation 2£ Aerial Photographs 

The following discussion of the slough environment has been inferred from 

aerial photographs of the Susitna River and sloughs, at a scale of 

approximately 1 inch = 1000 feet, and various project reports. 

Sediments in the river and slough regions consist of materials deposited 

within the active channel of the Susitna river (channel sediments) and 

materials forming the valley walls (valley wall deposits). Valley wall 

deposits may include bedrock, terrace deposits formed during past higher 

river levels, and till deposits, which reportedly cap the entire region. 

Side sloughs are generally found on the left descending bank, with 

mainstem flow generally, but not consistently, along the right descending 

bank. Side slough areas are generally well vegetated, except within the 

channel of the slough itself. Slough areas are generally contiguous with 

the valley wall area, although separated from the valley wall by the 

Alaska Rail Road which parallels the left descending bank of the Susitna 

River between Gold Creek and Talkeetna. The photographs were inspected 

for evidence of uniformity in paleo-channel width, as might be inferred 

from terrace or valley wall position. Lack of such uniformity could help 

explain any differences in hydraulic behavior among various sloughs. 

There was some consistency noted in channel width in the segment examined 

between Gold Creek and slough 8. At Gold Creek, the apparent 

paleo-channel widens substantially, perhaps as a result of Gold Creek 

flow and sediment contributions. The river appears to have adjusted to a 

pattern lying between that of a braided stream and that of a meandering 

stream. Relatively steep valley walls, perhaps resulting from terraces, 

·are observed on the south and east shores (left descending bank) while 

the north and west shores (right descending bank) appear from the 

photographs to exhibit generally undulating topography, gently rising 

with distance from the river. However, field observations suggest that 

the right descending valley wall has about the same steepness as the left 
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descending wall, particularly in the vicini~y of slough 9. Many scars 

are evident in the channel fill materials forming the small islands and 

lowermost floodplains adjacent to the river. Vegetation is generally 

absent within these scars. These scars appeared to be dewatered at the 

time the photographs were taken, but may convey water at high mainstem 

flows or as a result of staging during periods of freeze up or ice break 

up. 

Upwellings (groundwater discharge within the sloughs) may occasionally, 

but not consistently, be apparent on the photographs, as inferred from 

differences in color tone. Interpretation of aerial photography provides 

no discernible relationship among the locations of the areas of 

upwellings, and the river morphology, distribution of river sediments, or 

the floodplain configuration. At several sloughs there is a distinct 

boundary at the mouth of the slough, separating dark (probably clear, 

silt free) water discharging from the slough, from the gray (probably 

turbid) water of the mainstem. In some cases, a zone of mixing of these 

waters can be observed extending downriver within the mainstem. 

4.1.3 Slough Runoff Estimates 

One potential source of at least part of the discharge from individual 

sloughs is direct precipitation on the drainage area of the slough. 

Based on preliminary studies, Trihey (12) concluded that local surface 

runoff may contribute a greater portion of the clear water flow to a side 

slough than does groundwater upwelling during the ice-free period of the 

year. However, there are also some side sloughs which depend 

predominantl~ on groundwater throughout the year (Trihey, 12). 

A more recent study of local runoff to selected sloughs has been 

performed by R&M Consultants. A memorandum report on that study is 

reproduced in Appendix B. General conclusions for sloughs SA, 9, and 11 

are summarized below. 
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Slough SA 

It appears that the basin of Slough SA will absorb significant amounts of 

precipitation following long dry periods, but could respond rapidly to 

larger events. Estimated baseflow to the slough for the period September 

2S-October 3, 1983, was 1.5 cfs, approximately 10% of the total slough 

discharge during the period. 

Slough 9 

A high percentage of the discharge from Slough 9 during the period 

September 28-0ctober 3, 19S3, can be attributed to local runoff. This 

indicates rapid response to precipitation within the drainage basin of 

the slough. The estimated baseflow to the slough during the period 

September 28-0ctober 3, 19S3, was 5.73 cfs, about 48~ of the total slough 

discharge during the period. 

Slough 11 

Slough 11 had very little response to precipitation during 19S3. 

Response of slough discharge appears closely related to mainstem flow 

instead of to precipitation. 

4.1.4 Groundwater tlnderflow Estimates 

Based on estimates of aquifer properties (as discussed in more detail 

below) and the average downstream groundwater level gradient within the 

Susitna River Valley, an estimate has been made of the volumetric rate of 

groundwater transport in the downstream direction within the Susitna 

River alluvium. For an assumed hydraulic conductivity of 500 gallons per 

day (gpd) per square foot, a saturated thickness of 100 feet, an aquifer 

width of 3000 feet (including the active channel and the alluvial 

floodplain), and an average downstream groundwater level gradient of 
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0.003, the average rate of downstream transport of groundwater would be 

about 0.1 cubic feet per second (cfs). Even if this estimate is low by 

an order of magnitude, it would appear that regional groundwater 

transport within the Susitna River alluvium would not be sufficient to 

provide all of the groundwater discharge apparently observed in the 

various sloughs. This tends to support hypotheses that large proportions 

of the slough discharge may be derived from shallow lateral flow from the 

river, or local runoff from tributary streams, rather than regional 

groundwater underflow within the Susitna River valley-fill materials 

( Trihey, 12) • 

A second possible source of groundwater upwelling within the sloughs 

would be regional groundwater transport toward the Susitna River valley 

through the glacial till and sedimentary bedrock forming the valley 

walls. Although no local hydrologic data are available for these 

formations, an estimate of potential groundwater flow through them has 

been based on formation properties for similar materials reported in the 

literature, and estimates of the local hydraulic gradient and saturated 

aquifer thickness. 

Davis and DeWiest (5) have summarized formation properties for a wide 

variety of aquifer materials. They report typical hydraulic conductivity 
-6 -6 values of about 2 x 10 em/sec for glacial till, and about 8 x 10 

for sedimentary bedrock. For purposes of the present analysis, a value 

of 5 x 10-6 em/sec was assumed for the hyd~aulic conductivity of the 

valley wall materials. Although no data are available regarding depth to 

water within the valley wall materials, the groundwater level surface 

within natural materials generally reflects the land surface. Thus, the 

land surface slope toward the Susitna River valley, which averages about 

0.3 in the vicinity of sloughs 8A and 9, has been taken as an 

approximation of the hydraulic gradient. Finally, the effective 

saturated thickness of groundwater flow through the valley wall materials 

toward the river has been assumed to be 500 feet. 
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All of the above approximations and assumptions have been selected so as 

to provide an estimate of the maximum groundwater flow through the valley 

wall materials. Based on these assumptions, the potential groundwater 

inflow into the river valley from the adjacent valley walls would be 

about 2.5 x 10-5 cfs per linear foot of valley length. This would 

provide about 0.2 cfs of discharge to either of sloughs 8A or 9, and a 

total inflow of only 4 cfs to the entire Susitna River valley in the 

reach between sloughs 21 and 8A. These estimates of the maximum 

potential inflow to sloughs 8A and 9 from the valley wall materials are 

about an order of magnitude less than the inferred groundwater upwelling 

component of slough discharge, as discussed below. These results again 

tend to support hypotheses that large proportions of slough discharge may 

be derived from shallow lateral flow from the river, or local runoff from· 

tributary streams. 

Another aspect of groundwater underflow was considered by referring to 

the maps of groundwater contours at sloughs 8A and 9 for various dates in 

1982 presented by R&M Consultants (10, Figures 3.4 through 3.21). 

Assuming homogeneous and isotropic aquifer materials, groundwater flow 

lines were drawn normal to the water level contour lines shown on those 

maps. The flow lines suggested flow from a side channel of the river 

toward a portion of the right descending bank in the upper reaches of 

slough 8A (see, e.g., Exhibit 10), and toward slough 9B and a portion of 

the left descending bank in the upper reaches of slough 9. Assuming the 

same saturated thickness and hydraulic conductivity as noted above, the 

groundwater discharge through each inferred flow tube (see Exhibit 10) 

was calculated. By summing the discharges within the several flow tubes, 

an estimate was obtained of the total groundwater discharge to that reach 

of the slough fed by the several flow tubes. This was converted to a 

unit flow by dividing by the total length of slough bank at the terminus 

of all of the flow tubes. 

Only limited discharge measurements were available for slough 8A in 

1982. The R&M Consultants stage recorder was influenced by backwater 

4-6 



l 
( 1 
l 

n 

( 
L 

u 
( \ 

~ 

effects from a beaver dam, and thus could not be used to reliably 

estimate slough discharge. ADF&G obtained three discharge measurements 

from slough 8A in 1982 (E.W. Trihey, personal communication, March 1984), 

but none was on a date for which groundwater level data were measured. 

Consequently, the calculated unit flows (i.e., discharge per length of 

slough bank) were compared with mainstem discharge at the Gold Creek gage 

for dates for which sufficient data were available to estimate the unit 

flows (Exhibits 11, 12). The upstream berm at Slough SA is not believed 

to have been overtopped on any of these dates, since the mainstem 

discharge was less than 30,000 cfs on each date. As can be seen from 

Exhibit 11, there is no obvious correlation between the discharge per 

unit bank length and the mainstem discharge. However, from Exhibit 12 it 

appears that there might be a time-series correlation with a possible lag · 

of a few days between the two discharges (i.e., in early September, the 

unit slough discharge increases as the mainstem discharge increases, -while in early October a decrease in mainstem discharge is followed 

several days later by a decrease in unit slough discharge). However, no 

definite conclusions can be drawn from this very limited set of data. In 

order to be more definite, we would require more frequent (e.g. daily) 

measurement of groundwater levels at enough points to prepare water-level 

elevation maps, so that variations in groundwater flow rates could be 

compared with mainstem stage or discharge. 

Using a similar approach, estimates of the total groundwater discharge to 

sloughs 9 and 9A were compared with measured discharge from slough 9 for 

two dates on which both slough discharge had been calculated and 

groundwater level maps had been prepared. For June 23, 1982, when the 

mainstem discharge at Gold Creek was 25,000 cfs and the slough 9 berm was 

overtopped, the estimated slough discharge was 1.44 cfs and the measured 

discharge was 180 cfs. For October 7, 1982, when the mainstem discharge 

at Gold Creek was 8,480 cfs, the estimated slough discharge was 1.43 cfs 

and the measured discharge was 1.0 cfs. No definite conclusions can be 

drawn from these limited observations, except that the approximate 

calculated groundwater discharge toward slough 9 appears to be of the 

same order of magnitude as the observed discharge from the slough during 

conditions of relatively low flow on the mainstem. In order to be more 
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definite, we would require more frequent (e.g. daily) measurement of both 

slough discharge and groundwater levels at enough points to prepare 

water-level elevation maps, so that variations in groundwater flow rates 

could be compared with slough discharge. 

4.2 AQUIFER PROPERTIES 

4.2.1 Talkeetna Pumping~ 

In March of 1981, a 100-foot deep well was constructed at the Talkeetna 

Fire Hall. A constant-rate pumping test of the well was performed on 

March 10-11, 1981, by Dowl Engineering. The well was pumped at a 

constant rate of 310 gallons per minute (gpm) for a period of twenty-nine · 

hours, and water levels were periodically measured in the well. Water 

levels in the pumping well stabilized within about an hour, and remained 

essentially constant for the duration of the test. 

The pumping test data were obtained during a search of U.S.G.S. files in 

Anchorage. The data were plotted on semi-logarithmic and 

full-logarithmic paper, and standard analyses were conducted (14, 15). 

The Jacob straight-line analysis of the semi-logarithmic data plot 

(Exhibit 13) yielded a transmissivity of approximately 13,900 gpd/ft 

during the early period of the test, before stabilization of water levels 

in the well. The full-logarithmic data plot could not be matched by 

either the Theis or Hantush type curves, so no aquifer properties could 

be inferred in this manner. 

Assuming a saturated thickness of approximately 22 feet based on well 

logs, the calculated transmissivity for this test would give a hydraulic 

conductivity of approximately 630 gpd/ft2 • 

The stabilization of water levels in the pumped well indicates some kind 

of recharge to the tested aquifer, as a result of delayed yield from 
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storage, leakage from overlying or underlying water-bearing units, or 

induced infiltration from the river. Well logs indicate that the unit 

tested is probably confined (artesian), so delayed yield from storage by 

gravity drainage is unlikely. The inability to match the field data with 

the Hantush leaky-artesian type curves suggests that leakage is also 

relatively unlikely. The well is located approximately one-quarter to 

one-third mile from the river (Exhibit 9). Thus, the most probable cause 

of the water-level stabilization is induced infiltration from the river, 

suggesting hydraulic connection between the aquifer and the river. 

However, the actual cause of this phenomenon can be neither confirmed nor 

quantified because of the lack of observation well data during the test. 

4.2.2 Talkeetna Specific Capacity~ 

Aquifer transmissivity can also be estimated from specific capacity data 

(the ratio of total water level drawdown to pumping rate) collected 

during well drilling and testing. Such data are available for six wells 

in the Talkeetna area (see Exhibit 9), and have been obtained from 

U.S.G.S. files. Uti~izing graphs presented by Walton (14, 15), the 

estimated transmissivity determined from these data ranges from 2,400 to 

11,000 gpd/ft assuming water table conditions, and from 4,400 to 22,000 

gpd/ft assuming artesian conditions. ·The results are summarized on Table 

1. 

Five of the six wells for which specific capacity data are available are 

less than 27 feet deep, and thus would be expected to exhibit water-table 

conditions in this environment. The sixth well is that at the Talkeetna 

Fire Hall, which is 100 feet deep and screened in mater~als which would 

be expected to exhibit artesian conditions during a relatively short 

specific capacity test. By dividing the estimated transmissivity by the 

original saturated thickness in each well, hydraulic conductivity values 

ranging from 167 to 1,000 gpd/ft2 are obtained, with a mean of 424 

gpd/ft2 • This compares quite favorably with the value of 630 gpd/ft2 

inferred from the pumping test data at the Talkeetna Fire Hall. 
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4.2.3 Slough~ Surface Water - Groundwater Correlation 

Attempts have been made to estimate aquifer properties from correlations 

of river stage and groundwater level variations at slough 9. The data, 

for the period May 23 to June 12, 1983, are presented in Appendix A. 

This is the only period for which surface water and groundwater levels 

were simultaneously monitored at adjacent locations appropriate for 

application of published techniques for inferring hydraulic 

conductivity. The data were analyzed according to methods described by 

Pinder et al. (9). However, the field data could not be matched to the 

theoretical type curves generated by the methods of Pinder et al. (9), 

regardless of the values assumed for aquifer properties. In general, the 

field data curves had substantially different slopes than the theoretical · 

curves for all values of aquifer diffusivity (Exhibit 14). In 

particular, data from borehole 9-5 showed a more rapid rise early in 

time, but a substantially lower peak value, than predicted by the theory 

(Exhibit 14). 

It appears that the hydrologic conditions affecting the wells near slough 

9 are considerably different than those assumed in the theory. The 

theory is based on the assumption that all recharge to the aquifer during 

passage of a flood peak on the river is derived from lateral inflow from 

the river to the aquifer. At slough 9, it is possible that groundwater 

levels are also affected by regional water level variations, possibly by 

groundwater underflow originating far upriver from the slough or from the 

bedrock areas southeast of the slough, or by direct infiltration of 

precipitation. Unfortunately, little precipitation data for the period 

May 23- June 12, 1983, is available (see Appendix C). It is also 

possible that the groundwater level data were affected by recharge both 

from the mainstem and from the slough, since the slough 9 berm was 

overtopped during much of the summer of 1983. During the period May 

23-June 12, 1983, the mainstem discharge exceeded 23,000 cfs, and the 

upstream berm at slough 9 was presumably overtopped, on 9 of the 21 days 
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(each day of the period May 30-June 7, see Appendix D). The beaver dam 

located near the mouth of slough 9B could also affect local groundwater 

conditions, particularly near borehole 9-5, by raising local groundwater 

levels and perhaps moderating the influence of variations in river stage. 

4.3 DATA CORRELATIONS 

A variety of correlations between slough and mainstem data have been 

attempted. These have included merely comparing graphs of time-series 

data, plotting variables versus each other on linear, semi-logarithmic 

and full logarithmic paper, and utilizing a standard statistical analysis 

computer program to perform multiple linear regression and 

cross-correlation analyses of transformed and raw data. In general, the 

analyses conducted to date have employed mean daily values of relevant 

parameters • ... 

The more formal linear regression and cross~correlation analyses which 

have been conducted have used the MrNITAB computer program developed at 

Pennsylvania State University. · MINITAB is a general purpose statistical 

computing system, including recently-implemented routines for time series 

analysis based on techniques described by Box and Jenkins (4). The 

fairly wide usage of MINITAB, and its bases in standard statistical 

techniques, confer a considerable degree of reliability on results of its 

application. 

4.3.1 Slough Discharge~ 

A variety of correlations have been drawn between slough discharge data 

for sloughs 8A, 9, and 11 and several other parameters such as mainstem 

discharge, mainstem stage, water temperature, and precipitation. No 

general relationships encompassing all the sloughs have been observed. 

In many important respects, the three sloughs for which most data are 

available behave differently. 
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Provisional USGS mainstem discharge data are reproduced in Appendix D, 

and discharge data for sloughs 8A, 9, and 11 are given in Appendix E. 

General relationships between slough and mainstem discharge are 

illustrated by Exhibits 15-17, which show discharge versus time for the 

mainstem at Gold Creek (Appendix D) and for sloughs 8A, 9, and 11 

(Appendix E). There generally appears to be a correspondence at least 

between major peaks in the slough and mainstem discharge measurements • 

For example, the higher mainstem flows observed in early June, early 

August, and late August are fairly well reflected in the data from 

sloughs 8A and 9 (Exhibits 15 and 16). However, the discharge at slough 

8A does not appear to reflect variations in mainstem flow between about 

June 5 and August 5. Field observations indicate that slough 8A was not 

overtopped during the 1983 open-water season, so these observed 

variations in slough 8A discharge may result largely from local storm 

runoff to tributary streams. The slough 9 discharge appears to correlate 

very well with even less significant variations in mainstem discharge. 

This would be expected, however, because the slough 9 berm was overtopped 

approximately half the time period reflected in Exhibit 16, so slough 9 

actually acts as a side channel to the mainstem during much of this 

period. Slough 11 exhibits relatively little variation in discharge, but 

there does appear to be a good correspondence between variations in 

mainstem discharge and in Slough 11 discharge (Exhibit 17). 

Plots of slough discharge versus mainstem discharge for the summer of 

1983 are presented in Exhibits 18-20. Linear regression equations for 

selected fits to the data are summarized on Table 2. Slough 8A discharge 

appears generally not to be correlated with mainstem discharge (Exhibit 

18a). Since slough 8A was reportedly not overtopped during ~his period 

of record, the very high slough discharge values at mainstem discharge in 

excess of 35,000 cfs may merely represent dates of high storm runoff to 

slough 8A and its tributary streams. However, recent information 

suggests that slough 8A berms might in fact be overtopped at mainstem 

discharges in excess of 30,000 cfs (E.J. Gemperline, personal 

communication, May 1984)). Removing such points from the linear 

regression does not, however, improve the correlation (Exhibit 18a and 

Table 2). 
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Exhibit 18b shows slough SA discharge versus mainstem discharge for the 

period June 6 through August 7, 1983. This is a period during which 

relatively little variation in slough discharge was observed (see Exhibit 

15). These data can be fit by a linear regression equation with 

relatively large R2 (coefficient of determination) if values of slough 

discharge greater than 3 cfs are excluded. The resulting regression line 

must not be considered too definitive, since it is based on excluding 

approximately one-third of the data points. 

Exhibit 19a shows slough discharge versus mainstem discharge for slough 

9. In general, there is no apparent single correlation which would apply 

to all the data. Exhibit 19b, however, shows slough 9 discharge versus 

mainstem discharge, excluding dates when the mainstem discharge exceeded 

16,000 cfs and the slough 9 upstream berm was overtopped (E.J. 

Gemperline, personal communication, May 1984). With the exception of two 

data points, there is an excellent correlation between these data. 

In contrast to the data for sloughs 8A and 9, a plot of Slough 11 

discharge versus mainstem discharge exhibits a linear form with a 

positive slope (Exhibit 20). This is consistent with observations that 

Slough 11 was not overtopped during the summer of 1983 and receives very 

little storm runoff. Discharge from Slough 11 thus appears to be fairly 

directly related to mainstem discharge. 

In general, utilizing MINITAB routines, the discharge at slough 11 

correlates fairly well with mainstem discharge or stage, with correlation 

coefficients in excess of 90% for linear regressions with slough 11 

discharge as the dependent variable. Multiple linear regression 

involving parameters such as temperature or precipitation had only 

slightly higher correlation coefficients than when mainstem discharge or 

stage was the only independent variable. In contrast, linear regressions 

involving slough SA discharge as the dependent variable exhibited 

correlation coefficients of the order of 25 - 55%. Addition of other 

parameters increased the values of these correlation coefficients, but 

that may represent only the effect of correlating two time series which 
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exhibit similar seasonality in their variations. Linear regressions 

involving slough 9 discharge as the dependent variable exhibited 

correlation coefficients in the range of 65 to 90%. However, these 

regressions generally included mainstem discharge as an independent 

variable, without eliminating periods of overtopping, and thus are biased 

since slough 9 was overtopped during much of the summer of 1983. 

Cross-correlation analyses of time-series data did not indicate any 

significant time lags between mainstem and slough discharges. 

It is perhaps noteworthy that slough 11, whose discharge is most readily 

correlated to that of the mainstem,. is perhaps the simplest of the three 

sloughs studied in detail. The surface drainage area directly 

contributing to this slough is extremely small, so that slough discharge 

includes relatively little storm runoff. Furthermore, the aerial 

photograph interpretation discussed above noted that the river valley 

seems to widen considerably at Gold Creek, just above slough 11, and to 

maintain a fairly consistent width in the vicinity of sloughs 8A through 

11. Thus, it may be that groundwater recharge from the mainstem becomes 

substantially more significant below Gold Creek than above Gold Creek 

because of this change in morphology. 

The linear regression equations for fits to the data shown on Exhibits 

18-20 are summarized on Table 2. A few observations regarding those 

equations can be made. In the first place, both 1982 and 1983 data for 

slough 11 can be represented by essentially the same line. This tends to 

lend credence to the linear regression fit to the data shown on Exhibit 

20. Furthermore, the linear regression fit to the data shown on Exhibit 

18b, representing most of the da~a for the period June 6 through August 

7, 1983, at slough 8A, has approximately the same slope as that shown on 

Exhibit 20. This suggests that the slough 8A discharge at very low flow 

is related to mainstem discharge in approximately the same way as is 

discharge at slough 11. Finally, the linear regression fit to the slough 

9 data, excluding periods of overtopping (Exhibit 19b), exhibits a 

relatively large coefficient of determination (R2), but a slope 

approximately three times those of the best linear fits to data from 

sloughs 8A and 11. This suggests that slough 9, absent overtopping, 
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responds more rapidly to variations in mainstem discharge than do sloughs 

8A and 11. One possible explanation might be that, as a result of the 

extensive periods of overtopping, subsurface materials in the vicinity of 

slough 9 exhibit a higher degree of saturation and perhaps higher water 

tables, so that variations in mainstem discharge are more readily 

translated into upwellings of groundwater within the slough, rather than 

just variations in groundwater levels. 

4.3.2 Seepage Meter~ 

Nine seepage meters were monitored at four different sloughs during the 

summer of 1983. Two meters were located at each of sloughs SA, 11, and 

21, and three meters were located at Slough 9 (see Exhibit 2 for 

approximate locations). Each seepage meter consists of an open-bottomed 

container submerged within a slough and covering an area of slough-bottom 

sediment. A bag attached to the container is evacuated, and the time 

required to fill the bag is measured. The rate of flow into the bag is 

taken as a measure of the rate of flow through the slough-bottom sediment 

into (or out of) the bottom of the container, as described by R&M 

Consultants (10). 

The seepage meter data collected during the summer of 1983 are summarized 

in Appendix F. Plots of measured seepage rate versus mainstem discharge 

are presented on Exhibits 21-29. The seepage meter data are generally 

consistent with the slough discharge correlations discussed above. The 

seepage rates at meters 8-1, 8-2, 9-1, 11-1 and 11-2 are generally 

positively correlated with mainstem discharge, although the data are 

somewhat scattered about the regression fits to the data except for those 

from the slough 11 meters (Exhibits 21~23). However, seepage rates at 

meters 9-2 and 9-3 seem to be uncorrelated with mainstem discharge 

(Exhibits 24 and 25). At slough 11, the seepage rates at meters 11-1 and 

11-2 are very well correlated with mainstem discharge (Exhibits 26 and 

27). This tends to confirm the previous observations that upwelling at 

slough 11 is derived rather directly from mainstem recharge to the local 

groundwater aquifer. 
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Seepage meter data at slough 21 (Exhibits 28 and 29) suggest that this 

slough is substantially different from those below Gold Creek. Seepage 

rates appear to be negativeiy correlated to mainstem discharge at meter 

21-1, with seepage rates decreasing as mainstem discharge increases. At 

seepage meter 21-2, there appears to be no correlation between seepage 

rates and mainstem discharge. At slough 21, the river valley is narrower 

and the valley walls somewhat steeper than further downstream. Thus, a 

relatively high proportion of the groundwater discharge at this slough 

may originate from infiltration of precipitation on the surrounding 

uplands, or recharge from the river relatively far upstream from the 

slough, rather than groundwater underflow from the river immediately 

adjacent to the slough. If groundwater discharge at Slough 21 did 

originate as recharge from the river relatively far upstream from the 

slough, then seepage rates at the slough would be expected to correlate 

~ell with mainstem discharge, with a time lag reflecting the travel time 

from the river to the slough. In order to confirm such a hypothesis, it 

would be necessary to monitor seepage rates on a more frequent basis than 

has been done to date, for example on a daily basis, preferably during a 

period df rapidly rising river stage. 

4.3.3 Temperature ~ 

Analyses of temperature data have been limited to considering plots of 

daily mean temperatures at various points, primarily using 1983 data. 

Limited plots of slough temperature versus mainstem temperature have also 

been made. These analyses have used provisional 1983 temperature data 

provided by the Alaska Department of Fish and Game. These data are 

subject to revision, and some error may even have been introduced du~ing 

our reduction of the data. Nonetheless, it is believed that the present 

data are sufficient to illustrate general trends in the water temperature 

data, and thus support the following discussion. 

At slough 8A, data are primarily available from intragravel and surface 

water measuring points at the middle and in the upper reaches of the 

slough (Exhibits 30 and 31). The intragravel data from different points 
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show essentially the same behavior, with temperatures gradually rising 

from about 3°C in early May to about 5° C in late July, and then 

fairly rapidly falling to about 4° in late August (Exhibit 31)). 

Temperatures in the middle of the slough are generally higher than those 

at the upper end of the slough, except in the latter half of July. The 

intragravel temperatures generally appear to be subdued reflections of 

the surface water temperatures at corresponding points. However, surface 

water temperatures for the middle of the slough exhibit greater 

variations, rising as high as 14° C in late July (Exhibit 3lb). 

Surface water temperatures at the upper end of the slough only rise to 

about 7.5 °C, but show the same general trends as at the middle of the 

slough. Since this slough was reportedly not overtopped during the 1983 

period of temperature record analyzed, the high temperatures observed in 

the surface water at the middle of the slough can probably be attributed 

to solar heating, rather than surface water discharge as a result of 

overtopping. It should also be noted that the maximum surface water 

temperature at river cross-section LRX 29 during the summer of 1983 was 

also about 14 °C in late July, comparable to the maximum slough surface 

water temperature (Exhibit 3lb). 

At slough 9, data are availab~e for surface water and intragravel 

measuring points within the slough, surface water and intragravel 

measuring points on the mainstem, and from three groundwater wells 

(Exhibit 32). The mainstem temperatures; as well as the surface water 

temperatures within the slough, show essentially the same behavior: 

winter temperatures are near zero; temperatures begin to increase in 

mid-May and reach maximums of about 13° in late June, and persist 

through July; temperatures then fall to near zero by late September. 

Mainstem intragravel temperatures (not plotted on Exhibit 32) are similar 

to the surface water temperatures, with the intragravel temperature about 

a degree higher than the surface water temperature at the mainstem during 

late September and October of 1983. In contrast, the intragravel 

measurements at slough 9 remain essentially constant at about 3.5°C 

from mid-March through late August, with temperatures exceeding 4°C on 

only two occasions, and falling to 3° only once (Exhibit 32b). 
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The groundwater data (Exhibit 32a) show considerably more variation than 

the slough intragravel data (Exhibit 32b). At borehole 9-lA, which is 

nearest to the riv~r, temperatures reached a low of about 2.5 ° in late 

February, and then rose to over 5° in early September. At borehole 

9-5, near slough 9B, temperatures fell from 4° in early January to 

2.5° during April, and then rose to about 5.5° in early October 

before again falling. At borehole 9-3, temperatures were relatively 

stable, varying between 3.5° and 4.5°. However, in general, during 

the winter period January to May, temperature variations in 9-3 ·were 

opposite those in the other two wells, rising when they were falling, and 

vice versa. During the summer, temperatures in all three wells generally 

rose (Exhibit 32a). 

In very general terms, the groundwater temperatures at slough 9 appear to 

be very subdued reflections of surface water temperatures in the vicinity 

of slough 9, with peak groundwater temperatures lagging peak surface 

.water temperatures by two to four months. However, it has not been 

determined whether the groundwater temperatures actually reflect changes 

due to the infiltration of river water into aquifer materials, or whether 

the groundwater merely reflects seasonal variations in parameters such as 

air temperature or solar radiation. Intragravel temperatures in Slough 9 

appear to be independent of the groundwater temperatures. 

No attempt has been made to isolate periods of overtopping in analyzing 

the temperature data for slough 9. The slough 9 surface water 

temperatures appear to be essentially the same as the mainstem surface 

water temperatures for the period May through August, 1983 (Exhibit 

32b). The slough 9 intragravel temperatures appear to be independent of 

the mainstem or slough surface water temperatures (Exhibit 32b). 

Groundwater temperatures appear to vary somewhat with changes in mainstem 

or slough temperatures. However, the attenuative capacity of the 

groundwater regime is probably sufficient to mask any effects of 

overtopping, and thus invalidate any attempts to isolate such effects. 
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At slough 11, data are available for surface water and intragravel 

measuring points within the slough, and surface water measuring points on 

the mainstem (Exhibit 33). The intragravel temperature within the slough 

is rather uniform, increasing slightly from about 3°C in January to 

3.5°C in early May, and then remaining essentially constant through 

late August. The surface water temperature within the slough is 

approximately the same as the intragravel temperature through late April, 

but then increases and varies between 5 and 7°C from May through 

August. There is no apparent relationship between mainstem and slough 

water temperatures, in striking contrast to the fairly strong correlation 

between mainstem and slough discharge at slough 11. 

At slough 21, data are available for surface water and intragravel 

measuring points on the mainstem and at the mouth and in the upper 

reaches of the slough (Exhibit 34). Intragravel temperatures at the 

mouth of the slough were approximately constant at 3.5°C from January 

through April, then gradually increased to almost 4°C by late August 

(Exhibit 34a). Intragravel temperatures in upper reaches of the slough 

varied around 3°C from January through April, but then increased to 

about 6.5°C from early June through mid-August, with considerable 

temperature variation (Exhibit 34b). In the upper reach of slough 21, 

intragravel temperatures were essentially the same as surface water 

temperatures at comparable points. Near the mouth of the slough, surface 

water temperatures varied considerably, while intragravel temperatures 

remained essentially constant (Exhibit 34a). Mainstem intragravel 

temperatures were generally higher than surface water temperatures 

(Exhibit 34a). 

4.4 Analytical Models 

Limited mathematical modeling of groundwater levels and temperatures has 

been performed during this study. No attempt was made to actually 

simulate groundwater discharge to the sloughs, or the temperature of such 

discharge. The basic objective of this modeling was to investigate the 

rate at which changes in mainstem stage or temperature might be 
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propagated toward the s.loughs through the groundwater regime. To this 

end, some simple one-dimensional analytical models were applied. 

4.4.1 Groundwater Level Variations 

As described by Hall and Moench (7), flow and head variations in 

stationary linear stream-aquifer systems can be simulated by application 

of the convolution integral. Head fluctuations in a semi-infinite 

aquifer due to an arbitrarily varying flood pulse on the stream can be 

expressed as an integral involving the stream stage and various aquifer 

properties. The integral solution can then be expressed in approximate 

form by a finite series which is convenient for computer evaluation. 

In its simplest form, the solution presented by Hall and Moench (7) can 

be expressed as follows: 

i 

h(x,t) = JF("t)U(x, t -"2:")d't, 

0 

where h(x,t) is the groundwater elevation at distance x from the stream 

and at timet since the simulation began; F(t)=H(t), the river stage at 

time t; and U(x,t), the instantaneous unit impulse response function of 

Hall and Moench (7), is given by 

(2) 

(1) 

whereOlis the aquifer diffusivity, given by the ratio of transmissivity 

to storage coefficient. Equation (1) can be approximated by the finite 

series 

{ 

h(x,t)~ ~ F(k)U[x, (i-k+l).Ot] ~t 
k=-1 
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A computer program has been written to evaluate equation (3) for a 

variety of values of the input parameters. In general, it has been 

assumed that the aquifer hydraulic conductivity is 500 gpd/ft2 , aquifer 

thickness is 100 feet, and the storage coefficient varies between 0.0002 

for artesian conditions and 0.2 for water table conditions. 

Exhibit 35 shows the simulated groundwater level as a function of time at 

various distances from the river. The ·surface water hydrograph utilized 

was the water level at the Susitna River sidechannel above slough 9 for 

the time period May 25 through June 10, 1983 (Appendix A). Five data 

points per day were interpolated from graphs of the side channel stage 

during that period. The observed water level variations at boreholes 

9-lA and 9-5 have also been plotted on Exhibit 35. It is interesting to 

note that the observed groundwater levels are most closely matched by 

simulated curves for artesian conditions (Exhibit 35a), rather than water 

table conditions (Exhibit 35b). However, the data for borehole 9-lA, 

located about 700 feet from the river, are most closely matched by the 

simulated water level at a distance of about 2000 feet from the river, 

while the data for borehole 9-5, located about 1500 feet from the river, 

are most closely matched by the simulated water level at a distance of 

about 1000 feet from the river. As noted previously, water levels at 

borehole 9~5 are probably affected by slough 9B and the beaver dam at the 

mouth of 9B, and thus would not be expected to readily fit the present 

theory. These results suggest that the groundwater aquifer in the 

vicinity of borehole 9-lA may behave somewhat as an artesian aquifer 

rather than a water table aquifer. However, logs of wells in the 

vicinity of slough 9 presented by R&M Consultants (10) indicate water 

table conditions. It is possible that local overbank silt deposits or 

relatively thin layers of fine-grained materials may act to partially 

confine coarser water-bearing layers in the area, thus resulting in 

localized or short-term hydraulic behavior as an artesian aquifer. 

4-21 



i I 
I l 

n 

l
l 
! 

J 

r.-1 
t 1 

[! J 

Ll 
u 
( i 

l_..l 

l 

J 

Exhibits 36 through 39 show the simulated groundwater level as a function 

of distance away from the river for various times and various values of 

aquifer diffusivity. These figures generally illustrate that as 

diffusivity gets larger (i.e., the storage coefficient gets smaller), the 

effects of variations in river stage are more rapidly propagated into the 

aquifer toward adjacent sloughs. For example, Exhibit 39 shows that for 
" 

fully artesian conditions, small variations in river stage could be very 

quickly transmitted, as a pressure wave, a distance of over 4000 feet 

into the aquifer within one day. Thus, for fully artesian conditions, 

changes in river stage could influence groundwater upwelling to the 

sloughs almost instantaneously. On the other hand, Exhibit 36 suggests 

that for water table conditions, variations in river stage might not have 

an appreciable effect on groundwater conditions except very near the 

river. Consequently, under water table conditions, variations in river 

stage might not be expected to significantly affect average groundwater 

upwelling to the sloughs unless the areas of upwelling were relatively 

near the river. 

4.4.2 Temperature. Variations 

Ground~ater temperature variations have been considered by a process 

similar to that used to analyze water level variations. Acres American 

(1) presented an analysis of coupled thermal and groundwater flow for a 

single square-wave temperature pulse representing the average river water 

temperature. By applying the convolution integral approach of Hall and 

Moench (7), the analysis of Acres American (1) can be extended to 

consider shorter time frame variations in river temperature. 
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Equation (1) can again be applied, with F(t) now being given by the river 

water temperature. According to Hall and Moench (7), the instantaneous 

unit impulse response function U(x,t) can be derived from the unit step 

response function P(x,t) by differentiation with respect to time. P(x,t) 

is essentially the solution given by Acres American (1), 

T(x,t) = 0.5 erfc [(x-v t)/2(Dt) 112 ] 
r 

(4) 

where T(x,t) is the groundwater temperature at time t and distance x away 

from the river due to a unit step increase in river water temperature 

(1); v is the average retarded velocity of the mean temperature, which 
r 

accounts for heat exchange between the groundwater and the soil skeleton 

of the aquifer (1); and D is the coefficient of hydrodynamic dispersion, 

which accounts for the temperature dissipation as a result of mechanical 

dispersion during transport through the porous medium (1). 

Results of this analysis generally confirmed the results of the similar 

study performed by Acres American (1): as a result of heat transfer and 

mechanical dispersion during flow through the groundwater regime, 

short-term variations in river temperature are rapidly damped. 

Consequently, by the time groundwater has traveled from the river to a 

nearby slough, its temperature could easily be approximately equal to the 

mean annual river temperature. This conclusion is consistent with the 

observations noted previously that slough intragravel temperatures, which 

probably represent the temperature of upwelling groundwater, are 

relatively constant throughout the year, and are approximately equal to 

mean annual river water temperature. Consequently, long-term changes in 

the mean annual river water temperature would probably result in changes 

in the heat input to the aquifer, and thus changes in the upwelling 

groundwater temperature. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 GENERAL CONCLUSIONS 

The results of the present study do not permit a single model to be formulated 

which can describe the discharge and temperature variations which are observed 

at each of the various sloughs studied. The hydraulic and thermal behavior of 

each slough is substantially different from that of the other sloughs 

studied. The discharge at slough 11 seems to correlate very well with 

mainstem discharge, while the discharge at slough 9 is largely controlled by 

mainstem overtopping of the berm and the discharge at slough 8A may be 

complicated by factors such as surface runoff and groundwater underflow from 

sources other than the mainstem of the Susitna River. However, where it has 

been possible to remove the effects of some of these complicating factors and 

isolate attention on only the groundwater upwelling contribution to slough 

discharge, fairly good correlations between slough discharge and mainstem 

discharge have been observed. In very general terms, based on available 

information, it appears that variations in the groundwater contribution to 

slough discharge at sloughs 8A, 9, and 11 might be reasonably represented by 

0.0001 to 0.00035 of corresponding variations in mainstem discharge at Gold 

Creek. 

Regardless of the complicating factors affecting discharge from each slough, 

the available data suggest that the temperature of upwelling groundwater 

remains fairly constant throughout the year, at a temperature approximately 

equal to the mean annual (time-weighted, not discharge-weighted) mainstem 

temperature. This study has tended to confirm previous conclusions that heat 

exchange between groundwater and soil materials, and mechanical dispersion 

during groundwater transport through the aquifer, are reasonable mechanisms to 

account for the observed groundwater temperatures. 

5.2 EFFECTS OF PROJECT OPERATION 

The results of the present study do not permit any detailed projections to be 

made of the slough discharge or temperature variations which might result from 

changes in mainstem conditions as a result of project operation. Because of 
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the substantial differences among the sloughs in their hydraulic and thermal 

behavior, it might be necessary to construct mathematical models of each 

individual slough in order to make detailed predictions of the effects on the 

sloughs of changes in mainstem conditions. This could require extensive 

additional field studies at each slough, and additional office analyses. 

However, some general conclusions can be drawn based on the results of this 

study. 

Some sloughs, such as slough 11, will probably respond fairly directly to 

changes in mainstem discharge. Slough 11 is generally characterized by a lack 

of tributary streams and rare overtopping of its upstream berm. Sloughs with 

similar environmental features might be expected to respond similarly to 

changes in mainstem discharge. Slough 11 discharge is correlated fairly well 

with mainstem discharge, so any long-term increase or decrease in mainstem 

discharge could result in a similar increase or decrease in average slough 

discharge. Any such relationship for slough 11 could be approximated by the 

linear regression fit to the data presented in Exhibit 20, but the scatter in 

those data might result in fairly wide error bounds. 

Some sloughs, such as slough 9 during the summer of 1983, are overtopped 

during much of the time as a result of high river stage or ice staging. Such 

sloughs might be effectively considered as side channels of the river, rather 

than sloughs, during such periods. To the extent that the mainstem flow which 

will result in overtopping of th~ berms of a particular slough is known, 

projections of project flows can be used to estimate what proportion of the 

time such sloughs will carry predominantly mainstem flow (at mainstem 

temperatures), rather than groundwater discharge. However, project flow 

conditions will be characterized by lower than normal summer discharge, and 

higher than normal winter discharge, so the frequency of overtopping will be 

reduced. Slough 9 discharge under project conditions might be estimated from 

appropriate curve fits to the data presented in Exhibit 19. 

Most sloughs will probably be similar to slough 8A in that it will not be 

possible to separately determine each factor contributing to the discharge of 

the slough without conducting additional field investigations at each such 
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slough. It is probable, however, that for sloughs which are as complicated as 

slough 8A, the contribution to slough discharge as a result of groundwater 

underflow originating at the river will be small enough that project 

variations in mainstem discharge will not significantly affect the slough 

discharge under most conditions. However, it is not possible with present 

information to either confirm or quantify any such relations. A complete 

water balance for the slough would be required, including estimates of storm 

runoff to the sl'ough, based on studies similar to those discussed 1.n 

Appendix B. 

Temperatures of groundwater discharge to the sloughs appear to be reasonably 

approximated by the mean annual (time-weighted) river temperature. It is 

likely that any variations in mean annual river temperature as a result of 

project operation will also result in a similar change in the temperature of 

groundwater upwelling to the sloughs, to the extent that such upwelling is 

derived from the mainstem (e.g., as is probably the case at slough 11). 

Similarly, for sloughs such as slough 9, which may be more frequently 

overtopped, any changes in mainstem temperature will also result in similar 

changes in the mainstem flow which is diverted down the slough during 

overtopping. This could induce downwelling of river water during overtopped 

periods, which would have some influence on the average temperature of 

groundwater which is discharged to the slough. However, as noted above, 

overtopping will be much less frequent during project operation than under 

present conditions. 

5.3 RECOMMENDATIONS 

Results of the present,study have provided some preliminary conclusions 

regarding relationships between mainstem discharge and temperature variations 

and corresponding variations in groundwater upwelling rates and temperatures 

in selected Susitna River side sloughs. The recommended studies described 

below are designed to strengthen and refine these preliminary .conclusions. 
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5.3.1 Additional Field Studies 

One additional field study which might provide significant additional 

information with a relatively small investment of project resources would be 

additional attempts at aquifer testing, utilizing existing wells. Available 

data indicates that no successful aquifer testing has been conducted at any of 

the project well locations on the Susitna River.below Devil Canyon. Falling 

head permeability tests were reportedly attempted at the deeper wells at 

slough 9, but the tests were not successful because of the high permeability 

of the material tested. Successful testing of these wells might require 

sustained pumping or injection at a relatively high rate for a period of 

several hours or days. This would require the use of pumping equipment, 

electrical generating equipment to operate the pump, and probably fuel for a 

generator. Such aquifer tests, or additional attempts at falling head tests, 

constant head tests, or similar in-situ permeability testing, could help 

confirm the nature of local aquifer materials (e.g,, water table or partially 

confined) and quantify the degree of hydraulic connection between the river 

and the groundwater aquifer. Such knowledge could help refine present 

es.timates of the rates at which changes in mainstem hydraulic or thermal river 

conditions are propagated through the groundwater regime toward the sloughs. 

Water levels in existing deep wells and in selected shallow wells should 

continue·to be monitored at slough 9, along with open-water stages on the 

mainstem, side-channels and sloughs. Using the results from the aquifer 

testing and water level monitoring, estimates can then be made of the 

theoretical temporal variations of groundwater flow into slough 9. The 

estimates can be verified by conducting a water balance study of slough 9. 

Precipitation can be measured at the Sherman Station, with accumulating 

precipitation cans located at other portions of the basin in order to 

determine the spatial distribution of precipitation, including orographic 

effects. Evaporation can be estimated from data gathered at Watana Camp. 

Streamflow should be continuously monitored in the slough and in the tributary 

which enters slough 9 approximately halfway upstream from the mouth. Frequent 

discharge measurements should be made to establish reliable rating curves. 

Additional seepage meters might also be installed in both slough 9 and slough . 
11 to determine the relationship between seepage rates and mainstem discharge 
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at Gold Creek. Frequent readings should be made at each seepage meter, so 

that variations in seepage rates can be compared with variations in mainstem 

and slough discharge. All visible upwelling locations should also be mapped. 

Collection of contemporaneous samples of river water, groundwater from wells, 

slough intragravel water, and slough surface water might be made. Analysis of 

samples should be conducted for major anions and cations (Ca, Mg, K, Na; Cl, 

so4 , co3 , HC03 ), as well as parameters significant to salmon spawning 

and incubation (e.g., temperature, DO, conductivity). Monthly sampling for 

several months is suggested, to ascertain trends (at least during the summer 

season). The objectives of these analyses would be to seek water quality 

parameters other than temperature which may be diagnostic of the rate of 

groundwater transport from the mainstem and the amount of groundwater 

discharge to sloughs. 

5.3.2 Additional Data Analyses 

Analyses discussed in this report should be continued and refined, once final 

1983 data reports have been prepared. It is recommended that additional 

analyses should concentrate on removing the effects of overtopping from slough 

9 discharge data, and refining estimates of storm runoff to sloughs 8A and 9. 

In this manner, groundwater contributions to slough discharge can be more 

accurately estimated, and compared with mainstem discharge records. 
\ 

The 1983 groundwater data presented in Appendix G should be reassessed in 

light of refined estimates of groundwater discharge to slough 9. If possible, 

those data should be supplemented by estimates of surface water stage in the 

side channel near borehole 9-lA, ·as well as in slough 9B and slough 9 near the 

mouth of slough 9B, in order to help clarify groun4water level variations in 

response to surface water fluctuations. 

The environment of critical habitat sloughs should be reviewed in order to 

identify those sloughs which are characterized by factors such as frequent 

overtopping or significant tributary inflow. Such classification of sloughs 

can help guide the amount of emphases to be place on proposed additional 

studies. 
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TABLE 1. TRANSMISSIVITY ESTIMATES BASED ON SPECIFIC 
CAPACITY DATA FOR TALKEETNA WELLS 

WELL 
DESIGNATION(l) 

B 

c 

D 

E 

F 

NOTES: 

WELL 
DEPTH (ft) 

17 

16 

16 

100 

24 

26 

REPORTED SPECIFIC 
CAPACITY (Bjpm/ft) 

6.0 

6.76 

2.65 

2.14 

11.5 

3.33 

3.33 

(1) See Exhibit 9 for approximate locations. 
(2) Two tests for Well A. 
(3) Based on Walton (13, 14) 

PUMPING 
PERIOD·· (hrs) 

4 

16 

8 

16 

2 

2 

2 

MEAN VALUES 

(4) S = assumed storage coefficient for aquifer condition noted. 

- - --- · -INFERRED ·TRANS~SSIVITY- (Bied/ ft) (3)-- - · -
ARTESIAN·(S=O;OOOl) ( WATER-TABI:.E-(S=0;2) 

10,200 6,400 

14,000 8,000 

5,000 2,600 

4,400 2 ,400· 

22,000 11,000 

5,400 . 2, 500 

5;400 2;500 

9,500 5,100 



-~--···· 

TABLE 2. LINEAR REGRESSION EQUATIONS FOR 
SLOUGH DISCHARGE VS. MAINSTEM DISCHARGE 

SLOUGH ~ REGRESSION EQUATION * R2 EXHIBIT ** COMMENTS 

8A 1983 s = -3.81 + 0.000525 G 0.103 18a All data points 

1983 s = 5.04 + 0.000040 G 0.002 18a Excluding G /" 30,000 (8 data points) 

1983 s = -0.629 + 0.000128 G 0.632 18b June 6 through August 7 only; excluding 
S)r 3 (20 data points) 

9 1983 s = 1.97 + 0.000351 G 0.805 19b Excluding dates when upstream berm 
overtopped (G ~ 16,000); excluding 
S7 8 (2 data points) 

11 1982 s = 2.16 + 0.000105 G 0.497 None All data points 

1983 s = 1.52 + 0.000102 G 0. 765 20 All data points 

21 1982 s = -7 • 55 + 0 • 0 010 5 G 0.542 None All data points 

Notes: * S = Slough Discharge, cfs; G = Mainstem Discharge at Gold Creek, cfs. 

** Refers to exhibit where linear regression fit is displayed. 
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TO SUBJECT 

Dr. John Bizer, Harza-Ebasco Local Runoff into Sloughs 

FROM DATE PROJECT NO. 

Stephen Bredthauer 3-12-84 352333 

Recent slough geohydrology studies have been inconclusive in estimating 

with project flows in the sloughs of the Susitna River between Talkeetna 

and Devil Canyon. Consequently, precipitation and discharge records 

have been reviewed in order to determine if surface water runoff would be 

a significant factor in the sloughs during with-project conditions. 

Precipitation records at Talkeetna for the period 1943-1983 were reviewed 

to determine if summer monthly precipitation records for 1981, 1982, and ._ 
1983 were unusual in ~ny way. The total monthly precipitation values 

were ranked in order, and are plotted on the monthly cumulative percent 

frequency curves on Figure- 1. The probabilities of the total monthly 

precipitation exceeding the values for the June, July and August for 1981, 

1982, and 1983 are in Table 1. It can be readily seen that summer of 1981 

and June-July 1982 were unustJally wet; August 1982 was about average; 

June-July 1983 was very dry; and August 1983 was wetter than normal. 

In the small drainage basins of the sloughs, daily precipitation is more 

significant than total monthly precipitation when estimating peak local 

runoff. The small basins are likely to have short runoff periods of 

concentration, and would respond rapidly to local precipitation. Daily 

precipitation values at Talkeetna for the 10-year period 1972-1981 were 

analyzed for the months of June, July and August to determine the 

probability of daily precipitation exceeding a given value. The monthly 

percent exceedance curves are shown in Figure 2. There is little 

difference between the individual months. When analyzed together with 

the curves from Figure 1, this would seem to indicate that the probability 

of a given daily amount of rainfall is about the same at Talkeetna for the 

months of June through August, except that higher intensity storms are 

more likely to occur in July and August. One or two days per month of 

higher rainfall amounts would result in the larger monthly averages for 

July and August seen in Figure 1. 

C============~========================= 
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The daily precipitation exceedance values for 1982 and 1983 were calculated 

for June, July, and August, and compared against the 10-year values for 

1972-1981 in Figures 3,4, and 5, respectively. These plots reflect the 

same general trends indicated in Table 1. June 1982 had a higher 

frequency of low daily precipitation, but the number of days of 

moderate-to-high daily precipitation were about the same. July 1982 had 

both more days of measurable daily rainfall than normal, and larger 

amounts than normal. Its total monthly precipitation has only an 11% 

probability of exceedance. August of 1982 was close to the -41-year 

average monthly rainfall. Its daily precipitation exceedance curve was 

similar to that of the 1972-1981 period. June 1983 had fewer days of 

precipitation than normal, with fewer days than normal equalling or 

exceeding a given amount. July 1982 had slightly more days than normal 

of measurable rainfall, but fewer days of moderate-to-high precipitation, 

resulting in its low monthly total. August 1983 had slightly more days of 

rainfall than normal, with a high~r frequency of days with moderate 

precipitation. 

Precipitation records for Sherman and Talkeetna were analyzed for 

comparable summer periods in June-August 1982 and 1983, in order to 

determine if the sites are comparable. Daily precipitation patterns vary 

considerably between sites (Tables 2 and 3), with the major differences 

generally being in days with moderate-to-high precipitation. The 

differences are also dependent on whether precipitation is due to a large, 

regional storm, or from local thunder storms. Storm movement patterns up 

the Susitna River may affect the amounts. Based on the short period of 

record, it appears that Talkeetna is slightly wetter than Sherman, with a 

slightly higher probability of receiving a given daily precipitation during 

the summer (Figure 6). However, differences in total amounts and 

frequency are minor, and it can be assumed that the Sherman area, near 

many of the study sloughs, will receive daily precipitation in a similar 

frequency to that at Talkeetna, even though amounts may not be on the 

same day. Talkeetna precipitation records may be used to estimate local 

runoff in the sloughs. 
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The timing and volume of runoff in a drainage basin is dependent on many. 

factors, including volume, intensity, and pattern of precipitation; drainage 

basin area; drainage pattern; vegetation; and soil characteristics; 

groundwater level; antecedent moisture; and evaporation. The analysis of 

local runoff in the c study sloughs is further complicated by the breaching 

of the berms at their upper ends by the mainstem Susitna River, often 

during rain storm events which would otherwise be suitable for runoff 

analyses. Streamflow data for slough SA, 9, and 11, and for the Susitna 

River at Gold Creek, are presented in Tables 4 through 7, respectively. 

It is impractical to generate daily runoff values based on the available 

data. However, a semi-quantitative analysis may be conducted if certain 

assumptions are made. 

(a) The purpose of estimating local runoff in the middle Susitna sloughs 

is to determine if access to spawning areas will be a problem under 

with-project conditions. Spawning areas will be maintained by base 

flow, but access difficulty may be determined by periodic peaks 

occurring from local runoff. 

(b) Local runoff into the sloughs such as Slough SA and 9 will be rapid, 

ht=~sPcf on thP nPar-surface bedrock characteristics and the small 

drainage basins. Actual runoff patterns will vary from slough to 

slough, based on the factors stated above. 

A rainstorm event occurred during the period September 2S - October 3, 

19S3, which permits some analysis to be conducted for Sloughs SA, 9 and 

11. September had generally been a dry month. Only 0.34 inches of 

rainfall had occurred at Sherman during September prior to this storm. 

Antecedent moisture should have been quite low, minimizing the runoff 

from each basin. None of the sloughs were overtopped by the Susitna 

River during this event. The data for the period is summarized in 

Table 8. Only 0.02 inches of precipitation was measured at Sherman 

during the previous 7 days. 
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Slough 9 
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Analysis of data for Slough 9 yielded the following results. 

Drainage Area: 

Total Precipitation (Sherman): 
Total Precipitation (Talkeetna): 
Total Runoff: 
Estimated Base flow: 
Storm Runoff: 

Percent Runoff (Sherman) precip. 
Percent Runoff (Talkeetna) precip. 

1.82 square miles 

0.60 inches 
1.88 inches 
(Sept. 28 - Oct. 3) 
5. 73 cfs 

3 Volume (ft ) 
215001000 
719491000 
611691000 
219701000 
311991000 

128% 
40% 

The upper berm was not believed to be breached during this event. The 

obviously impossible percent runoff using Sherman precipitation may have 

been caused by one or more of several factors. The Sherman gage is 

located in the valley bottom (elevation 650 feet) I and may be shielded from 

precipitation falling on the higher elevations of the drainage basin. 

Depending on the storm pattern I the Sherman gage may be on the lee side 

of the hills to the north and west. The Chulitna River Lodge, located at 

elevation 1250 feet about 12 miles away, measured 2.91 inches of 

precipitation during this period. Also, temperatures were freezing or 

near-freezing at Sherman from September 22-29. Precipitation may have 

fallen as snow on the upper elevations, and then melted and run off 

during the day. The tipping bucket rain gage would not have recorded 

the snowfall unless it melted. Actual precipitation on the basin 1s likely 
~ 

somewhere between the two values. The above data indicates a high 

runoff percentage for Slough 9, although there may be problems in 

accurately estimating total precipitation on the basin. The high runoff 

percentage indicates rapid response to precipitation. The precipitation 

recorded at Sherman for the above event was not particularly heavy, and 

would be exceeded abou~ 10% of the days in each month from June through 

August. If daily precipitation events occur with a similar frequency as in 

Figure 2 1 then local runoff at Slough 9 should reach sufficient levels for 

salmon access to spawning areas during the summer months. 
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Slough 11 

Slough 11 had very little response to precipitation during 19S3 (Table 6). 

Slough 11 has a very small drainage basin. Runoff from the valley slopes 

is effectively blocked by the bed of the Alaska Railroad. Increases in 

slough discharge were less than 0.5 cfs/day. Response of slough 

discharge appears closely related to mainstem flow instead of to 

precipitation, as indicated.by seepage meter data. 

Slough SA 

Analysis of data for Slough SA yielded the following results. 

Drainage Area: 

Total Precipitation (Sherman): 
Total Precipitation (Talkeetna): 
Total Runoff: 

2. 74 square miles 

0.60 inches 
1.SS inches 

Estimated Baseflow: · 1. 5 cfs 
Storm Runoff: 

Percent Runoff (Sherman) precip. 
Pen;.e11l Ru11urr (Talkeellla) !Jr·ed!J. 

3 Volume (ft ) 
3,S19,000 

11,967,000 
S,120,000 

77S,OOO 
7,342,000 

Again, there appear to be problems with the representativeness of 

precipitation records. For this particular storm, Slough SA appears very 

responsive to precipitation. However, the slough did not appear 

particularly responsive to precipitation events in late June and July 19S3. 

June and July were also periods of low precipitation, resulting in low 

antecedent moisture. Rainfall intensities were low. For the period July 

5-10, 19S3, the runoff percentages were 10% and S%, using Sherman and 

Talkeetna precipitation values, respectively. July 19S3 was one of the 

driest July's on record for Talkeetna. It appears that the basin of Slough 

SA will absorb significant amounts of precipitation following long dry 

periods, but could respond rapidly to larger events. 
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1981 Precipitation - Inches 

Probability of Exceedance 

1982 Precipitation - Inches 

Probability of Exceedance 

1983 Precipitation - Inches 

Probability of Exceedance 

Mean - 1943-1983 

TABLE 1 

June 

5.25 

7.5% 

4.20 

16% 

1. 77 

59% 

2.47 

August 

8.74 7.39 

2.0% 15.0% 

5.74 4.55 

11% 42% 

1. 75 5.69 

88% 29% 

3.46 4.65 
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1982 SUMMER PRECIPITATION, SHERMAN AND TALKEETNA, ALASKA 

c 
[ 

June 1982 July 1982 Aug. 1982 Sept. 1982 
Date Sher Talk Sher Talk· Sher Talk Sher Talk -- -- -- -- -- -- -- --

I 1 .02 .06 .04 .37 
L, 2 .76 .47 .01 .46 .37 

3 .31 .43 
I' 4 .04 . 15 .04 .01 
[ 5 .47 .22 .01 T .04 .03 

6 .41 .59 .01 

0 7 .27 .27 .38 .09 .07 .15 
8 .01 . 10 .01 .36 .96 .01 T 
9 .02 .04 .25 . 16 .03 .. 19 

0 10 . 15 .03 .06 .16 . 18 .30 .01 .05 

11 .04 .04 .02 .09 .01 .06 .30 .22 
n 12 .17 . 10 .13 .06 .14 . 12 

~ 13 .02 T 1.13 1.25 
14 .01 .07 . 18 .09 .. 04 .75 .56 
15 .50 .38 .09 . 15 .08 .10 1.17 1.11 

D 16 . 17 . 19 .30 .38 .02 .44 .46 
17 .09 .07 .16 .02 .37 . 10 

u 18 .07 .27 .52 .27 .39 .50 
19 .02 .73 . 71 
20 .43 .96 .24 . 16 

g 21 .02 .06 .45 . 15 .13 .22 
= 22 .46 .52 T .20 .03 

23 1.22 .92 .05 . 13 .01 

D 24 .64 .57 .01 . 19 
25 .08 1.32 1.12 .05 

D 
26 T .04 .01 .76 .40 
27 .07 .01 T .24 .01 
28 .03 .04 .01 .02 . 13 .29 .21 . 15 
29 T .33 .49 .52 .67 .29 .19 

D 30 .36 . 17 .93 .50 1.07 .90 .33 . 12 

31 .01 .31 .63 

~~ TOTAL 3.98 4.20 6.73 5.74 3.70 4.55 9.14 7.54 
b 

u 
c 
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[ TABLE 3 
1983 SUMMER PRECIPITATION, SHERMAN AND TALKEETNA, ALASKA 

[ 
June 1983 July 1983 Aug. 1983 Sept. 1983 

Date Sher Talk Sher Talk Sher Talk Sher Talk 
[ -- -- -- --

1 M T . 18 .07 .02 T .11 .06 

[ 2 M .34 . 10 .23 .07 T 
3 M .57 T 
4 M .02 .08 .08 . 12 .26 

C 
5 M T .24 . 19 

6 M .14 .29 .27 .08 
7 M .05 .03 .03 .53 .T 

c 8 MJ T .05 .04 .03 1.58 .01 .05 
9 M .01 .05 .01 .02 .01 .30 

10 M .18 .01 .02 .05 

c l1 .03 .02 
12 .33 .94 

c 13 .. 69 T .21 .39 
14 .03 .20 .02 .09 . 17 .02 .30 
15 . 15 .02 .01 T .06 .01 .57 

D 
16 .01 
17 .20 .23 .35 
18 T .01 .02 

u 
19 .02 .48 T 
20 .03 . 18 .28 .31 . 15 

21 .01 .09 .39 .57 .03 

n 22 .02 . 10 .02 .23 
~ 23 .27 . 11 .01 . 12 . 10 

24 .05 .01 .05 

D 
25 .06 

26 .03 T T M .04 

[ 
27 . 13 T T M T 
28 .01 .03 M .01 . 16 
29 . 19 T .01 M T .31 1.12 
30 .01 .01 .02 . 13 .08 T .17 .32 

c 31 .04 .21 .03 T 

f~ TOTAL 1.77 2.13 1. 75 3.22 5.69 0.83 3.29 
b (.52) (.65)* 

c *June 11-30, 1983 

c 
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TABLE 
SLOUGH 8A 

1.2.§1 MEAN DAILY DISCHARGE (C.F.S.) 

14a:t Jun Jul Aug Se~ Oct 

Gil Q -cit Q CH Q Gil Q CH Q CH Q 

!l!!Y. _f.i~ _g_[L _Q;~ ...£f.L ~ _£f§_ ~ _Qf_L _[~ __Q.f.L ~ _Q_[_!i_ 

1 0.95 17.9 0,611 2.60 0.62 2.22 0.80 7. 73 O.fl9 13.0 

?. 0.88 12.3 0.611 2.60 0.61 2.05 0.98 20.8 0.63 9.?5 

3 1 . 1 1 38.3 0. 611 2.60 0.61 2.05 0.911 17.0 0.7£1 6. [1.3 

II 1. 33 92.6 0.63 2,110 0.63 2.110 0.92 15.3 (). 711 5.?.H 

5 0.93 16. 1 o.62 2.22 o. 611 2.60 0.8"1 11.6 0.69 3. "/5 

6 o. n 6 ,II 1 0.63 2.110 0.65 2.00 0.03 9.25 0.66 3.0?. 

"{ o. n 6. ,, 1 0.611 2.60 0.66 3.02 O.HO 7. "13 O.Cill 3. ,, <) 

0 0.17 6.111 0.65 2.00 0.86 11.0 o. n 6 ,II 1 0.69 3./') 

9 (),/') 5.611 0.611 2.60 0.95 17.9 (). "16 6.01 0.71 II, 31 

10 0. 71 4. 31 0.65 2.80 0.93 16. 1 0. "{II 5.28 0.80 7. Fl. 

11 o. 70 11,02 0.63 2.110 0.86 11.0 0.72 4.62 0.63 9.25 

12 0.68 3.119 0.62 2.22 0.87 11.6 0.70 4.02 0.81 8.21 

13 0.67 3.25 0.61 2.05 0.86 11.0 0. 6"( 3.25 (). 77 6. '•1 

1 II 0.67 3.25 0.60 1.89 0.95 17.9 0.67 3.25 0. 7'1 5.28 

15 0.66 3.02 0.60 1.89 0.93 16. 1 0.66 3.02 0.70 lj. 02 

16 0.67" 3.25 0.58 1.60 0.86 11.0 0.65 2.80 0.67 3 '>I" ~ 4:. :> 

11 0.67 3.25 0.58 1. 60 0.87 11.6 0.63 2.40 o. 611 2.60 

18 0.66 3.02 0.57 1 ,II 7 0.86 11.6 0.62 2.22 0.62 2.?.2 

19 0.67 3.25 0.59 1. 74 
' 

0.86 11.0 0.61 2.05 0.59 1. 711 

20 Cage I nsta'l I ed 0.67 3.25 0.58 1. 60 0.811 9.8 0.62 2.22 0.57 1. 117 

21 0.95 17.9 0.66 3.02 0.57 '1 ,117 0.79 7.3 0.65 2.80 0. 511 1. 13 

22 0.97 19.8 0.66 3.02 0.57 1. 117 0.76 6.0 0.66 3. "/5 0.51 0.78 

2.3 0.95 17.9 0.66 3.02 0.58 1. 60 0. 711 5.3 0.68 3,119 0.50 0.78 

211 0.90 13.7 0.65 2.80 0.60 1.89 0.70 4.0 0.61 2.05 Freezeup 

25 o. 8-r 11.6 0.65 2.80 0.61 2.05 0.69 3.8 0.58 1. 60 

?.6 0.86 11.0 0.65 2.80 0.59 1. 711 0.78 6.83 0.57 1.47 

27 0.811 9.81 0.65 2.80 0.58 1. 60 0.79 7.26 0.69 3.75 

;>B 0.82 8. 72 0.66 3.02 0.57 1 .117 0.78 6.83 0.97 19.8 

29 0.00 7.73 0.65 2.00 0.56 1. 35 0.73 4. 9'1 1. 02 25.3 

30 0.05 10.4 0.611 2.60 . 0. 57 1. 47 0.73 4. 911 0.97 19.8 

31 0.93 __lQ_J -·- 0.59 1. 74 0.72 4.211 -·- -·-

Tot 1115.0 268.0 61.1 2116.9 221.0 106.0 

Avg 13.2 8.94 1.97 7.96 7.36 4.61 

f•1<tX 19.8 92.6 2.80 17.9 25.3 13.0 

14i II ., . 7 3 2.60 1. 47 2.05 1 .II 7 0. "18 

It Cage tteiyht + 567.96 = 14ean Sea Level Elevation. 
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TACLE 
SLOUGH9 

.1.2_M MEAN DAILY DISCHARGE (C.F.S.) 

Nn Jun Jul Aug Se~ Oct 
"Gt_l __ 

Q GH Q GH Q GH Q GH Q GH Q 

P.rr.'i _[~ Cf§_ _rt* __.2_fL ~ __!;_[§__ ~ __.2_fL ~ __!;_[§__ ~ _g_f_§_ 

1 NA ItO( e) 1.97 26.9 .. 2.01 29.9 2.65 125 1. 76 15.0 

2 •• 
NA ItO( e) 2.11 38.4 1. 92 23.6 2.68 132 1. 75 lli. 6 

3 NA 35(e) 2.67 129.6 1. 82 17.9 2. 311 65.6 1. 73 13.8 

II NA 35(e) 2. 1.!1 II 1, 3 1.67 11.5 1. 911 24.9 .. 1. 68 11.1l 

5 NA 30(e) 2.09 36.6 1. 78 16.0 1. 68 11.8 1. 65 10.8 

6 NA 30(e) 2.42 78.0 2.05 33. 1 1. 57 8. 34 1. 63 10. I 

7 NA 30(e) 2. 611 122 2. 38 71.6 1.55 7.80 1. 58 8.61 

8 1. 80 34.2 2.88 192 2.56 104.3 1. 52 7.05 1. 57 8. 311 

9 1. 54 21.4 2.23 51.1 3.30 387.5 1. 51 6.82 1. 57 8.34 

10 1.43 17. 1 1. 92 41.5 3.80 803 1. 49 6.36 1.73 13.8 

1 1 1. 43 17.1 1.60 9.19 3.00 237 1.48 6.14 1. 68 11.8 

12 1. 52 20.5 1. 56 8.07 2.43 79.7 1 ,116 5.73 1.70 12.6 

13 1. 511. 21.4 1. 53 - 7.30 2.71 140 1.45 5.53 1. 70 12.6 

111 1. 47 18.6 1. 62 9.80 2.93 210 1.44 5.33 1.68 11.8 

15 1. 51 20.1 1. 53 7. 30 2.78 160 1. 45 5.53 1. 67 11.5 

16 1.77 32.6 1. 37 4.12 2.94 213 1. 44 5.33 1.65 10.8 

17 2. 10 54.4 1. 36 3.97 2.15 112.3 1.114 5.33 1.63 10. 1 

18 2.04 32.3 1. 50 6.59 1. 86 20.0 1 ,113 5. 111 1. 61 9.49 

19 2.01 29.9 1. 71 13.0 1. 611 10.4 1. 43 5. 111 1.60 9.19 

20 Gage tnsta lied 2.46 84.9 1. 50 6.!:·9 1. 52 7.05 1. 45 5.53 ·1.57 B. 34 

21 1. 511 21. II 2.42 78.0 1. 43 5. 14 1. 59 8.90 1. 46 5.73 1. 55 7.80 

22 1. 52 20.5 2. 36. 68.5 1. 48 6. 1 II 1. 90 22.3 1. 48 6. 111 1. 54 7.55 

23 1,119 19. 3 2.511 100 1.52 7.05 2.07 311.8 1. 50 6.59 1. 53 7. 30 

211 1. 47 18.6 . 2,112 -,a. o 1. 97 26.9 2.37 70.0 1. 53 7. 30 1.52 7.05 

25 NA 16( e) 2.29 58.6 1. 90 22.3 2.80 165 1. 48 6. 14 1. 52 7.05 

26 NA 12( e) 2.20 117.7 1. 55 7.80 3.66 662 1.117 5.93 1. 51 6.82 

'27 NA 10( e) 2.30 60.0 1. LIB 6. 111 3.64 6113 1.116 5.73 1. 50 6.59 

28 NA 2.57 106.4 1 ,110 4.61 2.90 199 1. 46 5.73 Freezeup 

29 NA 2.511 100.2 1. 35 3.82 2.35 67.0 1. 56 8.07 

30 NA 12(e) 2.20 47.7 1. 45 5.53 2.24 52.3 1. 711 1 II. 2 

31 NA lQW 1. 87 20.6 2.57 106 -·- -·-
Tot 1150.0 9119.0 11650.0 516.0 2711.0 

Avg 50.0 30.6 150.0 17.2 10. 1 

l•1<tX 106.0 192.0 803.0 132.0 15.0 

fo1in· 17. 1 3.82 7.05 5.14 6.59 

* Gage lleight + 591.15 Nean Sea Level Elevation. 
(e) Estimntud 
(NA) NoL available 
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Ma~ 

GH Q GH 
!2!!:t _.f_!;_~ __£f.L _[t* 

1 0.98 
2 0.99 
3 1. 05 ,, 1. 06 
5 1. 00· 

(, 0.98 
7 0.98 
8 0.97 
9 0.96 

10 0.96 

11 0.97 
12 0.97 
13 0.96 
111 0.91 
15 0.97 

16 0.9b 
1 7 0.98 
18 0.99 
19 0.99 
20 0.99 

21 0.99 
22 0.99 
23 0.99 
211 Gage lnsta lied 0.99 
25 0.94 3.2 0.99 

26 D. 91~ 3.2 0.99 
27 0.911 3.2 0.99 
28 0. 911 3.2 0.99 
29 0.94 3.2 1 . 00 
30 0.95 3.5 1.00 

31 0.97 h2 

lot 
IIVCJ 
14ax 3.9 
Min 3.2 

Jun 

* Gage lteight + 670.18:: r~ean Sea Leve I 

TABLE 
SLOUGH --;-T 

~ MEAN DAILY DISCHARGE 

Jul 
Q Gli Q 

__£f.L ~ __£f.L 

4. 1 0.99 4.3 
II. 3 0.99 4.3 
5.7 0.99 4.3 
6.0 0.99 4.3 
4.5 0.99. 4.3 

II, 1 0.99 II, 3 
4. 1 0.99 4.3 
3.9 1. 00 4.5 
3.7 0.99 4.3 
3.7 0.98 4. 1 

3.9 0.98 4. 1 
3.9 0.97 3.9 
3.7 0.98 4. 1 
3.9 0.97 3.9 
3.9 0.96 3.7 

4. 1 0.95 3.5 
4. 1 0.95 3. 5_ 
4.3 0.95 3.5 
4.3 0.95 3.5 
4.3 0.95 3.5 

4.3 0.95 3.5 
11. 3 0.95 3.5 
II. 3 0.95 3.5 
4.3 0.95 3.5 
4.3 0.95 3.5 

lj, 3 0.95 3.5 
4.3 0.911 3.2 
II, 3 0.911 3.2 
4.5 0.94 3.2 
4.5 0.911 3.2 

-- 0.94 ~ 

124.0 1111. 0 
II, 1 3.8 
6.0 4.3 
3.7 3.2 

Elevation. 

(C. f. S.) 

Aug Se!:! Oct 
GH Q GH Q GH Q 

~ __£f.L ~ __£f.L ~ __£f.L 

0.94 3.2 0.98 4. 1 0.90 2.5 
0.95 3.5 0.97 3.9 0.91 2.7 
0.95 3.5 0.96 3.7 0.91 2.7 
0.95 3.5 0.95 3.5 0.91 2.7 
0.95 3.5 0.94 3.2 0.91 2.7 

0.95 3.5 0. 911 3.2 0.90 2.5 
0.96 3.7 0.93 3. 1 0.90 2.5 
0.98 4. 1 0.93 3. 1 0.89 2.3 
0.98 1!. 1 0.93 3. 1 0.89 2.3 
0.99 II, 3 0.93 3. 1 0.90 2.5 

0.99 4.3 0.92 2.9 0.90 2.5 
0.99 4.3 0.91 2.7 0.90 2.5 
0.98 4. 1 0.91 2.7 0.91 2.7 
0.99 4.3 0.90 2.5 0.91 2.7 
0.98 4. 1 0.90 2.5 0.90 2.5 

0.97 3.9 0.89 2.3 0.90 2.5 
0.97 3.9 0.89 2.3 0.90 2.5 
0.97 3.9 0.89 2.3 0.90 2.5 
0.96 3.7 0.89 2.3 0.90 2.5 
0.95 3.5 0.90 2.5 0.90 2.5 

0.95 3.5 0.89 2.3 0.90 2.5 
0.95 3.5 0.89 2.3 0. 90 - 2.5 
0.96 3.7 0.90 2.5 0.89 2.3 
0.96 3.7 0.90 2.5 0.89 2.3 
0.96 3.7 0.89 2.3 0.88 2. 1 

0.97 3.9 0.89 2.3 0.88 2. 1 
0.89 II, 1 0.88 2. 1 0.88 2. 1 
0.89 IJ. 1 0.88 2. 1 freezeup 
0.98 1!. 1 0.90 2.5 
0.97 3.9 0.90 2.5 

0.97 l_._2 -·- ----

119.0 82.0 67.0 
3.8 2.78 2.5 
lL 3 4. 1 2.7 
3.2 2. 1 2.1 
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Date 
1983 

9/27 

9/28 

9/29 

9/30 

10/1 

10/2 

10/3 

10/4 

10/5 

10/6 

10/7 

Precipitation 
Sherman (in) 

.01 

.31 

. 17 

.09 

.02 

.01 

TABLE 8 
DATA FOR RUNOFF ANALYSIS 

FLOW (cfs) 
Precipitation Slough Slough Slough Susitna River 
Talkeetna (in) 8A 9 11 at Gold Creek 

T 3.75 5.73 2.1 9,640 

. 16 19.8 5.73 2.1 9,080 

1.12 25.3 8.07 2.5 9,400 

.32 19.8 14.2 2.5 11,600 

. 17 13.0. 15.0 2.5 13,600 

. 11 9.25 14.6 2.7 12,800 

6.83 13.8 2.7 11,600 

5.28 11.8 2.7 10,800 

.26 3.75 10.8 2.7 9,600 

.06 3.02 10.1 2.5 8,800 

3.49 8.61 2.5 
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION 0 DATA TAKEN DURING May, 1983 ~ 

0 
u 

.8 
0 
0 

] 

KAX. KIN. KEAN 
DAY TEMP • TEMP • TEMP • 

DEC C DEC C DEC C 

RES. 
WIND 
DIR. 
DEC 

RES. 
WIND 
SPD. 
K/S 

AVG. 
WIND 
SPD. 
HIS 

MAX. 
GUST 
DIR. 
DEG 

MAX. 
GUST p I VAL MEAN 
SPD. DIR. RH 
H/S % 

MEAN 
DP PRECIP 

DEC C tiM 

DAY'S 
SOLAR 
ENERGY DAY-_ 
WH/SQit 

~-------------------------~~-----------------------------------------------------------------
1 14.4 -3.7 
2 8.2 1.1 
3 8.8 -.1 
4 11.9 -1.6 
5 12.3 -.8 
6 14.3 -2.2 
7 15.4 -2.2 
B 16.9 -2.5 
9 15.0 . -.5 

10 14.0 -.8 
11 16~8 -.8 
12 14.5 2.2 
13 16.4 2.4 
14 16.1 .9 
15 14.2 .3 
16 13.6 ~ -.3 
17 10.8 3.1 
18 11.4 2.7 
19 12.7 1.6 
20 18.2 1.8 
21 11.1 4.6 
22 14.5 5.1 
23 14.4 4.1 
24 16.4 -.1 
25 1.8 -2.2 
2& ***** *~*** 

27 ***** IIIII 
28 IIIII IIIII 
29 ***** IIIII 
30 IIIII IIIII 
31 IIIII IIIII 
MONTH 18.2 -3.7 

GUST 
GUST 
GUST 
GUST 

5.4 127 
4.7 219 
4.4 208 
5.2 056 
5.8 043 
6.1 058 
6.6 040 
7.2 308 
7.3 244 
6.6 233 
8.0 341 
8.4 127 
9.4 001 
8.5 223 
7.3 237 
6.7 238 
7.0 222 
7.1 222 
7.2 216 

10.0 237 
7.9 216 
9.8 227 
9.3 206 
8.2 078 
-.2 105 

11!*1 ~** 

***** *** 
***** Ill 
lltlll *** 
IIIII 1!11 

***** Ill 
6.9 217 

.3 
1.1 
1.1 

.5 

.8 

.6 

.2 

.4 

.5 

.2 

.4 

.2 

.5 

.3 

.6 

.a 
1.1 

.5 
1.3 
1.3 

.9 

.9 

.6 

.2 
**** 
lUI 
1111 
lUI 
lUI 

**** .3 

VEL. 
VEL. 
VEL. 
VEL. 

AT MAX. 
AT MAX. 
AT MAX. 
AT MAX. 

.8 204 
1.2 216 
1.3 214 
1.1 628 
1.0 347 

.9 350 

.9 347 

.8 213 

.a 263 

.9 293 

.8 316 

.7 136 

.8 017 
1.0 195 
.a 234 

1.0 218 
1.0 184 
1.3 225 

.9 199 
1.5 234 
1.4 253 
1.2 272 
1.2 227 
1.0 090 

.2 145 
**** *** 
IIU !!II 

IHI Ill 
1111 Ill 
***I Ill 
**** Ill 

.1 184 

GUST MINUS 
GUST MINUS 
GUST PLUS 
GUST PLUS 

4.4 ENE ** ***** 
5.1 sw ** ***** 
4.4 ssw ** IIIII 
5.1 ENE il IIIU 
5.7 E II ***** 
5.7 ENE ** ***** 
5.1 r ** ***** 
3.8 NE ** ***** 
4.4 ssw ** IIIII 
5.1 sw II IIIII 
3.8 ESE II ***** 
3.8 ESE ** I**** 
3.8 ESE II IIIII 
5.7 ssw II ***** 
3.8 E II ***I* 
5.1 WSW ** ***** 
7.0 sw ** IIIII 
6.3 sw II ***** 
4.4 sw ** ***** 
6.3 WSW ** I**** 
6.3 ssw ** ***** 
5.7 ssw ** ***** 
5. 1 ssw ** ***** 
5.1 SE ** ***** 

.6 ESE ** ****I 
**~I Ill II IIIII 
lllll Ill ** llllll 

***~ *** ** ***** 
**** Ill *I ***I* 
1111 Ill II IIIII 
lllll Ill II 1*111 

7.0 ssw ** IIIII 

2 INTERVALS 
1 INTERVAL 
1 INTERVAL 
2 INTERVALS 

.6 
5.0 
.8 

o.o 
o.o 
o.o 
0.0 
o.o 
o.o 
0.0 
0.0 
0.0 
o.o 

.2 
0.0 
1.0 
7.0 

.6 
o.o 
o.o 
1.4 
2.0 

.4 
o.o 
.4 

**** 
flU 

Ull 

**** 
II II 

**** 19.4 

3.8 
3.2 
5.7 
3.2 

5418 1 
4123 2 
4618 3 
5820 4 
b433 5 
7015 6 
6851 "7 
6955 8 
5903 9 
b2B3 10 
6765 11 
5783 12 
5783 13 
4833 14 
4793 15 
4183 16 
3528 17 
4838 18 
4285 19 
6b15 20 
3365 21 
'SObS 22 
4973 23 
5889 24 

960 25 
****** 2b 

****** 27 
****** 2B 
****** 29 
****** 30 
****** 31 
131075 

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS TH~ 
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DA!L) 
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT. 

**** SEE NOTES AT THE BACK OF THIS REPORT **** 
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION 
DATA TAKEN DURING Ju11e, 19f33 ', 

RES. RES. AVG. KAX. KAX. DAY'S 
KAX. KIN. MEAN WIND WIND WIND GUST GUST P1 VAL MEAN KEAN SOLAR 

DAY TEMP. TEMP. TEKP. DIR. SPD. SPD. DIR. SPD. DJR. RR DP PRECIP ENERGY DA~. 
DEG C DEG C DEG C DEG H/S H/S DEG H/S % DEG C t!lt \~H/SGH 

_____ . ___________________________ _;~-----------------------------------------------------------------
. 1 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 1 
2 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 2 
3 fHff HUll lEUif HI ll!!ff Hill Iff Uff Iff If H*lf llilllff HHH . 3 

4 ***** ~**** ***** ~~~ **** **** *** ~*** *** ** ***** **** ****** 4 
5 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ******" 5 
6 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 6 
7 ***** ***** ***** *** **** **** *** **** *** ** ***** **~~ ****** 7 
8 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 8 
9 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****~~ 9 

10 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 10 
11 flll*f f*ll!l ***** Iff Ulf fflf Iff fill* Ill flf *1!1*1 IHI UIIH 11 

12 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 12 
13 IIIII IIIII flffff Iff fflf ffff Iff llflfl Ill II IIIII 1111 ****~~ 13 
14 17.9 7.9 12.9 253 .3 .9 224 4.4 sw 60 5.8 0.0 5046 14 
15 17.0 6.3 11.7 226 .6 .7 245 4.4 sw 52 5.2 3.4 5495 15 
16 18.4 -- 3.5 11.0 219 .7 .9 197 5.1 sw 47 3.8 0.0 6435 16 
17 22.3 1.1 11.7 295 .1 .7 284 3.8 E 29 1.0 0.1 7858 17 
18- 25.2 2.4 13.8 250 .2 .9 224 4.4 ESE 24 -.1 0.0 8273 18 
19 20.7 5.4 13.1 217 1.1 1.3 230 5.1 sw 57 7.9 .6 6210 19 
20 22.4 4.6 13.5 223 .7 1.0 219 3.8 sw 41 4.3. 0.0 7805 20 
21 23.2 4.3 13.8 219 .9 1.2 221 4.4 ssw 41 6.1 0.8 8100 21 
22 21.9 9.0 15.5 216 .9 1.1 242 4.4 sw 43 6.1 0.0 7250 22 
23 21.7 7.1 14.4 215 .7 .9 251 3.13 sw 36 3.7 o.o 6808 23 
24 24.6 5.8 15.2 218 .5 .6 220 3.8 s~ 32 5.2 o.o 7303 24 
25 26.6 5.1 15.9 211 1.0 ·1.3 216 7.0 SW 32 4.0 0.1 BOOS 25 
26 21.1 7.7 14.4 226 .6 .9 238 4.4 ssw 56 8.1 .s 4865 26 
27 15.6 4.8 10.2 196 .3 .5 201 3.2 ssw 84 12.2 3.2 3000 27 
28 21.2 6.1 13.7 210 .4 .7 236 6.3 ssw 44 6.2 . .2 6063 28 
29 19.1 4.1 11.6 213 .3 .7 221 4.4 sw 62 9.1 4.8 4473 29 
30 23.1 9.1 16.1 229 .1 .5 300 2.5 NNE 38 5.9 .2 6720 30 
HONTH 26.6 1.1 13.4 219 .6 .9 216 7.0 SW 44 \ 5.6 13.2 109716 

GUST VEL. AT MAX. ~UST MINUS 2 INTERVALS 4.4 
GUST V~L. AT MAX. GUST MINUS 1 INTERVAL 5.1 
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.7 
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.2 

J 
J 

] NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WJND SPEEDS ARE LESS THAN 
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED IN THE DAILY 
OR MONTHLY t1EAN Fm~ RELATIVE HUMIDITY AND DFl•J POINT. 

J SEE NOTES AT THE BACK OF THIS REPORT **** 
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION 
~JTA TAKEN DURING July, 1983 

J 
o. 

RES. RES. AIJG, tiAX. tiAX, 
HAX. !tiN. HEAN WIND . WIND WIND GUST GUST P'IJAL HEAN HEAN 

DAY TEMP. TEMP. TEMP. DIR. SPD. SPD. DIR. SPD. DIR. RH DP 

DAY'S 
SOLAR 

PRECIP ENERGY DAY 
DEG C DEG C DEG C DEG tt/S lt/5 DEC tt/S % DEG C tltl WH/SQI\ 

........ ------------------------------------~-------------------.... --------------------.... ------------------

J 
0 
.o 
J .. 
]. 

0 
J 
] 

J 
J 

1 15.4 
2 19.3 
3 23.5 
4 23.8 
5 23.7 
6 15.4 
7 19.5 
8 17.0 
9 20.1 

10 20.8 
11 18.5 
12 17.6 
13 15.7 
14 20.1 
15 22.4 
16 19.8 
17 14.7 
18 19.2 
19 23.3 
20 20.3 
21 22.1 
22 22.8 
23. 1-4..4 
24 17.4 
25 19.2 
26 1a.o 
27 22.9 
28 24.6 
29 22.0 
30 14.6 

. 31 lf:l.4 
MONTH 24.6 

9.8 12.6 202 
8.7 14.0 214 
7.4 15.5 212 
9.2 16.5 2i~ 

11.8 17.8 232 
10.1 12.8 206 
9.9 14.7 292 
8.7 12.9 263 
8.0 14.1 090 

10.3 15.6 211 
7.0 12.8 216 

10.7 14.2 217 
8.8 12.3 192 
8.5 "14.3 218 

10.8 16.6 239 
7'>9 13.9 221 

10.1 12.4 206 
8.3 13.8 029 
3.5 13.4 021 
6.8 13.6 234 
4.5 13.3 204 
4.2 13.5 214 
9.1 11.8 190 
7.6 12.5 221 
5.1 12.2 205 
5,8 11.9 218 
7.4 15.2 236 
5.6 15.1 215 
6.8 14.4 218 

10.9 12.8 207 
9.9 14.2 299 
3.5 13.9 214 

1.1 1.2 220 
1.1 1.1 227 
.7 .s 216 
.5 .8 218 
.6 .9 217 
.8 .9 194 
.1 .4 '309 
.4 .7 200 
.3 .7 181 

1.1 1.2 214 
1.2 1.3 207 
1.3 1.4 223 

.3 .8 194 

.3 .7 226 

.2 .5 228 

.7 .9 196 

.a .a 192 

.3 .5 048 

.1 .a 238 

.8 .9 210 

.4. .6 184 
1.0 1.2 204 
.3 .6 220 
.5 .6 198 
.6 .7 222 
.7 .8 208 
.2 .5 210 
.8 . 1.0 217 
.9 1.1 205 
.4 .5 208 
.1 .4 047 
.5 .5 218 

4.4 ssw 58 -3.6 4.6 
4.4 ssw 41 -5.0 2.6 
3.2 ssw 46 6.3 0.0 
6.3 sw 73 11.5 2.0 
4.4 SW · 58 11.5 D.O. 
3.8 ssw 86 11.4 3.6 
1.9 WSW ** ***** 1.2 
3.8 ssw 64 5.0 1.2 
4.4 ENE 51 4.2 1.2 
4.4 ssw 55 7.6 0.6 
5.1 ssw 64 7.7 0.0 
5.1 ssw 78 9.6 0.0 
3.2 ssw 73 3.5 17.6 
"4,4 ssw 57 8.8 5.2 
3.2 WSW 45 8.4 .2 
3.8 ssw 56 9.3 0.0 
3.8 ssw 81 8.9 5.2 
4.4 ENE 39 3.6 .2 
s.1 E 33 2.5 o.n 
4.4 WSW 56 7.9 .B 
5.1 s 43 5.9 .2 
5.7 SSW 46 6.9 O.D 
~.8 SSW 76 8.5 6.8 
3.2 ssw 62 8.4 o.o 
3.8 ssw 46 5.6 0.0 
4.4 ssw 56 7.7 0.0 
3.2 sw 36 5.5 o.o 
5.t sw 40 6.3 o.n 
5.7 sw 56 8.2 0.0 
2.5 ssw 83 11.3 .6 
2.5 N 75 12.2 1.6 
&.3 ssw 58 6.8 54.2 

GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 1.3 
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 5.7 
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 5.1 j GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 6.3 

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS 
ONE METER PER SECOND. SUCH READINGS HAVE NOT BEEN INCLUDED ,-l OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT, 

~-•• SEE NOTES AT THE BACK OF THIS REPORT **** 

J 

2525 1 
5480 2 
7153 3 
3073 4 
6438 5 
1855 6 
3795 7 
3605 8 
4445 9 
6565 10 
5380 11 
4418 12 
2655 13 
5040 14 
5190 15 
4995 16 
2605 17 
5516 18 
7590 19 
5478 20 
6360 21 
7295 22 
2120 23 
3813 24 
5198 25 
4506 26 
6355 27 
6843 28 
5955 29 
1800 30 
3698 31 

147129 

ARE LESS THAN 
IN THE DAILY 
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. . : : i ~~L,1 : .. \ : ~\ P·!:< \j ,:_.:);. \ .. 
~ONTHLY SUMMARY FOR SHERMAN WEATHER STATION 

l .• : ';~--i •C:.ift_;.'·l\_1 . 

\, L··· ·: ·-·= ~ ~ \ .. .; L1 __; ~.J ~ .. ..__ 

tJATA TAKEN DURING August~ 1983 
._ ~....... 

0 .. RES. RES. AIJG. tiAX. tiAX. DAY'S 
HAX. tiiN. HEAN WIND WIND WIND GUST GUST p I VAL tiEAN MEAN SOLAR 

DAY TEMP. TEMP. Ttl'IP • . DIR. SPD. SPD. DIR. SPD. DIR. RH DP PRECIP EtlERGY DAY 

0 
DEG t DEG t DEG C DEG HIS HIS DEG HIS z DEG C tiH WHISQtl 

--------~-----------------------------~----------------------------------------------------------------
1 22.2 6.2 14.2 201 .6 .7 189 '3.8 SSII 62 10.4 .6 4653 1 
2 24.4 4.3 14.4 053 .7 .7 041 5.7 NE 29 3.2 1.8 6683 2 

R 3 25.7 4.1 14.9 172 .1 .6 233 3.8 sw 25 2.5' 0.0 6565 3 
4 14.1 11.1 12.6 20h .4 .& 234 3.8 SSII 83 8.0 3.0 1800 4 
5 14.9 9.5 12.2 048 .3 .4 025 1.9 ENE ** l**ff 6.2 2288 5 

0 b 17.3 9.4 13.4 222 .4 .8 235 5.1 sw 58 6.3 6.8 4170 6 
7 15.4 9.4 12.4 126 .0 .3 017 1.9 E sa 10.4 .a 2003 7 ·. -

8 13.4 10.2 11.8 130 .1 .5 185 2.5 ssw 78 1.2 .B 1503 8 

.0 
9 18.1 3.0 10.6 221 .8 1.0 258 4.4 sw 63 6.4 .6 4423 9 

10 19.2 2.9 11.1 248 .2 .6 242 3.2 ESE 43 4.2 .2 5455 10 
11 18.4 3.4 10.9 220 .4 ·,5 316 4.4 SSII 51 6.1 .4 4113 11 
12 14.2 8.5 11.4 200 .6 .7 234 3.8 ssw 81 9.1 8.4 2510 12 

J 13 13.b 6.b 10.1 221 .3 .7 220 5.1 S\1 75 6.b 5.4 2795 13 
14 15.3 .7 B.O 299 .1 .b 219 3.2 N 53 -.1 2.4 4608 14 
15 14.5 .5 7.5 152 .1 .5 198 3.2 ESE 61 4.2 1.6 3493 15 

0 16 18.2 3>1 18.7. 215 .3 .7 218 3.8 S\1 39 2.6 .2 557B 16 
17 17.3 1.8 9.6 155 .1 .b 189 3.8 E 59 5.7 0.0 4130 17 
18 20.4 .6 18.5 091 .2 .5 167 2.5 E 27 -.5 0.0 5590 18 

D 
19 20.7 -.2 10.3 193 .2 .b 255 '3.8 sw 28 -.5 o.8 5490 19 
20 11.4 5.8 8.6 217 .7 .9 214 8.9 SW 84 8.0 7 .o ~ 1628 20 
21 11.8 7.9 9.9 210 .3 .b 206 3.2 ssw 84 8.8 9.8 2310 21 
22 15.4 8.3 11.9 228 .4 ,6 249 4.4 ssw 74 9.1 .6 270a 22 

0 23 13.2 6.3 9.8 047 .t .4 210 3.2 ENE 65 5.9 .2 2663 23 
24 11.9 1.7 6.8 039 .3 .5 038 2.5 NE 73 4.2 .2 2743 24 
25 13.6 -1.2 6.2 059 .6 .7 061 5.7 ENE 53 __ ?!_6 1.4 3133 25 

~J 
2o 1'3.2 6.0 9.6 222 .4 .7 211 3.2 ~u 73 7.4 o.o 3309 26 ;)w 

27 ***** ***** ***** *** **** **** *** **** *** II ***** **** ****** 27 
28 ***** ***** ***** *** **** **** *** **** *** ** ***** **** ****** 28 

] 
29 11.7 10.5 11.1 224 .5 .7 330 3.8 SSII 91 9.8 0.0 781 29 
30 15.2 7.9 11.6 226 1.5 t.a 230 6.3 sw 80 8.8 2.0 2945 30 
31 14.8 5.1 10.0 2&3 .1 .5 190 3.2 sw 71 8.3 .8 2193 31 
HOMTH 25.7 -1.2 10.7 218 .2 .7 214 8.9. sw 63 5.7 61.2 102256 

0 GUST VEL. AT.MAX. GUST MINUS 2 INTERVALS 7.0 
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 7.6 

'] GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 7.6 
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 6.3 

L. 

~rOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN 
ONE t'\ETER PER SECOND. SUCH READINGS HAVE: NOT BEEN INCLUDED IN THE DAILY 
OR MONTHLY MEAN FOR RELATIVE HUMIDITY ANI> DEW POINT. 

-~*** SEE NOTES AT THE: BACK OF THIS RF.:PORT ';(-·)(-** 

u 
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MONTHLY SUMMARY FOR SHERMAN WEATHER 
:J.f:"'''(',~··,, :'F,~F :-,1 r-\ R\~ 

STATION b L. .....A.:....:.:.: ;---:~:_l d L:....J ,_: \ .. L .. .JGL! \..~ U 
~lATA TAKEN DURING SepteMber~ 1983 

~·5 ~: ';::· ,: '. .... 
RES. RES. AIJG, MAX. MAX. DAY'S 

0 MAX. MIN. HEAH WIND WIND WIND GUST GUST P'IJAL tiEAN HEAN SOLAR 
DAY TEMP. TEMP. TEMP. DIR. SPD, SPD. DIR. SPD. DIR. RH DP PRECIP ENERGY DAY : 

DEG C DEG C DEG C DEG lt/S K/S DEG H/S % DEC C Hit WH/SQK 

·o ----------~---------------------------~-------------------------------------------------------------
1 12.4 5.a 9.1 190 .2 .6 2at 3.8 ssw 94 8.7 2.a 1378 1 
2 15.3 -.9 "'7;2 046 .4 .5 845 3.2 N 38 -.1 o.o 5145 2 

0 
3 16.5 -1.5 7.5 023 .2 .5 340 2.5 ENE 48 3.1 o.o 3298 3 
4 13.1 -2.3 5.4 066 .4 ·" 094 3.a NE 42 -1.0 0.0 2763 4 
5 14.2 -3.6 5.3 269 .1 .5 195 3.2 NW 37 -1.7 o.o 4348 5 

0 
6 15.0 . -4.3 5.4 052 .2 .5 oa4 3.8 NNW 30 -4.0 O.D 4625 6 
7 14.7 -3.7 5.5 215 .1 .6 192 3.8 NNW 48 1.9 D.D 3553 7 
8 12.8 3.8 8.3 258 .2 ·" 227 3.2 ssw 61 5.1 .2 2093 a 
9 14.6 4.7 9.7 236 .3 .6 222 4.4 N 55 4.4 .2 3211 9 

0 10 15.0 .9 8.0 337 .2 .4 852 1.9 NNW 54 4.5 .4 2468 tO 
11 15.5 1.0 8.3 294 .2 .3 255 3.2 SSII so 3.7 0.0 2398 11 
12 14.8 3.3 9.1 229 .5 .6 245 4.4 sw 54 3.6 o.o 2388 12 

[] 
13 12.9 1.5 7.2 051 .3 .4 071 . 3.2 ENE 65 4.8 o.o 2230 13 
14 7.5 .1 3.8 186 .3 .7 203 3.8 s 90 4.7 .6 1113 14 

: 15 11.9 -3.7 4.1 085 .3 .5 026 4.4 II 54 1.4 0.0 2953 15 
16 15.7 -4-.-8 5.5 037 .4 .6 249 4.4 NNW 39 -.6 0.0 3815 16 

0 17 12.a -5.1 3.9 209 .4 .7 224 4.4 WSII 43 -.1 o.o 3698 17 
18 13.5 -4.8 4.4 032 .3 .5 027 3.2 E 51 .2 o.o 2~30 18 
19 12.0 -3.0 4.5 039 .9 1.0 049 6.3 NNE 53 1.6 o.o 1430 19 

0 20 8.8 5.0 6.9 033 .4 .4 045 2.5 NE 96 5.1 3.8 690 20 
21 12.2 5.9 9.1 013 .2 .4 104 2.5 N 86 9.1 o.o 1533 21 
~ 9.8 .3 5.1 016 .2 .7 207 4.4 NNW 74 -4.0 .4 1108 22 

] 23 3.4 -2.6 .4 055 1.4 1.5 048 8.9 NE 46 -10.3 0.0 2335 23 
24 -.6 -3.4 -2.0 050 3.2 3.3 051 9.5 tiE 42 -13.6 o.o 2205 24 
25 3.7 -9.2 -2.8 054 2.0 2.1 040 7.6 NE 37 -13.6 o.o 3283 25 
26 . 3.9 -11.6 -3.9 067 1.0 1.1 057 5.1 fJIE 39 -11.2 n.o 3085 26 

] 27, 3.6 -11.1 -3.8 059 t.O 1.0 067 4.4 ENE 46 -9.0 0.0 1948 27 
28; 1.8 -.9 .5 034 .6 .6 015 2.5 NNE 89 -1.4 • .2 598 28 
29 3.4 .2 1.8 063 .4 .5 339 1.9 ENE ** ***** a.o 473 29 

] 30 10.2 2.3 6.3 223 1.0 1.3 236 7.0 sw 85 6.0 4.2 1363 30 
HONTH 16.5 -11.6 4.6 050 .3 .a 051 9.5 NE 52 -.1 20.8 74033 

u GUST VEL. AT MAX. GUST MINUS 2 INTERVALS 8.3 
GUST VEL. AT MAX. GUST MINUS 1 INTERVAL 8.3 
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 7.0 
GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 8.9 

~JOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN 
ONE METER PER SECOND. SUCH READINGS HAVE NOT :ElEEN INCLUDED IN THE DAILY 

~}*-~* 
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT, 
SEE NOTES AT THE BACK OF THIS REPORT **** 

J 



APPENDIX D 

MAINSTEM DISCHARGE OF THE 
SUSITNA RIVER AT GOLD CREEK 

FOR THE YEAR ENDING 
SEPTEMBER 30, 1983 
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·:J1~.3r·A<Rev. May mil . ' • n.j, Is> 
'c,.;r ~ Daily Gage Height. in Feet, and Discharge, in Cubic 1.ieel, per Second, of.. .................... SU.S.I.r.N.8 .......................•........ ,. : . : 

J j i ~ .... G.at..O .... C..e.c..c:x ... , ... ~£1t.E.s.}$;~ ...................... for the Year Ending September 30. 19 .. 8.3. 
- : : 

: : 
! ~ Dralna1e Area --~-l/,.Q ______ Square Miles. Water-Stare ·Recorder .A:.35..1JA)t}_________ Ratio ••••• L. .. : --'-~---
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0 GAGING STATION AND DISCHARGE DATA, 
SLOUGHS SA, 9, AND 11 
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DESCRIPTION OF GAGING STATION ON SLOUGH SA 
SUSITNA RIVER 

Location: 

On right bank about 3500 feet upstream of mouth of slough. 70' 
upstream of groundwater observation wells 8-8 and 8-9. 

Establishment: 

Gage: 

May 21, 1983 by R&M Consultants, Inc. 

Stevens F-1 recorder, ratio 1:5, mounted on 10" stilling well in right 
bank of slough. Recorder is referenced to an outside staff gage and 
set to gage datum. 

History: 

As recorder was located in this slough in 1982 but no usable data was 
collected due to beaver activity disrupting the stage-discharge 
relationship at the site. 

Channel and Control: 

The channel is composed of cobbles and silt and seems stable. It is 
straight for 100 feet above the gage and there is a riffle about 40' 
downstream of the gage. Channel is wide and does not exhibit large 
stage changes. 

Discharge Measurements: 

Low flow measurements can be made accurately about 150' upstream of 
the gage in a narrow but smooth flowing channel. High flow can be 
measured at the gage. 

Regulation: 

Discharge will be affected by the flow in the mainstem Susitna River 
when it overtops the berm at the upstream end of the slough. 

Reference Marks: 

0 elevation on staff gage at stilling well - 567.96 MSL. R&M rebar 
and Alcap right bank Slough 8 near Well 9-9 ID number 125.9 56 RB, 
571.56. 



CJ] . C .... ] i'"'ri") CJ 
s12/ r1 

TABLE 
SLOUGH 8A 

1983 MEAN DAILY DISCI-lARGE (C.F.S.) 

Ma:~t: Jun Jul Aug SeR Oct 
GH Q GH Q GH Q GH Q GH Q GH Q 

Da:~t: __ll!_ ~ __ll!_ ~ ~ ~ __ll!_ ~ __ll!_ ~ __ll!_ ~ 

1 0.95 17.9 0.61J 2.60 0.62 2.22 0.80 7. 73 0.89 13.0 
2 0.88 12.3 0.611 2.60 0.61 2.05 0.98 20.8 0.83 9.25 
3 1. 11 38.3 0.64 2.60 0.61 2.05 0.911 17.0 0.78 6.83 
4 1.33 92.6 0.63 2.40 0.63 2.40 0.92 15. 3 0.74 5.28 
5 0.93 16.1 0.62 2.22 0.64 2.60 0.87 11.6 0.69 3. 75 

6 0.77 6.41 0.63 2.40 0.65 2.80 0.83 9.25 0.66 3.02 
7 0.77 6.41 0.64 2.60 0.66 3.02 0.80 7. 73 0.68 3.49 
8 0.77 6.41 0.65 2.80 0.86 11.0 0.77 6.41 0.69 3.75 
9 0.75 5.64 0.64 2.60 0.95 17.9 0.76 6.01 0.71 4.31 

10 0.71 4.31 0.65 2.80 0.93 16. 1 0.74 5.28 0.80 7.72 

11 0.70 4.02 0.63 2.40 0.86 11.0 0.72 4.62 0.83 9.25 
12 0.68 3.49 0.62 2.22 0.87 11.6 0.70 4.02 0.81 8.21 
13 0.67 3.25 0.61. 2.05 0.86 11.0 0.67 3.25 0. 77 6.41 

14 0.67 3.25 0.60 1. 89 0.95 17.9 0.67 3.25 0.74 5.28 
15 0.66 3.02 0.60 1.89 0.93 16.1 0.66 3.02 0.70 4.02 

16 0.67 3.25 0.58 1.60 0.86 11.0 0.65 2.80 0.67 3.25 
17 0.67 3.25 0.58 1.60 0.87 11.6 0.63 2.40 0.64 2.60 
18 0.66 3.02 0.57 . 1.47 .0.86 11.6 0.62 2.22 0.62 2.22 

19 0.67 3.25 0.59 1. 74 0.86 11.0 0.61 2.05 0.59 1. 74 
20 Gage Installed 0.67 3.25 0.58 1.60 0.84 9.8 0.62 2.22 0.57 1.47 

21 0.95 17.9 0.66 3.02 0.57 1.47 0.79 7.3 0.65 2.80 0.54 1. 13 
22 0.97 19.8 0.66 3.02 0.57 1.47 0.76 6.0 0.66 3.75 0.51 0.78 
23 0.95 17.9 0.66 3.02 0.58 1. 60 0.74 5.3 0.68 3.49 0.50 0.78 
24 0.90 13.7 0.65 2.80 0.60 1.89 0.70 4.0 0.61 2.05 Freezeup 
25 0.87 11.6 0.65 2.80 0.61 2.05 0.69 3.8 0.58 1.60 

26 0.86 11.0 0.65 2.80 0.59 1. 74 0.78 6.83 0.57 1.47 
27 0.84 9.81 0.65 2."80 0.58 1. 60 0.79 7.26 0.69 3.75 
28 0.82 8.72 0.66 3.02 0.57 1.47 0.78 6.83 0.97 19.8 
29 0.80 7.73 0.65 2.80 0.56 1. 35 0.73 4.94 1.02 25.3 
30 0.85 10.4 0.64 2.60 0.57 1.47 0.73 4.94 0.97 19.8 

31 0.93 ....l.Q...l -·- 0.59 1. 74 0.72 4,24 -·- -·-
Tot 145.0 268.0 61.1 246.9 221.0 106.0 
Avg 13.2 8.94 1.97 7.96 7.36 4.61 
Max 19.8 92.6 2.80 17.9 25.3 13.0 
Min 7.73 2.60 1. 47 2.05 1.47 0.78 

it Gage Height + 567.96 = Mean sea Level Elevation. 
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DESCRIPTION OF GAGING STATION ON SLOUGH 9 
SUSITNA RIVER 

Location: 

On right bank of Slough 9 about 1300 feet upstream from mouth, 
100 feet upstream of groundwater observation well 9-12. 

Establishment: 

Gage: 

5-21-83 by R&M Consultants, Inc. 

Stevens F-1 recorder, ratio 1:5 mounted on 10" stilling well on right 
bank of slough. Recorder is referenced to an outside staff gage 
attached to the downstream side of the stilling well. 

History: 

A recorder was located in this slough 
upstream of the present location. The 
advantage of a cross-section with 
relationship. 

Channel and Control: 

in 1982 at a location about 300' 
recorder was relocated to take 
an improved stage-discharge 

the channel is composed of cobbles and silt. The gage is located in a 
straight section between two riffles. Channel subject to siltation at 
high flow. 

Discharge Measurements: 

Low flow measurements can be made at a narrow section about 100' 
upstream of the gage. High flows can be measured at the gage. 

Regulation: 

Discharge will be affected by the flow in the mainstem Susitna River 
when it overtops the berm at the upstream end of the slough. 

Reference Marks: 

Zero elevation on staff gage on stilling well. Elevation 591.15 MSL. 
R&M rebar TBM 9-15 on left bank of slough about 100' downstream of 
stilling well. Elevation 597.50 MSL. 
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TABLE _ 
SLOUGH 9 

12.§1 MEAN DAILY DISCHARGE (C.F.S.) 

Ma:z:: Jun Jul Aug Se~ Oct 
GH Q GH Q GH Q GH Q ,GH Q GH Q 

Day ~ _QfL ~ _QfL ~ _QfL ~ _QfL ~ _QfL - ft* _QfL 

1 NA 40(e) 1.97 26.9 2.01 29.9 2.65 125 1. 76 15.0 
2 NA 40(e) 2. 11 38.4 1.92 23.6 2.68 132 1. 75 14.6 
3 NA 35(e) 2.67 129.6 1.82 17.9 2. 34 65.6 1. 73 13.8 
4 NA 35(e) 2.14 41.3 1.67 11.5 1.94 24.9 1.68 11.8 
5 NA 30(e) 2.09 36.6 1. 78 16.0 1.68 11.8 1.65 10.8 

6 NA 30(e) 2.42 78.0 2.05 33.1 1. 57 8.34 1.63 10. 1 
7 NA 30(e) 2.64 122 2.38 71.6 1. 55 7.80 1.58 8.61 
8 1.80 34.2 2.88 192 2.56 104.3 1. 52 7.05 1. 57 8.34 
9 1. 54 21.4 2.23 51.1 3.30 387.5 1. 51 6.82 1. 57 8. 34 

10 1.43 17.1 1.92 41.5 3.80 803 1. 49 6.36 1.73 13.8 

11 1.43 17.1 1.60 9.19 3.00 237 1. 48 6.14 1.68 11.8 
12 1.52 20.5 1.56 8.07 2.43 79.7 1. 46 5.73 1.70 12.6 
13 1. 54 21.4 1.53 7.30 2.71 140 1.45 5.53 1. 70 12.6 
14 1.47 18.6 1. 62 9.80 2.93 210 1. 44 5.33 1.68 11.8 
15 1. 51 20.1 1. 53 7.30 2.78 160 1.45 5.53 1. 67 11.5 

16 1.77 32.6 1.37 4.12 2.94 213 1.44 5.33 1.65 10.8 
17 2.10 54.4 1.36 3.97 2.15 42.3 1. 44 5.33 1. 63 10. 1 
18 2.04 32.3 1.50 6.59 1.86 20.0 1. ll3 5.14 1. 61 9.49 
19 2.01 29.9 1. 71 13.0 1.64 10.4 1. 43 5.14 1. 60 9.19 
20 Gage Installed 2.46 84.9 1.50 6.59 1. 52 7.05 1. 45 5.53 1. 57 8.34 

21 1. 54 21.4 2.42 78.0 1.43 5.14 1. 59 8.90 1. 46 5.73 1. 55. 7.80 
22 1. 52 20.5 2. 36 68.5 1.48 6.14 1.90 22.3 1. 48 6.14 1. 54 7.55 
23 1. 49 19.3 2.54 100 1. 52 7.05 2.07 34.8 1.50 6.59 1. 53 7.30 
24 1.47 18.6 2.42 78.0 1. 97 26.9 2.37 70.0 1.53 7. 30 1.52 7.05 
25 NA 16(e) 2.29 58.6 1. 90 22.3 2.80 165 1. 48 6.14 1. 52 7.05 

26 NA 12(e) 2.20 47.7 1.55 7.80 3.66 662 1.47 5.93 1. 51 6.82 
27 NA 10(e) 2.30 60.0 1.48 6.14 3.64 643 1.46 5.73 1. 50 6.59 
28 NA 2.57 106.4 1.40 4.61 2.90 199 1. 46 5.73 Freezeup 
29 NA 2.54 100.2 1. 35 3.82 2. 35 67.0 1. 56 8.07 
30 NA 12(e) 2.20 47.7 1.45 5.53 2.24 52.3 1.74 14.2 

31 NA Wli 1.87 20.6 2.57 106 -·- -·-

Tot 1150.0 949.0 4650.0 516.0 274.0 
Avg 50.0 30.6 150.0 17.2 10. 1 
Max 106.0 192.0 803.0 132.0 15.0 
Min 17.1 3.82 7.05 5.14 6.59 

* Gage Height+ 591.15 = Mean Sea Level Elevation. 
(e) Estimated 
(NA) Not available 
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DESCRIPTION OF GAGING STATION ON SLOUGH 11 
SUSJTNA RIVER 

Location: 

On left bank in Slough 11 about 400 feet upstream of mouth of · 
slough, at cross-section 135.752. 

Establishment: 

Gage: 

August 9, 1982 by R&M Consultants. Reestablished on May 24, 1983. 

Stevens F-1 recorder, ratio 1:5, mounted on 10" stilling well in 
center of 'slough. Recorder is referenced to on outside staff gage on 
a fence post and set to gage datum . 

History: 

Period of record 8-9-82 to 10-21-82 and 5-24-83 to 10-27-83. 

Channel and Control: 

The channel is composed of cobbles and silt. The cross-section is 
not particularly good. It is 40' downstream of a bend in the slough 
and upstream of a small boulder field. Control is provided by the 
boulder field and a small riffle about 100' downstream of the gage. 

Reference Marks: 

Zero elevation on staff gage near stilling well - 670.18 feet. MSL 
R&M rebar and Alcap on right bank of cross-section at stilling well, 
ID number 135.752RB. Elevation 674.76 feet MSL. 
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TABLE 
SLOUGH """1"1 

12M MEAN DAILY DISCHARGE (C.f.S.) 

Ma~ Jun Jul Auc Se1;1 Oct 
GH Q GH Q GH Q GH Q GH Q GH Q 

DaY ~ ___Qf_L ~ ___Qf_L ~ ___Qf_L ~ ___Qf_L ~ ___Qf_L ~ ___Qf_L 

1 0.98 4.1 0.99 4.3 0.94 3.2 0.98 4.1 0.90 2.5 
2 0.99 Ll. 3 0.99 4.3 0.95 3.5 0.97 3.9 0.91 2.7 
3 1.05 5.7 0.99 4.3 0.95 3.5 0.96 3.7 0.91 2.7 
4 1.06 6.0 0.99 4.3 0.95 3.5 0.95 3.5 0.91 2.7 
5 1.00 4.5 0.99 4.3 0.95 3.5 0.94 3.2 0.91 2.7 

6 0.98 4.1 0.99 4.3 0.95 3.5 0.94 3.2 0.90 2.5 
7 0.98 4.1 0.99 4.3 0.96 3.7 0.93 3. 1 0.90 2.5 
8 0.97 3.9 1.00 4.5 0.98 4. 1 0.93 3. 1 0.89 2.3 
9 0.96 3.7 0.99 4.3 0.98 4.1 0.93 3. 1 0.89 2.3 

10 0.96 3.7 0.98 4.1 0.99 4.3 0.93 3. 1 0.90 2.5 

11 0.97 3.9' 0.98 4.1 0.99 4.3 0.92 2.9 0.90 2.5 
12 0.97 3.9 0.97 3.9 0.99 4.3 0.91 2.7 0.90 2.5 
13 0.96 3.7 0.98 4. 1 0.98 4.1 0.91 2.7 0.91 2.7 
14 0.97 3.9 0.97 3.9 0.99 4.3 0.90 2.5 0.91 2.7 
15 0.97 3.9 0.96 3.7 0.98 4.1 0.90 2.5 0.90 2.5 

16 0.98 4.1 0.95 3.5 0.97 3.9 0.89 2.3 0.90 2.5 
17 0.98 4. 1 0.95 3.5 0.97 3.9 0.89 2.3 0.90 2.5 
18 0.99 4.3 0.95 3.5 0.97 3.9 0.89 2.3 0.90 2.5 
19 0.99 4.3 0.95 3.5 0.96 3.7 0.89 2.3 0.90 2.5 
20 0.99 4.3 0.95 3.5 0.95 3.5 0.90 2.5 0.90 2.5 

21 0.99 4.3 0.95 3.5 0.95 3.5 0.89 2.3 0.90 2.5 
22 0.99 4.3 0.95 3.5 0.95 3.5 0.89 2.3 0.90 2.5 
23 0.99 4.3 0.95 3.5 0.96 3.7 0.90 2.5 0.89 2.3 
24 Gage Installed 0.99 4.3 0.95 3.5 0.96 3.7 0.90 2.5 0.89 2.3 
25 0.94 3.2 0.99 4.3 0.95 3.5 0.96 3.7 0.89 2.3 0.88 2. 1 

26 0. 9'• 3.2 0.99 4.3 0.95 3.5 0.97 3.9 0.89 2.3 0.88 2. 1 
27 0.94 3.2 0.99 4.3 0.94 3.2 0.89 4. 1 0.88 2.1 0.88 2. 1 
28 0.94 3.2 0.99 4.3 0.94 3.2 0.89 4. 1 0.88 2. 1 freezeup 
29 0.94 3.2 1.00 4.5 0.94 3.2 0.98 4.1 0.90 2.5 
30 0.95 3.5 1.00 4.5 0.94 3.2 0.97 3.9 0.90 2.5 

31 0.97 .h2 -·- 0.94 ~ 0.97 .h2 -·- -·-

Tot 124.0 114.0 119.0 82.0 67.0 
Avg 4.1 3.8 3.8 2.78 2.5 
Max 3.9 6.0 4.3 4.3 4.1 2.7 
Min 3.2 3.7 3.2 3.2 2. 1 2. 1 

* Gage Height + 670.18 = Mean Sea Level Elevation. 
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Mean Daily 
Qgc 

Date (cfs) 

5-22-83 19,000 

6-10-SJ 21,000 

7-14-83 19,800 

8-10-83 31,900 

8-11-83 27,700 

8-24-83 24,700 

9-21-83 11,000 

9-23-83 17,500 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #8-1 

Average W.S.E. of 
Vol! min Slough Temperature 

(mi.) (ft.msl.) co 

169 573.64 3.1 

121 573.60 3.7 

28 573.54 5.5 

158 573.66 4.3 

152 573.64 

12 573.57 

20 573.64 

18 573.65 

-7 573.33 3.1 

Piezometer 
Head 
( ft) 

0.14 

0.09 

0.02 

0.02 

-0.14 

Seepage meter was located in gravel bed in an area with a few small 
visible unwellings. 
Piezometer installed on 8-11-83, Screen is 1 foot below substrate. 
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Mean Daily 
Qgc 

Date (cfs) 

5-22-83 19,000 

6-10-83 21,000 

7-14-83 19,800 

8-10-83 31,900 

9-21-83 11 ;ooo 

9-23-83 17,500 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #8-2 

Average W.S.E. of 
Vol/ min Slough Temperature 

(mi.) (ft. msl.) co 

122 574.76 3.4 

103 574.69 5.0 

60 574.37 7.0 

104 574.82 4.5 

71 574.75 

45 574.31 2.0 

Piezometer 
Head 
(ft) 

Seepage meter located 300 feet downstream of berm. 1-4 inch cobbles 
in channel. 
Channel dewatered on 9-21 and 10-27. 
Pool formed on 10-11 by snow and ice downstream control. 
No piezometer at this site. 
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Mean Daily 
Qgc 

Date (cfs) 

5-21-83 20,000 

5-24-83 17,000 

6-8-83 22,000 

7-13-83 19,100 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #9-1 

Average W.S. E. of 
Vol/ min Slough Temperature 

(mi.) (ft.msl.) co 

169 592.70 

169 592.60 3.4 

75 593.00 3.0 

255 592.65 3.4 

138 592.79 3.5 

107 592.65 3.5 

Piezometer 
Head 
(ft) 

0.15 

0.09 

0.11 

Seepage meter located at downstream end of Slough 9 on right bank in 
area of large bank seepage. 
Berm overtopped on 6-8-83. 
Piezometer installed 7-13-83, 
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Mean Daily 
Qgc 

Date (cfs) 

5-24-83 17,000 

6-10-83 21,000 

7-13-83 19,100 

8-10-83 311900 

9-23-83 17,500 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #9-2 

Average W.S.E. 
Vol/ min arbitrary Temp. 

(mi.) (ft. msl.) co 

44 0.69 4.1 

25 0.70 4.0 

38 0.82 5.0 

66 1.11 5.5 

51 0.95 7.0 

85 0.98 6.4 

36 0.87 4.8 

Staff gage elevation not surveyed. 

Piezometer Q in 
Head Tributary 
(ft) Stream (cfs) 

11.9 

1 .8 

0.77 1.1 

1.17 30+ 

0.88 recent 
rains 

0.88 recent 
21" snow 

Creek high 

0.73 0.9 

Seepage meter located in marshy area which feeds tributary stream to 
Slough 9. Downstream meter of two. 
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s12/m5 

Mean Daily 
Qgc 

Date (cfs) 

5-24-83 17,000 

6-10-83 21,000 

7-13-83 19,100 

8-10-83 31,900 

9-23-83 17,500 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #9-3 

Average W.S.E. 
Vol/ min arbitrary Temp. 

(mi.) (ft.msl.) co 

180 0.69 4.1 

110 0.70 4.0 

53 0.82 5.0 

149 1.11 5.5 

84 0.95 7.0 

71 0.98 6.4 

90 0.87 4.8 

Staff gage elevation not surveyed. 

Piezometer Q in 
Head Tributary 
(ft) Stream (cfs) 

11.9 

1.8 

0.72 1 . 1 

1.15 30+ 

0.90 recent 
rains 

0.93 recent 
21" snow 

Creek high 

0.81 0.9 

Seepage meter located in marshy area which feeds tributary stream to 
Slough 9. Upstream meter of two. 
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s12/m6 

Mean Daily 

SEEPAGE METER DATA 
Meter #11-1 

Average W.S.E. of 
Qgc Vol/ min Slough Temperature 

Date (cfs) (mi.) (ft.msl.) 

8-12-83 24,500 138 671.16 

9-21-83 11,000 671.07 

9-22-83 13,600 77 671.08 

10-7-83 8,300 70 671.08 

10-11-83 9,300 63 671.08 

10-27-83 5,300 59 671.06 

Comments: 
Seepage meter located at streamgage site 
Piezometer installed on 8-12-83. 

co 

5.5 

3.0 

2.9 

2.4 

Piezometer 
Head 
(ft) 

0.04 

0.065 

0.015 

0.04 

0.08 

0.09 
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s12/m7 

Mean Daily 
Qgc 

Date (cfs) 

8-12-83 24,500 

9-22-83 13,600 

10-7-83 8,300 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #11-2 

Average W.S.E. of 
Vol/ min Slough Temperature 

(mi.) (ft. msl.) co . 

60 1.11 5.2 

41 1.04 

41 1.04 3.6 

45 1.05 2.4 

40 1.01 2.4 

Piezometer 
Head 
(ft) 

Seepage meter located 100 feet upstream of streamgage on right bank in 
area of visible upwelling. 
Staff gage elevation not surveyed. 
1 inch ice cover on 10-7-83. 
4 inch ice cover on 10-27-83. 
No piezometer at this site. 
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s12/m8 

Mean Daily 
Qgc 

Date (cfs) 

6-9-83 21,000 

7-12-83 19,700 

8-10-83 31,900 

8-12-83 24,500 

8-25-83 27,400 

9-24-83 15,200 

10-7-83 8,300 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #21-1 

AverageW. S. E. of Main stem 
Vol/ min Slough Susitna WSE 

(mi.) (ft.msl.) (ft. msl.) 

95 744.84 748.07 

132 744.79 748.18 

104 746.29 749.44 

147 744.91 748.60 

117 745.35 748.89 

166 744.79 747.25 

158 744.79 746.66 

159 744.78 746.86 

172 744.79 746.11 

H Temperature· 
(ft) co 

3.23 4.0 

3.39 4.5 

3.15 6.5 

3.69 4.1 

3.54 

2.46 3.5 

1.87 3.8 

2.08 3.8 

1.32 3.5 

Seepage meter is located along right bank of Slough 21 at Staff gage 
142.057C. 
No piezometer at this site. 
Slough overtopped on 8-10-83. 
Recent heavy local rains on 9-24-83. 
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sl~Um9 

Mean Daily 
Qgc 

Date (cfs) 

5-22-83 19,000 

6-9-83 21,000 

7-12-83 19,700 

8-10-83 31,900 

8-12-83 24,500 

8-25-83 27,400 

9-24-83 15,200 

10-7-83 8,300 

10-11-83 9,300 

10-27-83 5,300 

Comments: 

SEEPAGE METER DATA 
Meter #21-2 

Average Piezometer W.S.E. 
Vol! min Temp. Head Slough 

(mi.) co (ft.) (ft.msl.) 

168 3.7 744.94 

258 4.0 0.29 745.03 

390 4.5 0.31 745.03 

289 J.2 0.24 746.3!j 

435 4.0 0.39 745.12 

382 0.39 745.36 

310 3.3 0.35 745.04 

327 3.6 0.19 745.01 

356 3.6 0.35 745.03 

337 3.5 0.38 745.03 

W.S.E. 
Main stem H· 
(ft. msl.) (ft.) 

747.61 2.67 

748.07 3.04 

748.18 3.15 

749.44 1.65 

748.60 3.48 

748.89 3.53 

747.25 2.21 

746.66 1.65 
(calc.) 

746.86 1.83 
(calc.) 

746.11 1.08 

Seepage meter is located along left bank of Slough 21 near Staff gage 
142.0568 at site of past streamgage. 
Slough overtopped on 8-10-83. 
Slough not overtopped on 8-25-83. 
Large amounts of upwelling observed throughout slough on 10-27-83. 
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GROUNDWATER OBERVATION WELLS 
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