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1 - INTRODUCTION

1.1 - Background and Purpose of Study

Observation of fish activity during 1981 by the Alaska Department of Fish
and Game (ADF&G, 1982) indicated that the sloughs and side-channeis
along the mainstem Susitna River provide the most important salmon
spawning habitat between Devil Canyon and Talkeetna.

The major characteristic of these sloughs which makes them suitable habitat
for salmon spawning and the overwintering of salmon fry is the flow of
water which continues in them throughout the vyear, either as surface or
intergravel flow. This flow may originate from various sources, including
tributaries, springs and groundwater inflow.

The sources of this flow and the manner in which it would be affected by
the regulation of flow in the Susitna River are questions which must be
addressed.

The purposes of this study are to:

1. describe the existing flow regimes in two selected study sloughs (8A
and 9).

2. determine the origins of the groundwater camponent of slough
discharge.

3. develop a cost-effective methodology for the determination of vater

sources that could be applied to other sloughs.

1.2 - Description of Study Area

This report concentrates only on those sloughs between Talkeetna and
Devil Canyon, and specifically on sloughs designated 8A and 9
(Figure 1.1) by the Alaska Department of Fish and Game. At these two
areas an intensive study was initiated to determine the year-round sources
of water in the slough. Sloughs as defined by the ADF&G are the
sidechannel or adjacent wetted habitats to the mainstem Susitha River
which periodically receive a portion of their surface water from the
mainstem Susitna River in addition to other water sources. These two
sloughs are located on the east side of the Susitna river about 30 miles
upstream of Talkeetna.

1.3 - Methods

Four methods were considered for determining the source of water in the
sloughs. These were: (1) monitoring of groundwater levels and
temperatures to determine direction, source, and amount of groundwater
inflow (or outflow) to the sloughs; (2) environmental isotope tracking
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studies; (3) measurement of surface water flows into the sloughs; and
(4) visual observations.

Monitoring of the changes in groundwater elevation and temperature was
accomplished by a number of observation wells in the areas of Sloughs 8A
and 9. These sloughs were chosen as study sites due to previous
observance of groundwater input into these sloughs plus the relatively
easy access into them from the Alaska Railroad.

Wells were installed the week of April 12, 1982 at 15 locations in or near
Slough 9 (Figure 1.2) and at 12 locations in or near Slough 8A
(Figure 1.3). The wells consist of 4-inch diameter plastic drainage pipe.
They are perforated throughout their length and capped at the upper end.
These weils were installed using a track mounted backhoe. A hole was
dug slightly below the water table (at time of installation), the pipe
inserted, and backfilled. Additional wells were also installed later in the
season . by hand driving a 13-inch diameter casing. The depth of these
wells varies between 4 to 12 feet below the ground surface. The mean sea
level elevation of the top of each well was surveyed in from the nearest
control point.

Wells were established along the banks of the sloughs to determine whether
the slough was influent (groundwater moving from the sloughs into the
banks) or effluent (groundwater moving from the banks into the slcughs).
Other wells were established in locations which would provide data useful
in determining overall direction of groundwater flow.

Groundwater level and temperature were measured at intervals through
spring, summer, and fall, and are continuing to be measured into fall and
winter. Elevation of the water surface in the wel' is found by measuring
the distance of the water surface bkelow top of the casing, using a
measuring tape coated with a water-indicating chemical which precisely
shows the location of the water surface. This distance is then subtracted
from the known elevation of the top of the well casing to arrive at a
groundwater surface elevation. This method is accurate to within a few
hundreds of a foot. Temperature is measured using a standard mercury
thermometer reading to 0.1°C. The question arose as to whether the
temperature of the water in the well was the same as the temperature of
the local groundwater at that level. To test this, well temperatures were
measured, the well pumped and allowed to refill, and the temperature
re-measured. No difference in temperature was noted.

In November, 1982 four additional wells were installed in the area of
Slough 9B. These wells were installed using a Nodwell mounted B-61 drill
rig. By using this method of installation, as opposed to the previous
method of installation by backhoe, it was possible to establish wells below
the groundwater table. These were necessary for verification of a
groundwater temperature model applied by Acres American. These well
were instrumented in December, 1982 with Datapod recorders to measure
temperatures and water surface elevation.

s16/q 1-2
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Environmental isotope tracking studies are described in Section 3.7. Water
originating from different sources may have differing "signatures" based
on their isotope contents. Groundwater samples for this study were
obtained up-gradient from the sloughs, and surface water samples obtained
from the mainstem Susitna and side sloughs. The isotope ratios for these
samples are to be determined, and this ratio used to identify the source of
water found in the sloughs.

All sources of surface flow into the sloughs were documented and measured
using standard discharge measurement equipment. Continuous stage
recorders were also located in both sloughs and rating curves developed to
relate the stage to discharge.

Visual observations focused on locating areas of upwelling groundwater and
seepage of groundwater from the banks into the sloughs.
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2 - FLOW REGIME

2.1 - Relationship between Slough and Mainstem

The formation of a slough along the Susitna River appears to be caused by
high water stages causing water to spill onto adjacent floodplains. This
process may occur either during high summer flows or during ice jams on
the main river channel. The flow of water, sometimes the entire discharge
of the main river during ice jams, carves a side channel through the
floodplain. Such an occurrence of a jam forcing water and ice into an
existing slough was observed on May 15, 1982, at both Sloughs 8A and 9.
Surface velocities of up to 10 feet per second were observed. Vegetation
between the slough banks is relatively young, indicating that this ice jam
flooding may be a frequent occurrence in these sloughs. Old ice scars on
the trees on the slough banks also verify this.

Comparison of aerial photos from 30 years ago (Figures 2.1, 2.2 & 2.3)
shows minor changes in both Sloughs 8A and 9 but verifies that these
sloughs did exist then. This is not the case with Slough 11 (just
downstream of Gold Creek) which did not exist in 1950.

At the present each slough is connected to surface flow from the mainstem
Susitna only when the flow in the mainstem is high enough to overtop the
berm at the upstream ena (head) of the slough, or by backwater at the
downstream end {(mouth). The flows required to initiate these surface
water connections are unique to each slough.

For Slough 9 the controlling berm at the upstream end begins to overtop
at a discharge of approximately 23,000 c.f.s. at Susitna River at Gold
Creek (visual observation). This berm is very unstable and shifted quite
often during the time it was overtopped. Slough 8A has two entrances.
The berm at the upstream entrance overtops at approximately 30,000 c.f.s.
and the berm further downstream o ~tops at 26,000 c.f.s. Both of these
berms seem quite stable and have a growth of small willows on them.

When a slough is overtopped the tlow from the main river dominates flow
conditions in the sloughs.

2.2 - Flow Regime in Sloughs When Upstream End is Closed

Each slough along the river is unique, and therefore must be looked at
separately.

Slough 9 - When flow in the mainstem Susitna River is not enough to
overtop the upstream berm at about 23,000 c.f.s. (Figure 2.4), then flow
in the slough is derived from two sources, surface runoff from small
streams and groundwater inflow. There are two small streams which
originate off the hillside above the railroad tracks and which feed into
Slough 9. Both of these enter the slough at its bend near the railroad
tracks (Figure 1.2).
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To quantify the respective amounts of water coming from surface runoff
and groundwater, discharge measurements were made within a few hours of
each other at each incoming source of water and at the downstream end of
the slough. These measurements were made using standard discharge
measurement techniques and a pygmy flow meter.

By documenting surface flows in Slough 9, theoretically the groundwater
component of the slough flow could be determined through a simple
summation process. For example, if the flow at the downstream end of the
slough were 5 c.f.s. and the two small streams each input 2 c.f.s. this
would mean there was a 1 c.f.s. contribution from other sources, which
would be groundwater flow into the slough.

The measurement of open channel flows can never be mecre than an
approximation. Under normal field conditions an error of at least 3 to
5 percent can be expected, and in low flow situations, such as were
encountered in the sloughs, greater percentages of error exist.
Understanding this we can Ilook at the data obtained from these
measurements.

SURFACE WATER MEASUREMENTS AT SLOUGH 9

| Downstream
Slough Stream Stream End of % %
Date 9B #1 #2 Slough 9 Groundwater Runoff
8-25-82 1.00 0.68 dry 1.72 61 39
9-9-82 0.74 1.76 0.13 2.96 36 64

Surface runoff contributed approximately 39% and groundwater 61% of the
downstream discharge in the slough during a relatively dry period of the
summer on August 25, Measurements made during a rainy period
(upstream berm of slough still not overtopped) showed percentages of 64%
runoff contribution and 36% groundwater contribution.

The major percentage of the groundwater inflow originates near the
upstream end of Slough 9 from an area referred to as Slough 9B in ADF&G
reports. The flow from this area is assumed to be all groundwater as
there is no obvious input of surface water. Other areas of groundwater
seepage and upwelling were noted in the sloughs. These are detailed is
Section 3.3. The actua! origin of the groundwater (mainstem river or
local) must be determined to assess the impact of the proposed
hydroelectric development.

Slcugh 8 - The berm at the entrance to Slough 8 (Figure 2.5) is much
higher than the one at Slough 9. Overtopping of the berm occurs at a
flow of approximately 30,000 c.f.s. at Susitna River at Gold Creek. When
the berm is not overtopped there is no surface flow in the slough until the
area near well 8-6, where a small spring emerges. Downstream of this
spring six small creeks flow into the slough. During rainy periods these
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streams provide the majority of the flow in Slough & when the berm is not
overtopped. Some upwelling was observed but only near the shoreward
side of this slough. It would be a difficult task to measure thez flow in all
these streams to determine their contributions but the streamflow record in
these sloughs shows a large increase in flow during rainy periods when
the upstream berm is not yet overtopped.

2.3 - Winter Regime of Sloughs

Based on limited observations from the beginning of the winter season of
1982, it appears that the ice cover in the mainstem plays a great role in
determining the winter flow conditions in the slough.

The leading edge of the ice cover on the Susitna River reached the area of
Slough 9 in mid-December. Measurements of water surface elevation were
made in the vicinity of Slough 9 on November 22, 1982, when an ice cover
was not present, and again on December 21, 1982, after a complete ice
cover had formed. The ice cover staging and constriction of the channel
caused water surface elevations in the mainstem to increase five to seven
feet (see Table 2.1 and Figures 2.6 and 3.21). This winter water surface
elevation is comparable to an open channel flow elevation of approximately
30-40,000 c.f.s.. It is not yet known how this will vary through the
winter, or its affects on the water table in Slough 9B.

Comparable data on stage are not yet available for Slough 8A but an
interesting occurrence took place in winter 1982. An ice cover formed in
the mainstem near Slough 8A in late November. Once this hrsppened the
increased stage in the mainstem allowed water to flow into the cide channel
above Slough 8A. The downstream end of this side channel was
obstructed by ice an thus this flow was shunted into Slough 8A.
Estimates of this fleow vary from 50 to 150 c.f.s. and have continued from
the beginning of mainstem ice cover formation to the date of last field
observation, December 21, 1982,
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TABLE 2.1
Winter Water Surface Elevations
Mainstem Susitna near Sloughs 9, 8A and 21

Elevation (M.S.L.)

RM Location (all WSE in Mainstem) 11-22-82 12-21-82

Mainstem near Slough 9

130.1 XS 33 611.65 612.10
129.7 200 yards upstream of xs 32 606. 62 608.16
129.4 near upsiream end of Siough 9 599.89 606.50
128.9 near upstream end of island 594.05 601.66
128.5 near downstream end of xs 30N3 593.12 597.88

Mainstem near Slough 8A

126.5 near upstream entrance to Slough 8A 572.77
126.2 near groundwater * . 8-TA 569.74
126.1 xs 29 568.80

Mainstem near Slough 21

142.3 xs 57 752.90
142.1 xs 56 752.67
141.8 - 746.40
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3 - GROUNDWATER STUDY

3.1 - Introduction

Summer flow in the sloughs depends on local runoff and groundwater input
into the sloughs. It was also observed (Trihey, 1982) that flow existed in
these sloughs during winter when runoff was not contributing to the flow
in the slough. This suggests that much of the slough flow during winter
may be contributed by groundwater. It was also noted in 1981 that the
intragravel water temperatures in the sloughs were 2-4°C. This elevated
temperature caused the slough to stay unfrozen through the winter and it

is believed to be an important factor in the survival of salmon embryos
(Trihey, 1982).

In order to assess the effect of post-project changes of existing streamflow
patterns on groundwater input to the sloughs, it is needed to determine
the origin of the groundwater. To accomplish this three methods were
tried:

1. assessment of the direction and rate of groundwater flow in the
floodplain upon which these sloughs exist. Observations would
be rade through the year and during specific streamflow events
on the mainstem Susitna River. This was accomplished through
monitoring of a number of wells which were established in the
areas of Sloughs 8A and 9.

2. modeling of the groundwater temperatures.

3. a test program to assess the feasibility of using environmental
isotopes.

It was concluded in a separate report (R&M 1982b) that the use of dye for
the tracking of groundwater would be unreliable because of the prcbiems
associated with the absorption of dyes in soils. Thus, this technique was
not used for this study.

3.2 - Stratigraphy

Sloughs 8 and 9 and all sloughs along the river are part of the modern
floodplain of the Susitna River. The modern floodplain 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
as the Susitna River re-established its channel and adjusted to changes in
grade following the late 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. Alluvial fan deposits
have formed on the floodplain and terraces where tributary streams
encounter these lower gradient surfaces. The valley floor and side walls
above the terraces are thought to consist of glacial tills composed of
gravel, sand and silt, probably representing deposition during several
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glacial events (the last of which ended about 10,000 years ago). Older
Pleistocene sequences of glacial and glaciofluvial drift may underlie the
terraces and modern floodplains. Bedrock underlies the unconsolidated
materials at an undetermined depth.

This stratification was partially verified during the installation of wells in
the river floodplain. Well logs (Appendix A.6) show well graded sandy
gravel overlain by 0 to 10 feet of silt and sand. The gravel contains well
rounded cobbles and boulders ¥ to 6 inches in diameter and contains no
silt. This gravel existed in all holes drilled, although the density varied
at different depths. Since no wells were established that were deeper
than 43 feet, no data are available on the actual composition of the material
below this depth, or on the depth of a boundary bedrock layer. [t has
been assumed for all calculations that this glacial till continues down to
bedrock, and that its coefficient of permeability is the same at all points
and in all directions. A reasonable assumed porosity for glacial till of this
type would be close to 0.20. An estimate of permeability using a
relationship between particle size and permeability develooped by Hazen
(Lambe, 1969) gives a value of 69 m/day for the single sample analyzed.
The U.S. Army Corps of Engineers estimated a permeability of 305 m/day
in similar glaciefluvial alluvium near Fairbanks (Nelson, 1978). A
permeability of 100 to 1000 m/day should be expected for this type of soil.

3.3 - Areas of Visual Groundwater Observations

Surface water discharge measurements at Slough 9 determined that a large
portion of the water in the slough originates from groundwater input.
This input was observed in many areas of the sloughs as seepage from the
slough banks above the water surface in the slough. It was also observed
as upwelling flow in numerous places, on both the river and shoreward
edges side of the sloughs. This upwelling is a flow of water moving up
through the slough channel. Locations of these upwelling areas are
detailed on Figures 3.1 & 3.2. These locations were documented by
ADF&G personnel during the first week of October,

Quantification of the rate of groundwater flow into the sloughs can be
obtained using a device called a seepage meter (Figure 3.3). Seepage
between the groundwater and the slough can be measured directly by
covering an area of sediment with an open bottomed container, then
measuring the time and change of water volume in a bag connected to the
container.

Knowing the area covered by the container, the amount of seepage per
unit area of slough bed can be determined. The Darcy velocity of flow
through the soil can be estimated by the relationship V = Q/A. If a
random pattern of samples of groundwater input to a slough are made,
then a reasonable estimate of total groundwater input to the slough can be
determined.

s17/d 3-2



A single pre-freezeup test of a seepage meter vyielded the following
results.

l.ocation: Slough 9B

Depth of Water: 1.5 feet
Sediment Type: Gravel and silt
Date: 10-15-82

Time: 1215-1600 = 225 minutes

Volume Change: greater than 3000 c:m3

Seepage {Volume Change, cm3)

(elapsed time, seconds) (area, m2)

= (3000) = 7.5 cm/day

= (.87 cm3/m2/sec.

(13,500 sec.) (.255 m2)

3.4 - Groundwater Contours

From the observation wells established in Sloughs 8A and 9 general
contours of groundwater elevations were drawn for various times of the
year. These contours were drawn based on the data obtained from the
wells shown on the mapsheets, with intermediate elevations extrapolated
from these known elevations. Figures 3.4 thru 3.11 illustrate these
contours for Slough 8A. During periods of time when the river stage was
stable the flow of water was through the island in a downstream direction,
with a slight gradient away from the center of the island both towards the
sloughs and towards the main channel. Limited sampling during the only
hydrograph rise that occurred after the observation program was set up
indicated that during rising river stage the groundwater contours and thus
the flow of groundwater shifted rapidly toward the direction of the slough.

In Slough 9 analysis was concentrated around Slough 9B as this was shown
to be the largest source of groundwater input. During periods of time
when the river stage was stable the flow was directed into Slough 9B 1rom
both the river and from the area upland of the slough (Figures 3.12
through 3.21). Data during the occurrence of a rising river stage is not
yet available, but it is likely that this rising river stage will increase the
gradient of flow into Slough 9B. An early season (April 26, 1982)
observance of well levels showed very little contribution of flow to
Slough 9B from the upland area. An observation made after an ice cover
had formed on the mainstem Susitna (December 21, 19882) showed no
contribution of flow to 9B from the uplands vyet noticeable flow was
observed in the slough.



Continuous data from Datapod recorders operating on four of the wells in
the area of Slough 9B since September 1982 are not yet available.

3.5 - Groundwater Hydraulic Calculation

The basic elements of groundwater flow are related by the Darcy equation:

Q:KA ..d_b_

dL

where Q is the flow of groundwater, A is the area through which flow
occurs, dh/dL is the hydraulic gradient (the change in hydraulic head
over a distance along the line of flow) and K is the hydraulic conductivity
of the material.

Using Darcy's law and assuming_isotopic soils in the river floodplains, the
seepage velocity of the greundwater flow can be estimated where contour
data are available. During July, which was fairly dry with the river stage
very stable, the head difference between Slough 9B and the mainstem
Susitna River was observed to be approximately 0.81 m (3 feet) on two
occasions (July T and July 20). The distance along a flowline is 274 m
(900 feet), resulting in a hydraulic gradient of 0.0033. Using this
gradient, assuming k = 100 m/day and assuming horizontal flow, the Darcy
velocity of flow through the soil can be estimated.

v = 100 o (291 m

day 274 m
vV = 100 - (0.0033) = .33 -
day day
Assuming K = 1000 m/day
v = 1000 - (0.0033) = 3.3 -
day day

In the area of Slough 8A the same type of calculations yieid the following.
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Distance

along
" =Py Flowline i Assumed

Date (m) (m) (m/m) K (m/day) V (m/day) Comment

4-26 0.91 335.4 .0027 100 0.27 lce cover
1000 2.70

9-3 1.52 701.2 .0022 100 0.22 Stable flow
1000 2.20 14,000 c.f.s.

9-16 0.91 304.9 .0030 100 0.30 Peak of
1000 3.00 hydrograph

31,000 c.f.s.

Permeability for the gravels has not yet been defined, but assuming a
range of 100 to 1000 m/day indicates that in either case the Darcy velocity
through the gravels is fairly low, due to the small gradient which drives
the flow.

Rapid rise and fall of the river stage, plus concurrent monitoring of the
river stage and the groundwater levels, were needed to verify this
movement of water and the permeability of the gravel. Only a single event
of this type occurred during the observation period. The data obtained
from this event were not complete enough to produce a value for
permeability.

3.6 -~ Groundwater Temperature Analysis

As previously noted it was observed during the winter of 1981-82 that the
temperature of the intragravel winter in the sloughs was 2 to 4°C. This
elevated temperature in the sloughs is thought to be due to the influence
of the lag time of the water moving through the ground to the sloughs.

Temperature measurements taken in shallow observation wells through the
summer and fall are tabulated in Appendix A.2. Temperatures in the wells
generally ranged from 2 to 6°C with temperatures increasing through the
summer. Temperatures in the mainstem Susitna River ranged from 0 to
10°C.

Analysis of the ground thermal regime was undertaken by Acres American,
Incorporated, and is described in a companion report to this one (Acres,
1983).

3.7 - Environmental {sotope Stucy

A test program toc determine the feasibility of using environmental isotope
tracers for water source studies was conducted in the fall of 1982. An



environmental isotope is a naturally occurring or man made isotope (which
the investigator cannot control) which may be useful in hydrologic studies.

Oxygen-18 (018), tritium, and deuterium are three environmental isotopes
which can be used as tracers of water. Depending on the source of the
water the isotope content of the water will vary with tha result that the
water may attain an isotopic signature unique to that water source.

Samples from the mainstem Susitna River, from the groundwater originating
from upiand of from the sloughs, and from the sloughs were analyzed for
their oxygen-18, tritium, and deuterium ratios. If the isotopic signatures
from the different water sources ars sufficiently different then the relative
contributions to the sloughs of groundwater from upland of the slougns
and of intragravel flow from the river may be quantified through a simple
mass balance equation.

Sample analysis was done by the Department of Earth Sciences at the
University of Waterloo, Waterloo, Ontario. The samples from the area of
Slough 8A were taken on July 18, 1982 (QGC = 25,400). The samples from

the area of Slough 9 were taken on July 20, 1982 (QGC = 22,900). The

results of this testing for tritium, oxygen-18, and deuterium are showrn
below.

RESULTS OF INITIAL ENVIRONMENTAL ISOTOPES ANALYSIS

Tritium Oxygen-18 Deuterium
Sample | (¢8 T.U.) (x .2) (+ 3)
Susitna River +64 -21.0 -169
Slough 9B +82 -18.3 -148
Well 9-3, upland groundwater +39 -17.7 -137
Stream entering Slough 8&A +49 -17.8 -143
Slough 8A +63 -17.5 ~145

To understand these results some background on the two isotopes is
needed.

Tritium is a isotope of hydrogen whose half life is 12.35 years. |Its

concentration is measured in tritium units (T.U.) where 1 TU = 10-18
tritium atoms per hydrogen atom. Tritium is produced both naturally by
cosmic neutron bombardment of nitrogen -14 and by man as a by product
of atmospheric nuclear testing. The natural production of tritium has been
estimated to be from 4 to 25 T.U. but concentrations up to 3000 T.U. have
been found in Alaska, since the advant of nuclear testing in 1952, which
have completely masked the natural production.

A general guideline for the use of tritium isotope in hydrolegy studies is
that if the water has less than 5 T.U., then it originated froin



precipitation which fell prior to 19533. |If the water has more than 5 T.U.,
then it originated from precipitation which fell after 1953.

For this study it was hoped that a significant difference would be found
between mainstem Susitna water which is partially composed of glacial melt
(old precipitation) and local groundwater (new precipitation). Looking at
the results there was a significant difference but not in the way hoped
for. The mainstem sample (glacial melt and recent precipitation) contained
a greater concentration of tritium than the local groundwater. Testing of
the sample from the slough showed a higher concentration of tritium than
either the mainstem or the local groundwater. This was not expected, as
the concentration here should have been between the two extremes.

Oxygen-18 is a stable isotope of oxygen which occurs naturally in water.
The concentration is expressed as a ratio of heavy to light oxygen

(018/016) as per mil percent differences relative to a reference standard,
Standard Mean Ocean Water. The oxygen-18 concentration of water is
controlled mainly by the differences in vapor pressures and freezing points
of oxygen-18 and oxygen-16. When water vapor condenses, the rain or
snow which forms has a higher concentration of oxygen-18 than the vapor
from which it formed. This process is called "fractionation". As the
water vapor moves inland as part of a regional or continental circulation
system, the process of condensation and precipitation is repeated several
times, progressively depleting the residual water vapor with respect to
oxygen-18. The isotopic compositici- of a rain or snow event is strongly
controlled by temperature. For practical purposes, the temperature
dependency results in (Sklash, 1982):

° An Altitude Effect: oxygen-18 becomes more deplete with
altitude.

© A Distance to Source Effect: Continental precipitation is more
depleted in oxygen-18 than coastal precipitation.

°© A Paleoclimate Effect: Precipitation fallen under cooler climates
which existed in the past would be depleted in oxygen-18.

A Seasonal Effect: Winter precipitation is more depleted in
oxygen-18 than summer precipitation.

All of these factors seem to point to the idea that the water in the
mainstem Susitna, originating from areas of higher elevation and containing
a large percentage of precipitation which had fallen under cooler climates
or as snow, should have a lower concentration of heavy oxygen than the
local groundwater near the sloughs. Our initial sample testing showed this
to be the case.

Deuterium is an isotope of Hydrogen (HB) which occurs naturally in water.
Its response to the process of fractionation is similar to the oxygen-18
isotope.



There is a possibility that the components of slough flow can be
determined by their isotopic signatures. The results from the initial
tritium testing do not show much promise. Although only one sample was
tested it is likely that future testing using this isotope would not be
worthwhile. The oxygen-18 and deuterium initial results were more
promising, as they followed the expected pattern. A significant problem in
utilizing the environmental isotope technique is the travel time of Susitna
River water as intragravel flow. The Darcy velocity of the groundwater is
generally quite low because of the low driving head. The stratigraphy
and permeability of the gravel islands and bars are quite variable, further
complicating the interpretation. In addition, the isotopic signature of the
river water is believed to vary throughout the vyear. Because of the
variability in isotopic signatures and in travel time through the gravels, it
is difficult to determine what isotopic signature for river water should be
used when estimating the contributions from different sources.
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Date (mm) (°C)
"" o observation wali

4-20 7.0 1.7 lce cover ng00"  groundwater elevation
4-21 0.0 1.5 Ice cover

4-22 0.0 1.2 Ilce cover Date: 4-26-82

4-23 0.0 0.1 Ice cover . | C
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4-25 0.0 4.4 lce cover *  Precip. and temp. data from Devil Canyon
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8-30 27.2 8.5 13,100 S ater elevation
8-31 7.8 9.8 16,000
5-1 9.4 10.3 17,900 Date: 9-3-82
9-2 11.6 9.2 16,000 .
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Date (mm) (°c) Qgc
™ observation well
9-14 19.0 8.9 20,200 1 1 i
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9-20 6.0 7.5 24,000
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Precipitation Temperature
Date (min) (°C) _QGC Legend '
g9-29 7.4 6.0 12,400 ® observation well
?(—f(]) | ?.4 ;_’S_j 131288 "600"  groundwater elevation /
10-2 - 3.3 11,700
10-3 _ 2.8 11”000 Date: 10-5-82 f
10-4 - 1.3 10, 500 Que: 8,300
10-5 - 0.1 9,800 ‘
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‘ FiG. 3.9 SUSITNA RIVER AT SLOUGH .8A

R&M CONSULTANTS, INC.

SCALE: 1"= 1000




dammmaion s L T s LTS T4 VS ~

Climatic Summary for
Preceeding 7-Day Period

Precipitation Temperature

Date (mm) (°C) _QGC Legend

10-7 0.5 8 480 e opservation well

10-8 - 0.1 8:400 "600"  groundwater elevation

10-9 - 0.1 8,440

10-10 - -2.0 8,480 Date: 10-13-82

10‘11 - "0.7 - ! : 7,500

10-12 - 1.1 i} Qac

10-13 - -2.4 7,500
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Precipitation* Temperature* Q Legend
o]

Date (mm) (°c) GC ° observation well

4-20 7.0 1.7 ice cover "600" groundwater elevation

4-21 0.0 1.5 lce cover

4-22 0.0 1.2 lce cover ) _ap

4-23 0.0 0.1 ice cover Date:  4-26-82

4-24 1.6 1.1 ice cover Qe Ilce Cover

4-25 0.0 4.4 Ice cover

4-26 0.0 1.0 lce cover

*  Precip. and temp. data from Devil Canyon
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Precipitation Temperature Q Legend
Date (mm) (°C) GC ® observation well
5-5 0.0 0. lce cover "soo" groundwater elevation
5-6 0.0 4.7 lce cover
5-7 0.2 5.1 lce cover Date: 5-11-82
5-8 0.6 4.9 ice cover ‘
5-9 4.4 3.0 lce cover Qe lce cover, just
. 5-10 3.2 5.1 lce cover before breakup
! 5-11 3.2 3.0 lce cover
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Legend
Precipitation  Temperature )
Date (mm) (°c) QGC ® observation well
B 600"  groundwater elevation
5-17 0.0 11.4 -
5-18 1.8 10.9 -
6-19 0.0 14.3 - Date: 6-23-82
6-20 10.8 8.3 - . 25,000
6-21 0.4 0.5 - pele ’
6-22 0.0 1.8 24,000
6-23 0.0 14.2 25,000
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Preceeding 7-Day Period Leaend
Precipitation  Tempearature o @ observation well
(s ]
Date (mm) (°C) GC 600"  groundwater elevation \
6-25 2.0 16.5 25,000 '
6-26 0.0 15.9 - Date: 7-1-82
6~27 0.0 14.9 - )
6-28 0.8 12.7 - Qpc?  2°/000
6-29 0.0 13.0 27,000
6-30 9.2 13.6 24,000
7-1 1.6 10.1 24,000
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Precipitation Temperature )
Dat () (°c) QGC e observation well
=22 L - T "600"  groundwater elevation
7-14 1.8 12.0 27,300
7-15 2.2 11.4 25,600 Date: 7-20-82
i-16 7.6 11.1 25,600 . |
7-17 2.4 13.2 25,300 Qe 22,900
7-18 13.2 12.2 25,400
7-19 0.0 15.7 24,900
7-20 0.0 + 15.0 22,900
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Preceeding 7-Day Period

Precipitation  Temperature Q Legend
Date (mm) (°C) GC ® observation well
i 1] -
8-31 7.8 9.8 16,000 600 groundwater elevaticii
i 9-1 9.4 10.3 17,200
bog-2 11.6 9.2 16,000 Date: 9-6-82
3 9-3 7.8 8.3 14,600
! : 12,200
9-4 0.2 7.8 14,400 NIl ’
9-5 1.0 9.9 13,600
9-6 0.0 10.3 12,}200
PREPARED 8Y! PREPARED FOR:
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Precipitation Temperature ® observation well
Date (mm) (°C) _QGC "600" groundwater elevation ‘
9-14 19.0 8.9 20,200 s |
9-15  29.8 12,3 28,260 Date: . - 8-20-82 |
9-16 11.2 8.6 32,500 Qsc’ 24,000 ;
9-17 9.4 5.4 32,000 :
| 9-18 10.0 7.9 27,500 |
: %-19 18.6 7.7 24,100
a-20 6.0 7.5 24,000
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Legend
Precipitation Temperature ® observation well
Date (1nm) (°C) __QGC "600" groundwater elevation
10-1 - 2.2 12,400
10-2 - 3.3 11,700 Date:  10-7-82
10-3 - 2.8 11,000 Qaci ™ 8,480
10-4 - 1.3 10,500 7
10-5 - 0.1 9,800
10-6 - 2.3 8,960
10-7 - 0.5 8,480
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Legend
Precipitation Temperature ° observation weil
Q 3 "1
Date (mm) (°C) - GC "600"  groundwater elevation
10-9 - 0.1 8,440
10-10 - -2.0 8,480 Date: 10-15-82
10-11 - -0.7 - .
10‘]2 = 1'1 - QGC- 7,000
10-13 - -2.4 7,500
10-14 - -5.1 -
10-15 - -6.6 7,000
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4 - CONCLUSIONS AND RECOMMENDED FURTHER STUDIES

Much has been learned this season about the sources of water in
Sloughs 8A and 9 during the summer and fall seasons. There are
three contributing sources of water. Overflow from the Susitna
River dominates at a stage unique to each slough. Surface runoff
dominates during periods of wet weather when the berm is not
overtopped. Although vyet to be fully documented, groundwater
input dominates during dry periods and winter.

Wells situated near the sloughs indicated they gained water from
groundwater input from both their shoreward and river sides.
Direction of flow of groundwater from the river was in all cases
downvalley and toward the sloughs, Permeability for the soils in
this area is high but the hydraulic gradient driving the flow is
small, resulting in a low seepage velocity of the groundwater to
the sloughs. Upwelling groundwater has been documented on the
river side of the sloughs. This high seepage rate on the river
side of the slough suggests that this water is coming from the
river. This may be verified with data obtained from recently
installed deeper wells at Slough 9B or possibly from a revised
environmental isotope sampling program.

Although the surface flow in the sloughs is controlled by various
factors, the groundwater component of this flow is partially
controlled by the river. Variation of river stage due to project
operation will affect the amount of groundwater input to the
sloughs differently depending on the season. In summer when the
flows are reduced from the mean natural streamflow, the amount of
grouridwater input to the sloughs from the river will be decreased
due to a decreased driving head. In winter when flows are
greater than the mean natural streamflow, the change imposed
upon the slough will depend upon formation of an ice cover. If no
ice cover were to form the input of groundwater to the slough may
be decreased due to the lack of staging that accompanies a
pre-project winter flow, although increased flows will partially or
completely offset this. |If an ice cover were to form stage would
increase beneath the ice cover, resulting in a relatively large
gradient pushing the groundwater toward the slcughs. The
driving head would be somewhat reduced along the islands if the
upstream berms were overtopped, allowing water to flow into the
side-channel.

Recommended future studies include:

1. Continued observations of sloughs through the winter.

2. Continued observation of well levels and temperatures
through winter, with monthly readings and maintenance
of Datapods. As part of these observations, more

emphasis should be placed on water surface elevations in

s17/i 4 -1
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the mainstem Susitna near to the sloughs studied.
Importance should be placed on obtaining data during
the spring hydrograph when a rise in river stage will
demonstrate the affect of river stage change on the
groundwater, aithough snowmelt and possibly rainfall
infiltration will have to be allowed for.

Quantification of groundwater input to sloughs through
use of a seepage meter. Although this input has been
documented visually it has not been quantified and this
method may be applicable to osther sloughs.

An environmental isotope program making use of the
recently established wells near Sicugh 98 and the
oxygen-18 jsotope. A study of this type may determine
the origin of this upwelling groundwater with more
confidence than has been previously obtained.

Use of surveyed elevations of other non-studied sloughs
and the mainstem nearby to determine the relationship of
the slough thalweg to the mainstem water surface
elevations.
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APPENDIX A.1

GROUNDWATER ELEVATION DATA AT
SLOUGH 8A & 9




s6/g2

APPENDIX A.1

GROUNDWATER ELEVATION AT Lu_OUG‘H 8A

Well No.
S.G.

Date X-s 29 8-1 8-3 _8-4 8-5 8-6 8-7 8-8 8-9
Apr. 26 579.47 575.42 574.39 574.76 d 572.79 568.24 568.42
May 15 576.31
May 27 581.16 577.87 573.94 574.91 573.22 573.43 569.91 568.62
June 24 581.42 577.54 575.06 574.99 573.11 573.32 569.36 568.56
June 29 573.45 581.26 576.38 575.00 574.94 7,72.98 573.23 569.03 568.55
July 18 580.99 575.69 574.89 574.83 572.89 573.13 568.61 568.40
lAug. 3
Aug. 5
Aug. 6 Se1.61
Aug. 9 571.61 580.41 576.18 574.87 574.77 572.97 573.12 569.09 568.43
Aug. 27
Sep. 3 571.06 - 577.41 575.10 574.97 573.17 573.32 569.66 568.52
Sen. 5
Sep. 10 570.97 - 575.54 574.64 574.56 572.90 572.96 569.12 568.31
Sep. 20 572.84 581.41 578.45 575.32 575.30 573.44 573.58 570.33 568.91
Oct. 5 569.80 d 576.57 574.90 574.77 5:]3.03 573.15 569.64 568.37
Oct. 13 - d 574.74 574.06 d 572.78 572 .78 568.16

wun

=TI |

not observed

silted
dry
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Date

Apr. 26
May 15
May 27
June 24
June 29
July 18
Aug. 3
Aug. 5
Aug. 6
Aug. 9
Aug. 27
Sep. 3
Sep. 5
Sep. 10
Sep. 20
Oct. 5
Oct. 13

GROUNDWATER ELEVATION AT SLOUGH 8A

APPENDIX A.1

(Continued)

Well No.
S.G.
8-19 8-11 8-12 8-1A _8-1A 8-2A 8-3A 8-4A
566.15 565.64 566.33
565.30 565.49 s
565.15 565.79 S
565.34 - s
565. 54 565.51 564.38 572.63 572.32 572.23
572.19 572.33 572.35
571.85 571.86 571.83
571.79 571.75 571.73 571.87
565.56 565.83 564.29 571.81 d 571.61 571.81
d d 571.05 571.26
565.76 566.28 d 571.24 d 571.41 571.87 572.32
57C.99 d - 571.74 572.28
565.75 - o 571.16 d d 571.36 572.24
566.00 566.70 564.44 573.24 573.33 573.25 573.42 573.72
565.70 566.12 d 570.39 d d 571.22 573.09
d - d d 570.48 572.58

silted
dry

4]
LI T T

not observed

Qse

lce Cover
Breakup
25,200
27,000
23,550
17,800
16,300
16,000
16,300
12,000
13,800
13,400
22,900
8,300
7,500
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APPENDIX A.1

GROUNDWATER ELEVATION AT SLOUGH 9

. Well No.
. Dbate 9-1 9-1A 9-3 9-4 9-5 9-6 g-7 9-9 9-10 9-11 9-12 9-13 9-14 9-15 Qe
Apr. 26 - 603.06 603.62 603.33 d d 603.01 600.32 600.06 598.53 d 594.14 d lce Cover
Kay 11 607.71 605.42 604.46 604.51 604.15 602.68 - 601.20 601.21 - 694.09 594.57 593,90 lce Cover
Klay 15 - - - - - - - 604.00 - - - - - Breakup
May 27 6U7.58 606.62 604.47 604.76 604.34 602.45 - s 601.16 599.94 S s s -
June 23 608.50 606.66 604.77 604.40 604.91 603.02 - s 601.69 600.64 ] s s 25,000
July 1 vi17.94 606.22 604.67 604.11 604.48 602.78 - 604.08 s 601.38 600.40 s S s 23,300
July 20 6u7.32 605.67 604.03 603.81 604.08 602.30 - 600.99 601.07 599.55 s s s 21,500
Aug. 25  0605.399 604.69 d 603 34 d 601.05 - 602.56 600.34 600.28 d d 593.66 592.74 12,000
Sep. b CU6.16  605.50 605.70 604.16 603.61 d 601.32 604.37 600.50 600.46 - - - - 11,000
Sep. 9 006.08 605.27 605.49 d 603.60 d 601.14 604.22 600.43  600.35 d d 583.74 592.83 12,800
Sepp. 2V 6C8.01 607.07 607.65 605.23 604.74 604.62 602.78 605.07 6071.37 601.49 d 594.29 594.77 - 22,900
Oct. 7 605.88 ~605.21 605.29 603.97 603.52 d d 603.26 d d d d 593.76 d 7,500
Oct. 15 6{5.817 604.85 604.91 d 603.39 d d 602.91 d d d d 593.66 d 7,000

d llly

= pot uhserved
4 = silted



APPENDIX A.2

GROUNDWATER TEMPERATURE DATA AT
SLOUGH 8A & 9
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APPENDIX A.2
TEMPERATURE DATA FROM OBSERVATION WELLS
AT SLOUGH 8A

Date

Well No. May 27 June 24 June 29 Aug. 9 Sep. 3 Sep. 10 Sep. 20
8-1 0.5 0.01 0.06 5.9 - - 6.6
8-3 0.0 5.0 4.9 7.3 8.1 8.1 8.1
8-4 4.5 7.0 7.5 7.4 7.4 6.5 6.7
8-5 4.5 5.5 5.6 6.1 8.7 8.4 6.7
8-6 ' 2.1 3.0 3.5 6.4 6.6 6.8 6.8
8~7 7.0 8.3 8.6 8.2 7.7 7.0 6.8
8-8 ow 8.0 - 7.4 7.4 6.8 6.8
8-9 6.1 10.0 - 9.2 70.0 5.0 7.9
8-10 7.5 6.0 - 6.6 7.0 6.5 6.5
8-11 .05 - - 6.2 6.0 - 6.1
8-12 s S s d d - £.8
8-1A d d d 7.6
8-2A 6.3 6.3 d 6.6
8-3A 4.0 4.9 5.3 5.4
8-4A 6.4 6.7 7.2
Mainstem 5.0 8.8 - 6.5
d = dry well

ow = open water no temperature data

= not observed

5 = silted well
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APPENDIX A.2
TEMPERATURE DATA FROM OBSERVATION WELLS
AT SLOUGH 8A
(Continued)

Date
Well No. Oct. 5 Oct. 13
8~1 d d
8-3 6.2 5.4
8-4 4.5 3.2
8-5 5.4 4.0
8-6 6.1 5.0
8-7 5.0 3.6
8-8 4.0 -
8-9 5.0 2.8
8-10 5.1 -
8-11 5.1 -
8-12 d d
8-1A d d
8-2A d d
8-3A 5.0 4.4
8~4A 5.1 4.1
Mainstem 1.9 0.0
d = dry well
ow = open water no temperature data

S

= not observed

= sj

Ited well
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APPENDIX A.2
TEMPERATURE DATA FOR OBSERVATION WELLS
AT SLOUGCGH 8

Date

Well No. May 11 May 27 June 23 July 1 Aug. 25 Sep. 6 Sep. 9 Sep. 20

9-1 1.2 0.05 2.3 - 7.8 7.0 6.8 7.2
9-1A 6.0 6.1
3-3 ‘ 2.0 0.05 2.4 1.4 4.8 5.8 6.0 7.0
9-4 1.8 2.0 3.6 6.0 d 6.3 d 5.8
9-5 4.0 1.0 3.2 4.5 6.6 6.4 6.3 6.7
9-6 2.0 1.0 4.9 5.5 d d d 7.4
9-7 1.3 0.0 5.5 6.4 d 11.3 11.1 10.3
9-9 ow ow ow ow ow ow ow 7.8
9-10 1.0 s s 5 5.9 6.5 6.5 6.5
9-11 0.5 1.0 0.5 0.8 5.2 8.3 8.5 8.4
9-12 - 1.0 4.0 4.5 d - d -

9-13 - s s s d - d 5.7
9-14 2.0 S s s 4.5 - 4.7 5.1
9-15 3.0 s s s 7.4 - 7.5 -
Mainstem - - 9.4 - 10.0 8.5 8.4 6.6

d = dry well

ow = open water no temperature data

not observed

silted well

S
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APPENDIX A.2
TEMPERATURE DATA FOR OBSERVATION WELLS
AT SLOUGH 9
(Continued)

Date
Well No. Oct. 7 Oct. 15
9-1 5.2 2.7
9-1A 4.5 3.4
9-3 6.2 6.2
9-4 4.0 d
9-5 4.7 3.6
9-6 d d
9-7 d
9-9 4.2 3.8
9-10 d d
9-11 d d
9-12 d d
9-13 d d
9-14 4.3 4.0
9-15 - -
Mainstem 1.9 0.0
d = dry well

ow = open water no temperature data
- = not observed

s = silted well



APPENDIX A.3

CLIMATE SUMMARIES FOR SHERMAN WEATHER STATION
MAY-OCTOBER 7982
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SUSETNAS HMYDROELECTREOGC PROJECT

L
MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
. DATA TAKEN DURING May, 1982
¢
RES. RES. AUG. HMAX. MAX. DAY’S
P MAX.  MIN.  MEAN  WIND WIND WIND GUST  CGUST P/VAL MEAN HEAN SOLAR
L DAY TEMF, TEMP, TEMP. DIR, SPD. GPD. DIR. SPD. DIR, RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEE N/S H/S DEG W/ 2 D6C M WH/S0M
; 1 RERRR  NEREE  RRENR O OKNE NENR RRRR O OENE HOEK OBOE BE BORNE BB aaees |
¢ 2 NRMEK BRGRE OOESE NN RKNE REER XEN BNER RN XK HRXER RERK ek 2
3 RENRR OOEEEE  KREEE MR KENR O REEX OEEE O NKKNE OBRKE R HBNRK Bt oy 3
X 4 ROEEE BRNNK NMENRE NEE WK SEKE ENE RENK BNE BX XEMNK MRNE e 4
; S EEENE REEEE  ORNKER  OREE RKERK  EEE  RER REXE KRR KK BRGEE EeE xeemx
& RNEKE  MEGHE O EREEE  BNR KRR RNER KNR BEXX NEE XN NKRNR MK ERNEXK b
7 RREEE  RNERR  RENEE KRN RIEE MNEK REE RERE XEE RR O MEERER BERE mexee 7
! B EEMEK ERGGE BOOGE ORRK XNER NKNE KR KRR NEE XK XKEXN  HENE dNxkex B
' 9 RMEEE  RRREE  RRREX O NRE RKKE  EEKRE O RRE O KRER MR ¥R MKENR MMNR dammkk 9
10 ®EEER  ERNNE O NEENR  HMX XENE XBER O RRX NNER REE MK REEEX XEER xkeork 10
f - 11 FEeRE BHOEE BEERE RER RRNE ORKER XEE K RNR R RNOEE % pxexa 1]
| 12 *RERX EEKEE KRR MHE EEGE NNER THEE SR R B0 NEREX XNEX X 12
13 mREEE  EERER  REERR  NER NENR  RNEE . RKE MRRX XRE ER BOERE BEXR ek 1]
' , 14 ¥REE RREEE  REEEE MO0 KNEE HROE O XEE OREKN R MK REERE EREE MR 14 :
f 15 12.7  -1.8 ded 293 3 B 2% 44 ¥ 17 194 0.0 7080 13
' . 14 139 -3.4 3.3 043 S 2 T K7 57 N 2 -25.0 0.t 8150 16
17 126 -1.8 3.4 176 b 1.3 148 6,3 S8 23 -21.4 0.0 6788 17
' ’ 18 11.4 -.b 3.4 198 J 0 L1 3.7 S5 34 -19.1 2 4478 1B
i 19 2.1 -7 3.2 046 4 L1 215 7.6 NNE 26 .-23.2 0.0 6795 1%
29 0.6 -~1.6 43 17 1.2 1.7 143 7.6 § 2% -19.8 0.0 4990 20
. 21 2.2 -2 3.1 23 J L4 30 %7 § 27 -19.9 0.1 6700 21
! 22 4.9 -3.9 3.3 163 4 L1 142 44 § 19 -&5.1 0.0 s 22
E 23 138  -1.3 2 033 1.3 1.5 1026 6.3 NEE 16 -24.9 0.0 7945 23
24 14.7 ~.8 10 184 b 1.4 181 7.0 S 18 215 0.0 5008 24
- 23 11.1 2.1 b.i 178 2 g 213 W1 0§ 4 -6 24 313 29
; 2b 10.3 1.1 3.8 202 b 9 188 3.8 SSW 41 -14.7 2 2880 2%
27 12.3 2o 735 205 4 g 179 3.7 S8 34 9.4 1.2 015 27
. 28 11.2 3.4 7.3 225 1.3 1.4 229 8.3 &4 42 -7.6 2.8 44538 28
3 29 10.3 4.8 7.8 22l 1,9 1.7 23k 4.4 SSW 27 -143 4 3460 29
’ 30 16.0 1.1 8.6 302 2 9 142 38 N 3} -17.2 2 3733 36
31 20,9 -1.0 10 0% g 12 072 5.7 E 23 -1 0D gI7g 31
MONTH 20,9 -3.7 6.4 193 3 1.2 289 8.3 S 30 -18.1 7.4 97123
GUST VEL., AT MAX. GUST MINUS 2 INTERYALS 6.3
GUST VEL. AT MAX., GLST MINUS 1 INTERVAL .7
GUST VEL. AT MAX. GUST PLUS 1 INTERVAL 3.2
' GUST VEL. AT MAX. GUST PLUS 2 INTERVALS 3.2 —.

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

x#%% SEE NOTES AT THE BACK OF THIS REPORT  %x%x
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MOUREY PRECIPITATION SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING Hay, 1962

PRECIPITATION VALUES ARE IMN MILLIMETERS

HOUR  ENDING

UATE Q100 0200 0300 0400 0500 0400 0700 0BOD 0900 1600 1100 1200 1300 1406 1500 14600 1700 1800 1900 2000 2100 2200 2300 2400 DATE
i X% REEE BARR HEHE KERE NAER HONE BHNE ERAR UENE FEEE GHERR OO HBOE REEX BOOE XXKE REEE RERX RERE KEXR RNAX ENEE XHAX 1
2 REEY LAEE SEEE RRER BNER RRER FNEE RKER BREE EFEE BRON FERE FARE BANE RERE CARE KARE KREE KRR RXEE KRXE EXRX ENEE AXRX 2
3 FHEF TR RENR NFUE FREE FNER BN R HOHE NNEE RRAE BNEE HNAE DHRE NENT BREE DERE HOEE BRAE FRRE KRR ENER XREE KNER 3
3 FREE BHEE KBEE NARR EREE AERE RNAE RENE FREE RRNE JHOME RREE KRRER NREX RHRX EANR RRER RRER KRER KRR ERXE KARR RREE EXAH 4
g FRRR RHRE REEX RURHE LRRE KNRE HERN NRNE BREE OERF BHNE KREH HHNE FERE BNEX RARX HHEE EXNE HNNR FOHE RRRE FEHR AXEX RE%R 5
& RHEE FRRE RRRN FEEE RRAR RREE JHOEE BREE BNEK ERER SENE RNER PN AR FNRE BRER RNONE BEEE RERE RRRK RREE RREX RAEE XXX 6
7 FENE AR KRR AR KRN AREN HOOE BERE R HEE BREE FHEE RRNE HNRE XNER EREE KHNE BMEE HREN ORRE NHRR RNEER REEE NXRE 7
8 HEE FEER KRR NERE RHAH REEA HEE OOEE BNRE RRER REER KRER EREN ORNE RRRE KRR HHUR KEER HRRE RARE NENE RANR KA KRN g
9 FERE ERRE FEEE FRENE HOHE BIOHE REAN NNER K RNN NHEF HENX NREE DRAR RHRE EEE UONK HOHE RRER ERNE RNRE ENEX KAER AXKE 9
10 NEE REEE FARE NERE RHEE FAAE NGHE RXEE BRRE NEE RNEE ERNE RNER JHOHE REEE ERAX HRER RO RNKR RERE BXER HOEE AAXK XXX 10

i1 FAEE FNRE ENRE FARE KRR GNNH KRR FHEE NP HEN BN DN XK XARE GNER BREE RERE ARE FERX BER RFOEE RERR HREE ERER i1

12 RERE RNER FEEE RNRE RENRE ONEE RERE RRER KRRE DXER REEE GERR RRNE FREE KERK ENNE KRN RAXE XHEE RREE RERE EXNR BOER HERK 12

13 FARN FREE RARE BARE RRIOE FREE BEER OHOE NHEE KNEE KRR EREE BN BNEE BNRE HEER RERE SRR RRXE RREX SERE BHEE ENHN KHEX 13

14 R RRER AN HRER BNOE RNRE XNEE NERE RHRR RHEN XREK RHRE MK HRE KERE KRR RREE RKNR XREX KRR KRER BNER RANE HEER 14

15 FARE FRAR WRRE KRR RHHA ANDH AR RERR HHNX EXNE K%%% we%x 0,0 0.0 0,0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15
16 6,9 9.6 0,0 0.0 0,0 0.0 ©,0 0.0 0,0 0.0 0.0 0.0 0.0 6.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i6

17 8.0 9.8 9.0 0.8 0.0 0.0 0.0 0.0 0.6 0.8 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 17

18 6.6 ¢.0 o,0 0.0 0,0 .2 0 0.0 0.0 6,0 0.0 0.0 6.0 0.0 0,0 0.0 O.6 ©.0 6.0 0,0 0.0 2,0 0.0 @.0 18

19 ¢, ¢.0 0.0 9,0 0.0 0.0 8.0 0.0 O.0 0,0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 O.0 Q.0 0.0 0.0 0.0 0.0 0.0 19

Z0 0.0 o.,0 0.0 o,0 0,0 0.0 0,0 ©.0 0.0 0,0 0.0 0.0 0.0 O.,0 0.0 G.D 0.0 G.O0 0.0 0.0 0.0 0.0 0.0 0.0 20

21 g, 0.0 0,0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 O.0 0.0 0.0 O.,0 0,0 D.0 0.0 0.0 G.D 21

22 0,6 0.6 0,8 90,0 0.0 2.0 o©.0 0.0 0.0 0.0 6,0 0.0 0.0 0.0 o0,0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 22

23 ¢0 0.0 0.0 0.0 0.0 0.0 0.0 G0 0.0 00 0.0 0.0 0.0 9.0 6.0 0.0 0.0 0.0 0.0 0.0 00 0.0 3.0 0.0 23

24 6,0 0,0 0.0 0.0 G,0 0.0 0,0 0.0 0.0 0,8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 24

29 0 00 .2 .4 2 0.0 0.0 0.0 0.0 0.0 .4 2 00 .2 .B 0.0 O.0 0.0 0.0 0.0 0.0 OO 0.0 0.0 23

26 6.¢ 0.6 .0 0.0 0,0 6.0 %0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 .2 0.0 26

27 4,0 0.0 &.0 9,0 0.0 @¢.0 0.0 O.0 o.0 0.0 0.0 g.0 O.0 O0 2 2 0.0 0.0 0.0 .4 B0 0.0 2 2 27

28 200 2 2 4 4 2 .4 0,0 0,0 .4 .2 6,0 G0 .2 0.0 0.0 0,0 0,0 0,0 0.0 2.0 0.0 0.0 28

29 .0 0.0 9.0 G,0 0.0 ©.0 0.0 0,0 0.0 6,0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0,0 0.0 Q.0 0,0 .2 2 0.4 29

30 ¢.0 .2 6.0 0,0 90,0 0.0 0,0 2.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0O,0 0,0 ©.0 0.0 0.0 0.0 0.0 0.0 0.0 3D

31 9.0 6,0 0.0 0.9 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 3
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURIMG June, 1982

RES. RES. AVG, HAX. HNAX, DAY’S
HAX.,  NIN.  MEAN  NIND WIND WIND GUST  GUST P/VAL HEAN HEAN S0LAR
DAY TEMP. TEMP, TEMP. DIR. SPD, SPD. DIR. SPD., DIR. RH DP  PRECIP  ENERGY DAY
DEGC D6 C DEGC DEE M/5 W45 DEE /S & DEGC M Wi/58H
i 20.0 -4 ?.8 224 1.2 1.3 2% 7.6 54 18 -21.7 0.0 6800 1
2 2.7 3.0 6.4 178 2 9 213 3.8 s 5% -1.0 194 1898 2
3 153.3 b 8.0 93 4 9 186 3.8 M 34 -19.1 0.0 6683 3
4 6.6 -1.2 7.7 241 1.0 1.5 . 22 8.3 ¥SW 28 -19.4 1.0 2920 4
3 1.4 6,0 8.2 03 . .2 4 026 1.9 NE 6 -2.1 12,0 2298 9
b 11.5 6.4 9.0 267 2 b 012 2.5 S48t 2.2 10.4 2388 &
7 11.6 9.7 8.7 2l 3 7 232 3.1 S 0B -3 b.8B 273 7
B 17.2 4.3 10,8 22 w232 3.1 SN 43 -15.8 2 3643 8
? 14.6 4.5 9.6 048 2 0 348 2.3 ENE 44 4.1 A 3380 9
10 17.7 6.9 123 22 3 .8 228 7.0 S8 49 5.2 3.8 295 10
11 13.9 61 10,0 218 ] 9 229 3.8 58 31 -3 1,0 3833 1
12 13.8 ] 7.1 241 o J 212 6,3 G5W 8 -3.2 4.2 3380 12
13 14.6 b 7.6 205 2 b 246 3.2 S 37 -21.2 0.0 4700 13
14 17.2 2.9 10,1 224 1.6 1.7 243 7.6 84 30 -147 0.0 6813 14 ~-
15 8.3 3.9 7.1 208 1.0 1.1 232 3.2 88 83 -3.4 12,8 2265 19
16 9.2 2.9 7.6 214 g 1 253 4,4 888 33 -2.3 4.4 2068 16
17 19.2 3o 114 29 3 8 184 3.2 G54 3 -19.4 0.0 6945 17
18 2d.1 1.7 10.9 058 W7 9 05t 5.1 N 43 -23 1.8 4338 18
19 20.9 7.7 143 23 g 1.3 237 63 S8 23 -13.7 0.0 6740 19
20 9.5 7.0 8.3 223 .1 1.2 229 44 S8 3B -1.5 10.8 2240 20
21 15,9 3.1 1.3 221 1.2 1.3 245 &1 S0 37 -5 A 978 21
22 18,3 3.0 1.8 22 8 1.0 217 a1 W3 -19.2 0.0 6413 22
23 23.0 .4 142 237 0 .8 219 3.8 S 3 -249 0.0 735 23
24 26.4 3.0 148 219 g .8 207 3.8 & 33 -850 0.0 8468 24
23 27.9 5.0 165 14 o1 J o213 3.8 ENE 42 -13.8 2.0 7298 235
2b 23,4 6.2 15,9 23b 4 7 el7 3.8 S 28 -30.0 0.0 6833 26
27 2.9 3.9 149 213 3 8 221 5.7 S 3/ -19.6 0.0 5430 27
28 18.4 6.9 12,7 215 1.1 43 265 9.1 &8N 3 -B.7 8 3455 28
2? 18.8 7.2 13,6 2% 3 B 117 3.8 S8 23 -16.6 0.0 6103 29
30 20.0 7.2 3.6 157 o 8 224 63 N 42 -11.8 9.2 3823 30
HONTH 27.9 -1.2  10.7 224 9 b 226 8.3 SW 40 -12,2 101.2 146985

GUST VEL.. AT HAX, GUST MINUS 2 INTERVALS 7

GUST VEL, AT MAX, GUST MINUS 1 INTERVAL b

GUST VEL.. AT MAX., GUST PLUS 1 INTERVAL 9

GUST VEL . AT MAX., GUST PLUS 2 INTERVALS 7 .

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIABLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT BEEN INCLUDED IN THF DAILY
UR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

xx%% SEE NOTES AT THE RACK OF THIS REPORT Xxxx
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING July, 1982

RES. RES. AVE, HAX. HAX, DAY’S
MAX.  MIN.  MEAN  WIND WIND WIND GUST  GUST P/VAL MEAN NEAN SOLAR
DAY TEMP, TEMP, TEMP. DIR. SPD. SPD. DIR., GPD. DIR, RH  DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEG M¥/85 W/5 DEB W/S L DEEC M HH/S0H

1 14.3 3.9 1. 224 1.0 1.2 245 7.0 S8 3 -9 1.6 3283 1
2 17.2 3.6 10,4 217 3 7 204 3.8 888 32 -19.6 2 9740 2
3 20,7 1.6 1.2 220 3 L0 216 .1 S 24 -25.% 0.0 g3t 3
4 21.5 23 11,9 228 g0 13 a1y 7.0 S8 30 -19.0 0.0 N3 4
3 19.9 3.0 125 209 7011 212 4,4 55 28 ~-19.1 0.0 7438 5
& 21,1 3.9 13,3 220 4 B 285 3.8 SW 26 -25.2 0.0 2748 &
7 29.6 2.3 16,1 036 b 8 358 .1 ENE 46 3.0 b9 8283 7
B 19.5 7.1 133 22 1.9 1.7 2% 7.0 55§ 38 -4.4 2 233 8
9 21.4 9.7 156 211 3 J 222 3.8 55 3B -11.4 0.0 o83 9
10 15,6 9.4 12,5 215 g L1 289 3.1 58N 62 3.2 1.8 2173 1
11 7.1 1.5 13.8 216 1.2 1.2 22 4.4 SS4 47 7 A 4348 11
12 14,3 9.4 11.9 202 .1 11 200 4.4 G54 30 .o 3.2 2305 12
13 12.3 7.7 13.6 278 2 <9 019 3.8 § 49 -11.8 4 308 13
14 19.6 43 12,0 208 7 g2l 3.8 554 49 -3.0 1.8 4693 14
13 14.6 8.2 1.4 215 1.2 1.3 - 2R 3.1 8% 8l -5 2.2 4350 14 T
16 14.4 7.6 111 225 8] 8 214 44 S 31 -1.8 7.6 4000 16
17 18.2 8.2 132 209 1.0 1.1 208 3.8 8 S0 -3.4 2.4 ab10 17
18 18.1 62 12,2 236 4 YA B 3.2 G5W 44 1.9 13.2 3995 18
17 27.7 3.6 15,7 (038 2 b 032 3.2 EHE 32 -14.0 0.0 7688 19
20 23,0 4.9 15,0 220 4 1.1 208 3.7 W23 -17.5 0.0 7395 2l
21 153.3 9.7 12,5 214 7 B 218 3.8 S8 83 2.0 11.4 173 21
22 13.3 9.7 12,5 228 1.2 1.3 244 .01 S8 32 -1 11.6 2815 22
23 13.9 ?5 11,7 229 1.1 1.2 246 J.7 oK 59 9.2 31,0 1643 23
24 3.6 10,2 1.9 217 1.2 1.3 242 .7 958 ot 2.9 16.2 1903 24
23 15.2 10,5 12,9 218 8 L1 230 9.1 58 &3 4.6 3.6 2225 29
26 17.1 8.3 ‘2.8 348 0 a9 209 - 23 N 31 1.0 0.0 3033 26
27 183 10,2 143 210 '3 b 203 3.8 554 44 2.9 2 33 27
28 2l 7.0 141 228 b g 239 4.4 S8 29 -2.6 2 4450 28
29 143 w02 123 223 g 10 220 4,4 S 63 3.9 8.4 3 29
30 12.7 10,0 114 210 ] g 2a7 2.7 S50 &0 3.6 236 1890 30
31 18.8 7.1 13,0 239 A w339 3.2 ESE 3 -6, 0.0 4843 31
HONTH  29.6 1.6 12,8 219 7 9 245 7.0 S5 44 -5.2 171.0 142307

GUST VEL., AT MAaX., GUST MINUS 2 INTERVALS 3
GUST VEL., AT MAX. GUHBT MINUS 1 INTERVAL 2
GUST VEL.. AT MaX. GUST PLUS 1 INTERVAL 1
GUST VEL., AT MAX. GUST PLUS 2 INTERVALS 1

8

5
W)

' 9
3
ONE METER PER SECOND., SUCH READINGS HAVE NOT BEEN INCLUDEDL IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,
xuxx  SEE NOTES AT THE RACK OF THIS REPORT s
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
DATA TAKEN DURING August, 1982

RES. RES, AUG., HAX. HAX, DAY’S
HAX, MIN,  MEAN  WIND WIND ®IND GUST  GUST P/VAL MEAN HEAH SOLAR
DAY TEWP, TEWP, TEMP. DIR. SPD. &PD. DIR. SPD. DIR. RH DP  PRECIP  ENERGY DAY
DEGC DEGC DEGC DEG M/S WS DEE H/S 1 IDEGC MM NH/50M
1 2.2 23 11.4 87 W7 8 4,4 ENE 42 -23.1 0.0 g8 1
2 22.8 g 1.9 05 b J i 3.8 ¥E 41 -21.8 0.8 455 2
3 22.7 1.3 120 212 .3 b 204 3.2 ESE 47 -24.4 WD 6828 3
4 22.9 2.2 l2.6 212 4 b 214 3.2 S8 48 -18.9 0.0 6390 4
3 22.% 3.7 139 212 7 8 193 3.8 S8 32 6.9 2 GLHT
6 24.3 3.5 189 (5 o g 222 3.2 E 29 -18.0 0.0 S04 b
7 17.8 A1 118 218 4 Jo233 a1 B M -3  %b 3208 7
8 28.7 &7 117 159 2 8 219 3.8 NNe 38 -8By 9.2 4788 8
9 13.3 8.3 0.8 211 3 b 235 v.1 S5N 42 -1 b4 Y I
10 13.2 7.9 10.6a 218 6 b 216 2.7 558 5@ 1.2 4.4 2428 10
1} 20.0 3.6 118 203 o1 6 088 2.5 S8 26 -i6.8 2 9905 11
12 21.3 1.3 1.4 207 3 b -237 3.8 S8 21 -20.8 8.0 6178 12
13 22,8 3.6 @38 28 4 7 250 44 E 28 -17.3 LD W 13
14 16.3 9.9 13,1 200 2 4 268 3.2 588 57 1.0 2.4 1798 14 ~
195 17.7 8.8 12,9 214 o7 9 212 3.8 858 S0 -39 2.0 228 15
16 15.3 7.8 11 214 g L 22 3.7 S5H 44 -71 4 g 16
17 15.3 7.9 114 19 1 3 216 2,5 84 58 -3.3 4.0 2603 17
i8 16.1 3.1 .6 043 1 3 D22 1.9 ESE 41 #xxxx 0.0 2628 18
19 19.9 2.8 11.4 858 2 3 (48 1.9 ESE 32 wwxkx 4,0 3783 19
20 a2.9 2,6 12,8 040 2 4 04 2.5 ENE 27 -18.7 0.0 9388 20
21 2.2 2.0 1.6 212 ) 7 190 3.8 8 26 -i1.8 A0 adk 2t
2 21.3 1.8 116 212 4 b 249 3.8 S5 24 -14.8 0.0 at48 22
23 17.0 8.6 128 289 b7 4 3.2 S8 52 1.0 1.2 2790 23
24 18.4 8.3 135 214 3 J 285 3.8 W 3 2.9 2 3733 24
25 15.4 8.4 124 204 7 8 208 3.2 S5 50 -4.2 1.2 3335 25
26 26.8 2.3 11.2 278 A D 230 327E B 79 1.0 X
a7 21.8 4 1.6 04 ] b 037 A4 K 27 -23.6 WO 925 &7
28 17.3 2.3 9.8 185 o ) 4.4 ENE 30 -42 3.2 2483 28
29 1.1 8.3 2.8 097 .1 2 047 1.9 NE 43 seex 13,2 1748 29
30 10.2 6.8 8.5 042 2 3 043 1.9 NE 51  exex 27,2 1682 30
k) 13.4 6.3 2.8 N 1 o 204 3.2 M 93 -9 78 2203 31
HONTH  24.3 J 0 1 202 2 b 216 5.7 554 37 10,2 9484 132158
GUST VEL. AT MaX. GUST MINUS 2 INTERVALS 3.2
GUST VEL.., AT MAX. GUST MINUS 1 INTERVAL 2.9
GUST VEL. AT ™MAX. GUST PLUS 1 INTERVAL 3.8
GUST VEL. AT MAX., GUST PLUS 2 INTERVALS 2.5 -

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIAELE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND, SUCH READINGS HAVE NOT EREEN INCLUDED IN THE DAILY
OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

x#%% SEE NOTES AT THE EACK OF THIS REPORT  ®xx%
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MOMTHLLY SUMMARY FOR SHERMaN WEATHER STATION
DATA TAKEN DURING Septesber, 1982

RES. RES. AVG., HAX. HaX, DAY‘S
HAX, KRIN. HEAN WIND WIND WIND GUST GUST P/VAL MEAN MEAN S0LAR
DAY TEWP, TEMP, TEMP®, DIR. SPD. SPD. DIR. 5PD, DIR, RH  DP  PRECIP EMEREY TaY
DEEC DEGEC DEGC DEE MW/ WS DEE  M/S i DEEC N WH/S0M
1 16.6 3.9 10,3 045 2 0 186 9.7 NNE 36 -4,3 9.4 s i
2 14.7 3.7 2.8 223 3 b 220 3.2 S8 27 -7.5 1.5 283 2
3 11.5 5.0 B.a 043 .2 A4 843 2.5 NE S0 -6 7.8 1845 3
4 13.8 1.8 7.8 282 1 4 187 2.9 85¥ 16 -12.9 2 3073 4
3 16.7 3.1 9.9 050 2 1.0 047 3.1 HE 280 -9.9 1.0 2253 3
) 13.3 3.2 16,3 185 g 1.1 138 6,3 554 32 -5.7 0.0 1578 4
7 143 7.3 10.9 214 9 g 213 4,4 554 4D -3.7 1.8 2613 7
8 11.9 b.4 3.2 208 N .7 208 3.8 G558 33 ~4,6 .2 1878 §
9 12.9 9.b 2.3 202 8 3 215 2.5 EBE 2% xxuxx .8 1718 ¢
10 12.6 4.8 8.7 437 d 3 02l 2.5 NE X RReER 2 2030 10
1 7.9 -.b 3.7 044 1 D 238 .1 E 1 -3.2 1.6 1190 11
12 11.8 -4 3.7 0 A a0 074 2.9 ENE 46 -7.6 3.6 2968 12
13 8.7 4,4 6.6 037 ! b 059 2.5 NNE 61 2 8.6 978 13
i4 10.6 7.1 8.9 147 2 3 213 1.9 HNE #%  sxseéx 19,0 940 14
15 17,0 7.3 12.2 246 | 8 220 3.1 NNE 48 1.6 29.8 2093 15
16 12.1 a.0 B.& 223 1.7 1.9 220 14,2 S8 33 -7.8 1.2 233 15
17 8.2 2.3 3.4 083 4 4 065 3.2 N 72 -1 9.4 1198 17
18 12.8 3.7 7.9 033 3 g 212 3.2 E 52 -1.4 10.0 1488 18
19 9.4 6.0 7.7 204 o A4 224 3.8 S8 62 .9 18.6 773 19
20 9.3 ) 7.9 153 .0 3 243 1.9 ENE 53 A 6.0 1265 20
21 10,0 3.1 7.6 14% | 6 217 3.8 HE  xx  wxxsx 3.4 1291 21
22 10.2 -9 4,7 239 2 b 214 5.7 WSW  ®%  dkskx 5.0 2150 22
23 11.8 -3.3 4,3 034 A b 005 3.2 NNU %% mEnek .2 3363 23
24 2.9 -4 2.4 070 3 g 239 3.2 B x%  mxxex 0.0 2418 24
29 11.1 =3.0 4,1 129 o b 218 3.8 E xx mexxx 0,0 2200 295
26 8.1 2.2 3.2 49 3 g9 083 2.5 ENE  #%  uxxxx  19.4 1248 2%
27 2.2 -1.4 4.3 172 2 J 207 3.2 EGE %% kx¥xx A2 1770 27
28 7.3 -3.0 2.2 081 A4 9 18 1,9 ESE  #%  kxx%% 5,4 1340 28
27 9.4 2.6 6.0 074 3 9 208 4,4 ENE %% nwxx¢ 7.4 1605 29
30 7.2 2.9 4.9 215 1.0 i.1 198 9.1 5SH ¥ nxn¥x B4 1785 30
HONTH 17,0  -5.1 7.1 155 | H o 220 il.2 ENE 35 -3,% 232.2 V7358

GUST VEL ., AT MaX. GUST MINUS 2 INTERVALS 9.7

GUST VEL. AT MaX. GUST MINUS 1 INTERVAL 8.9

GUST VEI.. AT MaX. GUST PLUS 1 INTERVAL 8.9

SUST VEL ., AT MaX. GUST PLUS 2 INTERVALS 8.9

NOTE: RELATIVE HUMIDITY READINGS ARE UNRELIAKLE WHEN WIND SPEEDS ARE LESS THAN
ONE METER PER SECOND. SUCH READINGS HAVE NOT EEEN INCLUDED IN THE DAILY
OR HONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW FOINT,

xx%x%  SEE NOTES AT THE BACK OF THIS REPORT  wxxi
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MONTHLY SUMMARY FOR SHERMAN WEATHER STATION
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DATA TAKEN DURING October, 1982
RES. RES. AVG., HAX. HAX. DAY‘S
MAX,  WIN,  MEAN  WIND HIND WIND GUST  GUST PUAL MEAN MNEAN SOLAR
DAY TEMP, TEWP, TEMP. DIR. SPD. SFD. DIR, &SFD, DIR. RH DP  PRECIP  ENERGY DAY
DEGC DESC DEGC DEE W/5 MW/S DEE  W/S t DGC M ¥H/58K
1 4.5 =1 2.2 059 2 4 210 2.9 ENE % mwwkR Xewx 1308 1
2 7.6 -i.0 3.3 064 3 4 349 2,5 ESE ¥ ANENR  XENK 2088 2
3 74 -1.8 2.8 067 9 J 1058 4,4 ENE %% ¥RiEx  xhER 230 3
4 7.8 -5.2 1.3 {173 .8 B8 09 3.9 ENE %% RHEE% X%u 2733 4
3 6,1  -5.9 1 063 1.6 1.7 047 7.6 HE %% MRRRE REEX 2758 3
b 3.6 -1.1 2.3 f6d 1.4 1.5 075 6.3 ENE %% a¥ER A 1920 &
7 1.8 -.8 3 06l B8 1.0 082 4.4 EHE  mx meRxE RER 735 7
8 1.8 -1.6 1 148 A 1,0 27 3.2 ENE %%  #E%E%  XxN% g55 8
9 2.4 2.2 g 218 1.1 B 212 3.8 550  ®k mEadE MR 763 9
10 -4 =35 =-2.0 214 2.3 1.2 219 .1 SGN %% XEEEE  X¥Ed 1020 10
11 2.0 -3.3 -.7 060 1.1 1,1 043 S.7 ENE ¥R RuEERE HERd 765 11
i2 2.0 A 1.1 088 4 4 047 1.9 NE ¥ m%sEd XaE% 538 12
13 S <52 -2.4 031 A b 214 3.2 NE % EENNE  ¥EN¥ 345 13
14 1.3 -11.5  -5.1 079 1.0 7 072 3.8 FE ¥R RUNEE  E¥#% 623 14
15 1,2 -143 -b.6 048 7 b 028 2.5 E ¥ ¥ X 1505 15
18 -8 7.5 -42  mex wEk JoOEEE RRER EREOKE O NNREE XNER 293 1b
17 5.0 -84 -1.7 103 3 A4 026 1.9 NNE %% wxsk% ey 833 17
18 24 ~11.0 -43 153 A 4 04b 1,9 § %% RuRuE ERRE 1540 18
19 B -4,2  ~1.,7  ExE 0 xEEk D ERE RNEE ORRE ORE O RARNE KR 243 19
20 J o -13.8 -b.6  EER XA O EER O RREK NRE XX ARNX  R¥EK 630 28
21 ~-2.8 -12.8 -7.8 047 2,3 2.2 1084 7.6 ENE %% ®%Eg%  XREx 893 21
22 -1.3 -10.6 -6.1 03B 2.1 2.3 057 7.0 NE %% #x4R%  XEER 1485 22
23 -2.0 -13.% -8.8 080 1.9 1.6 0855 6.3 E k% RRENE XEEd 1240 23
24 -3.4 -19.4 -11.4 076 b 7 fat T8 FE %% REARE  RNHN 1323 24
25 -4,3 -21.5 ~-12,9 0% .2 A4 124 1,3 B ¥ swdsk ARE 1193 25
26 -20.B -24.6 -22.7 079 3 g 977 2.5 ENE %K ®Ke¥X  paex 1393 26
27 REEER  RREREE  RRERE O XER  REEX  BRNE XEE EREE  NEE A% RRNE MR xeesxx 27
28 FEEEE O RMEEE O MEEER  RER ANEX O ENNE  WNX RXEN ORNN RN ANNEN RN duwNxx 2B
29 EEEEE  RKEER  OEREER O RNR MERR  RRER  RNK RRER HEROBE nNER XREX  xppexx 29
30 RREE EHENX O ENEER O REN  RNEK KR XN RRNE  REK AN NNENE  NEEX mNzEax 20
1 HMERE MHEER  ORMRAR  ERE O RRER O EREE RRE NNER O OREE BN RNEER Mk dExee T
HONTH 7.8 -24.6 -3.5 068 .8 9 047 7.6 ENE %%  %K%E  ¥¥%¥ 30135
GUST VEL. AT MaX., GUST MINUS 2 INTERVALS 9.1
GUST VEL. 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 9.1

NOTE s

XXX %

RELATIVE HUMIDITY READINGS ARE UNRELIARBLE WHEN WIND SPEEDS ARE LESS

THAN

ONE METER PER SECOND. SUCH READINGS HAVE NOT REEN INCLUDED IN THE DAILY

OR MONTHLY MEAN FOR RELATIVE HUMIDITY AND DEW POINT,

SEE NOTES AT THE RACK OF THIS REPORT

X XN e



APPENDIX A.4
DAILY DISCHARGE SLOUGH 9
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L TABLE 2.1.3
DAILY DISCHARGE SLOUGH 9: 8/10/82 - 10/14/82

Gage Height Water Surface Discharge

i Date (ft) (ft, msl) (cfs)
; 8/10/82 1.03 593.71 10.0
. 8/11/82 1.01 593.69 8.7
8/12/82 0.98 593.66 6.9
8/13/82 0.96 593.64 5.9
8/14/82 0.95 593.63 5.5
8/15/82 0.85 593.63 5.5
8/16/82 0.94 593.62 5.0
8/17/82 0.94 593.862 5.0
8/18/82 0.93 593.61 4.6
8/19/82 0.93 593.61 4.6
; 8/20/82 0.91 593.59 3.9
8/21/82 0.90 593.58 3.6
: 8/22/82 0.89 593.57 3.3
8/23/82 0.88 593.56 3.0
t 8/24/82 0.87 593.55 2.7
i 8/25/82 - - -
8/26/82 - - -
i 8/27/82 - - -
8/28/82 - - -
¢ 8/29/82 - - -
8/30/82 - - -
8/31/82 - - -
9/1/82 - - -
9/2/82 - - -
9/3/82 - - -
9/4/32 - - -
¢ 9/5/82 - - -
9/6/82 - ‘ - -
9/7/82 - - -
. 9/8/82 - - -
9/9/82 0.88 593.56 3.0
9/10/82 0.88 593.56 3.0
8/11/82 0.89 593.57 3.3
€ 9/12/82 0.89 593.57 3.3
9/13/82 0.98 593,66 6.9
9/14/82 1.06 583,74 12.4
; 9/15/82 - - -
9/16/82 - ' - -
9/17/82 - - -

9/18/82 - - -

L
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TABLE 2.1.3 (Continued)
DAILY DISCHARGE SLOUGH 9: 8/10/82 - 10/14/82

Gage Height Water Surface Discharge

Date (ft) (ft, msl) (cfs)
9/19/82 - - -
9/20/82 1.74 584.42 339
9/21/82 1.72 594.40 315
9/22/82 1.51 594.19 138
9/23/82 1.24 593.92 37.3
9/24/82 1.11 593.79 17.2
9/25/82 1.02 593.70 8.3
8/26/82 1.00 593.68 8.0
9/27/82 1.07 - 593.75 13.2
9/28/82 1.02 593.70 9.3
9/29/82 1.01 593.69 8.7
9/306/82 1.02 593.70 9.3
10/1/82 1.03 593.71 10.0
10/2/82 0.98 593.66 5.9
10/3/82 0.95 593.63 5.5
10/4/82 0.98 593.66 6.9
10/5/82 0.92 593.60 4.3
10/6/82 0.90 593.58 3.6
10/7/82 0.92 593.60 4.3
10/8/82 0.88 593.56 3.0
10/9/82 0.87 593.55 2.7
10/10/82 0.86 593.54 2.5
10/11/82 0.86 593.54 2.5
10/12/82 0.87 - 583.55 2.7
10/13/82 0.85 593.53 2.3
10/14/82 0.84 593.52 2.1

Note: A dash (-) indicates missing records.



APPENDIX A.5
LABORATORY TEST REPORT ON GRAVEL GRADATION
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LASCRATORY TEST REPORT

SISV
R&M C;‘.Ol"\.ISI..H_TAN"!"S‘,J !I}\!Eo
TEST ON Susitna Subsurface Investigaticon R&M PROJECT NO. 252314
CLIENT/PROJECT : , LAB NO. _G-1
SOURCE SUBMITTED BY R&M FIELLD NO.
SAMPLED FROM__Sidugh 9 Island DATE SAMPLED __9-21-82 DATE REPORTED __9-22-82
LOCATION __Bank of Slough DEPTH DATE RECEIVED __9-22-82
GRAIM 31ZE DISTRIBUTION "~ CLASSIFICATION |
% PASSING AS : COMPACTION
“eve  |RecErven| -3/8" SPEC. UMIFIED AASHO FAA
5" %+ 10 OPTIMUM MOISTURE ___
4" ‘ % + 3 .
MAX. WET DENSITY
3 L % GRAVEL MAX. DRY DENSITY
(1] 00
_2 % SAND CORR. MAX. DRY DENSITY
11/27 | 100 % SILT % FRACTURE
1 89 % CLAY METHOD
3/ 82 FSv NATURAL DENSITY
1/2 69 LL NATURAL MOISTURE
' 3/8 60 400 PL WEIGHT LOOSE
*4 48 79 P WEIGHT RODDED o
%8 CLASS
#10 40 68 TOTAL WT. TESTED
16
# GMS -
# 20 31 2 REMARKS : Tt
# 30 B
# 40 16 27 -
# 50
# 80 5
#100 3
‘ %200 | 0.1 0.1
.02MM w
o
.005MM L'.IL
COARSE| SPEC | FINE'| SPEC | DEL ETERIOUS MAT. S
MINUS #200 MESH E
SOFT FRAGMENTS z _
COAL & LIG. OR LTWT.PT. | q
CLAY LUMPS >
. STICKS & ROOTS g
FRIABLE PARTICLES
SPECIFIC GRAVITY
ABSORPTION
FINENESS MODULUS
SULFATE SOUNDNESS
, FREEZE — THAW RATIO
L. A. ABRASION LOSS GRADE -
DEGRADATION VALUE
THIN-ELONGATED — STV
. MOISTURE — PERCENT . - oo
ORGANIC COLOR Ll e

007656




U.S. Stondard Sleve Openings in inches U.S. Standard Sieve Numbers Hydromater . b}

4 3 2 1)/2 1 3/4 1/23/8 3 4 6 8 10 1416 2) 30 40 506070 100 140 200 270 .
100 I I L \‘ 1 T T | L I T o
\
\ *
90 : N \ ] ¥ - 10
= \ =
SN
80 _—.\ ; 20
) | @ \\ N
(& ™.

\ el
£ g0 \ N\ 40 ©
2 50 D\ 50 &
- \-\ A o
& S \ g
i 40 A} 60 °
€ €
5 \ 8
g \\ \\ E
& 30 70

N
20 ' < 80
| < N\
10 = \\\ 90
\‘x, ,
0 206 ) 50 10 5 i 05 0. 005 o0l 0005 5501 100
Grain Size in Millimeters
COBBLES GRAVEL ' SAND .
Coarse | Fire Coarse | Medium | Fine SILT OR CLAY
SAMPLE NO. | moeme f PR | LL Pl CLASSIFICATION 8 DESCRIPTION
i Sample taken from banks of downstream end of slough 9,
k- R I O TORC ST DO & i A T SR ' DRAWN BY
e amﬂﬁr\/ syt Anigil b A plh o | APPROVED BY
S ad j».‘,’,i:i}% oS [ SN = 3’2&‘4';‘('?2)3‘J;'j'_ik.'_ﬂ-'ﬂﬁ?:";-- Sl el DATE ?—- 23
REM CONSULTARNTS, INC. . PROJECT NO. 253314
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APPENDIX A.6
OBSERVATION WELL HOLE LOGS
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-

Calculations “ FILE NUMBER )
SUBJECT: St 7 SHEET __ 7 OF =
_ BY __e<# DATE_s4/t /52
i/ C R oly
APP DATE
' GRD. SUEIICE
Lo NED Gloura) [radE B MED EretrnfD Sguc  loriY
. PR T 4
" q .‘ .‘ Sore éz“f/t—"d. P (ZJV"GJZ KD oF ) o ;—a
L /7
5.3 ‘;L- o (I 290037 SO LBl rBR e OED o JU Ay ~ ey,
- . . . 7 V4

-7 O:’-:-' EATY o SV BErtl ook,

o'-Q:

-~ "= J0.0

‘a‘ —q LN .

2" . SGI?  pravr LA eEL S fy fIUMERss CoTOCES.

L a“‘ -
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APPENDIX A.7
DETAILS OF WELL INSTALLATIONS AT SLOUGH ¢B
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