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EXPLANATION
100,000 300 BERACE WATER 306 SOURCE OF WATER
Y8 ) ) Approx- Base flow period Base-flow period 7-day min- ' ' ' ! T T v T
< Number| Station Gaging station imate Aug. 20-22, 1969) Aug. 17-20, 1970 imum discharge & EXPLANATION » A
o ke Number partial record or miscellaneous drainage = — 10-year recur- o 2] . | |
% Y € discharge measurement site area | Discharge | *Specific | Discharge Yield rence interval 3= | DISSOLVED SOLIDS  HARDNESS _ w Stream at active gaging station
7 (sq. mi.) (cfs) conductance (cfs) (cfs/sq. mi.) (cfs) W o e
° i i \ Z L ° o |:
% 1 05261351 | Nokasippi River near Esden 78 10.2 220 2.87 0.037 — \\\\\ — sa Partial-record or miscellan- =1 A
- 2 |05261440 | Dagget Brook near Crow Wing 57 42 345 .38 .007 — \ Mississippi River near Anoka, Minn. L eous-measurement site or dis- e ¥ e
3 _ Hay Creek near Crow Wing 22 _ _ 5.15 007 s %\ VIVater ylearls l93|2-68 o E 200 continued gaging station T ™ 200 A < Stream at discontinued gaging
4 |05261520 | Nokasippi River near Crow Wing 191 19.7 265 10.2 .053 4 10,000 e R I s & % ' 0d / station
94°15' e 4 5 — Little Nokasippi near Fort Ripley 23 _ — : 1 0 = \\ Mississippi River at Elk River, Minn_] 59 =o 46°]15e
/r-' '\J S ® 6 |05262500 | Fletcher Creek at Camp Ripley Junction 24 - i 0 — A - N Water years 1916-56 @Q’ Sauk River near St. Cloud, Minn. é E .
‘ (/ $ 7 - Elk River at Randall 73 - L 0 - = b Sy / 9= v v 7 = A
05267000 Mississippi River near Royalton, Minn. 460157 =¥ 46°15' 05270500 Sauk River near St. Cloud, Minn. g 0526_3000 lIEllt(ﬂlg'Elk RlverLa_;(ﬂRa:d"all 63 4_85 - 0 = % N \\ oZ Elk River near Big Lake, Minn. = % Stream at partial-record or
Drainage area (approx)_ — — — —— — _ __ 11,600 i . A \\\\‘E‘ :\)‘\—}’2\ . Drainage area__ ________________ 925 sq mi. el L 161 : 430 -001 <1 O N 8 < = o ®- miscellaneous measurement site
=4 pPp ’ sqm 4 < “'\\)\\\\\\ == ° Years of record (water years) 10 — Swan River at Pillsbury 34 - 0 ac w ~N w =z -
Years of record (water years)_ _ _ _ . __ __ 1934-71 <8 ?{"“‘:\\\\.‘)‘" ’\ 11 — Pillsb Creek at Pillsbur - ” \ a k& 100 100 =< o
g rd (4 - AR 1902-12, 1930-31, 1934-71 illsbury y 52 _ _ 110 = \\ Sz 03
Maximum daily discharge__ __ __ __ __ 37,700 cfs 94°3 \\‘\"-}'4\\\\ Q Maximum discharge_ _ __ __ ___ ______ 9100 cfs 12 05265500 | Swan River near Flensburg o N N > w 2] e D
Minimum daily discharge 254 cfs N NS g ' : 144 11.0 395 .046 — w 1000 . =D 172}
daily PR WS LA N \\ . Minimum discharge_ _ — — — — __ _ ________ 0.3 cfs Swan River near Little Falls ~ & — — 2
Average discharge (47 yrs)_ _ _ __ __ ____ 4177 cfs e _/\ o VAN g Average discharge(d1 yrs) 254 ofe 13 05265700 175 14.2 400 074 3 = S — 1 T 717 ——hr 8 = = .. .
Runoff, average annual - _ __ __ __ ______ 4.89in. l - % CROW WING COUNTY * RGHOR] dheabdls diilai | 3o | 1L LH = i — | 05267000 | Mississippi River near Royalton 11,600 2380 — 091 590 5 ~y M ppi River near Royalton, Minn. =y » 5 L 4 a ; Surficial sand and gravel aquifer
o - — — s - — o SR = e e b 14 —_ North Branch Two Rivers near Elmdale 17 1.69 380 018 Y w Water years 1925-68 N oz o
\ ISON COUNTY e i <
o P MORR / A o 15 05267200 | North Branch Two Rivers near Bowlus 24 —_ == .078 — ¢ 8 + . é::
N 16 — Two Rivers at Bowlus 57 — — .053 ey ] Z' &
- —_ — - - 17 — South Branch Two Rivers at Bowlus 97 — — .048 — o N Elk River near Big Lake, Minn. 0 ' 1 ! ' ' ! 0 ZIO Buried sand and gravel aquifer
e aaba i bl b D 9he74700 St Francis Riverat Santiags; Miny. 18 |05267400 | Two Rivers near Bowlus 159 1.04 450 040 - 3 J< [Water years 1912-17, 1935-68 0 100 200 300 400 500 600 2 !U !
Drainage are (approx)_ _ _ _ __ _ _ _ __ --338 sq mi. Years of record (water years) __ _ _ _ __ __ 1966-70 19 — Spunk Creek near Holdingford 63 —_ — .040 — = N 94°45 O Z
Years of record (water years) most winter . Maximum discharge _ _ __ ___________ 2970 cfs 20 |05267580 | Spunk Creek near Royalton 89 2.70 465 047 Dry = 100 N SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25°C o S
records incomplete _ _ __ __ ________ 1929-36 ;I N) H Minimum discharge__ __ __ __ __ ______ 0.1 cfs 21 05267700 | Platte River near Harding 77 .66 — .015 — = . e <t AR - g’.‘g
mia:i'nr:ﬁ: :::z:::g: 22:2::23" “.‘““14052 z:: Di 7 Average discharge (5 yrs)- - - - - - -- - -- e 22 | 05267810 | Big Mink Creek near Pierz 29 .86 - 022 i g —1 TE T i it 8 = Sandstone aquifer
___________ : Sl (/\v\\\““ 23 _ Skunk River near Lastrup a3 1.03 _ 073 = % [_Example: A flow of 100 cfs may — s y = (Mount Simon-Hinckley-Fond du Lac)
94°4 O} i ‘,\\\1‘__:‘ X i | | be expected to be exceeded N - & =
. © ,.\};\3.\\\\ 23 —he00 24 05267890 | Skunk River near Pierz 58 5.87 — .128 s 8 51 percent of the time .2 N o 299" ¢ o ‘
e 46°00et ‘g S . 25 | 05267900 | Hillman Creek near Pierz 53 22 — 033 o = 2 GROUND WATER 2
1-\ S o \ \\\\\'\Q@“\\\“‘g’# / 05274900 St. Francis River near Big Lake, Minn. 26 | 05267930 | Skunk River near Buckman 145 10.0 — .080 o \ 600 T T T T 600 o @
. = \ N2 Years of record (water years) _ _ _ _ _ _ __ _ 1966-70 27 05267980 | Platte River near Little Falls 309 50.2 280 .151 = s : SNEQ :
44 i g .‘\e}\\\\'\\\\\ &3 il PO Maximum discharge . _______ 2110 cfs — | 05268000/ Platte River at Royalton 338 49.0 275 _ 4 Sjv“'; Ehver "e;;lsot Cloud, Minn. EXPLANATION 4 Feneous rock )
) 2y .ﬁ'\‘:ﬁ_\\\‘\x \\\\ ° Minimum daily discharge_ __ __________ 20 cfs 28 05268500 | Little Rock Creek near Royalton 35 4.18 280 .063 = 10 1; St ook L - 5 e JOsaki /D‘s§°lve.d Bolide fealculated),
: \\X\\\\\\\\\\\\\ Average discharge O yrs) - oo oo oo 108 cfs 29 — Bunker Hill Creek near Rice 18 — — 002 T 35-68 N w = ISSOLVE.D SOLIDS HARDONESS j:;eo .CZ?;Z."i‘i:‘?ﬁ"w L.:Z.rtfg: | » - 5 o 10 illigrass per litee
) N\ 30 | 05268700| Little Rock Creek at Rice 74 15.4 295 143 = = - domestic consumption is 500 5le g = 4| NerKEEGSGTTO
"y 31 — Sucker Creek near Rice 36 —_ — .001 — = milligrams per liter = MORRISON C(Q Y - 4 ol il M
: ' : 32 — South Fork Watab River at St. Joseph 27 — —_ .026 — & 500l —— . o | I s B I, = <= 50 gla 9.24 BENTON COUM = SE 4] #
: 05275000 Elk River near Big Lake, Minn. 33 — North Fork Watab River near St. Joseph 19 —_ — .094 — E.‘_J Mount Simon-Hinckley-Fond 0 w - 45 > 2 | HCO,
Drainage area_ _ _ _ _ _ __ __ _ _ __ ____ 615 sq mi. 34 05269800 | Watab River near Sartell 88 5.38 420 .060 _— » du Lac aquifer '2 : > __ L;\_ _ _TODI)_ A v g 5 — Ca
/ LY Years of record (water years)_ __1911-17, 1934-71 35 — Sauk River near Osakis 78 = —_ .036 — Duration curves based on s = 45°45" S\ e ( STEARNS \‘ ~ =l & 1 =
.® \{ BENTON COUNTY ~M\ Maximum discharge_ _ __ _ __ __ __ ____ 7360 cfs 36 05270110| Sauk River near Little Sauk 130 17.2 390 .109 — daily mean discharges < L o o 95°15' S | B = ] Depth of well, in feet below land
' %A 29 5 Minimum discharge__ _______________ 3.6 cfs 37 05270130| Ashley Creek at Westport 47 — = .052 £ 1 ! 1 1 % B Igneous rock ] E 40 E Z N Sauk CentE 0 18/ surface (ground water) or dis-
§\§ Qvefage discharge (43 IWS’ ———————————— 55:2 cfs 38 = Silver Creek near West Union 39 — - .027 i 1% 2: 5 "10::20 50 80 90 95 98 99 = S s = ) charg(;e, in cubic feet per
30 unoff, average annual - _ __ __ __ ______5. : - N2 o t
2\ S A o i 39 | 05270150| Ashley Creek near Sauk Centre 116 9.24 480 043 <1 PERCENTAGE OF TIME INDICATED DISCHARGE s . ¢ @ s Ak
45°45 B 788 Q0 45045 40 — Hoboken Creek at Sauk Centre 30 — . 0 2 . o = . © > Total of calei I —
95°15’ g E" Q\ 3 41 — Sauk River at Sauk Centre 304 19.5 372 .068 i WAS EQUALED OR EXCEEDED z 400 400 2 E]l é T o.tad.o :.a clufm pluts me;lg'ngsmm 18
J S \\\ *e 42 — Sauk River tributary near Meire Grove 5 0 = 0 ot ~ Q | ’5‘ < Indicative of relative hardness
ﬂ 43 i\ 05275500 Mississippi River at Elk River, Minn. 43 — Sauk River tributary near Melrose 13 = — 0 - & e © 6 . /'\Q*J E (..
° 0 43 Drainage area (approx) 14,500 s i 44 - Prairie- Craak at Wayds: Spring 38 - — 0 TR E ee wn ° sno °
. = 4 ) Ny s // ) Q/ f | | | Drainage area(approx)__ - _ __ __ __ % q mi. — o1 93°45’
K| Z Years of record (water years)___ ______ 1916-56 45 | 05270210| Adley Creek near Melrose 99 481 366 053 = BASIN CHARACTERISTICS OF = < e ‘/L{, i . b el
e ‘;‘é Maximum discharge _ _ _ _ __ __ __ ____ 49,200 cfs 46 — Sauk River tributary No. 2 near Melrose 10 — = 0 — ST E S E e el g:-' D | |
[ 2 ] . Minimum discharge . _ __ __ ________ __ 278 cfs 47 05270230| Sauk River at New Munich 520 33.0 470 .070 9 REAM IN THE WATERSHED b—) [ 3500,
e /'\' ; o Average discharge (41 yrs)__ __ __ ____ 5,324 cfs 48 05270250| County ditch No. 44 near New Munich 25 22 570 .004 X ARE REFLECTED BY THE SHAPE % 300 = ‘MILLE i
- . V’LL 3 el L N S il 49 | 05270280| Getchell Creek near New Munich 56 39 460 014 - OF THEIR FLOW-DURATION o 0 o ; | LACS co
. 63 S§ 50 — Stony Creek near Spring Hill 25 0 —_ .075 — CURVES —Th _ﬂ 4 ti - o - -
95°00," A Q ‘\-/s 51 — | sauk River tributary near Spring Hill 17 — ' 019 L -—The flow-duration curves for -~ S I T (. e i | R ki 2 -
A TAN N 3 co 52 | 05270350| Sauk River near Farming 710 43.8 482 .065 - the three gaging stations on the mainstem - | 2
: . , " §\‘\§ _.._.L»,-—- > - i 53 — aaukCRivir tribu::rytnear Farming 16 0 — 0 . = of the Mississippi River are typical of large s = 45308
83 4 54 — ill Creek near Marty 20 = —_ 2 — . . . [O]
. riwvers. They all have mi = 6
Base from U.S.}Geologl.cal Survey . ' ’ \%& 55 05270455| Mill Creek at Rockville 43 3.62 420 113 - ey ld, uniform slopes 6 Water whose hardness exceeds - Cold S g P*\}
1:250,000 Series: Brainerd (1953-65), £ . / " — | 05270500| Sauk River near St. Cloud 925 72.0 410 .080 11 and are more or less parallel throughout o et litetis, 300 = , pt
D:;u§2.|(|19?3—1693%,38t. Cloud (1953-67), - - ' \ o \45°30 56 | 05272300| Johnson Creek near St. Augusta 47 5.17 470 137 =5 their entire length. Flows at these stations % _———CTidire—d-:ezia:j ————— z ‘. A ’
a illwater 45230 g; 05272600 gllum Cr;aek R?ear Clearv'zgteg | g; %.g? igg -832 — are partly ‘regulated by six reservoirs that S | e 94°45’. &)‘){
05273000 earwater River near Kimba 3 i ) o ¥ % .
59 — Clearwater River tributary near Annandale 19 —_ — .053 — have a total usable capacity Of 1,640,600 8 : I & (/ g\, 4
: 60 05273498| Clearwater River at Clearwater 183 4.10 450 .031 o aCTe-feet. El) : E LI
. 61 05273600| Silver Creek near Hasty 51 2.20 364 gg(l) = The flow-duration curves for the Elk » | E
ik ce - 1 hontte' Cresie frad M°S"t“gj“°d i 7S = : — River near Big Lake and Sauk River near a i EXAMPLE:—Ground water 160 = e D
(/ . A0 Mpshew Greok near . Clod 22 71 o 908 T St. Cloud show considerable contrast. The = I having specific conduct- *STEARNS COUNTY
EXPLANATION 2 64 | 05274000| Elk River near St. Cloud 82 4.36 380 045 &y A : . o} | ance of 550 micromhos MEEKER COINTY | Lo
65 — Elk River near Clear Lake 131 Al "o .105 it Sauk River station has a drainage area of 2 i fe = i t SEaut MEEKER COUNTY ! Rivg
GAGING SITES Approximate scale of flow D 66 | 05274300| Rice Creek near Clear Lake 48 4.63 370 .073 — 925 square miles compared with 615 square a I 270 @ /I essdo " c?_u o ol \ ,r’ 4 Monticello Q,YXERBURN@
during August 17-20, 1970 . Cu— 67 | — | Briggs Creek near Clear Lake 8 = - 415 = miles for the Elk River station; yet, th r | I-solids content of i o) A\ D & W RIGHT
 ‘STEARNS COU? 68 | 05274380| Elk River near Becker 216 40.1 320 103 i X L station; yet, the ! solved-solids content of Q/ﬁg%w,‘ ik . %*;/ . Co
A 0 MEEKER COUNTY ! 69 — Elk River near Orrock 243 i 2 123 - sustained flow indicated by the lower end : about 325 mg/I 45°15°_ I \ 172 “ . r° ,,L
Active gaging station ) o o | 70 | 05274480| Snake River near Big Lake 32 9.74 363 264 — of the duration curves is much higher in the 0 | s e | l | 1 0 : ‘ A~ .‘ S 49 é;“g&_\ -\45"15'
continuous record 1000 0430 — 05274700| St. Francis River at Santiago 89 4.2 325 .018 Dry smaller basin. Part of this difference in flow 0 200 400 600 800 1000 ; ) e 94015 R, - h
) 3 71 — | S} Francis River near Orock 133 4.50 — 046 - characteristi be attributed to th SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25°C i i ) s . oo :
45°15°— 45°15" \_‘ 15 72 = St. Francis River tributary near Orrock 11 1.06 324 .052 — i s ervs ws.can € attr u,e to the :5‘1/:1’- 0 ! ] .
A e ."\/~' o -~ JV s . 73 = Battle Brook near Lake Fremont 35 3.44 . 049 _ Sfictal geology in the two basins. Surficial o 5 10 KILOMETRES
. [ — X . . . . . Lol o
Discontinued gaging station X e 94°15 — | 05274900| st. Francis River near Big Lake 211 39.0 252 152 12 sand and gravel, having relatively high :
onuinued BRI > T AT e — | 05275000| Elk River near Big Lake 615 93.0 257 .120 25 water-yielding capability, covers 60 percent DISSOLVED SOLIDS AND HARDNESS OF WATER
Sis! i Riv , : — 05275500 Mississippi River at Elk River 14,500 — — — — . ’ ’
A Drainage ares (approx)_ . —————- 19,100 sq mi. — | 05288500| Mississippi River near Anoka 19,100 | 3630 - 103 960 of the Elk River basin and only 20 percent CAN BE ESTIMATED FROM SPECIFIC CONDUCTANCE
,. OL ) g ? 1]0 MILES Years of record (water years)_ _ _ _ _ _ . _ __ 1932-71 - ; ; = Of the Sauk River basm.
Partial-record or micellaneous- 0 . W i oNEtRES m"’r:‘l':::: :::g::r'gg: “““““““ 91,222 2:: ' IITARNIGE RAFReMURALarpn 23 degmes Coleius
i mmumdischarge - - - - — - - - - - - — —— ——
measurement site Average discharge (40 yrs)_ _ —_— __ ____ 7,166 cfs i
.o Runoff, average annual - _ —_ __ —_______ 5.09 in. Statistical Chemical constituents and hardness, in milligrams per litre, and laboratory pH
Watershed boundary RS ORt
Source of or
- Width of color pattern along stream : Ground us. ) . Dissolved | Dissolved | Dissolved Dissolved
indicates approximate flow, in Water Geological |Dissolved| o, | Man- | Cal- | Mag- |Dissolved| potas- | Bicar- sul- Chlo- | Fluo-| Ni- |Boron| solids Hardness| .,
Number by symbols refer to cubic feet per second Survey Silica ganese | cium | nesium| Sodium sium | bonate fate ride ride | trate (calculated) | @ CaCO;
table at right ' Well Number ) - i
St;;fri‘c‘-jial Maximum 23 7.4 1.9 89 33 17 12 408 46 20 03 33 0.08 402 360 8.3
& Median 17 :
£| and .08 .03 48 16 5.3 1.9 219 16 3.4 2 1.9 .01 232 190 8.1
» v LECTED WATER-QUALITY PROPERTIES OF MUNICIPAL SUPPLIES' ° = g
THE FLOW DIAGRAM SHOWS THE DISTRIBUTION OF STREAMFLOW IN THE WATERSHED o 9% WISSISSIFE! RIVER, NEAR ANOKA, NINK. & - g - e g gravel | Minimum_) - 13 82 . B/ 81 20 8 130 3.0 2 0 10 153 121 7.2
g < w Local i i ota ‘5 urie i !
DURING THE BASE-FLOW PERIOD, AUGUST 17-20, 1970 =i, 58 | vunicipaity?| wen | Well deptn “or | souids | hardness| tron|Manganess Bl R e A 0 L B e I SR e Bl o
) % 2 % % 2 8 number (Feet) stream (residue) | as CaCO © and , e &) 29 a7 64 = e =B Ine e 1.4 & 5 08 308 270 7.6
25z r oz 3 gravel Minimum 13 .02 0 29 11 3.9 1.3 191 5 4 0 0 0 182 120 7.2
Doiri . . . ; ; - . . e zd Albany 1 170 Buried sand 370 420 <.02 .19
uring this time, a series of streamflow measurements was made to The base-flow measurements indicate a relation between surficiu! IRE IR and gravel Mount
s . . g 5 5 3 . . . 0 o o w
¢.ietermme base-flow yrelds from vartous parts of the basin. There was rain geology and basin yields. Yields from basins in which less than one-third Txw §§ do 2 179 do 390 410 |<.02 .13 Simon- | 33-26:30bdb 17 1.2 Jd0. 35 10 2.1 1.8 165 3.3 6 3 2 0 153 129 7.9
m_the basin on August 11-12 and during the night of August 1. Total of the total area is surficial sand and gravel were generally less than 0.06 =F 28 G 0 I [T T I T T T T T T T TT T T T T T TT T s Albertville — 272 Franconia-Iron- 400 340 72 09 « |Hinckley-
rainfall ranged from 0.6 to 0.8 inch at most stations. The precipitation ofs per sq mi (cubic feet per second per square mile). Yields exceeding 0.10 = A tgn_c-;adlesw"e g 4 ForIl_d =
. . . o GRS o . o . . . = e
caused small increases in flow at several gaging stations in the watershed, cfs per sq mi were generally from basins in which more than two-thirds 33 40 renEl s = 190 aunr:iegrzszfj 10 it 09 E aquai:er 93.28.cab 16 -56 19 35 20 3.6 1.8 212 5.0 6 2 1 .02 187 168 7.9
but by August 17, the streams were generally mear mormal, so discharges of the total area is surficial sand and gravel. z Qe Avon 1 140 Buried sand 450 180 |<.02 08
measured should represent base flow. The flows at gaging station 05270500, Additional base-flow measurements were obtained at many of the sites 3 Ll, 5 20 and gravel lgneous | 5 29.13bcd 15
Sauk River mear St. Cloud, and 05275000, Elk River nmear Big Lake, were during August 20-22, 1969. Specific-conductance readings for most of the §§ do 2 = do e i 190 |<.02 A5 rock e 2 P et i =l = 2 15 re d__ &8 = e
at the 60 and 86 percentile, respectively, on the flow-duration curves, and measuring sites are listed with the discharges in the adjacent table. Amnalyses oz 48 Big Lake 1 210 Mc::ntFi:qrgodnlll'li_l:cck- 5 240 -05 -30 _ Recommended upper| .
1.1 and 1.6-year recurrence intervals on the 7-day low-flow frequency of water samples taken at key sites during this series of measurements are do 2 230 H do o 210 .13 .14 Ll s.tate Wi -30 -05 , ' 250 250 1.5 45 500
. 3 2 . z _ 4 mestic-consumption ¢
curves. tabulated 1m the water-quality section on this sheet. <) - Buckman — 107 Buried sand 250 200 171 <02 waters i :
. o ; ’ and gravel ’
10,000 r . r TS - - - !Data based on 9 samples.
[ Sauk Ri\ller near St.ICIoud, Minln. f‘\ E g E e Sprmg . i Zl:cliegriszri 2o - i ) A8 ?Data based on 15 samples except silica, boron, and
(=) — % wo S dissolved solids, which are based on 13 samples.
z A = 93, 20 do 2 65 | do 310 250 |150| .04
8 = e R e s Maximum — gsd Eden Valley — 72 Buried sand — 320 .98 .23
& 1000 [ =ASNNAY R A AV AN ‘ Z 510 and gravel
4 O —f~—— N——F—Ff+~ e — =F e ’ Elk River 1 308 Mount Simon-Hinck- 186 168 .56 .19
3_—’ . L —— ’N‘ 1 7 Ihi\. y Y S 20 percent - ley-Fond du Lac
= o = Y - “\ A ~ Jl' ;" IF%- e —= A~ = w 0 8o 2 e do et 2€9 48 s
ﬁ =SS AL ./‘\ — AV 1*"/! /I @m &F%:[ ann\ 50 percent — é; x 5 : Foley 1 58 * Buried sand — 90 .16 .25 e eher ical " " o herrd : i litre. lab H S
- ' w ok A V - s5 4 and gravel . ischarge emical constituents and hardness, in milligrams per litre, laboratory pH, and color
100,000 & | T L L L L | I = 3 T T T T T T T | T T T T T T T T T T T I = & 100k, a YATNEAVAY % p——toxsopercent N - ‘ ' do 2 67 do - 360 | .08 .24 : . (cts) - . :
= | | | | 2 I | ! l ] | I E = "’E% o = == 0Z L 3 a6 3 63 lgrisoas Fook T 310 ‘02 1o Statgm Station name ana A Dis- Dis- Dis- . Dis- Dis- ) Dlssaivad Total
- Mississippi River near Anoka, Minn. Average discharge 7,166 cfs (1931-71) = 8 ==E A —— e v > = = === = 5 %) 2 Freeport — 161 Buried sand — 410 1.70f <.02 i dateof Collectioh statistical | solved|lron Man- Qal- Ma'g- solved s';oltved bB'Ca;' scasl\\jﬁd solved li[:o- t:“t- Boron solids hardness | pH | Color
= - E /\ / E/V\' A ﬂ I\J f A= =7 i~ —F i Y e £E2 1 and gravel parameter | Silica ganese | cium | NeSIUM | sodium e L chio- et ¥ | (calculated) | as CaCO,
L = —BAA— 2 : f Q\ A Y4 —Af = z — NAAS T Minimum AP O A s tEg 0 Grey Eagle | — 90 Buried sand = 350 94 <.02 ’ : =L : Ak :
Wo = - v:!"‘“: L i e VK———P{\}‘\:}R— —A-= ::;qr‘ - e | T T x\;‘[‘\' " = W g0 b il AN '!L 250 and gravel ; ; 4 |Nokasippi River near Crow| 197 13 004 003 35 9.6 36 0.7 156 65 18 01 00 002 147 127 81 9
P — ; i 7 i ’ \ & Example:—For March 18, the daily mean 3 @ Holdingford = 96 Buried sand 398 290 .15 .06 Wing _Aug. 20, 1969 :
s(: 8 — yhidane tadsw }*g@ %ﬂiﬁsﬁ - *?"’j ke ,?% . } \/\/ \rJ L\’/ —J \ i < discharge exceeds 100 cfs 50 percent of 2 85 and gravel 9 AEIk River near Little Falls 4.85 13 .08 17 58 16 9.6 1.6 254 13 6.8 2 5 .08 244 212 8.0 20
5o 1000 iyt sot-lonigide-oidgtet— s s — - - . 5 the time. 4% 200 Kimball = 57 Buried sand == 280 88| .29 : Aug. 20, 1969
o - g - ol = ] e 3 = — + 38w / Shd gravel 12 |Swan River near Flensburg 11.0 11 o1 .03 46 18 7.2 2.1 224 15 46 3 2 .05 215 190 7.9 2
(2 “ B . 5 —Duration hydrograph' for 2 ‘ ' : i oS Aug. 20, 1969
2 g s sakidion gl B | | L B = [~ water years 1940-68 @ 2J 180 SN * 100 S::;C:rlaiae?d T L gl . 13 |Swan River near Little Falls 1422 11 .00 .05 52 19 6.9 1.9 252197251 1§ W Tgig 2 1 Tlo4 235 208 8.0 0
: . ! =T T r== I z I Aug. 20, 1960 5 .
< 100 . ‘ OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT § o do 5 115 do s 210 %50 94 20 |Spunk Creek near Royalton 2.70 12 .00 .06 58 22 6.5 2.6 280 22 1. 5.0 2. 121 .06 269 237 7.7 6
> 6 P 30 Melrose urficial san — 360 . . 05268000 [Platte River at Royalton 49.0 7.1 .04 .05 34 11 4.9 1.0 162 7.0 26 an -5 .02 148 129 8.0 10
4= - % and gravel ‘ Aug. 21, 1969
= 10 o THE DAILY DURATION HYDROGRAPH SHOWS HOW THE Q 20 . | do 2 106 do — 360 2.60 .15 34 |Watab River near Sartell 5.38 72 09 .07 50 21 7.9 21 243 22 6.4 2 0 .04 237 211 8.0 4
Z0 : MEAN DISCHARGE FOR ANY GIVEN DAY OF THE S : do 3 86 do = 360 =3 13 39 Awwm“Mugiﬁxg 9.24 25 15 11 60 26 5.1 2.3 296 29 36 1 21 03 299 256 78 7
: 2 . : . ) ; : : . I g :
= YEAR VARIED DURING OCTOBER 1939 THROUGH SEP- C - ‘:_0 - . ;:g = rie‘?sand ggg -g; 122 Aug. 20, 1969
; ; : . o B onticello — u = . . 45  |Adley Creek near Mel 481 44 03 .03 43 21 49 2.9 234 12 3.0 . 1. 04
1 TEMBER 1968.— The duration curve of daily discharges for a given 0o 10p s wrnd gyl O s aa b 1 a 209 195 81 5
day can be determined from the hyd/rog/raphh On March 18’f0/’- example, 28 - . _ New Munich 1 30 Surf;cial sarlvd 340 260 5.50 .02 47 Sauk River at NeV: Murz‘i(;:h]_gGg 33.0 16 .05 .03 52 25 13 3.9 275 28 14 & 1.3 .04 293 233 8.0 12
‘ . e : . i v L | ug. 20,
1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 = 1948 1949 1050 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 the minimum daily mean discharge was 22 cfs, 80 percent of the time it 2% £ [ ] o ) N pruriit aar . sag - | .M Cig 49 " |Getchell Creek. nedr New 39 19 02 .08 62 21 4.0 18 256 24 3.2 o 22 03 283 240 81 4
‘ ; : WATER YEAR (OCTOBER—SEPTEMBER) exceeded 52 cfs, 50 percent of the time it exceeded 100 cfs, 20 percent of the 28 - and gravel - Munich.._... . AuR.21,1969
time it exceeded 240 cfs, and the maximum was 2,200 cfs. '; - U | Osakis 2 114 Buried sand 560 470 1.10 .04 Sauk Rivegnear :;:',gf 58o 438 14 -00 03 57 26 u 3.9 281 26 13 2 24 04 289 247 7.3 8
=uw and gravel : J
- . 05270500 [Sauk R St. Cloud 58.0 4. ! : : j .
e L _ do 3 133 do 320 460 |3.00| .10 T Rusr o1, 104 §.. 02 ' 8 A0 - 28 7.4 3.6 215 25 9.0 2 34 05 222 193 79 8
‘ \ & Pierz 3 95 Buried sand" — 210 .32 .40 58 ' |Clearwater River near Kimball 1.07 14 .01 03 59 26 4.5 3.5 305
. 2 rn i ! : 17 5.4 1 19 .03 283 8. 6
THE HYDROGRAPHS OF MONTHLY MEAN DISCHARGES SHOW THE LONGTERM TRENDS IN FLOW FOR TWO STREAMS IN THE WATERSHED : and gravel , . " Aug. 22,1969 Sl
%) Randall 2 72 Buried sand 310 270 L0402 60 |Clearwater River at Clearwater 4.10 17 .00 .08 55 24 4.4 2.4 260 28 3.2 1 & | .03 264 238 8.1 3
S ) ) 2 1 SINDP I FMAMI I TATS [OINID I IF MIAIMI DA TSIOINIDIIIF IMIA M T ATS and gravel S s G i PUE B AN
The flow of the Mississippi River mear Anoka 1is affected by regulation The maximum annual runoff for the period of the hydrograph, 1935- 1961 1962 . 1963 Richmond 1 28 Buried sand — 310 09| <.02 Silver Creek near A:: ;2 e 2.20 65 .12 .03 39 20 3.8 4.7 209 14 6.8 1 1.9 .04 200 179 7.4 11
from Winnibigoshish, Leech, Pokegama, Sandy, and Gull Lakes, and by 71, occurred at both gaging stations in the 1952 water year. The 1952 yearly WATER YEARS . ) - and g:)a"e' (3 - a1| gEeany § ; 64  |Ek River near e clowd . 436 15 .00 06 50 16 6.2 1.8 213 15 48 2 40 .03 218 192 8.1 7
: . . . SR b . oo WERMET I . : ug. 22,
Pine Rw_er reservoir, all of which are _upstream from the Mississippi and mean discharges were 13,980 cfs for the Mississippt River nmear Amnoka and Rockville — 45 Buried sand 480 230 1.60 13 05274700 |St. Francis River at Santiago 3.60 16 .00 .08 38 12 5.1 1.3 149 20 5.0 2 33 .02 174 142 80 7
Sauk . Rivers watershed. The reservoir system was constructed mear the 642 cfs for the Sauk River near St. Cloud. The minimum annual runoff for and gravel Aug. 22, 1969 ’ ’ ’
% o s o . N . - e Buried sand _— 220 .09 .24 05274900 |St. Francis River near Big Lake 34.0 15 .00 .03 35 10 3.2 .8 150 9.0 1.8 1 1.7 .03 161 8.0 1
headu.;aters to store Slood TW?Off_ ff”‘ .releqse during pe"rwds of ) low flow to the Mississippt River mear A.no‘ka was n 1935, whefn the yearly mean dis SOME WATER-QUALITY PARAMETERS ARE CLOSELY RE- SEyanan = o Aug. 22, 1969 e !
benefit mavigation on the Mussissippt River below Minneapolis, about 10 charge was 1,603 c¢fs. The minimum for the Sauk River near St. Cloud was -Q Saint Cloud = = Mississiop! 510 350 35 27 05275000 |Elk River near Big Lake 930 | 97 .00 .04 40 13 3.7 1.1 176 14 2.0 1 23 02 173 155 79 7
miles downstream from the Anoka gage. in 1961, when the yearly mean discharge was 62.3 cfs. LATED TO DISCHARGE, AS SHOWN BY COMPOSITE (DIS- Biver e e PuE. 52}"(;3;9 it S 2 e % s
- i iver nea . . ; 6.1 3i 225 11 3.2 4 16 12 18 83 90
CHARGE-WEIGHTED) ANALYSES OF WATER FROM THE Saint Joseph| 1 55 Burlod sand — 330 95| 30 vl o cont ) el Gl PR PR D RS . o - o L B2 = R 2o lss &3 %
" % an rave llected b ini
p— MISSISSIPPI RIVER NEAR ANOKA, MINN.—The inverse relation- " & o ol - Se | e i collected about once per| Minmum | 58 02 .00 20 3.0 12 o8 oF 0 . . T o o A
' 8.0 ship between dissolved solids and discharge is due to dilution by overland runoff. Sartell 2 63 Buried sand p— 270 06 <.02 il e dnckal 5 i s e 5 2
) . e : ¢ 3 N J . R } \ ahdigtavel ississippi River near Anoka aximum . . 54 8 7.4 5.2 46 32 6.0 3 8.1 .09 232 209 8.1 80
— 7.0 Some constituents increasé wn concentration with ‘increasing d?scharge. .In T - - Surficiga = — T T = (based on 30 samples col-|  Median 92 08 .05 42 15 5.6 2.1 189 15 38 2 1.0 .04 187 166 74 22
50,000 7 60 ; creases in mitrate concentration are probably due to the flushing of animal api S gravil : : lected about once per month| Minimum | 55 .02 .00 27 8.2 2.9 1.4 100 11 3.0 1 1 01 130 106 69 5
— f . wastes and fertilizers into streams by smowmelt or rainfall. Increases in color do 2 61 T = 290 13 02 October 1963—July 1966)
LJ 1 5.0 b1 ) ds leached d ) tati ) do _ 230 .04 .02 Recommended upper limits: State class-A
& A can be attributed to orgamic compounds leached from decaying vegetation n 3 65 do iy . 30 05 250 250 ) 45
u- 20,000 // 4.0 soils and swamps South Haven| — 285 Buried sand 340 240 | 2.10] <.02 domepiic-oan suinpYion wRieie 15 0 18
’ A o .. L d |
% L = 5 Decaying organic matter, by giving off carbon dioxide, also makes water Swanvilie — 28 ;:rieirz\;id = 360 o5 02
3 10,000 Z 5T id, thereby 1 ing dissolved 1 d I
o o more acid, thereby increasing dissolved ivron. and grave » .
7 < - . . . . . = =i
2.0 As indicated by a statistical analysis of samples collected at two gagin Upsala 1 65 Buried sand 300 5.20 .25
zo = = , by Lanalysis of samples ‘o_gaging P 3 sl CALCIUM MAGNESIUM BICARBONATE TYPE WATER IS FOUND THROUGHOUT THE WATERSHED
58 5000 = Z 10 stations (table at right), changes in overall water quality are mnot significant . i g - o s e 240 . _
i 5 . - . . . . o ‘ -
8% = o in the mainstem of the Mississippi River as the water moves through the water- Waite Park = T00 S Ted sand — = 56 26 ‘
& o 2 § 3 \ shed. The largest imcreases occur in concentrations of nitrate, sulfate, and ____and gravel } Selected analyses of water from different sources (map and on two analyses, dissolved-solids (content) and hardness of
4 2000 /,’ & 0.8 \ chloride. i 2 24 Buréedr:\algld u 230 o e tables above) indicate variations im individual constituents water in the Mount Simon-Hinckley-Fond du Lac aquifer are
B : . N e g . 5 : 1 4
=) % Y : i Y —— g io | 4n2 1.10 12 and properties. Mineralization is generally higher in water in lower than most water in drift aquifers. Both surface water
z 1000 — S 0 \ Tmavees ove T reate e e R SN T TS W Tk burted aquifers than in surficial aquifers on streams. Nitrate and ground water are chemically suitable for most purposes,
10,000 T  ——— 10,000 — ] 100,000 s e s B 100,000 e e e e s = 2For location ‘see “WATER USER section on shest 1 and chloride concentrations, indicators of orgamic pollution, although 1iron, manganese, and hardness are commonly ex-
[a] — 1 T—t —t— [a] i yment = —t (=] —— Mississippi River near Royalton, Minn. [a] - Mississippi River near Anoka, Minn: — Z V4 - : . . v . s - .
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11 1315 2 253 4 5 7. 10 15 20 304050 11 1315 2 253 4 5 7 10 15 304050 11 1315 2 253 4 5 7 10 1520 304050 1.1 1315 2 253 4 5 7 10 1520 304050 THE MAGNITUDE AND FREQUENCY OF FLOODS IN THE MISSISSIPPI AND SAUK RIVERS " ‘1 0.05-1
i Medi 2 analyses is 0. 1
RECURRENCE INTERVAL, IN YEARS , RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS WATERSHED CAN BE DETERMINED USING THE ABOVE FIGURES s edian of 42 analyses ts 0.16 mg/
» ¥ e e
®
* 1 5 ; 0 5 10 MILES Watershed boundary 0 5 10 MILES §
; : ' To compute the magnitude and frequency of floods for a lake area 1s 4.3, the flood-reduction factor is 0.5. [ B Byeri? 93°30! L L boohs ?_?___110 MILES 93°30" Sample site
LOW FLOWS IN STREAMS ARE SUSTAINED PRIMARILY BY PROLONGED PERIODS OF HIGH FLOW GENERALLY OCCUR given site, the size of the drainage basin and the area of lakes 3. Adjusting Q33 determined in step 1 by the flood re- 0 5 10 KILOMETRES 4515 § 45°15' 0 5 10 KILOMETRES i 45015 0 5 10 KILOMETRES 25T 5ife
DISCHARGE FROM GROUND-WATER SOURCES.—The slope IN THE SPRING, WHEN THE WINTER ACCUMULATION in the basin must first be determined from the best available duction factor determined in step 2, the adjusted Qo35 = 3,200 L1 : 94°15/ s L1 {nt it fnsiiimaat : » vg;ﬁ’:;’:f
and shape of the low-flow curves at the higher recurrence intervals reveal how . OF SNOW  MELTS.—Precipitation is frequently in the form of maps. Drainage areas for 80 sites are given in the table ad- ¢fs x 0.5 = 1:6‘00 cfs. ‘ ‘
well streamflow is sustained by ground-water discharge. Comparison of the : ' rain during this period and contributes to the magnitude and duration of the jacent to the flow diagram. Compute the percentage of lake 4.' Frqm .ﬂgure 3, the Sauk szer near St. Cloud gaging
low-flow curves for Elk River mear Big Lake and Sauk River mear St. Cloud, spring runoff. High flows  caused by4 thundershowers during the swmmer area by dividing the lake area by the total drainage area and sta.twn‘ is in flood-frequency region B. Therefore, use curve : . ; ; e
shows that base flows in the Elk River are much larger at the higher recurrence usually have a much shorter duration. mSaptyeng oy 198, : . DR Jagrs § o5 ok iy e T o] U0k oot having o 50- DISSOLVED-SOLIDS CONTENT OF GROUND WATER IN WATER IN GLACIAL DRIFT IS TYPICALLY HARD (121-180 WATER IN GLACIAL DRIFT CONTAINS IRON AND MANGANESE
intervals. The flattening of the lower end of the curves for the two stations | The effects of regulation are reflected in the flattening of the curves at Kezomal. ‘Dete’?":"e tfe :”‘;gmg‘dek"f;e‘% Jood "“”;;‘g il 50& i ’f."“}” e mte;”jﬁ’ 0 b O”‘e nigaR S tﬂ""‘f .Q§-3;- GLACIAL DRIFT DECREASES GENERALLY FROM SOUTH- MILLIGRAMS PER LITRE) OR VERY HARD (GREATER IN CONCENTRATIONS THAT ARE COMMONLY OBJECTION-
; p——— % ; ; - . o 3 Y e B ear recurrence interval a e Sauk River mear St. Clou e ratio from curve B for a 50-year recurrence interval is 3.1. :
Z‘Zi::; uﬁ?szl;igf;sljful)z; };0 ;;aused by regulation from the six wupstream reser: ,tg};e higher 7260’627‘?‘6206 kzntewal§ ﬁ;r the f{;silsswml River bneM: Royalton. gaging staciion (05275000)c The drataate s dor this e s 5. The magnitude of the 50?-/y gore Ao Lol () 0 WEST TO NORTHEAST ACROSS THE WATERSHED. —Dis- THAN 180 MILLIGRAMS PER LITRE).—Calcareous gray drift ABLE FOR SOME USES.—Concentrations that -exceed the recom-
. ‘ . . _ reamflow a vt € ol guge el affec €0 Oy Tegu ation, but lt. 18 not.so 085 ascarmmrlon GHthemeinar lakes o5 Ehebatin it 40 Squre from step 3, times the ratio determined in step 4, or 1,600 cfs solved solids, greater than 400 mg/l (milligrams per litre) in the southwestern in the southwestern part of the watershed generally contains the hardest water mended limits(Minnesota Water Pollution Control Commassion 1967) of these
The more extended periods of low flow generally are during the winter, apparent from the curves because of the additional runoff from the intervemin 59 : 1 8191 P 4 ’ ; ; it d ; ; ; ; o : ) :
when little or no surface runoff occurs. On the Elk River, for example, during 7 500 1 | Tes bot the . tati g miles x 3.1 = 4,960 cfs part are related to the relatively soluble calcareous gray drift. Red drift in the because of large concentrations of calcium and magnesium. Water tn surficial constituents (0.30 mg/l for iron amd 0.05 mg/l for manganese) may impart
: ) ) 500 square miles between the two gaging stations. ; Lo ; ot : j ppariptd g : : . . . P ’ g
the 32 gears of vecord, the amwual miimum. montily fow cveuryed 25 Times q gaging 1. From the curve in figure 1, the mean annual flood (Qs.s3) For sites on the main stem of the Mississippt River, use north(.eastem pahrt qontams less mmemhzed water.  Most surfwml outwash outwash and in red drift in the northeastern part generally has the lowest hard- color and tastg to water. Incmstatwn of well screems and staiming is a common
in December, January, or February. for a drainage area of 925 square miles is 3,200 cfs (cubic feet curve C in figure , when computing the ratio in step . contains water having dissolved solids of 150 to 250 mg/l. This fact reflects ness. problem at higher concentrations. Although the map describes general areal
per second). This method s applicable to all streams in the watershed (1) the effectweness of precipitation in diluting water in surficial outwash, (2) trends, the amount of iron and wmanganese may vary substantially within
2. The percentage of lake area in the basin is 4,0/925 x 100 except those having a large amount of man-made regulation the relathzly.falst‘movement _Of water through outwash, and (3) the predom- short distances, both vertically and laterally.
= 4.3 percent. From the curve in figure 2, when percentage of or diversion during periods of high flows. nance of relatively insoluble minerals in the outwash.
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