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METHODS AND MATERIALS

Discharge

The USGS has operated daily streamflow
stations at Bradley River near Tidewater since
1983 and Middle Fork Bradley River below
North Fork Bradley River since 1996 (fig. 1).
Both stations are affected by ice much of the
winter, during which time daily mean dis-
charges are estimated using methods described
by Rantz and others (1982, p. 360-376). Instan-
taneous discharge measurements were made at
each of the six transects during field visits. A
standard pygmy meter was used to measure
velocity for all discharge measurements, except
for periods when anchor ice was present, in
which case a pygmy meter with polymer cups
was used because it resists icing. Water depth
and velocity were measured at 15 to 30 subsec-
tions at each transect with the following meth-
ods:

S:::;’;Qozﬂ Wat(cfa;;?pth Depth method
Ice free <1.5 0.6
>1.5 0.2 and 0.8
Ice covered <1.0 0.6
1.0-15 0.2 and 0.8
>1.5 0.2, 0.6, and 0.8

A description of methods is given by Rantz and
others (1982, p. 134-136, p. 151-155). This
approach for measuring ice-covered subsec-
tions gave the most consistent results for com-
puting discharge.

Transect Survey and Datum

Transects of the lower Bradley River were
established in March 1993 at six locations (fig.
2). At each location, steel markers were driven

into the ground to delineate transect end points,
and standard survey techniques were used to tie
all the cross sections to the same datum (Rick-
man, 1995). Reference pins, used to determine
water-surface elevation, were driven into the
streambed at each transect. The pins were sur-
veyed annually to ensure that water-surface ele-
vation measurements were accurate. Reference
pins were frequently damaged by ice, and were
replaced as needed when possible. In the
absence of reliable reference pins, water-sur-
face elevation was estimated using cross-sec-
tion comparison between field visits.

Hydraulics

Water depth, hydrostatic head, and flow
velocity data were also collected at each of the
six transects a minimum of four times each
winter between November 1995 and April
1998. These properties were measured at sev-
eral points across each transect using the proce-
dures described by Buchanan and Sommers
(1969) and Rantz and others (1982). In this
report, water depth is defined as the distance
from the streambed to the bottom of the ice
shelf, and hydrostatic head is defined as the dis-
tance from the streambed to the water surface,
measured in holes cut into the ice (fig. 3A).
When ice is bridged above the water column, or
if no ice present, then hydrostatic head equals
water depth (fig. 3B). Hydrostatic head is
always greater than or equal to the water depth
under the ice. Hydrostatic head greater than
water depth indicates pressurized flow. Wetted
perimeter was computed for each section using
the Slope-Area Computation Program (Fulford,
1994). For this study, wetted perimeter is
defined as the part of streambed within a
transect that is wetted by surface water, and
does not include the ice/water boundary, nor
does it include any parts of the streambed that
are frozen.

Methods and Materials 5
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Figure 3. Water depth and hydrostatic head as used in this report:
A) Ice supported by water column, and B) Bridged ice or no ice.
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Water Temperature

The USGS has operated daily surface-
water and intragravel-water temperature sta-
tions on the lower Bradley River since 1986.
The surface-water temperature station is
located at the Bradley River near Tidewater
gaging station, and the intragravel water-tem-
perature station is located downstream from the
gaging station near the Tree Bar Reach transect
(published as Bradley River near Tidewater,
U.S. Geological Survey, 1987-98). The intra-
gravel water-temperature probe is buried in the
gravels to a depth of approximately 1 ft, and is
in an area of known ground-water discharge.
Surface-water-temperatures are recorded at 30-
minute intervals and intragravel-water temper-
ature at 60-minute intervals. Recorded data
were verified using calibrated field thermome-
ters (Stevens and others, 1975, p. 30), and are
rounded to the nearest 0.5 °C.

Dissolved Oxygen

Dissolved-oxygen samples of surface
water and intragravel water were collected at
each transect concurrently with discharge mea-
surements. Surface-water dip samples were
collected by gently filling 300-mL glass biolog-
ical oxygen demand (BOD) bottles which were
then immediately fixed and analyzed using the
Azide modification of the Winkler method
(American Public Health Association and oth-
ers, 1989, p. 4-152). Water temperature and
barometric pressure were also measured to cal-
culate the percent oxygen saturation.

Dissolved-oxygen samples of intragravel
water were collected at each cross section by
inserting a stainless-steel tube with an inside
diameter of 3/16 in. into the streambed to a
depth of 1 ft. The lower 0.4 ft of the sample tube
was perforated with 1/16-inch-diameter holes.
Water was pumped using a peristaltic pump
with Masterflex C-FLEX tubing (low oxygen

permeability) at a rate of 10 mL per minute into
a 60-mL BOD bottle. The slow pump rate was
necessary to prevent surface-water intrusion
(Hoffman, 1986, p. 446). A total of three sam-
ple volumes were pumped through the bottles,
and the samples were fixed and analyzed using
the Azide modification of the Winkler method.
Intragravel water temperature was measured in
the BOD bottle during sample collection,
except at Tree Bar Reach, where the recorded
intragravel-water temperature data were avail-
able.

Specific Conductance

Specific conductance dip samples were
collected concurrently with discharge measure-
ments to gain insight into ground-water contri-
butions (Riggs, 1972, p. 12; Miller and others,
1988) and possible salt-water intrusion from
high tides. Samples were analyzed using field-
calibrated specific conductance meters (Hem,
1985).

HYDROLOGIC DATA

Discharge

Daily mean discharge data for Bradley
River near Tidewater from November 1 through
April 30, water years 1996-98 are shown in fig-
ure 4. A water year begins October 1 and ends
September 30. Streamflow that was estimated
because of ice effect is shown using dashed
lines. Distinct icing periods between November
1 and April 30 occurred twice in 1996, four
times in 1997, and three times in 1998. Daily
mean discharge for the study period ranged
from 40 to 934 ft¥/s at the Bradley River near
Tidewater stream-gaging station. Streamflow
greater than 75 ft3/s was caused by snowmelt
and (or) rainfall in the lower Bradley River
basin.

Hydrologic Data 7
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Discharge measurements were made at
the six transects in the lower Bradley River (fig.
2) where most spawning activity occurs (Mor-
sell and others, 1993, p. 12). Measured dis-
charges ranged from 33.3 ft3/s on March 5,
1998 at Lower Riffle Reach transect to 72.8
ft3/s on March 4, 1998 at Tree Bar Reach
transect. These measured discharges ranged
between 83 and 182 percent of the 40 ft3/s tar-
get flow. Comparison of discharge measure-
ments made at the six study transects indicates
no net exchange between ground water and
streamflow from the Bear Island transect to the
Lower Riffle Reach transect.

Intermittent instantaneous discharge
measurements were made during the 1996
water year at the Middle Fork Bradley River
below North Fork Bradley River. A USGS
stream-gaging station was installed in July
1996 (station No. 15239060, figs. 1 and 2).
Instantaneous discharge measurements for the
1996 water year and daily mean discharge data
from November 1 through April 30, water years
1997 and 1998 are shown in figure 5. Stream-
flow that was estimated because of ice effect is
shown using dashed lines. Four periods of ice
formation occurred during water year 1997 and
three occurred in 1998.

Daily mean discharge for the study period
ranged from 2.5 to 626 ft*/s. On many days,
discharges were much less than the lowest
instantaneous discharge measured between
March 1993 and April 1995 (Rickman, 1995
and 1996). This phenomenon resulted because
of unusually dry conditions. Precipitation in the
Bradley River basin was 80 percent of normal
during the 1996 and 1997 water years. Dis-
charge contributions from the lower Middle
Fork and North Fork Bradley River (fig. 1) to
the lower Bradley River averaged 34 percent
and ranged between 6 and 91 percent.

Hydraulic Data

Ice formation can significantly affect
hydraulic conditions of the river. When ice con-
stricts the open channel or changes the rough-
ness of the channel, "ice backwater" effects
change the stage/discharge relation. When ice
backwater occurs, hydrostatic head and wetted
perimeter usually increase, and mean velocity
usually decreases when compared against ice-
free conditions.

Three types of river icing phases were
noted during this study. For this report, they are
referred to as forming, stable, and eroding. Ice
was observed to form in the lower Bradley
River by coalescing of frazil ice, anchor ice for-
mation, and shore-fast ice formation. Frazil ice
formation is common in turbulent streams.
Anchor ice forms when super-cooled liquid
water attaches or nucleates to form ice on the
streambed (Ashton, 1986, p. 282). Shore-fast
ice was observed to grow and extend out into
the river channel from both banks leaving a sin-
gle narrow open lead. Eventually, this lead
freezes over completely. Ice conditions eventu-
ally reach a point of equilibrium where ice is
neither forming nor eroding at a noticeable rate.
For this report, this is referred to as the stable
phase. Frazil and anchor ice were never present
in the study reach during the stable phase.

Eroding ice conditions occurred as air
temperatures rose high enough to weaken
and/or melt the ice. Frazil and anchor ice were
never present in the study reach during the
eroding phase. Eventually, the ice weakens to a
point where backwater from high tides lifts and
fractures the ice.

Forming ice conditions consistently
resulted in ice backwater at the upper three
transects (Bear Island, Tidewater, and Tree Bar
Reach), when compared with ice-free periods

Hydrologic Data 9
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at similar discharges. Increases in water depth
and wetted perimeter, as well as decreases in
mean velocity were also found in previous
years (hydrostatic heads were not measured
prior to November 1995) (Rickman, 1995 and
1996). The effects of forming ice on velocity,
water depth, and wetted perimeter at the lower
three transects (Fish Camp, Upper Riffle
Reach, and Lower Riffle Reach) were not con-
clusive. These findings agree with measure-
ments made in previous years (Rickman, 1995,
1996). However, hydrostatic head was greater
at the Bradley River below Fish Camp and
Upper Riffle Reach transects during periods of
forming ice.

Stable and eroding ice conditions did not
consistently create ice backwater when com-
pared against ice-free conditions at similar dis-
charges (table 1). Some exceptions to this are as
follows: (1) wetted perimeter measured on
December 17, 1996 (eroding ice conditions) at
the Bradley River at Bear Island transect
included a 26-foot-wide section of wetted grav-
els beneath the ice cover, with no layer of water
in betweén (fig. 6E)!; (2) wetted perimeter
measured on February 27, 1996 (eroding ice
conditions) at the Bradley River near Tidewater
transect was § percent less than that at a similar
discharge with ice-free conditions; (3) wetted
perimeter measured on March 18, 1997 (stable
ice conditions) at the Bradley River below Fish
Camp transect was 11 percent greater than that
for ice-free conditions at a similar discharge,
and was the largest measured for all ice condi-
tions at similar discharge at the Upper Riffle
Reach transect; and (4) wetted perimeter mea-
sured April 23, 1997 (no ice) at the Bradley
River at Lower Riffle Reach was much lower
than that for all other measurements because of
extensive recent mud deposits along the banks.

Water velocity distribution within each
transect varied significantly with ice formation
at all six transects (figs. 6-11). The most strik-

lFigures 6-12 are at the end of the report.

ing examples are at Bradley River at Bear
Island (fig. 6) and at Bradley River at Tree Bar
Reach (fig. 8). Ice formation forces most of the
flow into narrow parts of the channels. Each ice
episode is unique, and no consistent patterns of
velocity distribution were found when compar-
ing episodes.

WATER-QUALITY DATA

Temperature

Surface-water temperature fluctuated
more than intragravel-water temperature for
1995-96 (fig. 12), as had been observed in pre-
vious years (Rickman, 1996; U.S. Geological
Survey, 1987-1998). Surface water is generally
colder than intragravel water during cold
weather periods, and warmer than intragravel
water during warm weather periods. During
1996-97 and 1997-98, surface-water and intra-
gravel-water temperatures were similar.
Extended periods of 0 °C surface-water temper-
ature are common. Intragravel-water tempera-
ture occasionally dropped to 0 °C, but for a
shorter time, except during 1997-98 when sur-
face- and intragravel-water temperatures were
nearly identical. The reason for this change is
unknown, but may be influenced by redd con-
struction, which can change intragravel flow
characteristics and circulate surface water past
the intragravel-water temperature probe.

Surface-water temperature measure-
ments, made concurrently with discharge mea-
surements, show that temperatures were
relatively constant among transects for each
sample period (table 2). Intragravel-water tem-
perature measurements were also made concur-
rently with discharge measurements at each
transect. Intragravel-water temperatures varied
more among transects for each sample period
(table 2), probably because of a combination of
difference in water source among transects, and
measurement error.

Water-Quality Data 11



Table 1. Selected hydrologic properties for the lower Bradley River, November 1995 to April 1998

{ft, foot; ft/s; foot per second; ft’/s, cubic foot per second; <, less than; >, more than; e, estimated; --, no data)

Mean

Discharge Mean Wetted

Transect site Ice cover Ice Discharge ] Mean hydrostatic A

(fig. 2) Date (percent)  condition (ft3/s)g (p:::;;t) ve(lf?/csl;y depth (ft) Y h(eﬂa)d pen(r;tw)e ter

Bear Island 12-04-95 100 Forming ed6 >8 (a) 1.16 2.12 130.5

01-11-96 100 Forming 45.1 >8 0.53 1.09 1.64 78.7

02-27-96 60 Eroding 54.6 5 0.83 1.03 1.03 64.2

04-02-96 10 Eroding 48.8 >8 1.13 0.54 0.54 60.0

12-17-96 30 Eroding 526 5 112 0.48 0.48 98.7

01-09-97 100 Stable 41.4 >8 1.90 0.41 1.02 63.3

02-12-97 35 Eroding 58.6 5 1.28 0.65 0.65 70.1

.~ 03-18-97 100 Stable 53.5 >8 1.46 0.57 0.76 68.7

04-23-97 0 None 40.5 8 143 0.46 0.46 61.8

03-03-98 © 50 Forming €63 >8 - - - 96.1

03-04-98 50 Forming 433 >8 0.98 0.54 0.80 80.2

03-05-98 50 Forming e34 >8 -- -- - 62.6

Tidewater 11-29-95 100 Forming e46 >8 (a) 1.90 2.09 61.1

01-11-96 100 Forming 434 >8 0.49 2.03 2.72 433

02-27-96 35 Eroding 53.1 5 1.27 1.13 1.13 374

04-02-96 0 None 48.6 5 1.17 1.04 1.04 40.3

12-17-96 50 Eroding 52,6 5 1.14 1.11 1.11 42.5

R 01-09-97 100 Forming e40 >8 1.38 0.71 1.45 40.5

02-12-97 0 None 529 5 1.15 1.14 1.14 40.5

03-17-97 40 Forming 537 >8 1.37 1.06 1.30 37.6

04-23-97 0 None 46.6 8 1.19 1.10 1.10 39.4

12-03-97 45 Forming 434 8 0.59 1.62 1.62 46.0

01-14-98 100 Forming 51.4 8 0.63 1.78 2.20 47.0

03-03-98 30 Forming 622 8 0.95 1.56 1.90 429

03-04-98 30 Forming 63.6 8 0.88 1.71 1.71 42.6

03-04-98 30 Forming 59.4 8 0.89 1.60 1.60 423

03-04-98 30 Forming 422 8 0.72 1.42 1.42 42.0

03-05-98 30 Forming 372 >8 0.66 1.35 1.35 419

03-05-98 30 Forming 335 8 0.59 1.37 1.37 42.1

03-05-98 30 Forming 383 5 0.66 1.37 1.37 42.5

Tree Bar Reach 11-29-95 100 Forming ed6 >8 (a) 1.01 1.70 75.2

01-11-96 95 Forming ed3 >8 (a) 1.40 2.17 73.9

03-04-96 <20 Eroding 48.8 >8 1.20 0.62 0.62 65.6

04-02-96 0 None 453 8 1.28 0.55 0.55 65.1

12-17-96 60 Eroding 523 8 1.28 0.58 0.58 70.8

01-09-97 100 Forming 39.0 >8 1.00 0.65 2.09 74.6

02-12-97 0 None 545 5 1.22 0.64 0.64 70.4

03-18-97 92 Stable 53.0 >8 0.80 0.93 1.31 71.6

04-23-97 0 None 46.6 8 1.12 0.61 0.61 68.2

12-03-97 33 Forming 46.1 >8 0.67 0.92 1.28 74.7

12 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



Table 1. Selected hydrologic properties for the lower Bradley River, November 1995 to April 1998 --
Continued

; Mean
Tran.sect site Date Ice cover Icg_ Discharge Dlsecil:::ge v::gi;y Mean  hydrostatic pz\:;::ti r
(fig. 2) {percent)  condition (#3s) (percent) (fts) depth (ft) h;gd ()
Tree Bar Reach
(continued) 03-03-98 56 Forming 65.8 8 0.81 1.12 1.59 73.4
03-04-98 56 Forming 72.8 8 0.65 1.54 1.68 73.8
03-05-98 56 Forming 34.0 8 0.53 0.89 1.23 723
Below Fish
Camp 12-05-95 100 Forming 434 >8 0.82 0.79 224 67.5
01-12-96 100 Forming ed3 >8 (a) 1.22 1.67 58.4
03-04-96 67 Eroding 42.8 >8 0.61 1.23 1.64 571.7
04-03-96 80 Forming 54.0 8 0.80 130 130 523
12-18-96 100 Eroding 60.6 >8 1.01 1.08 1.58 57.2
02-12-97 0 None 53.2 5 0.80 1.20 1.20 55.8
03-18-97 100 Stable 509 >8 0.85 0.97 1.52 61.8
04-23-97 0 None 48.0 8 0.75 1.18 1.18 55.6
03-04-98 100 Forming 62.2 >8 0.95 1.08 1.7 61.3
03-05-98 100 Forming 34.7 >8 0.62 1.00 1.46 56.5
03-05-98 100 Forming 4338 >8 0.73 1.07 1.60 56.8
Upper Riffle
Reach 12-04-95 100 Forming b40.1 >8 b0.67 0.72 1.60 84.3
ES 01-12-96 100 Forming ed3 >8 (a) 0.86 1.30 83.7
03-05-96 100 Eroding 50.2 8 0.90 0.67 122 83.6
04-03-96 60 Forming 54.5 8 0.75 0.94 0.94 71.8
12-18-96 100 Eroding 60.6 >8 0.67 1.11 1.33 83.9
02-12-97 0 None 60.6 5 0.79 0.92 0.92 84.0
03-18-97 100 Stable 54.0 >8 0.86 0.73 0.96 87.0
04-23-97 0 None 47.6 8 0.73 0.86 0.86 75.6
Lower Riffle

Reach 12-04-95 100 Forming 42.1 >8 1.02 0.56 1.37 712
01-12-96 100 Forming ed3 >8 (a) 0.51 1.10 69.0
03-05-96 100 Eroding 41.0 >8 0.77 0.73 1.04 732
04-03-96 <10 Forming 49.8 8 1.07 0.62 0.62 75.4
12-18-96 100 Eroding 56.0 >8 1.12 0.68 1.34 74.0
02-12-97 0 None 63.3 8 130 0.63 0.63 83.6
03-18-97 100 Stable 50.8 >8 122 0.49 0.73 86.7
04-23-97 0 None 499 8 132 0.62 0.62 %61.4
03-04-98 60 Forming 64.1 >8 0.97 0.89 1.02 82.8
03-05-98 60 Forming 333 8 0.81 0.53 0.71 79.3

3Unable to measure all properties because of anchor ice and multiple ice layers
bMez:lsuremem:s may be tide affected
¢ Channel banks have filled with mud brought in during high tides
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Table 2. Selected water-quality data and site characteristics for the lower Bradley River,
November 1995 to April 1998

[mm Hg, millimeter of mercury; °C, degree Celsius; mg/L, milligram per liter; ps/cm, microsiemens per centimeter; ft, foot; ft/s, foot per second; --, no data)

Intragravel sample

Baro. Surface water Intragravel water location
Transect tri
N metric A N . . . N
site Date Dis- Dissolved Specific Dis- Dissolved Hydrostatic Surface-
(fig. 2) press:re TZTU‘::F solved oxygen conduct- Temper solved oxygen headabove water
(mm Hg) 0 oxygen  percent ance ©C) oxygen percent streambed velocity
(mg/L) saturation (us/cm) (mg/L) saturation (ft) (ft/s)
Bear Island  12-04-95 770 0.0 137 93 - - - - - -
01-11-96 764 0.0 144 98 - -- 14.0 - 1.42 0.11
03-04-96 770 0.0 144 98 - - 13.7 - 0.50 <0.20
04-03-96 750 0.0 14.1 97 - - 14.0 - 0.20 0.45
12-17-96 748 0.0 144 100 65 0.0 13.6 95 0.70 0.19
01-09-97 744 0.0 144 101 59 0.0 12.5 88 0.98 1.69
02-12-97 744 1.0 - - 71 1.0 13.8 99 0.50 0.30
04-23-97 763 25 134 98 70 20 -~ -- - -
Tidewater 11-29-95 762 0.0 139 95 - - 12.6 - 1.90 -
01-11-96 764 0.0 14.6 99 - - 125 - 3.04 0.49
03-04-96 770 0.0 142 96 -- - 132 - 0.20 <0.20
04-03-96 752 0.0 119 83 -- - 13.1 - 0.30 0.30
12-17-96 748 0.0 137 95 65 1.5 9.2 67 1.05 1.09
01-09-97 746 0.0 14.0 98 59 0.5 135 96 1.00 0.69
02-12-97 744 1.0 13.8 99 71 15 133 97 041 0.60
03-18-97 738 0.0 9.5 67 73 -- 112 81 1.03 1.01
04-23-97 763 25 13.8 101 70 25 13.1 95 0.58 0.98
12-03-97 755 0.0 14.1 97 77 0.5 13.1 92 1.24 0.60
03-04-98 772 0.0 144 97 72 05 14.0 96 0.60 0.18
03-05-98 768 0.0 13.6 92 72 0.0 10.8 73 0.60 0.50
Tree Bar 11-29-95 762 0.5 11.0 75 - 0.0 104 71 2.00 0.50
Reach 762 0.5 12.6 88 - 0.0 9.3 63 2.00 0.50
01-11-96 764 0.0 147 100 -- 0.5 10.8 76 1.36 0.98
03-04-96 770 0.0 143 97 -- 0.5 82 57 0.60 0.76
04-03-96 750 0.0 - - -~ 0.5 133 95 0.20 0.20
12-17-96 748 0.0 142 99 65 0.0 132 92 0.83 0.95
01-09-97 746 0.0 14.8 103 59 0.5 14.0 99 1.55 0.87
02-12-97 754 1.0 142 101 71 1.5 122 88 0.32 0.74
03-18-97 738 0.0 119 84 73 0.0 122 86 1.04 0.98
04-23-97 763 25 13.1 96 70 20 11.7 84 0.36 0.83
12-03-97 755 0.0 143 99 71 - -~ - - -
03-04-98 773 0.0 144 97 72 0.0 9.6 65 1.30 1.35
03-05-98 769 0.0 14.0 95 72 0.0 13.0 88 0.82 0.44
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Table 2. Selected water-quality data and site characteristics for the lower Bradley River,

November 1995 to April 1998 --Continued

Intragravel sample

Surface water Intragravel water "
Baro- location
Tras?tseea Date Metric Dis-  Dissolved Specific Dis- Dissolved Hydrostatic Surface-
(fig. 2) ?r;emssﬁ;e) TZ’:::::F solved  oxygen conduct- TZTUF:S solved oxygen headabove water
oc) oxygen percept ance °C) oxygen percept streambed velocity
(mg/lL) saturation (ps/cm) (mg/L) saturation (ft) (ft/s)

Below Fish

Camp 12-05-95 781 0.0 133 89 -- - 12.9 -- 1.95 0.49
01-12-96 768 0.0 14.6 99 - 0.5 10.0 68 1.80 0.31
03-04-96 770 0.0 142 96 -- 05 103 71 1.68 0.33
04-03-96 752 0.0 123 84 - - 14.0 - 0.20 0.69
12-18-96 747 0.0 142 99 65 15 14.0 102 1.35 0.81
02-12-97 754 0.5 14.0 98 71 2.0 12.6 92 0.98 0.62
03-18-97 739 0.0 11.7 83 75 - 12.8 93 2.02 0.80
04-23-97 768 2.0 13.5 97 70 1.5 153 108 1.22 0.64
03-05-98 767 0.0 139 94 72 0.0 137 93 1.82 0.58

Upper Riffle

Reach 12-04-95 770 0.0 13.8 93 - - 8.7 - 1.20 --
01-12-96 768 0.0 14.7 99 - - - - 0.90 022
03-05-96 769 0.0 142 96 - - 114 - 1.00 035
04-03-96 752 0.0 12.1 84 -- -- 115 -- 0.30 0.47
'T2-18-96 748 0.0 135 94 65 0.0 10.0 70 1.30 0.16
02-12-97 755 05 13.7 96 72 0.5 142 100 1.11 0.68
03-18-97 741 0.0 12.8 90 75 - 10.5 74 1.80 0.51
04-23-97 763 20 133 96 70 1.5 14.5 103 0.80 0.50

Lower Riffle

Reach 12-04-95 770 0.0 143 97 -- -- 11.0 - 1.50 1.01
01-12-96 768 0.0 14.7 99 -- - - - -- --
03-05-96 769 0.0 143 97 -- -- 13.5 - 0.80 0.83
04-03-96 752 0.0 14.0 97 - -- 11.2 - 0.40 0.61
12-18-96 742 0.0 136 96 65 05 13.0 93 1.52 1.69
02-12-97 755 1.0 13.8 97 72 1.0 13.5 96 0.65 1.25
03-18-97 742 0.0 11.7 82 73 - 9.5 67 0.80 1.49
04-23-97 767 2.0 14.3 103 70 1.5 12.5 89 0.72 1.36
03-04-98 773 0.0 13.8 93 72 - - - - -
03-05-98 769 0.0 14.2 96 72 - -- - - --

Water-Quality Data
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Dissolved Oxygen

Dissolved-oxygen concentrations of sur-
face water ranged from 67 percent saturation at
the Tidewater transect on March 18, 1997, to
103 percent saturation at both the Tree Bar
Reach transect on January 9, 1997, and the
Lower Riffle Reach transect on April 23, 1997
(table 2). The causes of the unusually low sur-
face-water dissolved-oxygen concentration
(9.5 mg/L) measured on March 18, 1997 at the
Tidewater transect are not readily apparent.
Surface-water dissolved-oxygen concentra-
tions were lower than average at several other
transects on March 18, 1997. Contributing fac-
tors—such as percent ice cover, velocity distri-
bution, water depth, hydrostatic head, and
water temperature—were within the ranges
observed during other periods.

Intragravel-water dissolved-oxygen con-
centrations were usually 0.1 to 6.1 mg/L lower
than those for surface water (table 2). This
range in differences is larger than those previ-
ously reported (Rickman, 1995, 1996). Intra-
gravel—w"ater dissolved-oxygen concentrations
were greater than dissolved-oxygen surface-
water concentrations at several of the transects
during the April 1996 and March 1997 sample
~ collections. The reasons for this are not under-
stood. All chemicals used in these analysis
were checked and determined to be fresh and at
their correct concentrations.

Specific Conductance

Specific conductance values ranged from
59 to 77 uS/cm and did not vary significantly
among transects or between field visits (table
2). The ranges of specific conductances
reported here are similar to those reported pre-
viously (Rickman, 1995, 1996). Specific con-
ductance does not appear to be related to flow,
nor is there evidence that salt-water intrusion
occurred at any of the six transects during the
field visits.

REFERENCES CITED

American Public Health Association, American Water
Works Association, and Water Pollution Control
Federation, 1989, Standard methods for the exami-
nation of water and wastewater (17th ed.): Washing-
ton D.C., 1451 p.

Ashton, G.D., ed., 1986, River and lake ice engineering:
Littleton, Colo., Water Resources Publications, 485
p.

Buchanan, T.J., and Sommers, W.P., 1969, Discharge
measurements at gaging stations: U.S. Geological
Survey Techniques of Water-Resources Investiga-
tions, book 3, chap. A8, 65 p.

Fulford, J.M., 1994, User’s guide to SAC—A computer
program for computing discharge by slope-area
method: U.S. Geological Survey Open-File Report
94-360, 30 p.

Hem, J.D., 1985, Study and interpretation of chemical
characteristics of natural water (3d ed.): U.S. Geo-
logical Survey Water-Supply Paper 2254, 263 p.

Hoffman, R.J.,1986, A horizontal intragravel pipe for
sampling water quality in salmonid spawning
gravel: North American Journal of Fisheries Man-
agement, v. 6, p. 445-448.

Miller, R.L., Bradford, W.L., and Peters, N.E., 1988,
Specific conductance—Theoretical considerations,
and applications to analytical quality control: U.S.
Geological Survey Water-Supply Paper 2311, 16 p.

Morsell, J., 1994, Bradley Lake Hydroelectric Project
investigation of winter flow conditions required to
support salmon egg incubation: Anchorage, Alaska,
Northern Ecological Services, 10 p.

Morsell, J., 1996, Bradley River salmon study program
1996~-Annual report: Prepared for the Alaska
Energy Authority, 51 p.

Morsell, J., Howard, R.L., and Bingham, M.M.,1993,
Bradley River salmon escapement monitoring and
tailrace attraction studies 1993—Final report: Pre-
pared for the Alaska Energy Authority, 71 p.

Rantz, S.E., and others, 1982, Measurement and compu-
tation of streamflow—Volumes 1 and 2: U.S. Geo-
logical Survey Water-Supply Paper 2175, 631 p.

Rickman, R.L., 1995, Hydrologic and water-quality data
for the lower Bradley River, Alaska, March 1993 to
April 1994: U.S. Geological Survey Open-File
Report 95-338, 30 p.

16 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



Rickman, R.L., 1996, Effect of ice formation and stream- U.S. Geological Survey, 1987-98, Water resources data

flow on salmon incubation habitat in the lower for Alaska, water years 1986-97: U.S. Geological

Bradley River, Alaska: U.S. Geological Survey Survey Water-Data Reports AK-86-1 to AK-97-1

Water-Resources Investigations Report 96-4202, 34 (published annually).

P- Woodward-Clyde Consultants, 1983, Bradley River
Riggs, H.C., 1972, Low-flow investigations: U.S. Geo- instream flow studies: Anchorage, Alaska, Wood-

logical Survey Techniques of Water-Resources ward-Clyde Consultants, 75 p.

Investigations, book 4, chap. B1, 18 p.

Stevens, H.H., Ir., Ficke, I.F., and Smoot, G.F., 1975,
Water temperature-—Influential factors, field mea-
surements, and data presentation: U.S. Geological
Survey Techniques of Water-Resources Investiga-
tions, book 1, chap. D1, 65 p.

References Cited 17



*(uoneoo| yoosuel}
10} g ainByy 99g) "pueys| ieag e 1anly Asjpeig Jamo| ay} Jo uonnqusip Alioojaa pue ‘yidep Jejem ‘peay olelsolpAH 9 ainbiy

1334 NI ‘'H3NHVW XNvd 14371 WOodd 3ONv1SIa

091 ort ovo 08l 091 (9148 (14} 00t 08 09 ovo
v T T T T T T T T T T
j L Kool . .
-1t - -1t M
T I 1 D
. 2 ] 0
. - ™ pesy onelscIpAH : a
I | 1o 3
Agoojep — o] d L k M
E ] | i m
i 1 0 ] 3
1ot 1z
—¢e - —H4¢€ o
- yidsp 181em = pesy opjeIsopAH e + yidep Jejem = pesy opeisSoipAH E b3
L puooes Jad 198} 2iqnd g'gy ‘abreyos|q 1 L puooss Jad 188} 21Gn0 945 ‘ebieyosig 1 m
[ Bujposs “48A00 89} Jusaiad 0} ‘9664 ‘2 IUdy D g I Buipose “1ea00 80f Jusaied 09 ‘9664 ‘22 Aieniged O 4 3
A 1 : ] ) I ) L ) 1 A 1 . 1 " [ A | A ] ) 1 A | ] i 1 1 . ] " m
7
: Z
094 143 6143 00! 08 09 oy 08t 091 ovL ozt 001 08 09 (0% %
B s, . A L _ T °
| i <
1 L g
1 f 3
' \ / a2
L \ 7 \— yidep Jejem / b3
¢ udep aiom 10 \ / 2
e / ] [ MY / ] n
] I - ] m
—
1z T —— Pesy opeisoipAH 1 =
~ pesy onelsoIpAH ] - ] w
4 L 4 m
0
i L 1 o
Je E= 1€ &
E - o|qejieAe ejep AljoojeA oN 4
puooas 18d 199 01qnd LGy ‘ebleyosiq E - (perewnss) puooes Jad 188} 21Gn9 9f ‘abieyosiq 1
Bujuuoy ‘1900 09} ueoisd 004 ‘9661 ‘11 Aienuep m E I Bujuuoy ‘19409 0] Wed1ad 001 ‘G661 ‘v Jequiedeq < 1
. ] . ] ) ] ) ] . ] ) 1 A ] v L A 1 A | , ] \ ] L ] . LY b

18 Hydrologic and Water-Quality Data for the Lower Bradley River, Alaska, November Through April 1995-98



081

1334 NI ‘'H3XHVIN MNVE 1437 WOH4d JONVLSI

"panuiuo) ‘pue|s| Jeag 1y ‘9 a4nbi4

081

091 oyl o¢o 08t 091 [0)48 0ch 00} 08 09 o¢o
T T T T T T T T T T T T T
i 1 [ H ] x
4, - \ peay oIjEISOIPAH I S
[ 11 : ] 2
L peoy opelsopAH | L 1 2]
L R A =i ‘ >
=
~ -2 -~ & 12 ©
L 4 L 100]0A — E x
- 1t 1z
L J L . o
L : ) L ] 2
- 3 m. —He - -g o
L 4 L yidep Jejem = peey o)elSOIpAH 4 va
F puodes Jed jee} 21qno 'S ‘ebieyosiq E 4 - puodes Jed 188} 21gn0 985 ‘ebieyosiqg 4 ke
I ©1qels “1eA00 891 juedted 00| ‘2661 ‘81 Yote E - Buipole ‘1900 891 Juedsed GE ‘2661 ‘21 Aeruged mu E ﬁ
- 1 F 1 o)
. 1 . ] A 1 ) ] . 1 : 1 : ] . 1 \ 1 N ] ! . | , m
14 14
3
x
z
091 (948 00l 08 [0)4 084 091 ovl ozl 00} 08 09 [0)7 ﬂ
T T T T T T T T O T T T T T T O E
i Widep Jo1EM <~~~ ] [ A MO}} OU ] <
i Fad // \\ ] i ‘sjeneib lop ] m
L pesy olje1SOIPAH — v | L J 9
X 1 T > peay oneisoph | b 2
L J L 4 =
- n m
: r m
i 1t 1, o
- 4z F 1z =
L i L 4 m
b}
- E - 1 I
L J L 4 m
Q
- . - ] o]
B 4 r “4e &
i . - yidep Jejem = peey oNe}SoIpAH 4
- puodes Jed }ee} 21Gnd "Ly ‘ebleydsiq E - puodes Jed Jee} 21qnd g°2s ‘ebieyosig E
- e|qels ‘Jen0d 99 juedled Q0L ‘2661 ‘6 Auenuep E - Bupose 1900 891 Juedied OE ‘966 } ‘L1 Jeqwedeq m 1
- - - B
) | . ] : 1 A 1 . ] . ! v ' | . ] . ] : 1 ! . ] ) v

19

Figures



Discharge, 63 cubic feet per second (estimated)
No velocity data available

March 3, 1998, 50 percent ice cover, 73 percent anchor ice
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Figure 10. Hydrostatic head, water depth, and velocity distribution of the lower Bradley River at Upper Riffle Reach. (See figure 2 for

transect location).
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Figure 10. At Upper Riffle Reach, Continued.
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Figure 11. Hydrostatic head, water depth, and velocity distribution of the lower Bradley River at Lower Riffle Reach. (See figure 2

for transect location).
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Figure 11. At Lower Riiffle Reach, Continued.
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