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GEOLOGIC SETTING STREAMFLOW

INTRODUCTION

The Manistee River basin above Smithville drains
an area of about 500 square miles. More than half

Miscellaneous discharge measurements have been
made at various times at several points on the

Jordan River (1.55 cfsm at Pinney Bridge on August
12, 1968) supports this view. The higher discharge

) ) : ivers, its waters flowing cool and clean, and of this area is outwash plains underlain by perme- 8445 Manistee River and its tributaries. A series of meas- on the Manistee at the next three stations down-
viérehﬁnci(fllgevﬁiz:&efaﬁ;igswt: 2{1?%1111:;1?; gerg- %txlrzeurll‘tliveach bend a pleasant \gilderness scene. This able soils and glacial drift. The rest of the basin is - urements made on August 14, 1968, for this study, stream (1.01 to 1.06 cfsm) is attributed chiefly to a
ple (wilderness or semi-wilderness atmosphere report deals with that part of the river upstream chiefly rolling to hilly—topography characteristic of 85°00' ’ are listed below. Also listed is the mean discharge large contribution of ground water from the perme-
fast-water canoeing, trout fishing), but expanding’ from State Highway M-66 at Smithville. Several glacial moraines. Most of the morainal areas also ‘1‘ 45°00" for that day at the gaging station near Grayling. able materials in the upper basin, although leakage
recreational needs must be balanced against the hard-surface roads give access to the upper river as are underlain by permeable soils and drift, but silt INTRODUCTION These measurements were made after several rain- from the AuSable River basin to the Manistee may
growing demand of water for public and industrial shown on the location map. Numerous dirt roads and clay generally are more abundant than in areas R.5W - less days, so the discharge was derived entirely from be a contributing factor. Between the CCC Bridge

supplies, irrigation, and dilution of sewage and other

and trails give access to the river at intermediate

of outwash.
The generally permeable character of the soils and

The flow of any uncontrolled river varies from

ground water.
The relatively low discharge per unit drainage

and Sharon the discharge declined from 1.01 e¢fsm to
0.77 cfsm, suggesting either less permeable materials

wastes. In order to make intelligent decisions re- points. The recreational values of the Manistee de- s . : : day to day and from year to year. This variation : o s - ;
garding use and management of water resources for =~ pend on its characteristics of streamflow, water g::lf&;‘] tgepﬁig;:tzetflt‘l’g b::;r; ?zlzlbolvevs “,}“;]‘i:‘s osvte};e may be measured in units of discharge (volume of ?::Ea(g(')é‘li(’) rgﬁl:lﬁeaag)::ﬁloniztRozd Bn&gfhsu‘]gog:iiﬁ ;n thl:hpalx\}t :tfhtll;e baim f?:ha [ﬂ)sm.blz l(;ist(})lf vfséate;g
recreation and other demands, an analysis of hydro- quality, and bed and banks. This atlas describes rerw, : ) & water flowing per unit of time), velocity (speed of anistee basin e rom the No Sranch of the Manistee e Rapi
log"rif1 factors relatﬁd to recreationf isM essl;antial. N these charalcteristics and shows how they relate to a%:c%;:g?eog ::r:’;l;:gsl;:;mag}fen& g:‘;:g::ﬁ:ﬁ: movement of water), and stage (elevation of water T T T T T River to the northwest. The high discharge of the and Boardman Rivers to the northwest.
Mani i i ichi ! - creational use. . 3 . .29 N. i —a hi i , .
knovfn trz:)rllxltStsetiea:r‘ll: r—;S s(t)ll'l:agl haxlz(i:nlggiﬂrsnevzsus ] Much of th: Gi:nformation presented here was ob- of ground-water flow makes the Manistee a stable . ; iz;fl?f: )i.n 'fl?gezesggétssagigelﬁzﬁillya i}ﬁg}ﬁgﬁsf,};?:ff 260
public access sites and campgrounds. Upstream tained from basic records of the U.S. Geological stream, with relatively small fluctuations in dis- ties. Velocity also varies in diffarent venckes of the : :
from Cameron Bridge (see location map) the Mani- Survey’s Water Resources Division. Additional in- charge and stage. river, the velocity generally being greater in reaches 250 ) . Drainage | p. wiliene | Dischorge Velocity (fps)
stee is rated as a first-class trout stream but below formation was obtained from field reconnaissance The topography of the Manistee and adjacent having steep gradients than in flatter reaches. Also, Station Location area (cfs) (efsm)
Cameron Bridge the river is rated only as a fair surveys in 1968 and 1969. The study was made in river basins suggests that the Manistee basin may velocities are greater in shallow riffles than in deep 2 240 (sq mi) Maximum Minimum
trout stream by the Michigan Department of Natu- cooperation with the Michigan Geological Survey, gain some water from the AuSable basin by inter- pools. S - -
ral Resources. As a Michigan canoe trail it is second Gerald E. Eddy, Chief. Assistance was also ob- basin leakage where the Manistee and AuSable S o 230 Manistee River at i
only to the AuSable River in popularity. Estheti- tained from other sections of the Michigan Depart- Rivers flow southward in parallel courses north of y ' = 20 Mancelona Road | N.line sec. 19 43.9 17.6 0.40 1.46 0.19
cally, the Manistee is one of Michigan’s most attrac- ment of Natural Resources. ) Grayling. Losses from the Manistee basin north- : Bridge near T.29 N,,R.4 W.
west to the Jordan and Boardman River basins may & 210 Gaylord
also occur. However, the relatively large base flow : Manistee River Co
of the Manistee suggests that basin losses are small. = -
Sl & 3 20 Rd. 612 near N. line sec. 6 115 116 101 1.82 16
R.7 W. T‘Z‘;: l DISCHARGE Z 19 ‘ / . Frederic
J——W‘] Kalkaska Continuous records of discharge have been ob- 2 oo . L e Manistee River at 1
Tl . p A = 180 s - ; . NW% sec. 31,
REECIERs tained since 1942 on the Manistee River near Gray- S \\ L o i Gaging station T.2TN.R.4W. 159 168 1.06 - =
ling. A graphic summary of this record is shown at 2 i ey (I/.’\ e near Grayling
) right. The highest rate of discharge normally occurs . /N Minimum
Morain Grayling during the season of snow melt—usually in April. 160 A L D Portage Creek SWii sec. 22 40.1 26.3 66 1.25 16
S : i ; / N Grayl T.26 N.,R.5 W : : : :
Subsequently, discharge declines to yearly lows in " o e near Grayling . <y A% :
late summer or early fall and then increases slightly 150 = e ; . Manistos River st
5 T. 26N, as vegetation uses less water. During the late fall : h , ‘ ) g SWY sec. 25
b i R CCC Bridge near 254 256 1.01 2.12 52
and winter months discharge remains relatively low, 140 b g T.26 N.,R.6 W. ’ ) :
until the spring snowmelt completes the annual cy- 0O ND JFMAMIJ J AS Sharon
cle. The average monthly discharge, in ¢fsm (cubic
et ; GRAPH OF MEAN MONTHLY DISCHARGE North Branch
Outwash feet per second per sguare m}le), at th? Grayling Manistee River SE'% sec. 6 92.9 26.4 .28 1.53 27
) Yiing gage ranges from 1.37 in April to 1.07 in August. =y "
M iver o l[ / This is the smallest variation in monthly discharge
recorded for any stream in Michigan’s southern pe- Manistee River at SW4 sec. 6
Lake beds, sand ninsula. bridge at Sharon | T.25 N., R.6 W. 434 336 i 3.06 .36
Grand Rapids - :
VELOCITY
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Velocity of flow on the Manistee varies from place
to place. Velocity in some of the riffles exceeds 3
feet per second. In pools velocities may be less than
1 foot per second. Velocity usually is faster near the
surface at mid-channel than near the bed and banks
of the stream. Velocity also varies with discharge
at any given cross section. Normally an increase in
discharge is accompanied by an increase in velocity.

Maximum and minimum velocities for several
cross-sections are shown on the above table. These
sites were selected for baseflow measurements, and
no attempt was made to measure the fastest reaches
in the streams. However, it is unlikely that veloci-
ties greater than about 4 feet per second occur on
the Manistee, except possibly during periods of high
water.

QUALITY OF WATER

STREAMFLOW STREAMFLOW STREAMFLOW
INTRODUCTION
FREQUENCY OF LOW FLOW Quality of water is one of the essential factors in dissolved materials, chiefly clay, silt, sand, and or-
The frequency of low flow on the Manistee is of fluenced by low flow, as a stream can assimilate a deterfmining thedrecrela).ti(;mal value oi" :;11 rivelr. (?ual(i ganic tr_nat_erial:t mg\;ed in the stlrea;n. Physical
. 0L A A ) 1 A ity of water is described in terms of dissolved an properties important to recreational values are tem-
e oo o o o P i iy o St 3 b Schargs svenied e o the hyson rparis o et B, pacic condoctane i nd sl
L ) ; Apie, T, Hase 4 i the water. Dissolved substances include solids an e following sections discuss each of these para-
canoeing on the Manistee above Cameron Bridge ably uniform in discharge, periods of low flow a}rl'e SUMMARY gasses; the dissolved materials especially important meters of water quality. _A summary table describes
generally is slower and more difficult at low flow less noticeable than on other large rivers in the : . to recreational values are dissolved oxygen, nitrates, their relation to recreational use.
than at high flow. The effect of wastes is also in- State. ~The fOI_IOng table summarizes the streamflow and phosphates. Suspended materials include all un-
STAGE characteristics of the Manistee River and shows how
200 g these characteristics are related to recreational uses. TEMPERATURE
190 The stage or water level of the Manistee fluctu- ,
ates with discharge. The relation of stage to dis- . ) T ¢ . .. : 25
180 [ 4 : Sl . Relation of streamflow to recreational use empergture of water is a critical requirement for
H cgarge for 'ﬂ}e ll}’lal;)lsltee Rl./;,:rtl'lllear Grayling is Recreational (Prepared by the Mickigan Characteristics of Manistee River trout habitat. A record of water temperature has 75
170 BERWIL FTEBOIERIY NEIEW. g use been obtained on the Manistee at the gaging station
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DISCHARGE, IN CUBIC FEET PER SECOND

RECURRENCE INTERVAL, IN YEARS
GRAPH SHOWING FREQUENCY OF LOW FLOW

FLOW DURATION CURVES

Flow duration curves show the percentages of
time that specified discharges were equaled or ex-
ceeded. The curve at right shows that the Manistee
near Grayling discharged at least 160 cfs (cubic feet
per second) 90 percent of the time and for 10 per-

cent of the time the discharge was more than 210
cfs. The slope of the flow duration curve for the
Manistee near Grayling is flatter than that of any
other major stream in Michigan’s Southern Penin-
sula, indicating very uniform flow.

corded discharge of 388 cfs (cubic feet per second)
the gage height was about 1.9 feet. Higher stages
than this have occurred at times because of ice jams.
At the minimum recorded discharge of 122 cfs the
gage height was about 0.4 foot. For most years the
range in stage at the Grayling gage is less than 1

any damage to cabins or campgrounds caused by

high stages.

Department of Natural Resources)

High drought flow helps keep summer wa-
ter temperatures low. Excessive floodflow
removes cover and may cause erosion of
banks.

Drought flow in Manistee per unit drainage
area, is higher than most Michigan
streams. Flood flows are very low, cause
little damage.

velocities make wading dangerous. .

depth is less than 3 feet.

Abrupt and large increases in stage are a
hazard to wading fishermen.

Changes in stage generally are relatively
small and are not abrupt in the study
area above Smithville. Changes may be
abrupt below reservoirs in lower reaches
of river.

Boating season reduced by periods of flood
and drought.

Uniform discharges negate problems of
floods or droughts. Boating in upper
river somewhat easier at high-water sea-
somn.

near Grayling since May, 1957. A part of this re-
cord is shown graphically below. Maximum temper-
ature normally occur during hot sunny days in
summer—usually in July or August. The highest
temperature recorded was 24.4°C(76°F) occurring
on July 1, 1963. Temperatures at freezing point are

- o . . f.°°t‘ The small FAnge in stage contri}) utes to th_e recorded on many days during winter months. Sum-
130 S e : L g o river’s value for recreation. Canoe traffic is not seri- _— A variety of fast and slow reaches adds in- | Velocity varies in different reaches. Gener- mer water temperatures at the gaging station are 15 60
1.01 11 15 9 3 4 5 678910 20 30 ously hampered by low stages and there is little if Trout fishing terest to fishermen. Excessively high ally not too fast for safe wading where ovoler than those recorded st most other statians in

Michigan. During the period July 15 to August 14,
1968, records of temperature at four additional sites
were obtained. Maximum temperatures at these
four sites and at the gaging station near Grayling
during the same period are listed below.

Cooler water as shown for the upstream reaches
is a normal condition in most rivers. The cooler
water at the CCC Bridge between Grayling and
Sharon may reflect a relatively large inflow of
ground water in this reach.

Diurnal fluctuations in water temperatures of the
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; Boating A variety of fast and slow reaches adds in- | Alternate riffles and pools make boating in- Mani o 0
= - . . th s
= 350 o] terest to boaters. teresting. No rapids to challenge the ex- frﬁ?r:sfii 411r(1jng ¢ sumnar Banths generally rangs L LT 4
8 = pert in upper river. ’ JJ FMAMIJ JASOND
- _ ) ) GRAPH SHOWING MAXIMUM AND MINIMUM
o Small velocity makes upstream travel easier. Vg]oc}ty too fast for easy upstream travel MONTHLY WATER TEMPERATURES, AT
5 99 ity Fiftles, GAGING STATION NEAR GRAYLING, OCTO-
= BER 1957 THROUGH SEPTEMBER 1968
=) s Streamflow characteristics favorable to | See descriptions above.
g o & o e o i L o ; C;’g‘:?ﬁqir;d fishing and boating also are generally - - Maximum
200 0 e : - : -~ R S favorable to camping and cabin living. tation ation
ol 100 150 200 250 300 350 400 450 BT
2 | DISCHARGE, IN CUBIC FEET PER SECOND Mancelona Road Bridge N. line sec. 19, T.29 N.,R.4 W. 1E8°C 64.0°F
= ‘
§ igg GRAPH SHOWING RELATION OF STAGE TO DISCHARGE “Red Bridge” Co. Rd. 612 near Frederic N.line sec. 6, T.27 N.,,R. 4 W. 175°C 63.5°F
- t Ly o L ‘ Ml' ‘ Gaging station near Grayling NWY sec. 31, T.27T N.,R.4 W. 23.0°C 734°F
0.01 0.1 1 10 5 70 90 99  99.9 99.99 CCC Bridge SW14 sec. 25, T.26 N.,R.6 W. 18.8°C 65.8°F
TIME, IN PERCENT OF TOTAL PERIOD )
Sharon Bridge SW' sec. 6, T.25 N.,R.6 W. 23.0°C 734°F
FLOW DURATION CURVE

QUALITY OF WATER
DISSOLVED OXYGEN

Dissolved oxygen is another critical requirement
of the trout fishery, and is also a general indication

Dissolved oxygen in the Manistee was measured
periodically for 24 hours in August 1968, at the

QUALITY OF WATER

NUTRIENTS (NITRATES AND PHOSPHATES)

OTHER DISSOLVED SOLIDS

QUALITY OF WATER

QUALITY OF WATER

The following table summarizes the quality of water char-
acteristics of the Manistee River and shows how these
characteristics are related to recreational uses.

i organic w in water. campsite north of the M-72 bridge near Grayling. Nutrients, chiefly nitrates and phosphates, influ- The chemical analyses tabulated below are typical : : . .
%att}:; zgilﬁs:gzng?ﬂ? fdiss%?ved 02;1::,1 contains Oaxygfan gi\?ertl off by water pl ami during suﬁ’]ig}i ence the amount and variety of plant and animal life of an unpolluted river in a forested basin underlain Recreational Rela?on of q\?htYIOf water .Q‘if[‘htY of water
about 14 mg/1 (milligrams per liter) at temperatures hours raised the dissolved oxygen to 1.1 mg/1 above in a stream. By stimulating growth of water plants by permeable glacial drift. The water is of the cal- L. o i e e
just above freezing. As water is warmed its capa- saturation on August 14. During the following nutrients also strongly influence the amount of dis- cium-bicarbonate type, moderately hard, and low in Temperature Maximum temperatures on the
city to hold dissolved oxygen decreases, and at a night dissolved oxygen dropped to 2.6 mg/l below solved oxygen in the water. An abundance of nutri- sulfates and chlorides. Criteria for intrastate waters, as estab- Manistee at gaging station near
temperature of 21.1°C (70°F) the saturation capa- saturation. On August 15 dissolved oxygen in- ents may result in abnormally high concentrations CHEMICAL QUALITY OF WATER IN THE UPPER MANISTEE RIVER lished January, 1968, by the Water Re- Grayling exceed 7T0°F (21.1°C)
city is only 9 mg/1. In summer, the effects of dis- creased to only 0.3 mg/1 above saturation, probably of dissolved oxygen during the day and abnormally H sources Commission Michigan Department for a few days of most years.
solved oxygen released by submerged plants usually because partly cloudy skies reduced the activity of low concentrations at night. The ultimate decay of P : ] . of Natural Resources (1968) specify 70°F Maximum temperatures in most
mask the effect of diurnal variation in temperature. water plants. This is a normal range for an unpol- the water plants also consumes oxygen. Concentra- . - . o Gaging Station Bridge near (21.1°C) as the maximum limit for intoler- of the river downstream from
luted stream with a moderate amount of bottom tions of nutrients in stream water normally are low The pH of water is an indicator of its acidity or near Grayling Sharon ant fish (cold-water species). Grayling probably also exceed
vegetation. in summer because submerged plants remove these alkalinity. Waters with a pH of 7.0 are said to be 70°F most years. Upstream
materials from solution. neutral. A pH lower than 7.0 indicates acid water; 4-28-66 2-1-67 4-28-66 fotn Prederie witer tempera-
0 ‘ = N 68 Chemical analyses of samples of water from the a pH higher than 7.0 indicates alkaline water. The o tures are generally cooler and
LT e R T R B e T P e e Manistee at the gaging station near Grayling and at water in the Manistee River is slightly alkaline, with Silica (Si0,) mg/1 ; 6.2 7.0 5.2 robably exceed 70° only oeca-
: dol o ' ’ 2067 = a bridge west of Sharon show nitrate concentrations ~ PH values in the study area ranging from 7.2 to 7.6. Cxleiui (Ca) wgh u“ 43 36 Eionallyy 4
] | Manistee River near Grayling :E_" of 0.2 to 0.5 mg/1 and phosphates 0.03 to 0.12 mg/], 8 ’ i
g ‘ . — : -1 66 L respectively. T}!ese low values are typical o.f‘an un- SUSPENDED AND FLOATING SOLIDS Magnesium (Mg) mg/] 8.6 9.2 6.7 Dissolved Oxygen Dissolved oxygen on the upper
S 65 = polluted stream in an area where use of fertilizer for ) The Water Resources Commission (1968) Manistee probably does not go
g o farming is essentially nonexistent. No measurements were made of suspended sedi- Sodium (Na) mg/1 2.8 2.2 2.0 specifies a minimum of 6 ppm (mg/l). . bglow 6 mg/l at any time./1 g&t
prst 64 g ment or floating solids in the Manistee River. How- Potassiam (K) mg/1 4 3 4 Trout fishing At water temperatures above 20°C (68°F), night may drop 2 to 3 mg/1 be-
S L SPECIFIC CONDUCTANCE ever, water in the Manistee usually appears clear Tarzwgll (1957) indicated full air sa'tu‘ratlon low saturation.
& 63 = and even at high water flows it is only moderately Bicarbonate (HCO;) mg/1 172 170 132 is required for the full range of activity for
& e 9 The specific conductance of water is an indicator ~ cloudy, indicating that the stream carries only small Encbiits 00 " : 0 o brook trout.
= = of the concentration of dissolved solids. It is useful ~ amounts of suspended sediment. Floating solids are Arbonkte (s ) g Hydrogen Ion Concentration (pH) pH of the Manistee ranges between
& -6l S in measuring the dissolved load of a stream. Re-  also rare except for some leaves and decaying or- Sulfate (SO,) mg/1 76 8.6 1 Water Resources Commission (1968) spec- 7.2 and 7.6.
=6 & cords of specific conductance have been obtained on ~ ganic material which occasionally appear. There i _ ’ ‘ ifies limits of 6.5 and 8.8
= g0 & the Manistee River at the gaging station near Gray- appears to be considerable transportation of sand Chloride (Cl) mg/1 3.0 3.0 1.0 : =
. ling since October 1965. From November, 1965 to along the stream bed in some reaches, but this mate- Nutrients (chiefly nitrates and phosphates) Upper Manistee is free of undesir-
15 i b bl i enlla il e e e 59 September, 1969, specific conductance ranged from rlgl would not be picked up in normal sediment sam- Flouride (F) mg/1 1 1 1 Water Resources Commission (1968) re- able weeds, algae, and slime.
225 to 300 micromhos. The lower values usually are pling procedures. . quires nutrients to be limited to the extent Bottom vegetation is sparse to
« | e SIS RS IO RS Ve ST ik 08 I SO SR T S R associated with relatively high discharges. Typical Nitrate (NO3) mg/1 5 2 2 necessary to prevent stimulation of growths moderate. Nitrate and phos-
B B L j ’ : values are shown below. of Algae, weeds, and slime, which are or phate content probably low at
;‘ . f . v ‘ Fhouphaorous (xs £0y) mg/| 08 38 = may become injurious to the designated use. all times.
& 10 - Q | Theoretical saturation L DISCHARGE AND SPECIFIC CONDUCTANCE OF THE Dissolved solids 157 158 128 Because these nutrients are rather quickly
2 ; . L mmd ‘BWK!_'!‘ ;_*""'“"’“*-&.‘ MANISTEE RIVER NEAR GRAYLING (calculated) mg/1 taken up by plants, exact limits of desirable
= . , e o - e concentrations are difficult to determine.
=YY . 1 . Hardness (as CaCO;) mg/1 146 145 118 - ) ; ;
§ Date Disclsange 1) Specific conductance N p fighi Floating, Settleable, and $u§pended Solids Upper Mgnlstee.e generally. is free
= (micromhos at 25°C) Specific conductance 284 286 228 rout Lishing, Water Resources Commission (1968) spec- of floating solids and residues of
. - (micromhos at 25°C) boating, ifies no objectionable unnatural turbidity, unnatural origin. Turbidity usu-
= 8@ Oct. 3, 1966 168 300 camping, and |  color, or deposits sufficient to interfere with ally is low.
g pH 7.6 7.2 7.3 cabin-living designated use; no floating solids, or evi-
° k Feb. 1, 1967 195 280 dence of residues of unnatural origin.
% Apr. 5, 1967 252 270 |
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