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Conversion Factors, Verticai Datum, and Abbreviated
Water-Quality Units

Readers who prefer to use metric (International System) units rather than inch-pound units can make conversions
using the following factors:

Multialy Inch-Pound Uni By To. obtain Metric Uni
inch (in.) 25.4 millimeter

foot (ft) 3048 meter

mile (mi) 1.609 kilometer

foot per day (ft/d) 3048 meter per day

foot per mile (ft/mi) 1894 meters per kilometer
cubic foot (£t3) .02832 cubic meters

cubic foot per second (ft3/s) 28.32 liter per second

foot squared per day (ft2/d) 09294 meter squared
gallon (gal) 003785 cubic meter

gallon per minute (gal/min) 06308 liter per second

acre 4047 hectare

acre-foot (acre-ft) 1,233 cubic meter

square mile (mi?) 2.590 square kilometer
degree Fahrenheit (°F) (°F-32)/1.8 degree Celsius (°C)

Chemical concentrations are given in metric units. Chemical concentrations of substances in water are given in
milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration
of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand
micrograms per liter is equivalent to one milligram per liter

Sealevel In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-- a

geodetic datum derived from a general adjustment of the first-order level notes of both the United States and Canada,
formerly called “Sea Level Datum of 1929”.



Glossary

The geologic and hydrologic terms pertinent to this report are defined as follows:

Aquifer: Formation, group of formations, or part of a formation that contains sufficient saturated permeable material
to yield significant quantities of water to wells or springs.

Base flow: Sustained streamflow, mainly consisting of ground-water discharge to a stream.

Confined aquifer: An aquifer bounded above and below by confining units. An aquifer containing confined ground
water. Synonymous with a buried aquifer where hydraulic head rises above the top of the aquifer in a tightly
cased well.

Confining unit: Body of material with low vertical permeability stratigraphically adjacent to one or more aquifers.
Replaces the terms aquiclude, aquitard and aquifuge.

Drawdown: Vertical distance between the static (nonpumping) hydraulic head and hydraulic head caused by ground-
water withdrawal.

Drift: General term applied to all material (clay, sand, gravel, and boulders) transported and deposited by glacial ice
or melt water.

Evapotranspiration: Water discharged to the atmosphere by evaporation from water surfaces, moist soil, and by
plant transpiration.

Ground water. The part of subsurface water that is in the saturated zone.

Head, hydraulic: The height above a standard datum of the surface of a column of water that can be supported by the
static pressure at a given point.

Hydraulic conductivity: Capacity of porous material to transmit water under pressure. It is the rate of flow of water
passing through a unit section of area under a unit hydraulic gradient.

Hydraulic gradient: The change in hydraulic head per unit distance of flow in a given direction. Synonymous with
potentiometric gradient.

Isotope: Any of two or more species of atoms of a chemical element with the same number and position in the
periodic table and nearly identical chemical behavior but with differing atomic mass or mass number and
differing physical properties.

Outwash: Washed, sorted, and stratified drift deposited by water from melting glacial ice.

Permeability: Measure of the relative ease with which a porous medium can transmit a fluid under a potential

gradient.

Potentiometric surface: A surface that represents the static head of water in an aquifer; it is defined by the levels to
which water will rise in tightly cased wells from a given point in an aquifer.

Saturated zone: The zone in which all voids are ideally filled with water. The water table is the upper limit of this
zone. Water in the saturated zone is under pressure equal to or greater than atmospheric.

Specific capacity: The rate of discharge of water from a well divided by the drawdown of water level within the well.
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Specific yield: The ratio of the volume of water that an aquifer material will yield by gravity drainage to the volume
of the aquifer material.

Storage coefficient: The volume of water an aquifer releases from or takes into storage per unit surface area of the
aquifer per unit change in head. In an unconfined aquifer, it is virtually equal to the specific yield.

Till: Unsorted, unstratified clay, silt, sand, gravel, or boulders of glacial origin.

Transmissivity: The rate at which water of the prevailing kinematic viscosity is transmitted through a unit width of an
aquifer under a unit hydraulic gradient.

Unconfined aquifer: Saturated zone between the water table and the first underlying confining unit; an aquifer that
has a water table. Surficial aquifers are unconfined aquifers.

Water table: The surface in an unconfined ground-water body at which the water pressure is atmospheric. Generally,
this is the upper potentiometric surface of the zone of saturation.

Water year: The period from October 1 through September 30. Water year is designated by the calendar year in
which it ends and which includes 9 of the 12 months. Thus, the year ending September 30, 1993 is called the
1993 water year.

































year in a given area, variations in annual discharge are
greater, as a percentage, than variations in annual
precipitation (Searcy and Hardison, 1960).

Stage-discharge relations were established at the
gaging stations on the stream for October 1987 through
September 1988. During this period stream discharge
was measured approximately monthly. Records of daily
mean discharge were computed for the permanent-record
gaging stations at sites B, D, and F (Gunard & others,
1990). Table 1 is a summary of monthly mean discharge
at these stations.

Stream discharge hydrographs reflect three different
types of contributions of water from a watershed to a
stream. These are from (1) overland flow to the stream,
(2) direct channel precipitation, and (3) subsurface flow.
Peak discharges result from fast response due to overland
flow and direct channel precipitation.

April through August discharge for the 1988 water
year may have been below normal based on long-term
precipitation data, Although annual precipitation for
1988 (26.32 in.), measured at the Park Rapids weather
station, was near the mean of 26 in. (Baker and Kuehnast,
1978), precipitation during April, May, June, and July of
1988 was 4.21 in. less than average.

The total amount of water measured in the Straight
River during the 1988 water year at U.S. Highway 71 (site
F) was 1,615,000,000 ft* (cubic feet) (Gunard and others,
1990). Measured discharges at sites B and D were
1,157,000,000 and 1,460,000,000 fi°, respectively.
Monthly mean discharge ranged from 36.6 ft%/s at site B
to 51.1 ft’/s at site F. These data indicate that stream

discharge increased in a downstream direction during
most of the year.

Discharge data from the three permanent-record
stations indicate a general increase of 14.5 ft*/s between
sites B and F during the 1988 water year (table 1). The
average increase in discharge between sites Band Dis 9.6
ft3/s; between sites D and F it is 4.9 ft3/s (Gunard and
others, 1990).

Monthly mean discharge data (Gunard and others,
1990) also indicate that stream discharge increased
downstream throughout the water year. The gain between
sites D and F was smaller than the gain between sites B
and D. Daily-stream discharge data indicate that there
were periods during 1988 when daily stream discharge at
site D exceeded discharge at site F. This indicates that,
during these periods the downstream reaches of Straight
River were losing water to the aquifer system. The rate of
gain in streamflow is less in June to August than in
December to February, which may indicate an effect from
irrigation withdrawals, evapotranspiration, or both.

Daily fluctuation in stream discharge

Daily fluctuation in stream discharge were measured
during the summer. Similar fluctuations in streams in
sand-plain areas in Wisconsin were attributed to
evapotranspiration by phreatophytes growing in the
stream (Weeks and others, 1965). The maximum
discharge during the day in the Straight River generally
occurs around noon and the minimum generally occurs
around midnight. Daily fluctuation begins during May,

Table 1.--Monthly mean stream discharge of Straight River at continuous-record stations, Becker and
Hubbard Counties, Minnesota, during 1988 water year (in cubic feet per second)

Station
name

and number Oct. Nov. Dec. Jan. Feb.

Average
monthly

Apr. May June July Aug. Sept. mean

05243721

(site B)

Straight River at Becker
County Road 125 near
Osage

05243723

(site D)

Straight River at Hubbard
County Road 115 near
Park Rapids

05243725

(site F)

Straight River at State
Highway 71 near Park
Rapids

375 39.7 382 375 346

495 502 487 401 422

544 548 510 431 49.1

38.2

50.0

61.3

435 397 330 262 359 352 36.6

588 443 358 416 483 46.2

620 555 463 395 478 482 511
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gradually increases toamaximum during July and August,
and then decreases until it stops during October The
fluctuation was most conspicuous when base-flow
conditions prevail. At site F, the daily change in stage
frequently was as greatas 0.2 ft, correspondingto achange
in stream discharge of about 10 ft*/s. Daily fluctuation in
discharge may be due to reduced ground-water inflow,
evapotranspiration, or a combination of these processes.

Low flow

Low flow in the Straight River occurred in two distinct
periods during water year 1988. The first period was
during the winter, when most of the precipitation was
stored as snow. The second period was during late
summer, when evapotranspiration losses were high and
there was little recharge to the ground-water reservoir.

Precipitation during April through July of 1988 was
4.21 in. below the average rate of precipitation for that
period at Park Rapids, Minnesota. Stream discharge was
significantly below normal in other streams in central
Minnesota, according to long-term stream discharge
records. From these data and the general widespread
drought across Minnesota during 1988, it was assumed
that flow in the Straight River approached record lows
during 1988. The minimum daily mean discharges
recorded at the three permanent-record stations on the
Straight River were 23, 27, and 33 ft*/s (Gunard and
others, 1990), which occurred on July 23, 1988 (site B),
July 29 and 30, 1988 (site D), and July 23 and 27, 1988
(site F), respectively. Recurrence intervals cannot be
assigned to these low-flow stream discharges because of
the short period of record available at the sites.

High flow

Flooding seldom is a problem along the Straight River
because of the highly permeable soil. Maximum annual
discharge peaks for streams in the area occur during the
spring when the infiltration capacity of the soil is low
because frost and surface runoff is greater than during
summer. The maximum instantaneous flow recorded
during the 1988 water year was 71 ft*/s (site F) on March
24 (Gunard and others, 1990). Recurrence intervals
cannot be assigned to high-flow stream discharges
because of the short period of record for the stations. Peak
stream discharge measured on the Straight River during
the 1988 water year did not approach normal peaks
because of the drought conditions.

Flow duration

Flow-duration curves (Searcy, 1959) are cumulative-
frequency curves that show the percent of time during

12

which specified stream discharges are equaled or
exceeded in a specific period. The curves represent
stream-discharge data across arange of stream discharge.
Although flow-duration curves do not show the
chronological sequence of stream discharge, they are
useful in describing the stream discharge characteristics.

The shape of flow-duration curves is determined by
hydrologic and geologic characteristics of a watershed.
The curves may be used to characterize streamflow of a
watershed and to compare the characteristics of different
watersheds. A curve with a steep slope indicates a highly
variable stream where flow is largely from direct runoff.
A curve with a gentle slope indicates a stream that is less
responsive to precipitation than a stream where flow is
largely from runoff and indicates that the stream
dominated by base flow from either ground-water
discharge or surface storage. The slope of the lower end
of the duration curve indicates the characteristics of the
perennial storage (such as lakes or wetlands) in the
watershed.

Flow-duration curves were prepared from stream-
discharge for data at sites B,D, and F (fig. 7). These
curves represent data for water year 1988 and are based on
daily mean discharge. Flow duration curves computed
from one year of stream-discharge records may not be
representative of normal conditions, however, they are
useful to show the general flow characteristics of the
stream. For example, during the 1988 water year the daily
mean discharge of the midstream station (site D) was at
least 50 ft*/s during nearly 50 percent of the year.

The curves from all stations have small slopes, which
indicates that the stream was dominated by base flow.
The stream did not respond quickly to drought. The
stream also did not respond quickly to precipitation. The
discharge gain between sites B and D was greater than the
increase between sites D and F (fig. 7). The duration
curves also indicate that stream discharge was relatively
uniform throughout the year. For example, stream
discharge at site F varied only from 45-60 ft*/s for 60
percent of the time during water year 1988.

Flow-duration data also indicate that discharge at site
B was influenced by surface runoff to a greater degree
than at stations further downstream. The slope of the
flow-duration curve decreases more abruptly for flows
that were exceeded 13 percent of the time for this site.
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Figure 7.--Flow-duration curves for continuous-record stations
on the Straight River during the 1988 water year.

The other stations were not influenced to the same extent
by surface runoff, indicating a general lack of surface
runoff from the watershed downstream from site B.

Cumulative stream discharge curves are another
method to examine stream- discharge data (Searcy and
Hardison, 1960). These curves, which plot cumulative-
daily stream discharge and time, were prepared for the
1988 water year for the three permanent-record stations
(fig. 8). The curves allow inspection of changes and
trends in discharge for the 1988 water year. A cumulative
stream-discharge curve, for discharge evenly divided
throughout the year, will plot asa line with a constant
slope. For the period May through September 1988, the
curves depart from linearity with slopes decreasing with
time; this indicates that stream discharge for the stations
declined during this part of the 1988 water year.
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Water Quality

General chemical quality

Chemical constituents in water from the Straight River
were determined by analysis of four grab samples
collected at four sites on the stream, data collected during
aprevious investigation that included a sampling site near
the headwaters of the Straight River (Ruhl, 1989), and
data from a previous investigation by the Minnesota
Pollution Control Agency (MPCA) (Willard Mattson,
Minnesota Pollution Control Agency, written commun.,
1989). The results of these individual chemical analyses
are shown in table 2.

The pH (a measure of relative acidity) of water in the
Straight River is suitable for aquatic life. The Straight
River is alkaline, with pH values generally greater that
8.0, probably relating to an abundance of carbonate-rich
minerals in the glacial deposits within the watershed. A
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Figure 8.--Cumulative discharge of Straight River at continuous-record
stations (sites B, D, and F) during the 1988 water year.

pH range from 6.5 to 9.0 generally is suitable for fish,
although the toxicity of some compounds may be effected
by the pH of water (U.S. Environmental Protection
Agency, 1986). The pH of water in the stream tends to be
within limits for aquatic life and wildlife, and generally is
within the range of 7.7 to 8.6 (tab. 2). With certain pH
conditions, some compounds may become more toxic
and some environmentally harmful metals attached to or
contained in bottom sediments of lakes and suspended
materials in streams may become more soluble in water
(U.S. Environmental Protection Agency, 1986).

Predominant chemical constituents in water from the
stream are calcium and bicarbonate. The concentrations
of major ions in the stream are similar at all sampling
sites. The chemical concentrations and physical
properties generally meet criteria established by the
MPCA (1988) and the Minnesota Department of Health
and Minnesota Department of Agriculture (1988) and are
suitable for aquatic life, agriculture, wildlife, and
domestic consumption. The concentrations of major ions
and other properties also are within the recommended
limits proposed by the U.S. Environmental Protection
Agency (USEPA) for aquatic habitat (U.S.
Environmental Protection Agency, 1986).

14

Nutrient loading can degrade the water quality of
streams if high enough concentrations are present to
support abundant growth of algae. Nutrient enrichment
of streams can occur because of human activities, such as
the use of fertilizer that contains nitrogen and phosphorus
compounds, and direct discharge of sewage into streams.
In general, the level of nitrate nitrogen (nitrite plus nitrate
as N) in the Straight River is low.

Triazine-group herbicides were generally not detected
in water from the Straight River (tab. 2). Water from one
sample (05243720-site A) contained detectable levels of
atrazine and cyanazine. This concentration was not
confirmed in subsequent samplings.

Temperature

The temperature in a reach of a stream is affected by net
solar radiation to and evapotranspiration from the open
water surface, heat added to or lost from the stream by
conduction and convection with the air, conduction to the
earth, temperature and volume of surface water flowing
into and out of the reach, and temperature and volume of
ground water flowing into or out of the reach. Net
radiation and evapotranspiration depend on the area and



1L,

KemySiH wiosomnpy
- - 011 - €8 - (4X3 08-91-60 12 12aTY WBreng
L11, Aemydiy
Auno) preqqny
- - 011 - 08 - LI€ 08-91-60 1% 14Ty 1YSrENg
Z5I0souUT
- - 01 - 18 - 11¢ 08-91-60 *a8esQ 18 Ioary WSreng
SET,
KemySry f1uno)
- - 08 - LL - Siy 08-91-60 Iaxjog T8 J0ATY 1yBreng
1080L1S60;,  ®wi0soUUI ‘o88sQ
€1 149 A - - L8€ 86€ ¥8-TT-S0 -86859¥ Teau ATy WYSreng
( =11s) BOSUMP]
‘spudey Jreq reou ‘7,
1T €S oLl $'8 - 9%0¥ 114 88-67-80 Aemy3TH wosouUI]
1T 79 oSt ¥'8 T8 (497 1454 88-¥7-S0 STLEVTSO T8 1ALy WYSrRNg
(q ons) mosownpy
‘spidey yred resu
1T 0s 0'€T €8 - - - 88-77-80 ‘611 peoy Aunop
1T 09 - S8 - ory ovy 88-¥7-S0 ETLEVTSO  Iooog 18 IoAny 1ySreng
(g ants) wmosauuny
‘a8ws(y mou
| (4 144 0TT 9'8 - £€9€ - 88-72-80 ‘ST1 proy Aunoy
17 LS 0T 18 08 Ly £6¢€ 88-€C-50 TTLEYTSO  Idoog 18 ALY 1ydreng
174 1€ 0'€T T8 - Tie 00¢ 88-¥7-80 (Vv =us) mlosouuTpy
174 0 S61 T8 '8 68¢ £6€ 88-€7-50 0TLEYTSO  “08esQ1e maRyydreng
(BWse1Aw)  (eDseYBw) (suspp)seaiap)  (sIUm (swun (uofgrl)  (w/gl) smispD aeq Jaqumu uonelg swreu uonelg
paAosSIp poajossip amgerodwa;  prepums)qe[‘Hd prepueis) Hd  qe[ 30UBIONPUOD  DUBIINPUOD
‘wnisauSepy ‘umisfe) LIeM ogroadg sgroadg

[fioresoqe| B i peuluuaiep anfeA ‘qe| ‘alis Buijduwies Je pauluelep anjea ‘piol

‘uoneny julodpua paxy ‘|34 ‘uoiean pereiay ‘| ‘uelp sse) >
‘pauluualep Jou ‘- 'snisje) saaiBap g2 Je Jejewnuso Jed suswa)soioiw woysT ey Jod sweiBorojw /61 el Jod suresBijjw 1/Bw]
Janly Wbrens wouy Jajem Jo solisusioeleyod [eaisAyd pue [eawey)---g ajqeL

15



1L,

_ AemyStY er0souuty
- - - 00T - - - 08-91-60 18 10ATY Wreng
L1, kemysty
Auno) preqqny
- - - 0z - 0’8 0ze 08-91-60 18 10ATY WBreng
- - - oLt - - - 08-91-60 a8esQ 18 1oAY WBEng
SET,
KemySiy Lumo)
- - - (U4 - - - 08-91-60 100 18 19ATY WIIEnS
1080L1660; oS ‘a8esQ
8T T'E 0TT - - Tl - ¥8-TC-S0 -858S9Y 123U ALY WSTeng
B10SoUTN
‘spidey yIed 5ot ‘1L
TL $'8 - - - €1 6'¢c 88-57-80 Kemy31H wrosouUTN
TL ot 0z 0z 0LT €1 0’ 88-72-50 STLEVTSO Te ATy ySreng
wI0soUI N
‘spidey] y18q reou
69 SL - - - €1 I'y 88-77-80 ‘ST1 peoy Lumo)
L $6 - - - €1 144 88-12-50 ETLEYTSO  IoYoog Te 1oARy 1ySreng
ElosoUTN
‘a8esQ 1eou
9v v'9 - - - LA (44 88-¥7-80 ‘ST1 peoy Limo)
(44 LL 00T 00z 9wz 1 gy 88-€7-50 TTLEPTSO  IoNoog 18 IoAny wydreng
Ly TL - - - €1 (4 88-C-80 B10SUUIIN
TV T8 061 061 (414 S1 €€ 88-€7-S0 0TLEYTSO  ‘28esQ 1e 1oary wSreng
(©Oseydw)  (FOs se Y/Bw) ooed (f00®D (13w) (Ise1B8w)  (eN se 7/3w) arq Isqumu uorelg sweu uonel§
PIAJOSSIp  poA[ossIp ‘orejing  sej/Bw)  se]/3w) pRY PIoY PIAIOSSIP  POA[OSSIP WINIPOS
‘apUoy) qe[ ‘ApuEy]y  [e103 ‘Anaey[y L] dleuogredtg  ‘UmIsseloq

panunuo)--1IsAlY WyBienS woly J8em Jo sonsusioeseyo [eaisAyd pue [eaiwsyd--2 a|qeL

16



1L

KemySry wosouuIn
- - - 69 - - 08-91-60 18 1oAY WSreng
L11z Aeay3ty
Auno) preqquy
- - - 6¢ - - 08-91-60 18 1oATY W3rens
BI0SIUUWA[
- - - 10> - - 08-91-60 ‘a8esQ) 18 1oAYy 1yBreng
SET;
Kemygry Liumo)
- - - ST - - 08-91-60 103 Te I9ATY 1YSreng
1080L1S60;  ®1ossuury ‘o3esQ
- - o€ £ - - ¥8-T2-S0 -858591 Teau 10ALY 1y3reng
Bl0sUUWIA[
‘spidey] yred reou ‘1.
or> o> - 09'1 14! T 88-SZ-80 Kemydry erosoumy
or> o> e ore (Al T 88-¥-S0 STLEVISO 18 10ATY WSreng
E10SSUUTA
‘spidey yred reau
or> 01> -- T'l 14! I 88-7C-80 ‘C11 peoy Aluno)
01> or> & 61 (Al T 88-¥2-50 ETLEVTSO  19M93g Te 19y 1ySreng
EJOSSUUTA
‘a8esQ meou
or> or> - ST 4! T 887-80 ‘GZ1 peoy Aluno)
or> 01> & S €1 T 88-€7-50 TZLEVCSO  190ag 1 1oALy Stens
or> 01> - or> 1 I 88-7-80 el0SOUUTpy
oro> oro> € 8€0 66 70 88-€7-S0 OZLEVZSO  ‘98esQ 18 10ATY WSTenS
(1/3) (v3 (dseyB) (Nse1Bw)  (CoissySw)  (f sey/Buw) areq Iaqumu uonelg sureu uonelg
[€10] ‘QUAnOUIY  S[qRISAOORI  PAA[OSSIP ‘UCI] PAAJOSSIP ‘aJROIU PIAJOSSIP ‘BOI[IS PIAJOSSIp
[8101 ‘Io[yoR[y snyd aymiN ‘apuonyy

panunuon--Jealy WBIeNS woiy 181em Jo sonsualoeIeyd [easAyd pue [eaiwayd--'g ajqeL

17



1080L1560;,  ®l0sauUULy 9FesQ

- - - - - - ¥8-22-50 -85859Y Ieau IaATY 1YSreng
B1OSQUUTIA
‘spidey yreg 5eou ‘1
or> or> or> or> or> o> 88-6Z-80 KemySy wrosouuTpy
or> 01> or> 01> 01> or> 88-V7-50 STLEVTSO 18 10A1Y WySTEDg
BI0SIUUTIA
‘spidey yreq reou
or> 01> or> or> or> or> 88-77-80 ‘11 peoy Auno)
or> or> 01> 01> or> or> 88-V7-50 ETLEVISO  1oNoag 1o Iaary WSteng
BIOSAUUTIAI
‘28esQ meau
01> 01> or> or> or> or> 88-72-80 ‘g1 peoy Auno)
or> 01> or> 01> or> or> 88-€7-S0 ITLEVTSO  Ioxdeg 18 ATy WSreng
or> o> or> or> or> or> 88-47-80 Z10SoUUTI]
oro> o1'0> oro> or'o> 01’0 01°0 88-€7-S0 0TLEVTSO  ‘°8esQ e ARy WSteng
(y/3) (137 (1/37)) (1/31) (/37 (1737) a(Q IaquImu uonelg aureu uonelg
J[qRISA00I  [BJ0} ‘SUOIPWOI] J[qRIFA00I [B10) [GRISAOORI[EI0)] [B101 SUIZURBKD)  [E101 ‘SUIZeny
‘awifjowrory ‘uznqrua JO[Yor oI

panuiUO--J1aAIY WBIRIS WOy 191EM jO SONisLIaloBIBYD [BOISAUd pue [eowayd--g a|qeL

18



(6861 *unwmod uoNLM *YIJN) UOSHE STIIM WoLJ ele(]

(6861) Tyny wosy w1
1080L1S60;  BI0SSUUL ‘2FeSQ
- - - - ¥8-TT-S0 -858591 Teau IoAy Wy3reng
BIOSAUULA
‘spidey yred Ieau ‘[
or> or> or> or> 88-5-80 KemySiy wossuuty
or> 01> or> or> 88-¥2-S0 STLEVTSO e 1oAY WSTeng
BI0SAUUTA
‘spidey] sreq rau
- - - - 88-¥2-80 ‘S11 peoy Lyuno)
or> or> 01> or> 88+4C-S0 ETLEVISO  Ioxoag 18 1ALy W3reng
BlosouuIjy
‘a3esQ eau
or> 01> 01> 01> 88-¥7-80 ‘SZ1 peoy Auno)
or> or> or> 01> 88-€7-S0 TTLEVISO  Iodag T8 Ioary 1ySreng
or> o> 01> or> 88-77-80 BJOSSUUIIA
010> oro> oro> oro> 88-€7-50 OTLEVISO  ‘03esQ 18 oary WSreng
(/31) (1/87) (13 (1/81) saurzedoig s Jaqumu uoTelg aureu uonelg

[610) ‘ufempLL, [e10} ‘SUADOUNS (10} ‘SUTZBUNS

Panunuo)D--19AY WBIRIIS Woly Ja1em JO sonsualorIeyd [eoisAyd pue jeonuayn--'z ajqeL

19



residence time of open water, and on the type and extent
of vegetation along the stream. Net incoming radiation
also is significantly affected by cloud cover.

Stream temperatures were measured continuously
during May 1988 through August 1989 at four sites (A, B,
D, and F). Representative results are shown for site B on
figure 9. This figure also summarizes air temperature,
stream and ground-water temperature, and the relation
between hydraulic head in the stream and in wells
screened at different depths near the stream. These data
generally are representative of conditions at other sites
where data were collected.

Air temperature during the period ranged from a high
of about 40°C to alow of about -35°C. Daily fluctuations
in air temperature averaged about 25°C. The magnitude
of daily and seasonal stream-temperature fluctuations
were not as great as temperature fluctuations of air.
Stream-water temperature ranged from a high of about
28°C in summer to a low of about 0°C in winter. Daily
fluctuations in stream temperature were about 15°C in
summer. In winter, while the stream is ice-covered, the
water temperature remained at about 0°C. Figures 10and
11 illustrate the variability in stream temperature at sites
A and F during January 1989, and sites A and B during
July 1988. Figure 12 illustrates the variability in stream
temperature at sites A, B, D, and F during July 1988. The
stabilizing effect of the release of water at Straight Lake
is shown at site A in figure 12.

Daily variability in stream-water quality

On July 12 and 13, 1988 measurements of pH, air
temperature, water temperature, and dissolved oxygen
were made at about one-hour intervals at several locations
on the stream. Figure 13 illustrates daily changesin these
field measurements at sites A and F. The graph of site F
is similar to data collected from sites B and D during this
period. Data from site A is significantly different from the
others because it is influenced by the reservoir at the outlet
of Straight Lake.

The plot of temperature data from site F shows daily
fluctuations caused by solar radiation, evaporation, and
contact with warm air. The stream reaches its warmest
temperature at about 1700 hours. After this maximum,
the water becomes cooler as it loses heat to the
atmosphere by radiation until about 0800 hours, when the
daily cycle is repeated.

The graph of dissolved oxygen concentrations and pH
also show daily fluctuations. These fluctuations are
influenced by alternating photosynthesis and respiration
of aquatic plants. Dissolved oxygen and pH reach their
maximums shortly after solar radiation reaches its
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maximum and oxygen from photosynthesis has
accumulated. Minimum values of dissolved oxygen and
pH were measured at about sunrise, when respiration has
utilized the maximum amount of accumulated oxygen.

Figure 14 illustrates data obtained at 2-hour intervals at
sites A, B, D,and F. Little of the variation in stream
temperature and dissolved oxygen exhibited at the other
sites is evident at site A because of the moderating affect
of the reservoir. Figure 14 also shows the downstream
daily changes in stream temperature and dissolved
oxygen at sites A, B, D, and F during July 12-13, 1988,
and illustrates that temperature and dissolved oxygen of
water at sites B, D, and F have similar trends, but vary in
magnitude among sites.

Water Quality and Quantity for Trout
Habitat

Trout generally need water of better quality than is
needed for most fish. Brook trout (Salvelinus fontinalis
Mitchill) are not found in the Straight River, but were
common in the stream as late as the 1940's (Dennis Ernst,
Minnesota Department of Natural Resources, written
commun., 1990). Brook trout require clear, cold waters
with a silt-free, rocky substrate (Raleigh, 1982), and do
not thrive where the water temperatures exceed 20°C for
extended periods. Brook trout are tolerant of stream pH
conditions from 3.5 10 9.8 and to a wide range of alkalinity
and specific conductance. Optimum oxygen levels for
brook trout are greater than 7 mg/L at temperatures less
than 15°C, and greater than 9 mg/L at temperatures
greater than 15°C (Raleigh, 1982).

Stream temperature appears to be a limiting variable
for trout in the Straight River. The stream probably is now
too warm for the reproduction of brook trout, and may be
near the upper limit for the maintenance of brown trout.
Reduction in stream discharge also could degrade the
habitat for trout in summer, further reducing the
population of trout in the stream (Dennis Ernst, oral
commun., 1990). Stream habitat for trout does not seem
to be limited with respect to dissolved oxygen, even
during summer.

Ground Water

Glacial deposits were divided into the following four
hydrogeologic units for this investigation (fig. 2): (1)
sand and gravel (outwash) deposits at or near land surface
(surficial aquifer), (2) till and lake deposits (confining
units) that separate the uppermost confined-drift aquifer
and the overlying surficial aquifer, (3) buried sand and
gravel deposits (uppermost confined-drift aquifer), and
(4) glacial till or lake deposits exposed at land surface.
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Figure 33.--Change in model-simulated temperature of Straight River at
U.S. Highway 71 (site F) during May through September 1988,
resulting from reduced base flow due to irrigation withdrawal
of ground water, Straight River, Minnesota.

indicate, however, that irrigation is having a significant
effect on ground-water temperature, or on the temperature
of the Straight River.

The construction of the dam at Osage also may have
resulted in increased temperature of the Straight River.
Measurements of temperature in Straight Lake indicate
that it ranges from about 22°C near the surface to about
10°C at depths of 45 feet below the lake surface during
late summer. The effect of the dam, where outflow is from
the surface, results in warm (lake-surface) water flowing

into the stream below the dam. Model simulations of the
stream, in which the temperature of water discharging
from the lake was reduced by 5°C, were conducted to
represent possible bottom release of water from the dam.
These simulations indicate that stream temperature could
be reduced by as much as 1.3°C, about three miles
downstream from the dam, at site B, if the outlet structure
of the dam were changed (fig. 34). The reduction in
stream temperture was found to be less significant
downstream from site B.

DEGREES CELSIUS

CHANGE IN STREAM
TEMPERATURE, IN

MAY JUNE

JULY AUG SEPT
1988

Figure 34.--Changes in model-simulated temperature of Straight River at Becker
County Highway 125 (site B) during May through September 1988, resulting
from a simulated 5-degree Celsius decrease in the temperature of

discharge from Straight Lake.
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