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Figure 6.--Discharge of the St. Francis River at sites 1 and 3 between

May 1980 and October 1981
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Table 2.—Streamflow characteristics of the St. Francis River
at sites 1 and 3

Discharge Total Unit-area

Mean Maximum Minimum volume volum
Date (cubic feet per second) (cubic feet) (cubic feet per
square mile)

ST. FRANCIS RIVER AT SITE 1 (drainage area 87.4 square miles)

June 1980 25 65 6.7 65,000,000 740,000
July 4.5 9.3 3.1 12,000,000 140,000
Aug. 6.0 12 2,1 16,000,000 180,000
Sept. 8.5 26 3.9 22,000,000 250,000
Oct. 5.7 7.3 4.3 15,000,000 180,000
Nowv. 6.0 8.3 4.4 16,000,000 180,000
Dec. 4.4 6.2 2.7 12,000,000 140,000
Jan. 1982 2,2 2.7 2.0 5,900,000 70,000
Feb. 3.6 8.5 1.9 8,700,000 100,000
Mar. 4.8 16 2.9 13,000,000 150,000
Apr. 27 67 11 70,000,000 800,000
May 13 38 4.5 35,000,000 400,000
June 52 183 3.3 14,000,000 150,000
July 9.2 38 2.1 25,000,000 280,000
Aug. 2,2 6.8 .42 5,900,000 70,000
Sept. 2.0 3.6 1.3 5,200,000 60,000
ST.FRANCIS RIVER AT SITE 3 (drainage area 149.9 square miles)
June 1980 55 85 28 142,000,000 940,000
July 12 30 4.6 32,000,000 210,000
Aug. 11 17 4.8 30,000,000 200,000
Sept. 29 48 12 75,000,000 500,000
Oct. 28 39 24 75,000,000 500,000
Nov, 20 25 13 52,000,000 350,000
Dec. 10 13 8.9 27,000,000 180,000
Jan. 1981 8.0 8 7.5 27,000,000 140,000
Feb. 13 28 7.5 31,000,000 210,000
Mar. 15 23 10 40,000,000 270,000
Apr. 57 80 14 148,000,000 990,000
May 40 87 18 107,000,000 710,000
June 107 230 18 277,000,000 1,800,000
July 49 112 22 131,000,000 870,000
Aug. 22 27 14 59,000,000 390,000
Sept. 17 21 9.9 44,000,000 290,000

1 Unit-area volume is the total volume, in cubic feet, for the month divided by
the drainage area in square miles.
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Impoundment of surface water may have caused an increase in evapotranspir-
ation because the surface area of open water was increased. The increased
evapotranspiration would represent an increased loss or output of water from
the hydrologic system because of the impoundments. The loss would have to be
balanced by increased inflow from surface or ground water if the pool level is
to be maintained.

WATER .QUALITY

Concentrations of dissolved solids, specific conductance, and dissolved
ammonia nitrogen in samples of water taken from the river and from wells
located near the river were found to be similar. Discharge of water from the
aquifer to the river causes the concentrations to be similar.

Total dissolved solids in water from the surficial aquifer (table 3)
ranged from 83 to 294 mg/L (milligrams per liter) and had an average concentra-
tion of 164 mg/L. Water in the aguifer at locations away from the river, such
as from wells 1, 2, 4, and 6, has lower dissolved-solids concentrations
compared to near the river (wells 7, 9, 11, and 14). Dissolved-solids concen-
trations of water from the St. Francis River (table 4) ranged from 148 to 278
mg/L and had an average concentration of 217 mg/L at site 1, 225 mg/L at site
2, and 210 mg/L at site 3.

Average specific conductance of water from the surficial aquifer was 246
umhos/cm (microhms per centimeter), whereas average specific conductance in the
St. Francis River was 314 umhos/cm at site 1, 322 umhos/cm at site 2, and 330
umhos/cm at site 3, Specific conductance in water from wells close to the
river was high compared to specific conductance of water from wells farther
from the river.

Concentrations of dissolved ammonia nitrogen generally were the same in
water from the surficial aguifer and the St. Francis River. Average concentra-
tion of ammonia in ground water was 0.05 mg/L whereas the average concentration
in the river was 0.03 mg/L at site 1, 0.08 mg/L at site 2, and 0.07 mg/L at
site 3.

Concentrations of dissolved nitrite plus nitrate nitrogen varied in water
from the surficial aguifer and the St. Francis River. Nitrite plus nitrate in
ground water ranged from 0.00 to 7.5 mg/L, with an average concentration of 1.5
mg/L. Average concentration of nitrite plus nitrate in the river was 0.87 mg/L
at site 1, 0.04 mg/L at site 2, and .0.08 mg/L at site 3. Low concentrations of
nitrite plus nitrate in the river most likely result from consumption by phyto-
plankton. Eutrophic conditions exist in the river and, as a result, there are
extensive populations of phytoplankton. Nitrite plus nitrate nitrogen concen-
trations are higher upstream from site 1 where the river is faster flowing and
not suitable for phytoplankton growth.
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Table 3.—Quality of water fram selected wells

[microhms per centimeter (ymhos/cm), milligrams per liter (mg/L)]

Solids, Nitrogen, Nitrogen,

Specific residue NO,+ ammonia

Well Date conduct- Temper- at 180°C dissolved dissolved

num- of ance (ymhos/ ature dissolved (mg/L (mg/L

ber sample Time an at 25°C) (°C) (mg/L as N) as N) as N)
1 80-05-22 1030 228 8.5 157 0.98 0.00
80-09-03 1800 244 13.0 171 .98 .00
80-11-24 1640 — 7.0 —_ -— —
2 80-05-22 1200 157 9.5 120 3.6 .05
80-09-04 1130 159 11.0 120 4.7 .03
80-11-24 1700 — 6.0 —= — —
4 80-06-23 1420 189 15.0 119 .48 .16
80-09-04 1030 152 11.5 110 1.6 .01
80-11-24 1615 _ 7.0 — - -
6 80-06-06 1000 140 15.0 83 .08 _
80-09-03 0945 149 15.5 84 .03 .05
80-11-24 1545 — 6.5 - —_— —_
7 80-05-22 1400 313 9.0 206 1.2 .08
80-09-03 1430 293 12.0 199 1.3 .01
80-11-24 1335 — 9.5 _ —_ —
9 80-06-23 1040 237 18.0 160 2.2 .13
80-09-03 1530 270 13.0 186 2.4 .00
80-11-24 1500 — 7.0 - —_— —_
11 80-06-06 0910 303 13.0 169 .01 -
80-09-03 1130 413 11.0 294 .00 .14
80-11-24 1600 — 6.0 —_ - —_—
12 80-06-06 0830 e 14.0 277 .04 .06
80-09-03 1330 444 14.0 272 .00 .00
80-11-24 1530 e 7.0 - - -
13 80-06-23 1552 -— —_— 100 .03 —
80-11-24 1430 — 7.5 - _ —
14 80-06-05 2130 292 13.0 142 2.0 _
80-06-23 1300 167 17.0 120 1.0 -
80-09-04 1300 279 11.5 195 7.5 .07
80-11-24 1620 - 7.0 - _— -
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Table 4.—Quality of water fram the St. Francis River at sites 1, 2, and 3

[cubic feet per second (ft3/s) microhmos per centimeter
(qmhos/cm) , milligrams per liter (mg/L)]

Spe~- Nitro- Nitro-
cific Solids, gen, gen,
Stream— con— residue NO%:NO3 ammonia

Site Date flow, duct- at 180°C is— dis-
num- of instamn- ance Temper-— dis- solved solved
ber sample Time tangous (ymhos/cm ature solved (mg/L (mg/L
(ft3/s) at 25°C)  (°C)  (mg/L) as N) as N)

1 80-05-21 1600 6.8 282 19.5 205 0.42 0.02
80-06-23 1515 8.6 170 22.0 211 .68 .00
80-07-09 1045 3.4 315 21.0 201 .56 .01
80-07-29 1212 6.1 280 23.0 208 .62 .03
80-10-02 1500 6.7 375 12.0 228 1.3 .01
80-12-02 0950 6.2 340 .0 251 1.2 .03
81-02-04 1230 1.9 339 .0 216 1.7 .05
81-04-08 1030 5.0 320 9.5 218 .34 .04
81-05-01 1044 38 380 12.5 — - —
81-07-20 1253 6.5 340 23.0 — - —
81-08-27 1033 5.4 — 18.0 — — —

2 80-05-21 1130 17 222 16.5 210 .00 .05
80-06-23 1510 27 354 22.0 232 .08 .13
80-07-09 1305 5.7 330 19.0 201 .02 .05
80-07-29 1055 16 305 20.5 226 .00 .01
80-10-02 1230 14 300 11.5 200 .06 .03
80-12-02 1130 6.7 360 1.0 252 .10 .04
81-02-04 1424 4.1 393 .0 255 .03 .10
81-04-08 1215 65 304 10.0 228 .02 .16
81-07-20 1434 7.9 320 20.5 - — -
81-08-27 1233 8.3 340 16.0 _ —_ -

3 80-05-21 1830 36 266 27.0 192 .00 .01
80-06-23 1227 41 293 26.0 205 J1 .02
80-07-09 1545 15 330 31.0 188 .16 .00
80-07-29 0913 25 — 22.5 148 .01 .02
80-10-02 0930 38 330 11.5 208 .00 .13
80-12-02 1440 12 466 1.0 278 .09 .01
81-02-04 1733 7.5 419 .0 260 .20 .21
81-04-08 1445 14 295 15.0 198 .09 .21
81-05-01 1044 89 270 13.0 — - —
81-07-20 1253 14 310 29.0 — =— -
81-08-27 1445 16 320 20.5 —_ _ —
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POSSIBLE EFFECTS OF IMFOUNIMENT AREAS
Hwdrology

Impoundment of surface water in the refuge area has caused levels in
water-table-observation wells located near the impoundments to rise (table 5).
The rise in water levels from 0.18 to 0.50 foot near the impoundments increased
the water-table slope between a given pool and the major ground-water discharge
area, the St. Francis River. This does not include impoundments built on the
river. The increase in water-table slope (hydraulic gradient), however, is
insignificant in its effect on ground-water discharge to the St. Francis River.
An increase in water-level near an impoundment may, however, affect the local
and regional flow systems near the impoundment. Possible effects were investi-
gated by considering two hypothetical settings that involve interaction between
impoundments and the ground-water system.

In the first hypothetical setting, the water level in a wetland is
increased 5 feet, the maximum increase that has occurred in construction of the
present impoundments. Figure 7(A) illustrates a hypothetical setting of a
realistic cross section between a wetland and St. Francis River in the refuge.
In this setting, there are no water-table mounds between the wetland and the
river. The water-table slope is the difference between altitudes of the water
table at the wetland (996) and the river (990), 6 feet, divided by the distance
between points, 1,040 feet, or 0.0058. Ground-water flows both into and out of
the wetland within the local flow system (figure 7A). In the regional system,
flow is to the St. Francis River. When the water level in the wetland is
raised (fig. 7B) by an impoundment, (1) the water-—table slope between the
wetland area and river increases, but not significantly; (2) the local flow
system is altered so that ground water will not flow into the wetland area, (3)
seepage out of the wetland area is increased; and (4) the regional flow system
becomes in contact with the wetland area.

The ground-water flow system shown in figure 7 is a realistic setting for
many wetland and proposed impoundment areas in the refuge. Other areas in the
refuge are believed to have water-table mounds between the wetlands and the
river. In the second hypothetical setting, a downgradient water-table mound 8
feet higher than the St. Francis River is between the wetland and the river;
the slope of the water-table shown is 0.0077 (figure 8A). The theoretical flow
system shows that in this setting the wetland has ground-water inflow but no
ground-water outflow. The wetland does not have outflow because there is a
point of least hydraulic head, or stagnation point, beneath the wetland. This
hydraulic head, shown as 996.4 feet, is greater than the hydraulic head of the
wetland (996 feet) and, therefore, ground water moves towards the wetland. The
stagnation point also is a boundary between two local flow systems; one system
involves flow to the wetland and the other involves flow to the river. The
resulting hydrologic boundary prevents flow between the wetland and the river.

Winter (198l1) found that if a flow system similar to the one shown in

figure 8(A) is changed in a way that increases the slope of the water-table
from less than 0.01 to more than 0.01, the stagnation point probably would

15



Table 5.—Average levels in water—-table observation wells located
near impoundments before (1980) and after (1981) construction

Average water level Difference between

Well 1980 1981 1980 and 1981
Number (altitude in feet above sea level) (feet)
1 971.90 972.12 0.22
2 974.81 975.18 37
3 977.40 977.90 .50
4 979.85 980.20 .35
15 990.10 990.28 .18
18 980.76 981.22 .46
20 991.72 992.13 .41
21 992.68 992.93 .25
22 992.47 992.65 .18
23 975.85 976.19 .35
Precipitation (inches) 26.34 25.16 -1.18
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disappear. In figure 8(B), the water-table slope has changed because the water
level in the wetland was raised 5 feet by constructing an impoundment. As a
result, there is seepage from the impoundment to the river,

The possible changes in both types of hypothetical settings (figs. 7 and
8) illustrate that impoundment of surface water probably will affect localized
flow systems but will not significantly affect discharge to the river. The two
settings given are extreme cases. The most common setting would be when the
pools are 60-percent full, the normal pool stage, and the river is at normal or
low flow, in which case the effects on local flow systems would be minor.

Mater Quality

Impoundment of surface water will increase mixing of surface water and
ground water. The only chemical constituent determined in this study that
would be affected when water from the impoundment moves through the surficial
aquifer to the river is dissolved nitrite plus nitrate nitrogen. The oconcen-
trations of nitrite plus nitrate nitrogen are higher in ground water than
surface water; therefore, nitrite plus nitrate nitrogen concentrations may
increase in the river as a result of the impoundments. However, the increased
input of nitrite plus nitrate nitrogen to the river from ground-water discharge
could be offset by increased consumption of nitrite plus nitrate by phytoplank-
ton in the river. The overall effects of the impoundments on quality of ground
‘water will probably be minor, although there could be an increase in phyto—
plankton growth in the river.

SUMMARY AND CONCLUSIONS

Construction of impoundments in the Sherburne National wWildlife Refuge to
improve waterfowl habitat are expected to have only minor effects on the
hydrology and water quality of ground and surface water. Impoundment of
surface water may increase ground-water discharge to the river slightly by
affecting ground-water-flow systems adjacent to the impoundments.

The quality of surface and ground water is similar; it differs only in
ooncentrations of nitrite plus nitrate nitrogen. Ground water contains higher
concentrations of dissolved nitrite plus nitrate nitrogen than does river
water. The lower concentration of nitrite plus nitrate nitrogen in the river
probably is the result of uptake by phytoplankton. Effects of the impoundments
on ground-water quality should be minor, but the greater input of dissolved
nitrite plus nitrate to the river, owing to increased ground-water discharge,
may cause an increase in growth of phytoplankton in the river.
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