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Effects of the 1993 Flood on Water Levels and Water
Quality in the Sheyenne Delta Aquifer, Southeastern
North Dakota, 1993-94

By Michael L. Strobel, U.S. Geological Survey, and
Scott A. Radig, North Dakota Department of Health

Abstract

A study was conducted to evaluate the effects of precipitation and flooding on water levels in
the Sheyenne Delta aquifer and to evaluate the variations in water quality that are related to the
precipitation and flooding. Water-level, streamflow, and water-quality data collected before July
1993 were assumed to be representative of pre-flood conditions, and data collected from July
1993 through May 1994 were used to evaluate the ground-water response.

Water levels in 49 wells were measured every 3 weeks, when possible, between November
1993 and May 1994. Water samples were collected from 16 of the wells during November 1993
and March, April, and May 1994 and analyzed for major ions, nutrients, selected trace elements,
and pesticides. The water-level and water-quality data collected during the study, along with
similar data collected during previous investigations and during the National Water-Quality
Assessment study, provided the basis for describing the general characteristics of the hydrology
and water quality of the Sheyenne Delta aquifer.

Generally, precipitation and flooding affect water levels in the aquifer. The largest water-
level rise occurs in low-relief areas, and water subsequently moves downgradient toward the
river. Topography strongly affects the focus of recharge in the aquifer. During high stage in the
river, ground-water flow gradients near the river can reverse, and water flows from the river
into the aquifer. Water in the Sheyenne Delta aquifer before and after the 1993 flood generally
was a calcium bicarbonate type. Little variation exists between pre-flood and post-flood water-
quality conditions in the aquifer. Water quality in the aquifer is affected mainly by precipitation,
evapotranspiration, inflow from adjacent ground water, and inflow from the Sheyenne River.

INTRODUCTION

Excessive precipitation produced severe flooding in the upper Midwest (fig. 1) during the summer of
1993 and caused substantial effects on water budgets and flow regimes in surficial aquifers adjacent to
flooding streams. A wet-weather pattern that persisted over the upper Midwest for several months in mid-
1993 culminated in intense, persistent precipitation in late June and July. Flood-peak discharges exceeded
the previous maximum known discharges at 42 streamflow-gaging stations in the upper Mississippi River
Basin and the 100-year recurrence intervals at 46 streamflow-gaging stations (Parrett and others, 1993).
According to Wahl and others (1993), monthly rainfall in the upper Mississippi River Basin was greater
than normal (1961-90) for January through June 1993. Of 10 selected weather stations in the basin, 8
received more than 200 percent of the normal rainfall for July, and 3 received more than 400 percent of the
normal rainfall for July.



EXPLANATION

Mississippi River Basin

Red River of the North Basin L.

Area of flooding streams

Figure 1. Location of Mississippi River Basin, Red River of the North Basin, and general area of flooding
streams, June through August 1993. (From Parrett and others, 1993.)

In North Dakota, the most severe flooding occurred in the Devils Lake, Red River of the North, and
upper James River Basins. A total of 39 counties in the State were declared disaster areas. The city of
Fargo received about 185 percent of the normal rainfall for July (National Oceanic and Atmospheric
Administration, 1993), and water levels in surficial aquifers across the State generally increased during
June and July. Direct precipitation, flooding from rivers and tributaries, reduced evapotranspiration
because of cooler temperatures and increased cloud cover, and reduced ground-water withdrawals for
irrigation all contributed to a major deviation from the typical summer ground-water budget. Intense,
localized precipitation and reversed ground-water flow gradients adjacent to flooding streams had a major
effect on flow regimes in surficial aquifers.

The unusually large recharge combined with reduced evapotranspiration and water use caused
substantial increases in ground-water storage that previously was diminished by drought and pumpage.
Water levels in aquifers rose in response to the increased storage. High ground-water levels, depending on
the location, may prolong problems caused by flooding streams because the stored water is released slowly
to surface drainages. Other problems, such as seepage into buildings, may be caused by rising water levels
in parts of the aquifer not directly affected by the flooding streams. Ground-water contamination may
occur because of the mobilization of contaminants, such as agricultural chemicals, in surface soils or in
previously unsaturated zones and because of large changes or reversals in ground-water flow gradients.
These changes or reversals could mobilize or redistribute contaminants previously isolated in the ground-
water flow system.
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Table 3. Detection limits of pesticides for which water samples were analyzed, November 1993 and March, April, and
May 1994

[1g/L, micrograms per liter]

Detection limit - Detection limit

Pesticide (HQ/L) Pesticide (l,l,g/l_)
Alachlor 0.04 Fenvalerate 0.10
Aldicarb 50 Heptachlor .005
Aldicarb-sulfone 50 Heptachlor epoxide .005
Aldicarb-sulfoxide .50 Hoelen .05
Aldrin .005 3-Hydroxycarbofuran .50
Alpha BHC .005 Lindane .005
Atrazine 25 Malathion 04
Bentazon 50 MCPA 50
Beta BHC .005 Methomyl 50
Bromoxynil .10 Methoxychlor .002
Carbaryl 50 Metolachlor .05
Carbofuran 50 Metribuzin .02
Chlordane .005 Nonachlor .005
Cyanazine .05 Oxamyl .50
DDD .005 Parathion, ethyl- .015
DDE .005 Parathion, methyl- .01
DDT 01 Picloram (Tordon) .10
Dicamba .10 Prowl .01
Dichlorprop 20 Silvex (2,4,5-TP) 20
Dieldrin 005 Simazine 45
Dinoseb 20 Triallate (Far-Go) .01
Endosulfan 1 .01 Trifluralin (Treflan) .005
Endosulfan I 01 2,4-D .10
Endosulfan sulfate 01 2,4,5-T .10
Endrin 01

per liter as N. Well SF-3S is located about 600 feet downgradient from a feedlot, which probably accounts
for the large nitrite plus nitrate concentrations.

Phosphate concentrations in samples collected during November 1993 and March, April, and May
1994 ranged from 0.03 to 1.9 milligrams per liter as P, and orthophosphate concentrations ranged from less
than 0.01 to 0.32 milligram per liter as P (table 2). The largest concentrations of both constituents were in
well SF-18, which is located adjacent to the Sheyenne River. The large concentrations may be related to
the hydraulic connection to the river. Another contributing factor may be that the laboratory analyses for
nutrients were conducted on unfiltered “whole water” samples. Small amounts of sediment in a sample
can result in large phosphate and orthophosphate concentrations but do not reflect dissolved conditions in
the ground water. Filtered samples collected as part of the NAWQA study had much smaller phosphate
and orthophosphate concentrations.

Arsenic concentrations ranged from less than 1 microgram per liter (the minimum reporting level) to
110 micrograms per liter. The concentrations were less than 10 micrograms per liter in many samples
but exceeded 20 micrograms per liter in samples from wells SD-20, SD-22, SD-27, SD-28, SF-18, and
SF-5S (fig. 19). The concentration in one sample from well SD-22 exceeded 50 micrograms per liter,
which is the North Dakota drinking-water standard maximum contaminant level for arsenic (North Dakota
Department of Health, 1994).
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Figure 14. Major-ion composition of water from wells completed in the Sheyenne Delta aquifer, November 1993.

Arsenic concentrations varied spatially across the aquifer and generally were larger in the eastern part
of the study area (figs. 2 and 19). The concentrations decreased between November 1993 and March 1994
as a result of dilution from the infiltration of snowmelt and precipitation but generally rose again in April
or May. The decrease between November and March was attributed to dilution because the relative distri-
bution of arsenic in the aquifer generally remained the same.

The source, distribution, and transport mechanisms of arsenic in glaciofluvial aquifers are poorly
understood. In the early 1980’s, large arsenic concentrations in southeastern North Dakota were attributed,
in part, to a national grasshopper eradication program during 1934-47. Winter and others (1984) reported
arsenic concentrations of about 100 micrograms per liter in a glaciofluvial aquifer in southeastern North
Dakota. They attributed the large concentrations to arsenic-bearing pesticides that were used extensively

29



<+ CALCIUM CHLORIDE —
CATIONS PERCENT REACTING VALUES ANIONS

Figure 15. Major-ion composition of water from wells completed in the Sheyenne Delta aquifer, March 1994.

in the 1930’s and that were subsequently leached into the ground water. In a study conducted by Roberts
and others (1985), arsenic concentrations in about 20 percent of the wells sampled in the southern part of
the Sheyenne Delta aquifer were greater than 50 micrograms per liter. However, the arsenic concentra-
tions could not be attributed entirely to grasshopper bait (Roberts and others, 1985). Natural sources in
bedrock aquifers and glacial deposits possibly contribute to the arsenic concentrations. Hem (1992) stated
that the divalent species HAsO42' could be present when pH values are between 7 and 11 (all samples
collected during this study had pH values in that range; table 2). The sensitivity of arsenic geochemistry
to changes in redox potential may explain the large seasonal variations in arsenic concentrations in some
areas of the aquifer. :
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Figure 16. Major-ion composition of water from wells completed in the Sheyenne Delta aquifer, April 1994.

Iron concentrations ranged from less than 10 to 80 micrograms per liter. The average iron concentra-
tion for all samples was less than 10 micrograms per liter. The iron in the ground water probably is from
direct dissolution of igneous rock minerals in the glaciofluvial deposits and from decomposition of organic
materials in the soils.

Selenium concentrations ranged from less than 1 to 53 micrograms per liter. The concentrations were
less than S micrograms per liter in most of the wells, but the concentration in one sample from well SD-26
was greater than 50 micrograms per liter, which is the North Dakota drinking-water standard maximum
contaminant level for selenium (North Dakota Department of Health, 1994).
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Figure 17. Major-ion composition of water from wells completed in the Sheyenne Delta aquifer, May 1994,

Selenium concentrations in the aquifer generally were small and decreased in March because of
dilution (fig. 19). The large concentrations in samples from well SD-26 may have been affected by
dissolution of selenium from interbedded clays, silts, and sands that are rich in shale-derived sediments
(shale is a source of selenium in eastern North Dakota; Winter and others, 1984) or because the well is
screened close to the underlying units of lacustrine clay and glacial till.

Generally, samples that had large arsenic concentrations had small selenium concentrations and
samples that had large selenium concentrations had small arsenic concentrations (fig. 19). Arsenic
generally is more soluble under reduced conditions (dissolved-oxygen concentrations less than
0.5 milligram per liter), and selenium generally is more soluble under oxidized conditions (dissolved-
oxygen concentrations greater than 0.5 milligram per liter).
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Figure 18. Change in major-ion composition of water in well SF-1S from November 1993 through May 1994.

The pesticides for which water samples were analyzed are given in table 3 along with their detection
limits. The only pesticide detected in samples collected as part of this study was picloram (Tordon).
Picloram concentrations in samples from wells SD-3, SD-16, SD-22, SD-27, and SD-30 ranged from 0.10
to 8.25 micrograms per liter (table 4).

The distribution of wells at which picloram was detected appears random (table 4; fig. 2), and the
concentrations probably reflect local land use. Picloram is used to control noxious weeds, particularly
leafy spurge. During the four sampling periods, picloram concentrations in the ground water were
inconsistent (table 4), but the largest concentrations occurred in samples from well SD-22. The North
Dakota drinking-water standard maximum contaminant level for picloram is 500 micrograms per liter
(North Dakota Department of Health, 1994).
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Table 4. Wells at which picloram was detected

[Concentrations are in micrograms per liter; <, less than]

Sampling date

Well
11/16/93 3/15/94 4/19/94 A 5/24/94
SD-3 10.35,0.44 0.14 0.18 0.16
SD-16 <0.10 .14 32 1937, 0.48
SD-22 8.25 8.20 2.80 335
SD-27 <.10 <.10 10 <.10
SD-30 <.10 12 <.10 <.10

Duplicate samples collected (detection limit is 0.10 microgram per liter).

EFFECTS OF THE 1993 FLOOD

Water levels in the aquifer began to rise in March 1993 in response to recharge from snowmelt (fig. 7).
Generally, the water levels also rose in the spring in response to excessive precipitation that was unusually
frequent and consistently intense. Water levels began to decline by the end of July 1993 and generally did
not begin to rise again until March 1994. High stage in the Sheyenne River during July and August 1993
probably caused water-table gradients near the river to reverse, and water from the river flowed into the
aquifer as temporary bank storage.

Direct effects of the 1993 flood on water levels in the aquifer probably were limited to the area adja-
cent to the river. These effects dissipated by mid-September 1993 (fig. 7). However, excessive precipita-
tion associated with the flood probably affected water levels throughout the aquifer. Water levels in two
observation wells in the aquifer indicate that the water table generally was about 2 feet higher during the
fall and winter of 1994 than during the fall and winter of 1993.

Before the 1993 flood, water in the Sheyenne Delta aquifer generally was a calcium bicarbonate
or a calcium magnesium bicarbonate type, and dissolved-solids concentrations ranged from 269 to
1,820 milligrams per liter. After the flood, water in the aquifer generally was a calcium bicarbonate type,
and dissolved-solids concentrations ranged from 186 to 3,130 milligrams per liter. Dissolved-solids and
chloride concentrations in water samples collected from wells completed in the Sheyenne Delta aquifer
were examined to determine the effect of flooding on conservative species (figs. 20 and 21). No discem-
ible difference existed between the pre-flood data and the post-flood (November 1993 and March, April,
and May 1994) data for both dissolved-solids and chloride concentrations. Nitrite plus nitrate concentra-
tions were examined to determine the effect of flooding on nutrients (fig. 22). Data indicate no clear differ-
ence between the pre-flood and the post-flood concentrations. Iron concentrations were examined to
determine the effect of flooding on trace-element concentrations (fig. 23). The pre-flood iron concentra-
tions were about two orders of magnitude larger than the post-flood concentrations. The differences
between the pre-flood and the post-flood concentrations may be the result of changes in the aquifer but
probably are caused by sampling differences. Many wells used for pre-flood data were constructed of
metal pipe, and particles of iron oxides may have been collected in the water samples and dissolved in the
samples during processing. Wells sampled for post-flood data were constructed of polyvinyl-chloride
pipe. The small differences between the pre-flood water chemistry and the post-flood water chemistry
indicate that water in the Sheyenne Delta aquifer was not affected substantially by the 1993 fiood.

35



an[eA WINUIWN
omuadorad yigg —
ausorad Yo —
auuadrad g, —
anjeA WINWIXeW ——
sonfeA Jo raqunN (s1)

NOILLVNVI1dXd

ool

002

00

0002

000t
000y
000's
000'9
000'2
000'8

000’6
000°04

“Jaynbe e)jaQ auuakays ayj Ul SUORENUSIUOD SPIJOS-PAAIOSSIP pooj)-1sod pue pooj-aid “0g 8anbid

661 AVW ¥661 WAV 661 HOUYW €661 HIGWIAON 98696} OIHOLSIH
I I _ T T oot

B - T ooz ©
[92]
-+ ]
-+ 2
—~ooe  §
o
(/2]
—oor O
=
Joos @
0
—oos O
P4
Jooz &
o 2
—{ 006 m
— oot 3
o)
=z
Z
=
- c
62) —1002
1 ] (91) 000'c M
Sl )
— 000
o
—ooo's B

— 00o's

— 000"z

—{ 000’8

— 000’

000°0}

36



o

ol

ON[eA WINWIUIA - _
smusarad iz - - oot
osmusorad yips - -
smuaored yig,
IN[eA WNWIXBN ——
SNJEA JO JOqUINN sp

NOLLVNVIdXH

“19yinbe eljaq suuakayg sy} Ul SUOIEIIUSIUCD BPLIOJUD PBAIOSSIP POOj-isod pue poojj-aid 1z ainbi4

661 AV

661 HdY

661 HOHVIN

€661 HIGW3AON

98-€961 DIHOLSIH

I lllllll ro IHITII L

[llllll I

TTTTTT

1

(st)

(s1)

w1

-t

(1)

(62)

| |ll|llll I |Illllll | ,HIIIII |

it l

Lo

013

000°t

H3 17 H3d SWYHDITIIW NI ‘NOLLVHINIONOO 3AIH0OTHO G3AT0SSIa

37



100
1’0
3
anjeA wnuwiuIpy
smuaored yigz — ot
smusored yiog —
smuaored Y15, ——
aneA WNWIXeN —
SaN[eA JO JoquinN @
NOILVNV'1dXd
00t

“19jinbe eljag auusiaysg ey} ul SUORHUBDUOD aJeIiuU Snjd alliiu PAAJOSSIP Poojj-isod pue poojj-aid g2z 84nbi4

¥661 AV ¥661 UV 661 HOWVIN £661 HIGWIAON  98-£961 DIHOLSIH
T
- - ]
[~ ¥661 AVW ]
HO4 3LvINOIvo
LON 39VINIOHId
o \III B —
3INTVA INVS JHL
— 3HY STHLNIOHId —
— HLSZ ANV 'H105 'H1SL -
[ (92) ]
—_ 1 (s1 1 =
() tet)
(91)

100

0

oL

H3LIT H3d SWVHOITIW NI ‘NOILYHLINIONOD 3LVHLIN SNd 3LIHLIN A3AT0SSIa

00}

38



*1aginbe e)a auuaiayg ay} ul SUOHEIUBOUCD LOIE POAOSSIP Pooj-isod pue pooy-aid gz a1nbi4

Y661 AVN 661 THdY 661 HOHVYN €661 HIGWIAON  98-€96| OIHOLSIH
P T T _ T T F
H. INTVYAINVS IHL 3NTVYA INVYS 3HL 3HY H m
- 3HV SIFULN3OH3d HLSZ ANV STNLNIOHId HL1S2 ANV 'HLO0S ‘HLSL ] »
- 'HL0S 'HLSZ ANV 3NTVA WNINININ ANV S3NTVA WNNININ ANV WNINIXYW — o]
— / \ / - <
ot — -_— ~— 0} m
vy o
o)
o
- — 4
(@]
B 7 2
- (s (s T - @]
- | m
Z
- 7] m
= = =
ool 1Y) oL 5
z
- _ z
£
- ] (9]
o)
- - Q
— . z
on[eA WNWIUIA L - »
o = .|.¢I. . )
omuaorad yigz — 000’ 000t ﬁ
spnuvarad yipg m
amusorad g, _ — B - - o
IN{eA WNWIXePW — B B
San[eaA Jo IaquInN ) B _
NOILVNV1dXd — ©2) ]
oo0'o} = 3 oo0'01

39



SUMMARY AND CONCLUSIONS

This report describes results of a study to evaluate the effects of precipitation and flooding on water
levels in the Sheyenne Delta aquifer and to evaluate the variations in water quality that are related to the
precipitation and flooding. Specific objectives were to determine pre-flood conditions and to interpret and
evaluate the ground-water response to precipitation and flooding. Water-level, streamflow, and water-
quality data collected before July 1993 were assumed to be representative of pre-flood conditions, and data
collected from July 1993 through May 1994 were used to evaluate the ground-water response.

The Sheyenne Delta aquifer is unconfined throughout the study area and is recharged by direct infiltra-
tion of snowmelt and rain. Recharge also occurs from the Sheyenne River when river elevations are higher
than local ground-water altitudes. Discharge from the aquifer is mainly to the Sheyenne River, to springs
along the northeast edge of the delta, and, to a lesser extent, to wells and by evapotranspiration. Stream-
flow measurements on the Sheyenne River between Valley City and West Fargo indicate substantial dis-
charge from the Sheyenne Delta aquifer to the river. Ground-water flow gradients are relatively flat in the
southern and northern parts of the aquifer and become steep adjacent to the river. Ground water generally
discharges from the aquifer to the river during most of the year.

The chemical analyses of water samples collected from the aquifer between 1963 and 1986 indicate
the water generally was a calcium bicarbonate or calcium magnesium bicarbonate type. Atlocations
where more than one sample was collected, the data indicate littie change through the years.

Water levels in 49 wells were measured every 3 weeks, when possible, between November 1993 and
May 1994. Water samples were collected from 16 of the wells during November 1993 and March, April,
and May 1994 and analyzed for major ions, nutrients, selected trace elements, and pesticides. The water-
level and water-quality data collected during the study, along with similar data collected during previous
investigations and during the National Water-Quality Assessment study, provided the basis for describing
the general characteristics of the hydrology and water quality of the Sheyenne Delta aquifer.

Water levels in the aquifer generally declined slightly between December 1993 and early January
1994. In March 1994, water levels throughout the entire study area increased by more than 2 feet in some
areas. However, the water-level rise was greater in low-relief areas to the north and south of the river than
in high-relief areas closer to the river, probably because of snowmelt lying on the flat surfaces above
partially thawed soils and seeping through pores and cracks into the subsurface. After spring melt, water
levels in low-relief areas began to decline.

Parts of the aquifer near the Sheyenne River may be affected by inflow from the river during periods
of high river stage. The reversal in the gradient is temporary, however, because, as the snowmelt or
precipitation event dissipates, the river stage declines, ground-water altitudes become higher than river
elevations, and the ground water flows to the river.

The precipitation and flooding during 1993 affected ground-water levels differently throughout the
Sheyenne Delta aquifer. The largest water-level rise occurred in low-relief areas, and water subsequently
moved downgradient toward the river. Topography strongly affected the focus of recharge in the aquifer,
causing less recharge to occur in areas of high relief because much of the precipitation and snowmelt runs
off to topographic depressions. High stage in the river caused a reversal of ground-water flow gradients
near the river and allowed for inflow of river water into the aquifer.

In order to examine the effects of precipitation and flooding on water quality in the Sheyenne Delta
aquifer, water-quality data representing pre-flood and post-flood conditions were evaluated. Water quality
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in the aquifer is affected by precipitation, evapotranspiration, inflow from adjacent ground water, and
inflow from the Sheyenne River.

After the 1993 flood, water in the Sheyenne Delta aquifer generally was a calcium bicarbonate type
and had dissolved-solids concentrations that ranged from 186 to 3,130 milligrams per liter. Major-ion
concentrations remained relatively constant during the four sampling periods. Water in which major-ion
concentrations changed probably was affected by a combination of interaction between the aquifer and the
Sheyenne River and recharge from snowmelt.

Nitrite plus nitrate concentrations generally were less than 1.0 milligram per liter as N, and no spatial
or temporal pattern was apparent. The largest concentrations were in well SF-3S and ranged from 7.2 to
20 milligrams per liter as N.

Phosphate concentrations ranged from 0.03 to 1.9 milligrams per liter as P, and orthophosphate con-
centrations ranged from less than 0.01 to 0.32 milligram per liter as P. The largest concentrations of both
constituents were in well SF-1S, which is located adjacent to the Sheyenne River.

Large arsenic and selenium concentrations were measured in some samples from the Sheyenne Delta
aquifer. Arsenic concentrations ranged from less than 1 to 110 micrograms per liter, and the concentration
in one sample from well SD-22 exceeded the State drinking-water standard of 50 micrograms per liter.
Selenium concentrations ranged from less than 1 to 53 micrograms per liter, and the concentration in
one sample from well SD-26 exceeded the State drinking-water standard of 50 micrograms per liter.
Generally, wells that had large arsenic concentrations had small selenium concentrations, and wells that
had large selenium concentrations had small arsenic concentrations.

The only pesticide detected in samples collected as part of this study was picloram. The distribution
of wells at which picloram was detected appears random and probably reflects local land use.

No discemible difference existed between pre-flood and post-flood concentrations for conservative
species, such as dissolved solids and chloride. No clear difference existed between pre-flood and post-
flood dissolved nitrite plus nitrate concentrations. Pre-flood iron concentrations were about two orders of
magnitude larger than post-flood concentrations, probably because of sampling differences. Wells used
for pre-flood data were constructed of metal pipe, and wells used for post-flood data were constructed of
polyvinyl-chloride pipe.
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