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1. fntroduction

Backqround:

In June of 1984, the North Dakota State Water ConmissÍon entered

into an agreement (Appendix A) with the Richland County Water Resource

Board to investigate the feasibility of constructing a dry dam on the

WiId Rice River for the purpose of flood control. The proposed dam site
j-s Iocatecl in the NW 1/4 Section 25, Township 132 North, Range 52 West,

in Richland County. The dam site is located approximately three miles

south of Wyndmere, North Dakota. The basin area at the site is 11160

square miles. Moore Engineering conducted a study of the proposed site
and completed the "lfild Rice River Watershed Hydrology Analysis and

Flood Retention Study" in November 1982. In this study, the site was

identified as WR-190.

Studv obiectives:

This report describes the geology, subsurface conditions, and the

soil characteristics at the proposed WR-190 site. It also contains a

description of the basin's hydrology and a suûnary of the project's
prelÍminary design, cost estimate, and a discussion of the overall
feasibility of the project.
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II. Description of the Study Area

Location and TopographY:

The Wild Rice River Basin occupies 2,240 sguare miles of the

southwest portion of the Red River Watershed (Figure 1). The Basin is

comprised of a portion of six counties including Sargent, Ransom,

Richland, and Cass Counties in North Dakota; and Marshall and Roberts

County in South Dakota. The Wild Rice River traverses 243 miles through

varied landscape before its confluence with the Red River, 1-8 miles

south of Fargo, North Dakota. Upstream (west) of the proposed dam site,
the topography j-s characterized by morainic hills, large svt¿rmPs, lakes,

low swales and potholes. The average gradient of the WiId Rice River is

approximately 1.7 feet/mile.

The propose<1 WR-l-90 site is iocated in the southwestern portion of

the Red River Valtey physiographic division and is part of the Lake

Agassiz plain" The Lake Agassiz plain ranges from approximately eleva-

tion 1,065 msl to 1-,060 msl in the vicinity of the site. The WiId Rice

River Valley is entrenched approximately 40 feet into the lake plain and

ranges from approximately 500 to 3,000 feet wide in the vicinity of the

site. The stream channel flows a winding course within the flood plain.

The valley sides are moderately sloped, ranging from 5:1 to 10:1.

The south abutment of the proposed dam site is a grass and scrub

brush covered knoll. The slope on the west side of the south abutment

is rather steep at 3:1. The slope along the centerline of the south

abutment is 10:1 and slightly steeper at the toe. The north abutment

has several knolls and a slope of less than 10:1.
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Just downstream of the site the north riverbank has caved to a

slope of 2.5:1. l{etland vegetation occurs weII above the normal water

level indicating seepage occurs from this slope. The area between this
steep portion and the centerline has a slope of approximately 4:1.

Approximately 900 feet downstream of the proposed dam's centerline,

an old road embankment crosses the valley. An abandoned bridge connects

the road embankments at the l{ild Rice River. The road embankment is
several feet higher than the valley floor, therefore, it could affect.
the tailwater elevation at the dam.

Geoloqy:

The proposed YIR-190 dam site is located in an alluvial stream

valley of recent origin. Bordering the valley and extending about one

mile southwest and northeast of the site is lake-washed till of the Lake

Agassiz Plain. Bordering the lake-washed tiII to the south is the

Herman Beach, the highest stage of the pro-glacial Lake Agassiz. South

of the Herman Beach is ground moraine deposited by the most recent ice

sheet (Mankato) of the late Wisconsin glaciation. North of the proposed

site are the Sheyenne River delta sand and silt deposits. Some of the

sand has been blown into dunes.

The interpretation of the bedrock geology from North Dakota Geolog-

ical Survey Bulletin 46 indicates that the Greenhorn Shale Formation

will be the first bedrock encountered. The bedrock would be encountered

between elevations 850 and 800 msl or approximately 200 feet below the

stream bed at the dam site.
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The subsurface geology inferred from soil borings at the dam site
is shown in Figure 2 and sununarized in Table l-. The borings ST-3

through ST-7, drilled in the flood plain, encountered a blanket of about

four to eight feet of soft clay and silt over loose alluvial silt and

sand down to about elevation 1,000 msl. Boring ST-7 encountered silt
and clay to a depth of 17 feet which is thought to be a "plug" in an old
channel. Beneath the alluvium these borings encountered Iacustrine silt
and sand over fat lacustrine clay at approximately elevation 956. These

Iacustrine deposits correlate to the buried lake deposits postulated in
Bulletin 46.

Borings ST-2 and ST-8, on the side slopes of the abutments, also

encountered lacustrine silt and sand. In boring ST-8, the top 7 feet of

silt was loose, possibly indicating slippage or erosion in the abutment.

Borings ST-1 and ST-9 near the tops of the abutments and borings B-10

through B-28 encountered lake-washed till. At boring ST-1, the till
extended to a depth of at least 31 feet. Two borings in the emergency

spillway area, ST-11 and ST-13, encountered less than 11 feet of tiII
over lacustrine deposits.
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TABLE 1:

rrR-190

GEOLOGICAL SI]T''Í}IARY

SI.IC PROJECT L792

I{
I

Boring

sT-t
ST-2
sr-3
ST-4
ST-5

Topsoil

0- t'0-t¡ '0-1 |

0-tt,0- L'

0- tl, ,

0-l¡ '0-là'

0-I¡'
0-1*'
0-11 '
0- l¡5 'o-2 ,

0-I¡ '0- \.0-2 |

0.8

SiIt & CIay
Blanket

L-4 1

L\-7 ¡

t-e I

lL-¿ 'It-17'

Sand e SiIt
AIIuvium

\-q
4 -24'7 -2LlI -lg'

Lacustrine
Sand

r{--1r'
,!-_!r'
r9-2r I

4-25'

8t-rl,
9-Il'

Lacustrine
si Ir

24-68'
24-36'
7-31 |

25-31'

Lacustrine
Cla

68-10I'

TiII

4 -31,

sÎ-6
ST-7
ST-8
ST-9

ST-II
sr-13
ST-I5
sT-17
ST-19

ST-2I
sr-2 3
ST-25
ST-27

4 -24'17 -24.r\-7 '

r!-4 '1L-6t,
1l-31'

r*-6t,

0 - 4,

4 -B\,6\-e 'là-t I '3!-lt'2 _TT'

6\-lt'
\-ll'2 -ll'0.8-Il,

* Taken frou Braun Engfneertng É Testlng reporr BND E4-062:



III. Soils Analysis

Subsurf ace Exploration :

A subsurface e>çloration progr¿rm was initiated by the State ltlater

Commj.ssion to determine the feasibility of an earthfill flood detention

dry dam at the l{R-190 site. Drilling and testing t¡¡as performed by Braun

Engineering Testing of North Dakota, Inc. The topography of the dam

site, showing Iocations and elevations of aII centerline test borings

and borrow area test holes, was surveyed by the State Water Conunission.

The location for aII borings r¡¡ere chosen and staked by the State Water

Commission.

The subsurface e>çIoration began November 8, L984, and was com-

pleted on November 23, L984. The entire Program consisted of 28

borings: 9 test borings along the proposed centerline of the dam an<l 19

in the proposed spillway and borrow area. A topography map of the dam

site showing the boring Iocations, dam centerline and borrow area is

shown in Figure 3. The logs of the borings are in Appendix B.

Borings 1 through 9 and the odd-numbered borings from 11 through 27

were penetration test borings and are ,ilesignated by the prefix "ST"

(split-tube). Borings ST-1 through ST-9 were generally advanced to

depths ot. 21, to 46 feet, except boring 5T-6 which was advanced to a

depth of 101 feet. Borings ST-11 through ST-27 were advanced to a depth

of 11 feet. The penetration test borings were drilled with a 3 1/4-inch

hollow-stem auger except for boring St-6 which was advanced below 20

feet with bentonite drilling mud by the rotary method. The total
footage of the penetration test borings was 446 feet.
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Even-nurnbered borings 10 through 28 were auger borings and are

designated by the prefix B. They were advanced with a 5 7/2-inch

diameter solid-stem auger. The strata and soils were classified in the

field by the driller. The total footage of auger borings was 100 feet.

Occasj.onal 3-inch dÍameter thin-walled tr:bes (Shelby tubes) were

obtained in the penetration test borings. Intervals sampled with tubes

were noted rrTWtr on the logs. In addition, holes were drilled alongside

borings ST-5 and 5T-6 to a depth of 10 feet and tube samples were

obtained.

Laboratory Testinq:

The laboratory testing program was determined at a meeting between

the State Water Comnission and Braun Engineering and Testing rePresen-

tatives on January 15, 1985. The laboratory tests included: twenty

sieve-hydrometer analysis, 4 sieve analyses, 7 Atterberg Iimit tests, 3

moisture-density relationships, 3 permeability tests, 3 dispersion

tests, 7 moisture content and 2 organic content tests. The results of

the tests are su¡mnarized in Table 2.

The visual classification of the topsoil and blanket soil ranged

from silty sand to slightly plastic silt to silty clay and organÍc silty
clay. These soils form the upper 4 to 8 feet in boring ST-3 through

5T-6. Liquid Iimits of the clay samples were relatively low. Moisture

contents were high and organic contents were moderate.
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slt
uL

OL

slr
SH
sll
ML

OL
CL

sll

SH
sll

sH
SH
ÌlL
CH
CH
clt
CH

ML
HL
ltl,

sH
su
HL

CL
CL
CL

IFF
I

sr-3
sr-3
sT-3
sT-3
sÎ-3
sr-3

sÎ-4
sT-4
sT-4
sr-4

sT-ó
ST-6
sÎ-6
sr-6
sT-6
sT-6
sT-6

Depth,
Borfng feeÈ

ST-2 2lr-l\sT-2 7l-8¡ásr-2 lÞll
I¡cusCr!.ne
Lacuatrlne
Lacus Èrlne

lopaoll
Elanket
Alluvfr¡u
Alluvlu
Alluvlun
Lacuetrlne

1opeo11
Bl¡nket
Alluvlrn
Alluvfr¡n

Alluvl¡¡n
Alluvftn
l¡cuetrlne
Lacuetrlne
Lacu¡crlne
L¡cu¡crlne
LscuaÈr1ne

Lacustrine
Lscuslrlne
Lacuatrlne

Sandy Sflr
sllty Sand
sl lr
Organlc Clay
Sandy Stlt
Sllty Sand
Sllty Sand
Sllty Sand
SllÈ

Organlc Clay
Sllty Clay
Sandy Stlt
Sllty Sand

Sllty Sand
Sflty Sand
stlr
Fat CIay
Fat Clay
Fåt Clay
Fat Clay

Sllty Sand
Sllty Sand
sll È

Sandy ClaY
Sandy ClaY
Sandy ClaY

l- l¡f2\-t\
7l-81¡
t 7tr- I 8lt
22\-2y\
t2\-33\
¡r- llt
2\-3!,
l0-lll
l5-l6l

I 2tf- t 3l
20-21
25-26
?0-71
80-81
90-91
100-l0l

TABLE 2: SI]MMARY I.ABORATORY TEST

r.¡R-190 SI{C PROJECT L792

zlr
Geolocv Deecrfotlon Sv¡¡bol 7.C It ZFS tCS ZG ÌlC oC LL PI

32
59

2

4t
l6
75
62
25

45
4t

66
79

ML-CL

HL-CL

t{L-cL

40
34
90

38
2t
24
l4
76

4t
I5

2E
l5

27
32

::

56
E5
93

t0
30
90

48
50
48

2t
6
I

l8

-:
6

::
,_:

8
6

5
I

7
6
5

5
3
t

24
26
24

4

7
I

33 3.4

30
1l

3.8

34

37
39

;;
5lt
52
55

l0
l5

I
I
l3
t
20

3

413
sr-5 l2k-llksr-5 20-2t

Alluviuo Stlty Sand
Lacu3trlne Sllty Sand

62
63

2
4l
40
4l
4l

22
27
2L
2J

sT-8 5-6'sr-8 l0-ll I

sr-8 15-16l

sT-9 5-6'sr-g 15-16rsr-9 20-21.

B_12 lt¡_10B-20 lk-10B-28 l-10

ÀlluvÍr.o¡ Sandy Sflt
L¡cu¡Crlne Stlt
Lacu¡trlne SllÈ

t7
9
2

84
6t

6

l0Ill
Tlll
1111
ltll

t7
l5
t7

Perueeblllty' 4-
Peroeablllty - t.
Peroeabllfty ' l.

9-9
6-7
6-8

5xl
2xl
2xl

AbbrevlaÈlone: C-clay (flner Èhan 0.002 n¡n), f-sllt, PS-flne eand (140 to 200), M & CS-nedfi.or and
coatae eand, G-gravel (plue f4), HC-¡noleture contenÈ, oc-or8,anfc content'
LL-llqutd llnlt, PJ-plastlc lndex.

t Taken frou Braun Engl.neerlng & Teatlng reporÈ El{D E4-062:



Alluvium (river deposited) soils were encountered below the blanket

soils down to approximately elevation. l,000 msl. Visual classifications
ranged from silty sand to sandy silt to slightly plastic sandy silt.
The sand was predominately fine-grained with only a trace of gravel. An

exception was a courser grained deposit from 22 to 24 feet in boring

ST.3.

Lacustrine sand, and silt was encountered beneath the alluvium and

part way up the abutments. Visual classifications ranged from silty
sand to sandy silt to silt to slightly plastic silt. The samples

generally had a narrow range of grain sizes. The sand was nearly all
fine-grained.

Lacustrine ( lake deposited) fat clays brere encountered below

elevation 956 msl in boring 5T-6. The liguid limit, plastic limit, and

moisture content value of these samples indicate that overall the clay

is quite uniform even though lenses and seams of silty clay and fatter
clay were evident.

Samples of till were taken from borings B-L2, B-20, and B-28. The

grain sizes were weII ilistributed. The dispersion tests indicate the

clay tiII was non-dispersive.

Foundation:

The term 'rfoundation" as used herein includes the valley floor and

not the abutments.
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Borings ST-3 through St-6 encountered 4 to I feet of soft topsoil

consisting of a clay and silt blanket. Boring ST-7 encountered 17 feet

of soft to medium clay, silt, and clayey sand. It j-s likely these soils

have a Iow guick or unconsolidated undrained strength. During con-

struction, the guick strength of clay layers often controls stability.

Long-terrn stability is controlled by the slow or consolidated

drained strength of soils. The soils at the site appeared to be of

tlpical strength. If the dam has 3:1 side slopes, the factor of safety

for the drained condition will still be nearly 1.5, even if the clay

blanket soils are left in Place.

The clay blanket soils are soft and compressible. However, their
thickness is limited, therefore, it is expected that consolidation of

the blanket soils will be only several inches after placement of the

embankment and most of the consolidation wiII be complete in one year.

The clay "plug" encountered by boring St-7 is considerably thicker. At

this location a settlement in the range of L/2 to 1 foot occurring over

a period of several years after construction is e:<pected.

the potential for consolidation of the fat clay below 68 feet is
Iess predictable. The existing effective verticle stress is in the

range of 4,000 to 6,000 psf. The proposed embankment wiII add about

2,500 psf. Depending upon the pre-consolidation pressure, consolidation

could be substantial and occur over a very long period of time.
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Corps of Engineers studies have shown that the vertical permeabili-

ty of a clay, silt, and slightly plastic sandy silt top blanket are

approximately .0001 cm/sec. The horizontal permeability of nonplastic

sandy silt would be .00013 cm/sec and a silty sand would be .0005

cm/sec.

Based upon permeability-grain size relationships, the foundation

horizontal permeability can be estimated as .006 cm/sec. This is a

relatively low permeability in a pervious foundation.

Medium dense to dense lacustrine silt and silty sand were encoun-

tered at about elevation 1,000 msl. These deposits apPear to be sub-

stantially less permeable than the alluvial silts and sands. ft appears

that 20 feet may be used as the depth of the pervious foundation.

Abutments:

Medium dense to dense lacustrine sands and silts or very stiff to

hard clay tiII were generally encountered in the abutments. Boring

ST-8, however, encountered loose aIIuvÍaI sandy silt to a depth of 7

feet. Stability problems in the silt during construction are not

anticipated, however, seepage under and around the abutments during a

flood could cause stability problems in the silt.

The borings encountered strata of uniformly graded nonplastic silty
sand and silt. Significant horizontal seepage is anticipated in the

more permeable layers and strata under and around the abutments.

-L4-



Embankment:

If the clay tíll, found within the borrow arêêr is used as embank-

ment material and is compacted to at least 95 percent of the standard

Proçtor naximum dry density, it ls anticipated that i.t will be stable,
relatívely incompressible, and impermeable. Laboratory test indicate
the permeability was about 1X1O-7 cm/sec and less.

-L5-



IV. Hydrology Analysís

Introduction:
At the request of the North Dakota State Water Commission, the St.

PauI Distrj-ct, Corps of Engineers, analyzed the hydrologic effects of

the proposed WR-190 dam on the WiId Rice River main stem. Specific data

used to complete their study was acguired from Moore Engineering, the

State Water Commission, and other sources as needed. The results of the

Corps' study are incorporated into their February 1-7, 1986 report,
entitled "WiId Rice River, North Dakota WR-190 Dam Site Analysis.rr The

report is included in Appendix C.

Two methods of analysis were used by the Corps to determine the

downstream effects of the proposed l{R-l-90 dam. The first method was

based cn specific flood events anC the seconC was baseC on a synthetic

model using freguency curves. fn addition, freguency curves ulere

developed at selected points within the WiId Rice River basin. The

synthetic analysis is based on the developed frequency curves.

The two methods of analysis used by the Corps employed the HEC-1

computer model. The HEc-1 model was developed by the Hydrologic Engi-

neering Center of the Corps of Engineers and is used to compute peak

discharges and flow volumes of various frequency storms. The model

formulates a mathematical hydrologic model of the watershed based on the

following components of the hyilrologic process: The amount of rainfall.
rainfall distribution, soil t1pe, Iand use, and the hydraulic character-

istics of the stream channels and drainage area. The model can be used

-16-



to comparq flood flows before a structure is built to the flows after
i-ts construction.

Frequency Analysrs:

A freguency analysis for the following WiId Rice River gaging

stations was included in the Corpsr February L7, 1986 report: Rutland

(WiId Rice main stem), Calrrga (wil¿l Rice main stem), Lidgerwood (Grass

Lake Tributary), Mantador (wild Rice main stem), Dwight (Antelope

Creek), and Abercrombie (WiId Rj-ce main stem). The location of the

sites are shown in Figure 4. The freguency analysis was completed

following the guidelines of the Ïlater Resource Council Bulletin #17B and

data obtained from TIATSTOR. Appendix C contains tables of the output

from the freguency analysis. The results for various flood events are

summarized in Table 3.

Synthetic Analysis:

Synthetic hydrographs for the VfR-190 site were developed by the

Corps for the 2-,5-, 10-, 25-,50-, 100-, 2OO-, and 500-year flood

events. The inflow hydrographs were deterrnined by routing the Cayuga

hydrographs to the dam site. Local flows were determined similTr to the

method used for the historj.c event analysis. The inflow peaks at the

dam site are not significantly higher than the flows above Ca1'uga.

Local flows run off before the flow from upstream of Cayuga arrives at

the WR-190 site. AppendÍx C contains the synthetic inflow hydrographs

for WR-190. Table 4 shows the existing peak flows at the dam site.

-L7 -
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TABLE 3.' ADOPTED FREQUENCY DA,TA FOR T^IILD EIC]E RIVER, ND.

[rR-190 gÌ^¡c PR0JECT llL792

COMPUTED ÐISEËARGE IN CFS

10
( 10)

EXCEEÐENCE FREqUENCY IN PERCENT
(RETURN'FERIOD TN YEAR,S)

4 2
(50¡

1
(100)

CI,2
(s00)LOCATTON

I^TILD RTCE RIVER
NEAR RUTLAI{D

IüII.D RICÉ RIVER
NEAR CAYUGA

GBASS LAKE TRIB
NEAR LIDGERI{OOD

HRR TRIB!
NEAR MANTADOR

I4IIT.D RICE RIVER
NEAR MA1VTADOR

AìITETO?E CREEK
NEAR DI^¡ICHT

l,ilILD RICE RMR
NEAR ASERCRO}ÍBIE

(2s)

6A2 10.80 1560 2130 3930

78s 1280 1740 2300 4000

31 51 69 90 150

54 L,23 .2L2 346 9t+6

986 L640 2270, 3:050 5540

2520 4660 6810 9480 17900

1+O2o 6510 8730 11.200 18100
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V. Preliminary Design

Dam Desiqn Classification:
Dams are classified according to their potential hazard to property

and potential for Ioss of life if the dam should suddenly fail. Exist-
ing conditions, future downstream development, and the dam height are

considered when classÍfying a dam.

The WR-190 dam site is Iocated in a rural area where there is
Iittle probability of future residential development. FaÍIure of this
dam could result in damage to agricultural land, State Highway 18 and

township roads. No loss of life is expected if the dam would fail.
Therefore, the proposed WR-190 dam is categorized as a low hazard dam.

The dam height is approximately 38 feet, therefore, the dam design

classification for the proposed wR-190 dam is classification III,
according to the North Dakota Dam Design Handbook. The hydrologic

criteria for a class III dam are that it pass a 100-year event without

excessive velocities in the emergency spÍIlway and that it pass a 30

percent PMP event without overtopping.

Hydraulic Desiqn:

An elevation-capacity curve (Figure 5) for the ÍtR-190 site was

developed using a USGS topographic map of the reservoir area. The

elevation-capacity curve and the inflow hydrographs were then used to

determine outflow hydrographs by routing the inflows through the reser-

voir using the HEC-1 model. A revised spillway rating was determined

using the following desJ,grr criteri-a: A 250-foot long, 42'ínch diameter

Iow level pipe at elevation 1,024 msl. A principal spillway consisting
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of a 12-ínch diameter, 240 feet long reinforced concrete pipe with a
6-foot by 18-foot drop inlet structure set at elevation L,042 msl, and a

400-foot wid,e emergency spillway at elevation 1,053 msl.

The routing of the 100-year event yielded a 769 cfs outflow.

Inflow would cause the reservoir to ri-se to an elevation of 1050.0 msl.

The 100-year inflow and outflow hydrographs are shown in Figure 6.

Topographic conditions indicate the emergency spillway control

elevation should be 1053.0 msl. The emergency spillway should be an

open trapezoidal channel with a 400-foot bottom and 3:1 side slopes.

The control section is 100 feet long with no slope. The outlet section

is 1-,300 feet long and the inlet section is 950 feet long. Both the

inlet and outlet sections have a slope of 1 percent. The spillway would

be located in the north abutment. The location of the emeriency

spillway, embankment, Iow level pipe and principle spillway are shown in
Figure 7.

A hydrograph for a 30 percent probable maximum precipitation (PMP)

event was sj-mulated on the HEC-I model and routed through the principal
and emergency spillways. The .3 PMP inflow is 3,305 cfs. The routing

of the .3 PMP event yielded a 1,195 cfs outflow. The event caused the

reservoir to rise to elevation. l-053.4 msl. Therefore, to handle the

event, the top of the dam should be set at 1,057.0 msl, which would

allow for a 3.6 foot freeboard. The 30 percent PMP inflow and outflow

hydrographs are shown in Figure 8.
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Histor ic Flood Event Analysis:

The Corps of Engineers analyzed downstream effects of the proposed

dam based on specific flood events. The historic flood event analysis

method routed specific historic flood events down the Wild Rice River

and through Fargo on the Red River. Models of the individual floods

were run with and without the proposed dam in place. The flood years

used in the HEC-I models were 1966, 1969, L975' 1978, and 1979.

' After the existing condition models were developed for the five
flood events, a preliminary rating curve for the proposed spillway at

the WR-190 dam was put into the model. The modified models were used to

compare flows under existing conditions to modelled flows with the dam

in place. Selected points where the effects of the proposed dam were

considered include the WR-190 site, Abercrombie along the WiId Rice

River, the mouth of the WiId Rice River where it enters the Red River

main stem, and the Fargo gaging station on the Red River. A summary of

the results is given in Table 5.

It should be noted that a preliminary rating curve for the spillway

was used. The peaks which resulted from routing flows through the

proposed dam would be reduced slightly further using a revised rating

curve.

Table 5 indicates the dam would have an effect on larger flows at

the dam site. The peak flows farther downstream are not significantly
changed with the proposed dam in place. The total Tfild Rice River flow

at Abercrombie is reduced Iess than one percent. The total Red River
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TABLE 5. EXISTING A¿\D MOFIFIED I-DAY PE.\K FLOI{S ÀT GIVEN LOCATIONS FOR l.IR-190

YEAR

1966 L969 L975 1978 1979

LOCAT. EXISÎ MODIF EXISÎ MODIF EXIST MODIF EXIST MODIF ExIsT }foDIF

TfILD
RICE
RIVER
AT

r¡R-190

A3ERC.

MOUTE

FARGO

RED
RIVER

BELOl,¡
MOUIIt
OF WRR 10095 10081 24492 24407 11752 1L748 16789 L6762 17001 16964

A1
FARGO 10600 10578 24800 247L5 13100 13099 17000 t6973 17200 L7L63

Flor¡s have not, been rounded to a1lon effects of ÌfR-190 to be shown.

Taken from Feb. L7, 1986, Corps of Englneers rtllR-190 Dan Slte Analys1s".

867

2820

3043

3043

699

2800

302 1

302 I

2032

9360

9677

9677

1059

9275

9592

9592

399

3440

437L

t+37L

377

3424

4355

4355

566

4850

s03 1

503 r

s34

4827

5008

5008

606

5900

5 811

58Il

569

5879

5 785

5 785
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flow is reduced by less than 0.5 percent at Fargo. Changes of this
magnitude are generally not considered meaningful with respect to the

level of accuracy of the modelling process.

The Corps' February 77, 1986 report concluded that the peak flows

from the upper part of the WiId Rice River basin tend to occur after the

peaks on the lower part of the basin have passed.

In analyzing the fÍild Rice River basi.n, the Antelope Creek subbasin

appears to have the major impact on the timing and intensity of the peak

discharge of the lfild Rice River from its confluence with the Wild Rice

River to the Red River. The November 1982 Moore Engineering report
indicates that approximately 75 percent of the peak discharge on the

WiId Rice Rj-ver at the confluence with Antelope Creek is from Antelope

Creek.

Embankment:

A 14-foot crest width is recommended for the embankment. Side

slopes of 3:1 are recornmended to achieve stability considering the

marginal foundation conditions. Three to one side slopes can be main-

tained without great difficulty.

Thirty-foot wide berrns are recorrrrnended to provide stability during

construction and also to provide access for maintenance eguipment to the

toes of the dam; the marshy floodplain deposits are too soft to reliably
support heavy equipment. A tylgical cross-section of the dam is shown in
Figure 9.
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Foundation:

Recommended foundation preparation includes removal of the vegeta-

tion and black topsoils from beneath the upstream half of the dam and

removal of approximately 5 feet of the vegetation, topsoil' and top

blanket from beneath the downstream half of the dam. The excavation

would result in the upstream half of the dam being 2 to 3 feet above

normal ground water level. Excavation under the downstream half of the

dam would extend down to the ground water level. The vegetation and,

topsoil should be salvaged for top dressing on the dam. The upstream

face of the embankment should be seeded with a flood resistant grass to

control erosion. The soft and wet material may be cast downstream of

the downstream toe and later spread to j-ncrease the top blanket thick-
ness.

Und.erseepage Control :

A toe drain is reconsnended under the downstream half of the dam to

reduce the hydraulic head under the downstream slope and berm. The

exact length ancl thickness would be determined during final design.

It is also recornmended that wick drains under the downstream toe be

considered during final design. These drains would reduce the hydraulic

head beneath the top blanket downstream of the dam and reduce the

possibility of voids forming.

Abutments:

A drainage blanket or trench drains in the downstream groin area

and in the riverbank immediately downstream of the dam should Ëe consid-

ered in the final design to collect and control seePage.
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Additional Investisation :

Before final plans could be completed, additional soil borings and

Iaboratory testing would be necessary to adeguately define the soils.

At Ieast four additional borings should be taken upstream and four

additional borings taken downstream of the proposed centerline to

determine blanket thickness and the depth of the pervious foundation.

Field permea-bility tests should be run in the pervious foundation

material to substantiate permeability estimates based only on grain

size. At least two additional borings should be completed in each of

the abutments to further define the strata. Field permeability tests

are recommended if permeable layers are encountered.

At least three tube samples should be obtained and consolj-dation

tests should be run to obtain an estimate of the amount and duration of

settlement in the soft to medium clay plug encountered in Boring ST-7.

Unconsolidated, undrained and drained shear tests should be run on

samples of the clay and clayey silt from the top blanket and the borrow

area soils. Stability analyses for the construction and long-term

conditions should then be perforrned.

A source of sand and gravel and processed aggregate should be

Iocated. These materials will likely be needed for fiII and trench

drains and gravel surfacing of the berms and crest.
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Cost Estimate:

As proposed, the WR-190 Dam is estimated to cost $645,000. This

does not include land or flood easement costs. Table 6 shows the

breakdown of these costs.

TABLE 6
WR-190 Dam Cost Estimate

Item Ouantitv Units Unit Price Total
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
l_1.
L2.
l_3.
L4.
15.

Mobilization
Water Control
Stripping
Waste Stripping
Embankment
flater for Compaction
Concrete
Rebar
72-inch Dia. RCP
42-inch Dia. P.c?
Rock Riprap
Rock Riprap Filter
Drains
Seeding
Fencing

1
1

60,000
20,000

180,000
2,000 M.

285
30,000

240
250
200
100

10

.25

.75
1. 10
2.50

300.00
.50

250.00
150. 00
25.00
15.00

350.00

5,000
20,000
15 ,000
15 ,000

198,000
5,000

85,500
15,000
60,000
37,500
5,000
1,500

1,5 ,000
3 ,500
5 ,000

$476,000
20 ,000
49 ,000
50,000
50 ,000

$645 , ooo

LS
LS
SY
CY
CY
GaI

c.Y.
LBS.
LF
LF
CY
CY
LS
Ac.
LS

Subtotal
Additional Soils Investigation
Contingencies
Engineering
Contract Administration
TOTAT,
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VI. Summary

The feasibility of constructing a dry dam on the WiId Rj-ce River

has been examined. The dam site, known as lÍR-190, is located in the NW

1-/4 Section 25, Township 132 North, Range 52 West, in Richland County.

A Iarge portion of the watershed can be considered non-contributing due

to the many depressions upstream of the dam site which act as storage

areas for runoff.

The soils survey indicated the presence of suitable embankment

material in the emergency spillway borrow area. The foundation consists

of a semi-permeable blanket over pervious alluvial deposits. Relatively

impermeable silt is encountered at a depth of approximately 24 feet.
Seepage through the foundation and under and around the abutments could

cause a stability problem. Consolidation of the foundation soils could

be substantial and occur over a long period of time.

It is necessary to conduct additional borings upstream and down-

stream of the dam site to determine blanket thickness and depth of the

pervious foundation. Additional borings are also necessary in the

abutments. A number of tests on samples taken during the soils investi-
gation should be conducted before final plans are considered.

The WR-190 Dam would be an earth-filled embankment having a

of 38 feet above the stream bottom. The upstream and downstream

would have a slope of 3:1. Approximately 180,000 cubic yards of

aI would be incorporated into the structure. Hydraulic features

an emergency spillway, principal spillway, and a low level piPe.

height

face

materi-

include

The
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principal spillway will be a 72-inch inch diameter pipe through the

embankment. On the upstream end, a 6-foot X 18-foot drop structure is
proposed. A 42-inch diameter Iow level pipe is also included. The

emergency spillway wiII be a 400 foot wide channel with 3:1 side slopes.

It will be located just north of the dam as shown in Figure 7. The

upstream face of the embankment will be seeded with a flood resistant
grass (reed canary grass or substitute) to control erosion. The cost

to construct WR-190 Dam is estimated to be $645,000.

The "WiId Rice River, North Dakota WR-190 Dam Site Analysisrl

completed by the St. PauI District, Corps of Engineers, included a

historical flood event, freguency, and synthetic analysis of the Wild

Rice River basin and the WR-190 dam site. The report indicated that
peak flows in the upper part of the I{iId Rice River basin tend to occur

after the peaks on the lower part of the basin have passed. The report
indicated the l{ild Rice River one day peak flows at Abercrombie for the

1966, 1969, L975, 1978, and 1979 flood events would be reduced less than

one percent by the proposed $fR-190 Dam. Table 3 sununarizes the insig-
nificant downstream changes in peak flows as a result of the proposed

dam. The Antelope Creek subbasin appears to have the major impact on

the timing and intensity of the peak flow on the downstream portion of
the WiId Rice River.
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VII. Conclusions and Recommendations

The WR-190 Dam does appear to be feasible from a technical stand-

point. However, the pri:nary PurPose of the WR-190 Dam is :to provide

downstream flood protection. The proposed structure will provide flood

protection lnunediately ilownstream of the dam site. Further downstream,

flood protection will not be significant.

Due to the minÍmal flood protection benef,its of the proposed llR-190

Dam downstreâm of l{antador, it is reco¡rmended that a dam site be consid-

ered on AnteloPe Creek. Peak dlscharges on the Wilil Rice River are

attributable to the peak clischarge from Antelope Creek. The decision to

proceed r^¡ith the project must be determined by the Richland County ltlater

Resource Board.
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APPENDIX A

Agreement For Investigation of a

DrY Dam on the

WiId Rice River Near WYndmere





# t7v2
SWC Project #t€,0€.
May, L984

AGREEMENT
Investigation of a Dry Dam on the

Wlld Ríce Rl-ver Near Wynd.mere

THIS AGREEMENT ls between

hereinafter referred to as the

Engineer, Vernon Fahy; and the

hereinafter referred to as the

SÈein.

I. PARTIES

the Nort,h Dakota State Water Commission,

Co¡runission, acting through the State
Richland County lrlater Resource Board,

Board,, acÈing through its Chairman, E1roy

Ir. PROJECT, LOCATION, AND PURPOSE

îhe Board wishes to investigate the feasibllity of constructing a

dry dam on the $Iild Rice Rlver for the purpose of flood control. The

proposed dam site is located south and west, of the City of Wynd.mere in
the Nr¡l quarter of section 25, Township 132 North, Range 52 !,lest. This
site was studied in the Wild Rice River Watershed Hydrologic Analysi-s

and Flood Retention study completed in November 1992. rn this study,
the site was identified as Síte WR-190.

ITT. PRELIMINARY II\TVESTIGATION

The parties aqree that, further information is necessary concerning
the proposed project. Therefore, the commission shall conduct the
following:

r. Review the hydrology from the wild River River !ùatershed
Hydrologic Analysis and Ftood Retention Study.

A topographic survey of the site, including Èhe emergency
spillways and any borrow areas.

2
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Other field surveys necessary to establish control for base-
Iines, centerlines and elevations of bench marks.

A borrow investJ-gation to determine the amount and location of
any suitable material.
A subsurface invest,igation to determine the engineering properties
of the soils below the surface at the site.
Soils laboratory tests on the soil sampl-es taken in the borrow
and subsurface invesÈJ-gations.

A prelimÍnary d.esign of the da¡n.

A preliminary cost estimate.

Prepare a preliminary engineering report that will present the
results of this study.

IV. DEPOSIT - REFT'ND

The Board shall deposit a toÈaI of $7r000.00 with the commlssion to

partially defray the costs of the investigation. Upon receipt of a

reguest from the Board to terminate proceeding further with the pre-

liminary investigation or upon a breach of this agreement by any of the

parties, the Conur¡íssion shall provide the Board with a statement of all
expenses incurred in the investigation and shall refund to the Board any

unexpended funds.

V. RIGHTS-OF-ENTRY

The Board agrees to obtain written permission from any affected

landowners for field invesÈigations by the Conunission which are required

for the prelirninary investigation.

V]. INDEMNIFICATÏON

The Board hereby accepts responsibility for and holds the Conmission

free from aII claims and damages to all publÍc and. privaÈe properties,

3
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rights or Fersons arLsing out of Lhis investigation. In the event, a

suit is initiatad or judgrnent rend.ered against the eomtnì.ssion, thê Board

shall indennífy it for any judgment arrived at or judgnnent satísfied.

VII. CUANGFS lPO TIIE AGREEMENT

Changes Ëo a y cont:iaetua,l- provisions here:in wi,l.I not be effectl¡¡e
or binding unless such changes are made in rrriting, sl.gned by both

part,ies and attashed hereto.

NORTH DAKOTA STATE WATER COI,IMISSION
By:

RICHI,AND COUN1TY WATER RESOURCE BOARD
By:

¡Eä€|F-ÉtlFEiËl{
Chainnan

DATE:

.-f<' ¿?¡9y'

WITNESS ¡

VERNON FAITY
State Engineer

DAIfE:

fu/,^.rt 3o t¡yl
/ /

i',-/t1t*.) I /¿-/.--





APPENDTX B

Log of Borings

wR-190

SWC ProjecE #1792

*Taken from Braun Engineering and Testing
Subsurface Investigation BND84-062 dated March 13, 1985
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31
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SILÎ, brown, moist, dense
(drift)ML
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LcfÈy, a little gravel, a few
lessfcation cracks, yellowish
)rown to brown, moist, very stíff
( ril1 )

CL

l836.9

43
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(lacusErfne deposit)

CLAYEY SILT, slighÈly plastic,
Bray, moisÈ (lacustrine deposit)

T rr,îl g.$, m-o l-s t ]ãrv li" "ils t - 
-

rine deposit)

SILTY SAND, very fine graÍned,
grayish brown to gray, \^rater-
bearLng, dense (lacustrine
deposit)

ML-CL

ML-CL

SM

ML

ML

SM

29.7

24.7

2L.7

t9.7

t5.7

02.7 3t

18

L4

L2

9

4

2632.2
UKGANTU StLrI ULAY,
fty, a little sand,

Io!ù plastic-
a little *OLL\

Elcv.
33.7

Tc¡l¡ ú No?c¡
wLBPFDæcrlptlon of lvbtcrlol¡

(ÀsTM D2488)

ASTM
D2487
Sysrbol

Dcpth

SCALE: I"=4'DATE: LL/21/84

LOCATION:
- see aËtached sketch -

ßORING: sr-2. 
BND84.O62 SUBSURFACE INVESTIGATION

Proposed Dam
S. of Wyndmere, ND

PROJECT



LOG OF BORING BR IUn
EilCHEERII{O TESN¡O
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u5o!
Îtg
o
c
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-Eo
o
o

no
!è
1'
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.tl

?o

oo,tl

- Log contfnued on Sheet 2 -
*z,g

28

lLlL
ed, brownlsh gray, waEerbearÍng,
dense (lacustrlne deposir)'

SILTY SAND, fine gralned, dark
gray, r¡aterbearing, medlum dense
(lacustrlne deposlE)
SILT, nonplastlc, gray nottled
dark gray, moÍst, medium dense,

onet um gr

ML

slt

SM

27

-2eL
3l

I98.

.gå,6 _

94.r

30

5

5

4

5

7

II

5

SILTY SAI.ID, fine grained, non to
slightly plastic, a few seems
organic silt, dark gray, v¡aÈer-
bearing, loose (alluvfuur)

SILTY SAND, fine gralned, gray,
waÈerbearing, loose (alluvium)

SILTY SAlilD, fine to medium grafn
ium

eto densdense (
t, tvoo ngtItara teed rbea 1 med

SM

SM

SM

22

13

4

L2.I

03. r

4
2L.L

22.6 rdet, loose (alluvium)
srfi srr-Ent$ plãõ'trf,a

llttle organÍc material, very **

grasAl,ID, , EtaY

ML-CL

SM

4

_ _2k

5
LL=34, PL=26, PI=8,
MC=32.8, OC=3.4

See grain sÍze analysfs

See grain size analysis

*black, eret, rather
soft (topsoil)

**wet, rather soft
(a1luvium)

**'h (lacus trine deposiÈ)

See sieve analysis

See sfeve analysis

lÈv. a llttleUI(('A¡I.¡.TJ ùI¡JT T U¡Jlll troots
row PIasE].c-& hr:mus. *OLI24. I

r Notc¡Tc¡Ì¡
BPF

ÀSTM
D2487
Sys¡bol

DcpthElcv.
25.1

wLDacrlptlon of lvbtcrlol¡
(ÀsrM D2488)

SCALE: l"=4|DATE: LT/6&7/84

LOCATION:
- see atEached sketch -

. BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l^lyndmere, ND

PROJECT BORING: ST-3 (Sheet I of 2)



LOG OF BORING

Tc¡t¡ ú Notc¡

See grain size anallsf
oc
E
o
o

(,
vtoît

!g
o
C

.9

_3o
o
o

6o
-9.L
ît
o
?o
ttl

Eo

oovl

EI{OINEERIHO lEsfII{G
BR,lUN

I^Iater level dor¡n 12.2' with 45r
of hollow-stem auger ln ground.

I.Iater level down 4.4 t irmnediatelr
after withdrar¡l of auger.

28

24

44

25

38

25

SILT - cont.
-sILT-, som-firiFsañil d;;'k sã'y,waterbearing, medium dense
(lacustrine deposit)
SILT, dark gray, mofst, dense
(lacustrine deposit)

SILTY SAI.ID, very ffne grained,
dark gray, \ùaterbearl-ng, medLum
dense to dense (lacustrine
deposiE)

SM

l(L

tu-

46

37

24t4

32

I

6

I

I

88

79

- Log contlnued from Sheet I -3r94.L

wLBPFDæcrlptlon of lvbt¡rlol¡
(ASTM D2488)

ASTM
D2487
Sy¡rbol

DcpthElcv.

SCA [I: l"=4'DATE: LL/687 /84

LOCATION:
- see attached sketch )

BORING: ST-3 (Sheet 2 of 2)
BND84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of l^Iyndmere, ND

PROJECT:



LO G OF BORING BR fun
Er{orNEER0{O lEglt}ao

oc

o

u
UIo'tt

!co
c

.9
o3'ì;
o
o

tt
a,

.9
CL

Ì,
oTIco

.tl

?o

oo,tl

I.later level.down 15.3r wfth 19I¡'
of hollow-stem auger Ln ground.

I{aËer level dor¡n 4.6 | Í¡rmedlatel'
after wlthdrawal of auger.

¡t (alluvlun)

10

7

6

L2

l0

2T

L3\

916.4

r1.9

04.4

SILTY SAllD, fine grained, wíth
seans sllty clay, dark gray,

tgþ ea;1þ g J.oo s=- ( alluv run) -
SANDY SILT, slightly plastic, a
l1ttle clay, dark gray, medium
dense to loose (alluvium)

ILTY SA¡ID, fine to coarse grain-
, wfth some seams sí1ty sand
d silty c1ay, gray Èo dark gray
terbearÍng, loose (alluvium)

ML-CL

SM

SM

6

1

4
LL=37, PL=27, PI=10
l4C=29.9, OC=3.8

LL=39, PL=24, PI=15
MC=37.4

See grain size analysís

See sieve analvsís

t,:!åen¿g'$=! tUUS¿r!}""n' -
SILTY Cf,ÀY, some fine sànd, dark
gr¿ry mot,Èled light gray, very wet
sofÈ (alluvium)

SILT, slíghtly plastfc, a
clay, Èrace organic

als, gray mottled dark gray
brown, very eret, raÈher soft *

, P t

fttle
erf

OL

CL

Mt-CL

7

4

L\6

2L.4

18.4

23.9

evL
Tc¡t¡ ú Notc¡

BPFDæcrlptlon of lvbtcrlol¡
(ASTM D2488)

ASTM
D2487
Syurbol

DcpthElcv
25.4

SCALE: l"=4'DATE: IL/8/84

LOCATION:
- see aEËached sketch -

BORING, ST-4. BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of ttyndmere, ND

NOJECT



LOG OF BORING BR tun

õc
E
o
o

ofloat
T'g
o

o

_3o
o
o

6o
IÀ
1'
o
Eo
.tl

Eo

EraolxEERNo TESlltO

See grain size analysi

See graín size analys

oo,¿l

rrbearlng, loose (alluviun)
Water level down 4.9' wlth l9tr
of hollow-stem auger ín ground.

Water level down 4.2 | Lmediate-
ly after withdrawal of auger.

232L02.9

SM SILTY SAND, fine grained, waEer-
rearing, medium dense
ll nr.rls,f rine denos,{ f \

6

TI^l

13. 9_

11.9

07 .9

04,9

9.4

SM

-Sl'f

SM

S}T

SM

t0

-T-4L

19

l6

L2

waterbearlng, nedium dense

terbearing (alluvium)

SILTY SAND, fine graÍned, dark
BraÏ, waEerbearing, loose
(alluviun)
ILTY SAND, fine grained, trace
bej:, dark gray, wate:-*

, fíne grained, some seams
stlty fine sand, dark BraY,
waterbearing, loose (alluvium)

brown,

I

gray,ine gralne)

ra1 tt oö nedf. iãã
a

S

3

?

4

15.9

-6" topsoil over SAI{DY SILT,
sllghtly plastlc, trace roots,
dark gray, weE, soft (alluvium)ML-CL

I

wtDcpthElcv.
23 -9

ÀSTM
D2487
Sv¡ùol

Tc¡t¡ ú Notcr
BPFDacrlptlon of Àrbtcrlol¡

(ASrM D2488)

SCA [E: 1"=4'DATE: Lr/21/84

LOCATION:
- see att.ached sketch -

. 
BND84.O62 SUBSURFACE I}WESTIGATION

Proposed Dam
S. of l,lyndmere, ND

PROJECT BORING: sT-5



LOG OF BORING BR IU

oc
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urto!
.lC
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-Eo
o
o

EilOII{EERII{O TESNTO

*black, vret, rather
soft (topsoil)

See síeve analysis

boring advanced below
15 feet with rotarv
bit & drilling mud

See graí.n size analys

oïo
ttt

?o

oo,tl

- Log contlnued on Sheet 2 -
23

20

22
ML

ML

27

3193. I

97.L

SILT, non to slfghtly plastic,
dark gray, molst, medlum dense
(lacusÈrine dePoslt)

SÀì¡DY SILT, nonPlastlc, dark
Bray, molst, medium dense
(lacustrine dePosit)

7

6

4

4

4

6

4

7

24

18

t2

2

915. I

12. L

02.L

I0

SILTY SAIID, fine Èo very fíne
gralned, Bray to very dark gray,
waterbeering, loose to very
loose (alluvium)

SAI.IDY SILT, non to slightlyplastic, a little clay, trace
organlc m¡t,erÍal, very dark gray
waterbearfng, loose (alluviun)
SILTY SAND, very fine grained,
gtay, waterbearing, very loose
(a11uvf run)

SILTY SAlilD, very fine grained,
trace roots, dark Etay, rüater-
bearfng, loose (alluvium)

SILTY SAÀID, fine grained, gray
terbearing, loose (alluviurn)SM

SM

SM

ML

SM

4

5

20.L

2,6- OL

CL

4

flr a llttle roots & humus, *

Etay, very wet, rather soft
(al-luvium)

tÍc-t

lastlcLty )P dark
fty '
SILTY CLAY, low

ASTM
D2487
Synbol

DopthElcv
24,L

Tc¡t¡ ú Notc¡
wtBPFDacrlptlon of lvbtcrlol¡

(asrM D2488)

SCA LI: I"=4 rDATE: IL/8-19/84

LOCATION:

- see aEtached sketch -

BOR_lÀlG: 5T-6 (Sheer I of 4)
B}ID84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of Wyndmere, ND

PROJECT:

See gral.n size analysí



- Log continued on Sheet 3 -
24

25

20

20

SA!¡DY SILT (continued)

SILT, non to slightly plasÊic,
dark gray, medl-um dense, moist
(lacustrine deposit)

dark gray, moist,
(lacustrine deposit)

SAIÙDY SILT,
díum dense

ML

ML

33

48

6l

91.1

76.L

63. I

93. I - Log continued from Sheet I -31

w1BpfDacrlptlon of Ârbtorlol¡
(ASTM D2488)

ASTM
D2487
Sy¡rboI

DcpthElov.

/ ï-Le / 84.11

BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of Wyndmere, ND

PROJECT:

LOG OF BORING ER,îUN
EXCmEERttaO ttsTll{o

. 5T-6 (Sheer 2 oî. 4)
LOCATION:
- see attached sketch -
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LO G OF BORIN G BR îUn
EXOII|EER|I{O 1EsTiltO
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vlo
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ooatl

- Log contfnued on Sheet 4 -
l0

a

7

EAT CLAY, high plasEiciÈy, wirh
seanÉ¡ silty clay, dark gray, $ret,
medium (lacustrine deposit)

FAT CLAY, hfgh plasticfty, rù1th
seams silty clay, dark gra, wet

moist, raÈher stiff (lacus-
rinè deposlt)

CH

CH

8J_

9133. r

t

SAI.IDY SILT (continued)

6856. I

LL=54, PL=32, PI=22
MC=4 I .4
qP= t to lL tsf(pocket penetromeEer
estimaÈe of unconfin-
ed compressive
strength)

LL=54, PL=27, pI_=27
l,fC=40. I
qP=lk tsf

LL=52, PL=31, PI=21
MC=4 I .0
qP=lL tsf

63.1 61

Tc¡t¡ r Notc¡
WIBPFDacrlptlm of À'btcrlol¡

(ASTM D2488)

ASTM
D2487
Svsrbol

DcpthElcv.

SCALf: l"=41DATE: rr/8-19 /84

LOCATION:
- see attached sketch -

5T-6 (Sheet 3 of 4)BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l,Iyndmere, ND

PROJECT:



LOG OF BORING ER tun
ENOfiEERII.(¡ TESNXO

. 5T-6 Sheet 4 of. 4

LOCATION:
- see attached sketch -

Tc¡tr d Nots¡

LL=55, PL=32, PÍ=23
MC=41.3
qp= k to lL rsf

l tt=4 |

oc

o

u
UI
a,tt
Ìtco
c

.9

5o
o
o

vlo
o
4
Ìt
0ro

ttl

ro

oota,

I.Iater 1evel down 2.2t with 9n
of hollow-stem auger in ground

I,Iater level down 2.3 | i¡medÍaÈe-
ly after withdrawal of auger.

llL10123.r

FAT CLAY (continued)
9133. I - Long conÈLnued frou Sheet 3 -

WT
A^STM
D2487
Sv¡rbol

DcpthElcv. BPFDacrlptlon of I'btorlol¡
(A,STM D2488)

l8-19184. IlE

. BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l^Iyndmere, ND

PROJECT



LOG OF BORING BR îUn
E]'lGltlEERlitO lEsfitlo
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VI
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ooatl

- Log continued on SheeÈ 2

25

jg
SAI{DY SILT, Eray¡ moist, medlum
dense to dense (lacustrine
deposlt)

ML

3191.6

6

SILTY SAlilD, sltghtly plasEíc,
with some seams si1Èy clay, trac€
organic materÍalsr gray, Írater-
bearing, loose (alluvium deposlÈ)

Sl'f-SC

2498. 6

ll

13

7

2

3

5

6
*blackr wet, mediuu

(al1uvíurn)
ORGAI{IC SILTY CLAY, low plastlc-
1ty, a little roots & humus, *
SILTY CI"AY, low plastfcity, trace
rooÈs, dark gray, wet, rather
sof ilalluvi"ù _
SA¡¡DY SILT, slightly plastic, a
llttle clay, trace roots & stems,
a few lenses fine sand, dark
gray, very v¡et, sof t (alluvir¡n)

Alternating seams SILTY CLAY &
CLAYEY SAIID, with some thin seams
fine to coarse sand, Brayr
medium to stfff (alluviuur)

ML.CL

CL

SC
&

j
CL

L7

3\

9

L\2L.I

19. I

13.6

05.6

wL
Tc¡t¡ or Notc¡

BPFDacrlptlon of i'btclol¡
(ASTM D2488)

ASTI'{
D2487
Sy¡rbol

DcpthElcv.
22.6

SCA LI: 1"=41DATE: LLI20/84

LOCATION:
- see attached sketch -

BORING, ST-7 (Sheet L of. 2)' BND84-062 SUBSURFACE II.IVESTIGATION
Proposed Dam
S. of ltyndmere, ND

PROJECT



LOG OF BORING
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6oT'
'og
o
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.9
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o

clog
o-

T'
o?o

,tt

ïo

o
a,ttl

l,Iater leve1 down 6.5 | s¡1th
34\' of hollor¡-sÈem aguer in
ground.

I.later level down 3.4 | lurediate-
ly after withdrav¡al of auger.

26

SAìIDY SILT (contlnued)

3686.6

91.6 - Long contfnued from Sheèt I -3l

wL
Tc¡t¡ ü Notc¡

BPFDccrlptlon of lvbtorlol¡
(ASTM D2488)

ASTM
D2487
Synbol

DcpthElcv.

SCA lf: 1"=4'DATEI LII20/84

LOCATION:
- see attached sketch -

ST-7 (Sheet 2 of. 2)PRoJECT: BNDB4-062 suBSURFAcE rNvESTrcArroN
Proposed Dam
S. of l^Iyndurere, ND

E¡totxEEñ0{c TEslrr{c
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LO G OF BORIN G BR îUn
EllGHEERlrIO ÎESYTXO
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T'
o
Eo
ttt

?o

a,
a,,tl

't very loose (topsotl)
(**)

58

SILTY SAI{D, flne grafned,
waterbearing, very dense
(lacustrine deposft)

EÊAY,
SM

3103 -4

Lß,

4L

4r

27

23

t8

ML-CL

ML

23

28

11 .4

06.4

SILT, yellowish brown to gray
below 151, moist, medium dense
Èo dense (lacustrine deposit)

SAIIDY SILT, slightly plastic, a
llttle clay, Etay, moíst, dense
(lacustrine deposit)

7

)lÁ

ML

ML

7

4

27.4

30.4

SANDY SILT, trace roots, dark
grayish brown, moist loose
(a1luvium)

SANDY SILT, yellowlsh brown,
moist, loose (alluvium)

3L\32.9

See graín size analysit

See grain slze analysis

See grain sÍze analysis

(**)Water level down
27.9t vtl-th 29\l
of hollow-stetr
auger l-n ground.

ORGANIC SAI{DY
roots & humus

SILT, a
, black,

llttle
moLst, *OL

ÀSTM
D2487
Synbol

DcpthElcv.
34.4

Tc¡t¡ c Notc¡
w1BPFDaêrlptlm of lvbt¡rlol¡

(ÀsrM D2488)

SCA [I: l "=4 rDATE, LL/20/84

LOCATION:
- see atEached skeEch -

BORI NG, ST-8. BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l^Iyndmere, ND

NOJECT



LO6 OF BORING BR tun
ENO|I¡EER|i{O TESÎ¡C

E
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o

o6oa,
't,
Co

o

_3o
o
o

Â-

ro

o
a,al',

** )(*) (

46

31

44

5t

67

57

35

30

ML

ML

SM

3t

I8

25

III

I

_L4 I

31

SILTY SAND, fine grained, gray-
ish brown, moísE, dense to very
dense (lacustrine deposit)

SILT, bror"m, I^¡aÈerbearing, dense
(lacustrÍne deposit)

SILT, Brayr mofsÈ, dense
(lacustrfne deposft)

26

l1

45.2

SAI{DY SILTY CLAY, medir¡m plast-
tcfty, a llttle gravel, yellow-
lsh brown, moLst, rather stfff
to very stlff (ti11)

CL

4

See grain size analysis

See grain size analysis

See grain size analysis
(:t)l,later level noE en-
counÈered with 29bt of
hollow-stem auger in
ground.

(**)I.Ieter level not en-
countered to dry cave-
fn depth of L7,2t im-
mediately afÈer with-
drawal of auger.

vvtElcv.
49,L

BPfDcrcrlptlon of I'bt¡rlol¡
(A.sru 02488)

ASTM
D2487
Syrùol

Dcpth
Tc¡t¡ or Notcr

SCALE: l"=4'DATE: Itl22l84

LOCATION:
- see attached sketch -

BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l^Iyndmere, ND

PROJECT: BORING: sT-9



LO G OF BORING BR îU
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oortl

I{ater level not encountered wlth
9\' of hollow-slem auger in
ground

I.Iater level not encounEered to
dry cave-in depth of 9.4' im-
nediately after withdrawal of
auger.

* (topsoil)

9211

SILTY SAND, fine grained, gray-
íèh brown; damp, very dense(lacustrine deposit)-

SM

47.L

4r

TW

SAIIDY SILTY CLAY, medium plast-
fcity, a lfttle gravel, yellow-
ish brown to brown, moist, very
sriff Eo hard (1111)

CL

8449.6

i/ Ll
SILT, slfghtly plastic,
clay, yellowlsh brown,
loose (alluvium)

a I-fttle
moist,[tt-cL

454. r

8
SILIY CLAY, Ioer plasticlty, some
fine sand, black, moist, medÍum*CLL\56.6

WI
Tc¡t¡ or Notc¡

BPfDacrlptlon of Àbtorlol¡
(ASTM D2488)

ASTM
D2487
Synbol

DcpthElcv.
58. I

SCA [: l"=4'DATE: LI/22/84

LOCATION:
- see attached sketch -

BORING: ST-ll. BND84-062 SUBSURFACE INVESTIGATION
Proposed Dam
S. of l,Iyndmere, ND

PROJECT



LOG OF BORING BR îUn
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,tl

Tg

oottt

l^IaËer level not encountered withg\t of hollow-stem auger in
ground.

Water 1evel not encounterered to
dry cave-in depth of 9.0' in-
mediately after withdrawal of
auger.
rrmoist, loose (topsoil)

4446.9

SILTY SAI.ID, fl.ne grained, slight-
ly plasÈlc, a little clay, brown,
moist- dense (lacustrine deoositìSM-SC1t

lI7
SANDY SILTY CLAY, medium plast-
ícity, a litEle gravel, yellow-
ish brorm, moist, very sEÍff (titlCL

948.9

22

26

SAND, fl.ne to coarse grained,
with some gravel, a l1Ètle sllt,
brov¡n. damp. medÍum dense

lallu'ylulnl '_
SILT, pale yellow, molst, med-
ium dense (alluviu¡n)

ST,¡-SM

ML

64

4

51.4

53.9

7
SA¡¡D, sllghtly plastic, trace
roots & humus, black to brownr*SM-SC

L456,4

#L
Tc¡tr or Notc¡

BPFDacrlptlon of Àfutcrlol¡
(ASTM D2488)

ÀSTM
D2487
Sysrbol

DcpthElcv.
57 .9

SCA l..E: I "=4 |DATE: rL/22/84

LOCATION:
- see attached sketch -

BORING: ST-13
BND84-062 SUBSURFACE INVESTIGATION

Proposed Darn
S. of l.lyndmere, ND
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*black, moisE, loose (toPsoil)

I{ater 1evel not encountered with
glit of hollow-stem auger ín
ground.

I,Iater level not encountered to
dry cave-in depth of. 9.71 im-
medLately after withdrawal of
auger.

51
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36
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11tLl -l

CL
SANDY SILTY CLAY' medium Plastlc-
1ty, a llttle gravel' brown mottl'
ed gray & brown, moisÈ' very
stiff to hard (tf11)

856,6 sM-scL\
SÚF SAI{D, slightlY Plastic, a
llttle clay, trace roots & huutusri

Elcv.
58. I

ASTM
D2487
Svmbol

Dcpth BPFDæcrlptlon of I'btotlol¡
(ASrM D2488)

Tc¡t¡ c Notc¡
vv1

SCA LI: lrr=4 rDATE: LI/22184

LOCATION:
- see aEtached sketch -
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BND84-062 SUBSURFACE INVESTICATION

Proposed Dam
S. of l.Iyndmere, ND
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*rather stiff (topsoil)
l{ater level not encountered with
94' of hollov¡-sÈem auger in
ground.

I,later level noÈ encounÈered to
dry cave-in depth of 8.8r im-
nediately after wíthdrawal of
auger.

27

30

27

SANDY SILTY CLAY, medium plast-
fcity, a llctle gravel, dessícat-
ion cracks, brown, moLst, very
sÈfff (tfll)

CL

l146.9

26

SILTY CLA,Y, low plasticfty, yel-
lowl.sh brown, moist, very stlff(alluviun)

CL
3\54.4

I2
SILTY C[.AY, Iow plastlclty,
rooÈs & humus, black, moLsÈ,

trace*CLL\s6.4

wL
Tc¡t¡ or Notc¡

BPF
ASTM
D2487
Synbol

DcpthElcv.
57 ,g

Dacrlptlon of lv$¡rlol¡
(ASTM D2488)

SCALE: 1"=4'DATE: Lr/22/84

LOCATION:

- see attached sketch -

BORING: sT-17
BND84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of l^lyndmere, ND
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I^Iater 1evel not encountered with
9U' of hollow-stem auger in
ground.

I{ater level not encountered to
dry cave-ln depth of 9.61 im-
nediately after withdrawal of
auger.
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26

56

, l2t
SAì¡DY SILTÏ CLAY, low plastlcfty,
a llttle gravel, brown, molsÈ,
hard (t111)

-SANDY SILTY CLAY, medium plast-
lclty, a little gravel, dessfcat-
ion cracks, brown, moíst, hard
to stiff (trff¡

CL

CL

ll

454.0

47.O

756,0
roots & hu¡nus, black, moÍst,

fciÈy,tP

lum t1
tSILTY

CL
2

wLDcpthElcv.
58.0

Tc¡f¡ c Notcr
BPfDacrlptlm of I'btcrlql¡

(ASTM D2488)

ÀSTM
D2487
Symbol

SCA [I: I'r=4'DATE: LL/22/84

LOCATION:
- see attached sketch -

BORING: sT-19
BND84-062 SUBSURFACE IIWESTIGATION

Proposed Dam
S. of [.Iyndmere, ND
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*medium (topsoÍl)
I,Iater level noÈ, encountered with94' of hollow-stem auger in
ground,

I.later level not encountered to
dry cave-ín depth of 9.21 Í¡n-
nedfately after r"¡ithdrawal of
auger.

28

23

SAli¡DY SILTY CLAY, medium plast-icity, a liÈt1e gravel, brour,noisr, very srif f (rlu)
CL

1145.7

25

27

sltghtly plastic, a litrlepale yeIlow, mofst, medium(alluvium)
SILT,
clay,
dense

Mt-CL

6150.2

7

SILTY CLAY, Iow plastfeiÈy, traceroots & humus, black, moist, *55.2 CLT\

Tc¡tr or Notcr
WIBPFDccrlptlon of lrbt¡rlol¡

(ÀsTM D2488)

ASTM
D2487
Synbol

DcpfhElcv
756

SCA [.E: I"=4'DATE: rr/22/84

LOCATION:
- see attached sketch -
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BND84.O62 SUBSURFACE INVESTIGATION

Proposed Dam
S. of I^Iyndmere, ND
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Irlater 1evel not encountered wíthth' of hollow-sÈem auger in
ground.

Water level not encountered Èo
dry cave-in depth of. 9.21 ím-
nediately after withdrawal of
auger.

35

28

TI^I
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L2
6r' topsofl over SAl.lDY SILTY CI-A,y
low plastlcity, a little gravel,
brown, moLst, rather stiff Èo
hard (t111)

-s n¡oTs riliÎ cilty, i-" a i "î- p r.3-icity, a little gravel, moÍst,
very sriff ro hard (Èill)

CL

CL

1l

4

42.1

I49

Tc¡t¡ or Notc¡
w1BPFDcccrlptlon of t'btorlol¡

(AslM D2488)

ASTM
D2487
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DcpthElov.
53. t

SCALE: 1"=4'DATE: IL/23/84

LOCATION:
- see attached sketch -

BORTNG: ST-23
BND84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of Wyndmere, ND

PROJECT



LOG OF BORING BR tun
Er{orxEEFtt{G TE81lllO

oc
E
a,

o

I
UIoa,
!co
c

.9

5o
o
o

0o
J
CL

î,
oro

tll

ro

oottl

*medium (topsoil)
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ground.

Water level not encountered to
dry cave-1n depth of. 9,21 im-

tely after withdrar,¡al of
euger.
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48

25
SAì{DY SILT, slfghtly plastl.c,
trace gravel, brown, nolst, med-
fum dense (t111)¿-
SAlilDY SILTY CLAY, nedíum plast-
fclty, a little gravel, brown
mottled Etay, hard to very stiff
(rf11)

ML-CL

CL

I

4&.4_

47.4

7
s6.4

ORGANIC SANDY SILT, slfghtly
plastic, a llttle roots & humus,
a llttle clav. black. molst- *

OL
2

wLDcpthElcv.
58.4

BffDacriptlon of I'btcrlol¡
(ASTM D2488)

ASTM
D2487
Sysrbol

Tc¡t¡ or Notc¡
SCA LI: 1"=41DATE' LI/23/84

LOCATION:
- see attached sketch -

BORING: ST-25
BND84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of Wyndnere, ND
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I,Iater level not encountered wiEh
9\' of hollow-stem auger in
ground.

Í,later level not encounÈered Èo dr
cave-in depth of 8,8t irrunediately
after withdrawal of auger.
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Lum plasticlty, a little sand,
brown, medÍum to hard (t111)

icity, a lÍttle gravel, a few
seams sílty fLne sand, bror¡n to
yellowf.sh brown, moist, hard
(ri11)

ILTY t tSA}¡DY lum plasmeds cL-Ñ

t0 over ,ßê

ASTM
D2487
Synbol

DcpthElcv.
54.2

Tc¡t¡ ü Notc¡
WtBPFDacrlpllm of lvbtcrlol¡

(ASTM D2488)

SCA LI: l"=4'DATE: rL/22/84

LOCATION:
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BORING: ST-27
BND84-062 SUBSURFACE INVESTIGATION

Proposed Dam
S. of l.lyndmere, ND
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I.Iater leve1 not encounÈer-
ed when probfng boring
inmedfately after wlth-
drar¡al of auger.
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ered when problng boring
lmedfately after wtíh-
drawal of auger.
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dfsperslon & permeability
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INTRODUCTION

As requested by the North Dakoüa StaÈe t{ater Comnission (uoSwc), the
effects of a proposed dan on the WÍId Rice Riven oain sùem idenùified as
l{R-190 were looked at. see Figune 1 for the locatlon of thls site.

Base data for thls analysis was obùained fron the Moore Engineertng ReporÈ
enùfbled nWild Rice Rlver l{atershed, HydroJ.ogic Analysis and FLood
Retention Studyrrr daled November 1982, Data for the prellminary spillway
rabing curve was obtained fron the NDSllC. Addit,ional infornation Èo
compleüe this work was acguÍred from other sources as needed. One maJor
dala base which was used and built upon for this analysis was a !ining
analysis done by the St. PauI District, Corps of Engineers. (See "TlrnlngAnalysls Reportrr dabed December 1985 for furlher infornation on thls
süudy. )

To determine the downstrean effecùs of the pnoposed I,IR-I90 dam on the !{ild
Rice and Red Rivers, Èwo nethods of anarysls were used. Bot,h enployed
HEC-1 conputen models for Èhe assessment. T?¡e first was based on specific
flood events, the second on a synüheÈlc nodel usfng frequency curves.

In addibion to the speciflc analysÍs of the dansite, the NDSI{C also
nequesüed that frequency curves be developed at, selected points wlthtn the
WlId Rice basin. They have been lncluded in this report and can be found
between the two dansite evaluaülons. They were poslttoned hene slnce the
synLhetlc analysls is baeed on developed frequency curves.
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MEÎHOD 1 - HISTORIC FLOOD EVENT ANALYSIS

This method rouLed specific hÍsùonic flood events down the !{i1d Rice
tribuÈary and through Fargo on the Red River main stem. ModeIs of Èhe

individual floods were nun with and wlthout bhe proposed dan in place;
lhen the two flows l¡ere conpared.

The flood years used in the HEC-I nodels were 1966, 1969, 1975, 1978, and
1979¿ For four of fhe nodels - 1966, 1969r 1978, and 1979 - data on the
Red River nain sten had been developed as part of Èhe firoing analysis
conducted by the Corps in 1985. The 1975 flood was modeled speclffeally
for this sÈudy fron the headwaters to Fargo. (lt is anticipated !hat, the
remainder of ühe maÍn stem will be nodeled for fhis flood event at a later
date and incorporated inüo the original tlning analysls study.)

Tl¡e inflows for the I{R-190 dansite were determined by uslng Èhe nearesb,-
gaging sfation upstrean of the proposed slte ab Cayuga. Local flows
beüween thls gaging sùaùion and the l{R-1 90 sife }rere obùalned in the
following mannen. The drainage area above the Cayuga gage ab 955 square
niles was oblained fron the USGS. A¿ t{R-190 the drainage area was
calculabed to be .1 1230 square nÍles. The ratio of lhe dralnage erea
between Èhese Èwo locaÈions wiÈh ühat at Cayuga is 0.288. Ttrls figure was
used to nultlply the flows at the Cayuga gage Èo obtain the local flows
for the area between Cayuga and l{R-190. For eaoh flood event, the flows
at Cayuga nere rouùed to l{R-1 90. Fron ühis poinù the local flows were
added to the routed flows to obtain ühe toLal lnflow ab Èhe Wn-1 90
damsife.

Local flows were also delennlned for the area between the damslte and the
nearest downstrean gage which was used in the Red Rlver nain stem tlning
analysls. Thls gage is located aù Abercronble. To obtaln flow data in
thls neaeh, the t{R-190 inflows were ühen nouted to Abercronbie and
conpared with the gaged flows at Èhis locatÍon. The difference bet,ween
the lnflows fron ùhe t{R-190 site and the gaged fLows is üherefore the
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local flow for this anea. Fnon Abencnombie bo poÍnbs downstream, data
from the Red River main stem models were used. An explanaùion of these
latter nodels can be obtained fnon the Corps Timing Anal-ysis Report.

After the exisbing condilions models wene developed for the five flood
events as described above, the raüing curve for bhe proposed spillway at
the tJR-190 dan was put int,o the nodel. Ïlith the dam in place, the
modifled oodels were used to determine the downstrean effects for each
flood event.

Conpuber nuns with and without the spillway rabing cunve allowed
conparisons of exfstÍng flows and modelled flows with bhe dan 1n plaee.
Tables and plobs ûJere developed at selected points to trace bhe possÍble
effecbs of ühe proposed dan. These included the ltR-190 sÍte and
Abercronbie along the l{lld Rice River; the mouùh of lhis trlbuüary where
it entens the Red RLver main sten; and the neanest naJor gaging staLion
downstream of ttris confluence, Fargo. Section A contains Èables of these
flows. Plobs of the l{ild Rlce Rlver and Red Riven flows oan be found ln
Section B. A sumnary of Èhe nesults is gÍven below in Table 1.

Fnon Table 1 and the daLa Ín Secblons Aand B, it can be seen that WR-190
does have an effect on larger flows at the damsite. It should be noled
thaÈ fhe raùing curve for the splllway used ln thÍs study was only
pneliminary. Although the snaller peaks did not seen bo change
signlficantly wifh fhe fwo runs, these also nay be reduced when a nore
nefined raùing curve is developed for fhe final design of the dan. It can
also be seen fron Tab1e 1 that the 1-day peak flows farÈher downstrean of
ühe dan are NOT significantÌy changed wlth the proposed dan in place. In
1969, for insÈance, the peak reductlons at the Wn-190 neference point were
significantly larger than for any of ùhe other four flood events. At fhe
renaining selected locations below ühe damsite, however, the change in
peak was less than 1 percent. In fact, the tobal Red River flow is
neduced by less than 0.5 percent at Fargo.
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TABLE L, EXISTING åND I'IODIFIED I-DAY PEAK FLOIdS,1î GI li L00ÁTI0NS F03 {'¡F-190

LOCAT.

1966

EXIST I(ODIF

1969 Lg7:Ð 'Lg?s t97g

EXTST }IOD F EXIST MODIF EXISÎ IIODIF EXI5T IIODIF

ICTLD
RfCE
RIVER
AT

t¡lR-190

ABERC.

t'fû'r¡TI{

FAR6O

867

2820

3043

3043

699

2800

3CI21

3021

2032

9360

9677

9677

1059

927s

9592

9592

399

3440

4371

4371

3,77

3424

4355

4355

Ðt)tt

485CI

5031

503'1

534

4827

5008

50s8

606

5900

3t1L ¡

5811

559

3879

=?oÊ

JlCU
RIVEB

BELOId
I'touTl{
0F t¡¡EP 10095 1OO.81 24492 24407 tt7å2 IL748 :6789 1ã7.62 iT}ti 16963¡

åT
¡ AKtrU 10600 10578 24800 247t5 t3100 i3099 1?tôo :.ó9?3 i:2r{ :7t93

i.lo+s have not been rounded ro allou eff€aqs of lvR-19O to be s¡lât'ln.



Based on the bables and plobs produced for Èhe various flows, lt appears
thaù lhere is at leasL one naJor reason fon Lhls lack of neducbJ.on far"lher
downstream of the proposed dansite. The peak f1o¡¡s fron the upper parb of
the basln tend to occur aften bhe peaks on the lower. pan! of, ùhe basin
have passed. This difference fn tlning becones even greaten afber t,he
fl.owE ane routed downstrean.
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FNEQUENCT ANALTSTS

A frequenoy analysis for the llild Rlce gagl.ng staüions rdas aleo requested
by the NDSllC. The followlng staüions were included:

Rutland (Wil¿ Rlce naln ste6)
Cayuga (llff¿ Rlce maln sben)
Lidgerwood (Grass Lake Triþutary)
!{antador (Wrra Riee maln sten)
Dwtght (lntetope Creek)
Abercr.onp'ie (1{i1d Rlce naln Eten)

Figure 2 showe the locatlone of Èhe sfx sites. this analysis was done
following lhe guldellnes of l{RC Bulletin t17B and data obÈained fro¡u
I{ATSTOBE. For ühose statlons curnently ln user dala was obtatned up üo

llater Ïear 1984.
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The following methods l¡ere used to obtain the adopÈed frequeney eurves.
The süaüion data fron I{AÎSTORE was put lnlo cornputer progran HEC¡{RC to
compute the frequency eurves. l{here posslble, historic daÈa was also
lnoluded. A Ekew nap has reoently been devetoped by the St Paul Disbrict.
The base data was therefore run bobh with and r¡lbhout a generalized skew
value. In all casear the adopüed frequency cunves presented lnelude the
generallzed skew velue. Sectlon C contalns tables of the output fron the
fnequenoy analysf.s. The adopted frequency values have been labeled and
ane bhe lasù ourve data given in each üable. These results are sunnartzed
Ln Table 2 below.
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TABLE 2, ADOPTEÞ FNEOUENTY DåTA FOR IIILÐ R]CE RIVER, ND.
GENERAI.iZED KE{J ]5 .0.2 FOR AtI- LTCATIOHS

ÌfEA!t

:::-_-
51A¡¡0.
DEVIA.

1.9921
0.6404

2.29A2
0.4758

0.8268
0.5358

4.7923
o.7?79

2.3922
Q.4694

2.568û
û.6697

2.9147
u. Ð55b

cot'lP.

:ï:___
ADOPTED

:ï:__-
-4.5L77
-0.3

COI|ÍPUTED DISCHARGE IN CFs
==== ========= === === ==á== === ==========

EXCEEDENCE FREOUENCY il PERCËNT
(RETURN PERIOD IN YEARS)

=====================================10 4 2 L O.2(10) (25) (50) ( 100) (5oo)_---T:1lt:L___
O'ILD RICE RIVER
HEAR RUTLAND

I¡TLD RICE RIVER
I'IEAR C.ÀYUGA

GRASS LâKE TRTB
I{EAR LIDGER{dOOD

fr¡RB TRI3.
}¡EAR I{AilTADOR

h¡ILD FICE RIVER
NEAR I'fAHTADOR

ANTELOPE CREEK
NEAR DTJIG¡{T

llILÞ RICE RIVER
NËAg åSERCRCII'IS:E

0.2041

-0.6:Ì42
-CI.3

I .0573
0. t,

0.26?3
0.0

*0 .3847
-u. c

-0.5767

602 1080 156ô 2130 3930

785 12s0 L74A æOO 4000

51 gû .,r.3U

54 i23 2L2 34å 94É

986 1540 227t 3û5û 5540

252t 466û 68iO 9d.3Õ 17900

4O2û 6510 873t :. i3::-C' . t,t10c'
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Low outliers were taken inbo accounl in deLenminÍng ühe adopbed frequency
curves. AIl low outliens which were defermÍned by standand nethods
presenbed in Bulletin #178 were included in lhe analysis.

Many of the sbations used fon the frequency analysis had only a shorü
penÍod of record. A bwo-statÍon conparlson procedune as seE forth in
Bulleüin #178 !ùas ùherefore looked at as a n¡eans of adjusfing the
Ioganithmic mean and standard devÍablon of the short-term reconds. The
long-lern station in bhe basin is located at Abercronbie. Aft,er inclusion
of a lon oublier and hfstonlc data to the neconds at Èhis particulan
staÈlon, the skew was -0.5767. Even wibh bhe generalized skew value added
to ÈhÍs computation, ùhe adopted skew was only -0.4 (rounded value).
EquaLions for fhe two station conpanison in Bulletin #178 are based on the
assumption that thene is a skewness of zero. Since Èhfs was not the case
at Abercronbie, 1t was det,ermined that 1t r¡ouId not be valfd to proceed
wiùh these conputaÈions.

BesÍdes Èhe general work described above, whlch was done on all stations,
addiÈlonal inpub was neguired at lhe followÍng bhree statlons.

1. Cayuga - It lras necessary bo add a low outlier to lhe Cayuga
fnequeney analysis. The difference belween the two lowest flows and the
next highest flows was such that it required the use of lwo outliers
instead of Just one. (See tne data presented in Section C, Table C-2 for
conflrmatlon of thls deterninatÍon.)

2. DwÍght - TIre frequency analysis on Anlelope Creek was adJusted for a
high outLler. Tltis was wanranted based on the fact that bhe hlghest peak
of necond 1s 2,4 times greaüen t,han the second highesb peak. It Ís also
known bhat thls parbicular peak was the largest since 1943. (See Section
C, Table C-6 for actual data on what has been described.)

3. Abercronbie - The 1969 flood ab this station is known to be the
largest event since 1 897. It, lras consldered neasonable to make an

11



adjustnent to account for Èhis fact. This was accomplished by eonsidenÍng
the 1969 event as a high outlier. (See Section C, Table C-7.)
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METHOD 2 - SYNTHETIC ANALYSIS

In thÍs analysis synthetic hydrographs were developed for Ehe 2-, 5-, 10-,
25-r 50-, 100-r 200-, and 500-year flood events. These r,rene lhen routed
lhrough the proposed dam slte wiÈh and without the dam in place.

The synthelic hydrographs wene developed using gaged data aÈ Cayuga.
After adJusÈing t.he volume dala for the two low outliers as previously
discussed in bhe frequeney analysis, i.t was then modified by using ùhe
Reglonal Frequency Progran from HEC üo obtain neans and standand
deviations conrecbed for adJacen! data. The final step involved ühe
adJustmenb of thÍs nodified volume daba to the adopted peak curve. This
was acconpllshed by plotting fhe means versus standard deviations and the
Eeans versus the skews. This data was then used bo conpute bhe adopLed
fnequency curves for Cayuga. Table 3 gives ühe adopted volume fnequency
curves for Cayuga.

In orden to obtain smooth hydrogrph patterns at Cayuga, the adopbed volune
frequency curves lrere run through HECrs Balance Hydrograph Pnogran. The

1969 ffood evenü was used as the firs! pattenn hydrograph. Following
thÍs fÍrst conpuüer run, the nesulting 100-year flood was used as the
patbern hydrograph. The time interval was changed at bhis point from a

24-hour value !o 3 hours. Thls alLowed ùhe use of a 30-day volume
frequency curve wÍth 240 values for the HEC-I nodels.

Tt¡e infLow hydrographs for I{R-190 were determlned by routJ.ng lhe Cayuga

hydrographs to the dan slte. For local flows at thÍs point, a natio of the
Cayuga hydrographs was used sinllar to whaf was done for the hlstonic
event analysis. These two hydrographs were then added togethen bo obtain
ühe tofal inflow hydrograph at ïIR-1 90 for a given event. Iü should be
noted ühaü Èhe lnflow peaks at bhe dam site are not signlflcanbly higher
fhan bhe flows above Cayuga. The reason fon fhls ls lhaü the locaI flow
has a chance bo run off before Èhe flow fron upstream of Cayuga arri.ves aÈ

the I{r-190 sÍte.. Secùion D contaÍns the synthetic inflow hydrographs for

13



WR-190. Table 4 below, shows the peak inflows and oufflows possible fon
the dam. (The preliminary rating curve discussed in the historic anlysis
was also used here.)
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TABLE 3' Adopted Volu¡re Frequency Curves - t¡Jild Rice River Near Cayuga

Peak l-Day 3-Day 7-Day 15-Day 30-Day 50-Day

I,f EAN

STANDARD DEV]ATION

AD0PTED SKE[',

CO¡{PUTED FREOUENCY
(percent,/return period)

0. / 500-YR

/ 200-YR

/ 100-YR

/ 50-YR

/ 25-YR

/ 10-YR

/ s-YR

/ 2-YR

0

20

50

4000 3280

2960 2460

2300 1930

1740 7470

1280 1080

785 665

493 474

!99 161

2403

1 086

995

897

788

616

461

199

2.290

o.478

-0.1

2.L90

0 .503

-o.2

2.1o2

o.526

-0.3

r.996
0.551

-o.4

1 .855

0.587

-0.5

r.706
o.627

-0.5

7.493

0 .580

-o.7

2

5

!
)

4

2670

2040

L620

r250

925

371

355

735

2080

r620

1 300

1010

760

+/¿

293

108

1570

7240

101 0

791

596

371

228

80

1154

934

767

509

462

287

175

59

779

635

526

+zl

320

198

t1q

37

10

TÀ:L= 4, Exis¿inq and llodrí¡ed Peai< Fior¿s a: t¡JÊ-190

EVEHT INFLOi', 0UTFL09

500-YR

200-YR

1'JO-YR

ÞU-YK

23-YR

LC-YR

5-YR

4060

3223

?-r42

1937

r4?1

877

5+Þ

a1 )
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FL00D 0F 1966
STARTING DATE OF 1 I{ARCH
24 HOUR VALUES

[',ILD RICE RIVER AT t{R-19O
CO}IPUTED0. 0. 0.0. 50. L47.e67. 832. 693.

390. 3S7. 332.
150. t42. 135.100. 97. 94.
83.

0.
TL2.
694.
448.
t3v,
95.

0.
189.

1258.
1063.
2e2.
164.

0.
23.

2849.
1L87.
439.
194.

0.
L79.
696.
313.
125.
91.

0.
t73.
694.
369.
128.
92.

0.
230,
739.
286.
113.
88.

0.
zLO,
697.
314.
LL7.
89.

0.
1090.
755.
769.
225.
172.

0.
1086.
593.
904.
237.
L73.

zoL.
213L.
1160.
305.
183.

0.
278.
687.
253.
106.
85.

0.
262.
699.
269.
108.
86.

0.
1680.
7go.
634.
20,8.
L70.

0.
t673.
634.
778.
2L6.
L7L;

455.
1568.
1057.
282.
183.

0.
454.

L449.
1135.
308.
18S.

0.
448.
607.
222.
105.
84.

0
354
693
232
r05
85

0.
2320.
860.
519.
19S.
155.

O.
2310.
726.
657.
20t.
156.

888.
1 115.
940.
264.
185.

0.
887.
97L.

ro49.
292.
186.

0.
695.
532.
199.
105.

86¿

1442.
939.
813.
246.
r87.

0.
1439.
793.
943.
259.
t87.

0.
800.
472.
779.
105.
gg.

o.
566.
651.
186.
105.
gg.

0.
2820.
1050.
369.
I78.
155.

o
2800
980
467
t82
156

a

a

2035.
928.
695.
23r.
184.

0.
2029.
777.
824.
239.
185.

o.
850.
426.
163.
LOz.
8ê.

o.
6L7.
619.
168.
104.
89,

0.
2740.
1120.
329.
L72.
168.

0"
2707.
1086.

404..
L7S.
168.

2595.
1027.
367.
2L7.
L77.

0.
30.

æ4.
530.
L44.
98.

0.
20,

20s2.
1123.
313.
162.

0.
2.

3021.
1L27.
507.
2o.2.

o.
480.
677.
206.
105.
85.

0.
2800.
1030.
430.
188.
146.

O.
2?86.
926.
5S2.
t92.
146.

IIILD RICE RIVER AT ABERCROIIBIE
COIIPUTED

0.0.0.0l. 20. 190. 550
2600. 2L40. 1380. 900
1140. 1080. 9ê2. 880300. 275. 237. 238
153. 150. 163. 165
165.

IIODIFIED
0.
0.

637.
577.
154.
101.
85.

üODIFIED
0.
1.

2545.
1143.
354.
165.
165.

IIODIFIED
0.
0.

2944.
1014.
595.
2t L,
159.

a

a

UTLD RICE RIVEN AT HOUTH
COIIPUTED0. 2. 23.

2958. 3043. 2886.
1116. 1196. 122L.475. 409. 363.206. 198. 190.
169.

0.
549.
7SL.
993.
255.
156.

73.
260L.
L2L9.
330.
185.

0.
73.

2543.
t223.
385.
L87.

0.
201.

20,42.
1202.
343.
185.

0.
2585.
896.
702.
224.
t78.



RED RIVER BELO9 I{OUTH OF tdILD RICE RIVER
COI{PUTED464. 464. 464. 472. 478.476. 513. 654. 1011. 1755.10095. 9950. 8L76. 8091. 7c,52,4835. 4573. 4011. 3577. 3252.1863. 1769. 7697. 1632. 1563.

1395. 1322. t746. 1934. 2074,
2580.

470.
3029.
5810.
2902.
1515.
2226.

0.
455.

1568.
1057.
282.
183.

0.
454.

L449.
1135.
308.
165.

470.
3100.
6500.
3000.
1s30.
2240.

47L.
4485.
4705.
25L6.
t470,
24L9,

0.
88ê.

1 115.
940.
264.
185.

0.
897.
97L.

1049.
282.
185.

47t.
4500.
5200.
2550.
1480.
2480.

47L.
6361.
4333.
2796.
t420.
2s57.

0.
L442.
939.
813.
246.
t87.

0.
1439.
783.
943.
259.
1,87.

47I.
6500.
4800.
2796,
1420.
26LO.

470.
7750.
4288.
2090.
L387.
2667.

47L.
8997.
4588.
7970,
1366.
2662.

9ILD RICE RIVER AT FARGO
COIIPUTED0. 0. 0.0. 2. 23.

2958. 3043. 2886.
1116. 1196. 122L.
475. 409. 353.
206. 198. 190.
169.

o.
73.

2601.
L219.
330.
185.

0.
73.

2543.
1223.
385.
L87.

480.
1011.
8700.
3700.
1660.
2000.

0.
20r.

2t3r.
1160.
305.
183.

0.
2035.
928.
685.
23t.
184.

o.
2028.
777.
824.
239.
18S.

470.
7800.
4700.
2080.
1387.
27?O.

o.
2595.
LO27..
567.
2L7.
L77 "

0.
2585.
895.
702.
224.
L78.

47L.
9000 "5000.
L970.
1366.
2730.

IIODIFIED
O.
0.

2944,
1014.
595.
2LL.
169.

0.
2.

302L.
1L27.
507.
20.2.

0.
23.

2949.
tL87.
439.
L94.

0
20L

2042
1202
343
185

490.
1755.
7800.
3400.
1580.
2100.

RED RIVER AT FARGO
COIIPUTED

464. 464. 464.
476. S20. 654.

10400. 10600. eL76.
5300. 5000. 4250.
1970. 1790. 1720.1395. 1530. 1810.
2630.
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FL00D 0F 1969
STARTII{G DATE OF 1 APRIL
24 IIOUR VALUES

OTLD RICE RIVER AT ABERCROIIBIE
COIIPUTED10. 10. 9. 11.

9360. 9250. 8450. 7430.
2880. 2580. 2320. 2090.
8S7. 76L. 667. 601.
4L2. 398. 384. 360.
2L4. 208. 205. 202.
140.

í,ILD RICE
CO}IPUTED

5.
L789.
to92.
335.
226.
148.
103.

IIODIFIED
0.

796.
1059.
924.
433.
149.
104.

IIODIFIED
5.

9273.
2ro2.
1246.
904.
244.
142.

IIODIFIED
g.

1471.
3289.
1389.
1018.
394.
T7L.

RIVER IIT

9.
2032.
950.
335.
2L4.
145.

tr¡R-190

43.
1996.
797.
332.
204.
14S.

78.
1886.
660.
338.
196.
L42.

67.
948.

1044.
848.
20L.
143.

101.
1818.
376,
328.
188.
L37.

Lt7.
174t.
5L7.
304.
185.
131.

423.
L64L.
460,
281.
t77.
L25.

881.
1518.
4LL.
267.
L64.
119.

511.
1039.
985.
695.
169.lzl.

1 118.
L372,
378.
250.
LS7.
114.

623.
1049.
967.
632.
159.
116.

1389.
t226.
350.
237.
t52.
108.

7L3.
1056.
946.
559.
153.
110.

7s,20.
3200.
966.
42L.
223.
147.

748L.
2353.
L274.
934.
274.
148.

364.
4757.
1481.
502.
285.
r7g.

8.
857.

1058.
901.
263.
r47.

29.
910.

1053.
876.
199.
145.

94.
978.

1033.
8f.7.
190.
139;

10.
5746.
1549.
1100.
655.
L92.

TT2.
1003.
7020.
782.
186.
134.

25.
5320.
1650.
510.
3L2.
180.

301.
to24.
1003.
743.
181.
127.

15.
6310.
1860.
5,47.
328.
188.

43.
4620.
1440.
484.
275.
t72.

37.
3905.
1403.
1041.
465.
L73.

1080.
4040.
1260.
45,4.
255.
764.

3980.
3590.
I 100.
434.
242.
154.

3963.
270,8.
1308.
965.
325.
155.

195.
s473.
L697,
329.
322.
187.

IIILD RICE RIVER âT IIOUTH
COIIPUTED10. 10. 10.

1480. 4375. 7881.
4163. 3700. 3299.
L297. 1132. 994.
472. 451. 437.
264. 251. 232.
170.

5
9088
1896
L2t4
865
225

4.
8188.
1750.
LL67.
8r7.
213.

5.
7842.
2452.
1302.
950.
283.

6.
7019.
7646.
1134.
747.
208.

20.
46L4.
t477.
1069.
37L.
183.

TO7I.
3165.
1352.
1000.
385.
165.

10.
9677.
2969.
gg3.
427.
223.

5.
9392.
279L.
t272.
919.
253.

10.
9519.
2659.
784,
4L2.
2L6.

5.
.9357.

1975.
L237.

879.
233.

g.
8687.
2390,
689.
397.
213.

4.
8415.
1820.
1 189.
830.
223.

11.
7627.
2LSL.
622.
372.
209.

6.
72L6.
L707.
115S.
759,
2LS.

51 .
6483.
1914.
555.
339.
195.

56.
5919.
1603.
1119.
666.
199.

190.
4767.
7524.
1088.
581.
190.

3S8.
3942.
7444,
1059.
475.
179.

5.
4358.
2âLg.
1340.
982.
334.



RED RIVER
COIIPUTED

540.
946r.

13530 "6462.
35s5.
2754.
2550.

I'ILD RICE RIVER AT FARGO
COIIPUTED10. 10. 10.1480. 4375. 7881.4163. 3700. 3299.t297. tL32. 994.

472. 451. 437.264. 25r. 232.
t70.

BELOI' IIOUTH OF I'ILD RICE RIVER

540. 540. 540. 540.
14123. 2t43t. 24492. '23604.
11950. 10864. 9975. 9283.6067. 5728. 5432. 5136.
3358. 3227. 3137. 3062.
274t. 2702. 2673. 2666.

10
9677
2969
883
427
223

10.
9519.
2659.
794.
4t2.
2L6.

5.
9357.
1975.
1237,
979.
233.

545.
2t332.

8740.
4839.
3027.
2663.

9.
8687.
2390.
689.
397.
2t3.

4.
8415.
7820.
I 189.
830.
223.

762.
19554.
8L97.
4392.
2952.
2649.

11.
7627.
2t5L.
622.
372.
209.

6.
72t6.
L707.
1155.
759.
2rs.

772.
19800.
8300.
4650.
2987.
2682.

1886.
t7974.
785L.
4345.
2809.
2625.

61.
6483.
1914.
566.
339.
195.

56.
5919.
1603.
1119.
666.
199.

3891.
15690.
7359.
4197.
2762.
2597.

195.
s473.
1697.
529.
322,
787.

6093.
15209.
5906.
3704.
2745.
2568.

364.
4757.
1481.
so2.
285.
t78.

358.
3942"
t444.
1059.
475.
t79.

6L70.
15400.
6993.
3751.
2779.
2599.

IIODIFIED
5.

L47L.
3289.
1389.
1018.
394.
177.

5.
4358.
2918.
1340.
982.
334.

5.
7842,
2452.
1302.
9S0.
283.

5.
9592.
2L9L.
1272.
919.
2S3.

546.
24800.
10100.
5500.
3175.
2707.

190.
4767,
1524.
1088.
581.
190.

RED RIVER AT FARGO
COIIPUTED

54S. 545. 545.
9580. 14300. 2t700.

13700. 12100. 11000.6543. 5143. 5800.3600. 3400. 326i.
2788. 2775. 2736.
2581.

546
23900
9400
5200
3099
2699

552.
21600.
8850.
4900.
3063.
2696.

1910.
18200.
7950.
4400.
2844.
2657.

3940.
16900.
7450.
4250.
2796,
2629.
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FL00D 0F 1975
5TARTING DATE OF 1 JUNE
24 HOUR VALUES

I'JILD RICE RMR AT t',R-190
CO}IPUTED

0. 0. 0.
0. 0. 0.
7. 9. g.

395. 399. 268,
L2. 11. L2.
8. 7. 7.
2,

IIODIFIED
0.
0.
6.

306.
13.
9.
2.

I{ODIFIED
51.
4t.

659.
2369.
247L.

426.
t74.

0.
0.
9.

377.
11.
8.

40.
11.

t240.
2860.
7220.
280.

57.
37.

766.
3044.
2086.
379.

7.

34.
ê

1230-
3130.
1110.
327.

53.
33.

1092,
3570.
t789.
331.

0.
0.
6.

t77.
15.
7.

0.
0.
7.

22L.
T4,
7.

33.
8.

1100.
3440.
964.
401.

33.
8.

1099.
3424.
97L,
402.

51.
38.

L372.
3979.
1610.
279.

51.
38.

7372.
3978.
t624.
279.

0.
0.
6.

115.
L6.
6.

13

6.

30.
11.

953.
3150,
816.
362,

30.
11.

953.
3139.

82L.
363.

50.
34.

1457.
4298.
1459.
245.

50.
34.

7437.
4294.
747t.
245.

o.
o.
5.

73.
16.
5.

0
0
5

87
16

6

25.
L2.

796.
2740.
668.
289.

25.
1,2.

796.
272L.
67I.
289.

51.
37.

L462.
4314.
1328.
280.

51.
37.

L462.
4304.
1338.
28L.

2L.
L4.

728.
2280.
565.
25.2.

21.
14.

728.
2270.
567.
252.

42.
44.

L407.
437r.
1 154.
351.

42.
44.

1406.
4355.
1161.
352.

L9.
16.

s76.
1890.
496.
200.

19.
16.

576.
1891.
497.
201.

36.
39.

1280.
3990.
851.
322.

36.
39.

1290.
3969.
856.
323.

0.
0.

24.
24,
L2,
3.

L7,
81.

1080.
1630.
443.
t47,

L7.
81.

1080.
1639.
444.
148.

44.
76.

L487.
3504.
590.
260.

44.
76.

1487.
3485.
593.
26û.

0.
4.

159.
15.
9.
L̂.

0.
2.

113.
L7.
10.
2.

t 6-.
6L4.

1510.
L420.
377.
to7.

15.
6L4.

1'510.
1433.
378.
707.

44.
4L2.

1999.
2954.
490.
2L8.

44.
4L2.

1999.
2944.
492.
2L8.

0.
0.
4.

46.
15.
5.

15. L4.

o
I

38
2t
L2

3

0
0
2

30
13

3

L6

0
0
9

343
t2

0
0
6
1

0
0
3

35

4

0
0
4

54

5

$,ILD RICE RIVER åT åBERCRO¡IBIE
COIIPUTED

45.
14.

1060.
2760.
1330.
318.
92.

üODIFIED
45.
L4.

1060.
2L39.
t344.
318.
92,

40.
11.

L240.
2856.
1232.
280.

34.
9.

1230.
3L20.
1,t20.
328.

t¡rILD RICE RMR åT I{OUTH
CO}IPUTED61. 57. 53.4L. 37. 33.659. 766. 7092.2369. 3044. 3570.2470. 2077. 1776.423. 378. 330.

173.



RED RMR BELO{¡, l,tOUTH 0F t¡rILD RICE BIVER
COI'IPUTED

1108. LO92. 1076. 1068. 1053.
977 . 984. 981 . 966. 968.

3366. 3799. 4045. 42L2. 4552.
8908. 10051. 10861. 11391 . 11752.
62s8. 5234. 4520. 4042. 3710.
1682. 1585. 1508. 1440. 1356.
1049.

51.
38.

L372.
3979.
1610.
279.

51 .
38.

1372.
3978.
L624.
279.

LO70,
986.

4500.
13100.
4300.
1400.

50.
34.

1457.
4298.
1459.
245.

50.
34.

L457.
4294,
L477.
245.

1060.
986.

4750.
13100.
3930.
1320.

LO57,
976.

4687.
1 1392 .
3500.
1328.

51.
37,

t462.
4314.
1328.
280.

51.
37.

L462.
4304.
1338.
28t.

to70.
1000.
4900.

12500.
3700.
1280.

1043.
1008.
4466.

L0732.
3227.
1301.

42.
44.

L407.
437L.
1154.
351.

42.
44,

1406.
4355.
1161.
352.

1050.
1040.
475,0.

1 1600.
3400.
1250.

998.
LOI7.
4Q57.
9825.
2472.
T23L.

36.
39.

1280.
3990.
851.
322.

35
39

1280
3969
856
323

1000.
1040.
4360.

10600.
2500.
t210.

985.
1142.
5151.
8737.
1928.
Lt70.

44.
76,

t487.
3504.
590.
260,

44.
76.

t487,
3485.
593.
260.

9e1.
24L7.
7t52.
747L.
1806.
1095.

44.
4L2.

1999.
2954.
490.
2t8,

44.
4L2.

1999.
2944.
492.
2t8.

1000.
2790.
8350.
8100.
1730.
1060.

TJILD RICE RIVER AT FARGO
COI{PUTED

61. 57. 53.
41. 37. 33.

659. 766. 1092.
2369, 3044. 3570.
2470. 2077. L776.
425. 378. 330.
173.

I{ODIFIED
61.
41.

659.
2369.
2477.
426.
t74.

RED RIVER
COIIPUTED

71,20.
995.

3970.
10600.
6800.
1610.
to20.

s7.
37.

766.
3044.
2086.

379.

53.
33.

LO92.
3570.
t789.
331.

AT FARGO

1100. 1080.
1000. 995.
4440. 4490.

11900. 12800.
5650. 4850.
1520. 1460.

1000.
1200.
5800.
9450.
1850.
I 140.
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FL00D 0F 1978
STARTING DATE OF 1 I{ARCTI
24 HOUR VALUES

t'rILD RICE
COIIPUTED

0.
0.
0.

300.
455.
t97.
191.

IIODIFIED
0.
0.
0.

320.
312.
184.
200.

IIODIFIED
2.
J.
5.

4392.
1893.
496.
28L.

RTVER AT I'R.19O

o. 0.0. 0.0. 0.237. 190.453. 466.252. 27t.

0.
0.
0.

269.
491.
233.

0.
0.
0.

203.
479.
267.

7o,0

2
3

30
3200

691
370

0.
0.

311.

0
0
3

227
46t
269.

0.
o.
2.

2LO.
472.
270.

0.
0.

33.
4L4.
439.
250.

0.
0.

2L.
328.
462.
257.

2.
3.

500.
1910.
678.
328.

¿.
3.

500.
1913.
667.
349.

3282.
720.
384.

¿.
3.

51.
3264.
676.
423.

528.
391.
248.

o.
0.

202.
432.
440.
247.

2.
3.

800.
1930.
638.
275.

2.
3.

800.
1939.
64t.
28S.

2.
J.

234.
2432.
721.
364.

2.
3.

234.
2426.
692.
396.

0.
0.

472.
560.
360.
27t.

0.
0.

385.
484.
402.
262.

3.
3.

1300,
1990.
584.
296.

3.
2

t299.
1999.
596.
298.

2.
3.

556.
1995.
703.
341.

¿.
J.

556.
1998.
692.
362.

0.
0.

339.
566.
223.
267.

0.
0.

400.
519.
3t7.
270.

3.
3.

2100.
1940.
501.
300.

3.
3.

2095.
1940.
518.
299.

z.
J.

990.
2013.
659.
288.

z.
3.

890.
2022,
662.
298.

o.
0.

319.
543.
L34.
244.

o.
O.

345.
534.
160.
253.

3.
3.

4400.
t870.
458.
272.

J.
â

4387.
1854.
479.
270.

3
3

1488
2070
603
308

J.
3.

1487.
2078.
515.
310.

0.
0.

336.
508.
L57.
2t9.

o.
0.

331.
530.
143.
227.

3.
3.

4850 "13S0.
436.
260.

3.
3.

4827.
1316.
462.
2S8.

3.
5.

2307.
1998.
519.
311.

3.
3.

2302.
1998.
535.
310.

I{ILD RICE RIVER AT ABERCROIIBIE
Cf]IIPUTED

2.
5.
4.

4800.
910.
403.
255.

}IODIFIED
2.
g.
4.

4770.
963.
436.
2SS.

2.
3.
b.

4223.
649.
42L.

z.
3.

30.
3192.
647.
409.

2
3
5

382

425,0

2
3

200
2350

694
352

¿.
3.

200.
2344.
665.
384.

IJILD RICE RIVER AT IIOUTH
COIIPUTED2. 2. 2.3. 3. 3.

3. 3. 5.4605. 5031. 4937.1909. 1390. 940.475. 452. 4t9.
283.

2.
3.
3.

5008.
1345.
478.

2.
3.
5.

4907.
893.
432.

2.
3.

L4.
435p.
730.
397.

2.
3.

14.
4323.
679.
436.

2.
3.

51.



RED RIVER BELOI'¡ I{OUTH 0F t'rILD RICE RIVER
CO}IPUTED

4L6. 4t6. 4L6. 4L6. 4t6.
497. 478. 46L. 457. 457.
463. 494. 540. 565. 631.

9877. L3629. t6292. 16789. 15321.
9283. 8098. 7160. 626L. 5748.
3013. 27t6. 2477. 2328. 2270.
2448.

IIODIFIED
.2.

3.
3.

4592.
1893.
496.
28t.

2.
J.
3.

5008.
1346.
478.

2.
3.
5.

4907.
993.
4s.2.

4350.
730.
397.

2
3

L4
4323
679
436

2.
J.

51 .
3282.
720.
384.

z.
3.

51 .
3264.
676.
423.

42L.
463.
638.

15513.
5820.
2299"

427.
450.
909.

14319.
5234.
2294.

2.
3.

234.
2432.
72t.
364.

2.
3.

234.
2426.
692.
396.

427.
455.
919.

14499.
5300.
2323,

445.
455.

1636.
13134.

4877.
2391.

2.
3.

556.
1995.
703.
341.

2.
3.

556.
1998.
692.
362.

450.
460.

1655.
13299.
4936.
2420.

476.
437.

3555.
L2246.
4374.
2433.

2.
3.

890.
2013.
659.
288.

2.
3.

990.
2022.
662.
298.

482.
462.

3600.
L2400.
4423.
2462.

481.
447.

5333.
11246.
3829.
2483.

3
3

1488
2070
603
308

3.
3.

L487.
2078.
615.
310.

487.
452.

5400.
1 1387.

3872.
25L2.

480.
454.

7407.
L027L.
3360.
249L.

3.
3.

2307.
1998.
519.
311 .

3.
3.

2302"
1998.
536.
310.

486.
460.

7500.
10400.

3395.
2sL9.

t'rILD RICE RMR AT FARGO
COIIPUTED

2. 2. 2.3. 3. 3.3. 3. 5.4605. 5031. 4937.
1909. 1380. 940.475. 432. 4L9.
283.

2
3

14

RED RIVER AT FARGO
COIIPUTED420. 420. 420.503. 484. 467.

469, 500. 545.
10001. 13800. 16500.9400. 8200. 725'0.
3044. 2744. 2498.
2474.

42L.
453.
372.

17000.
6340.
2356.
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FL00D 0F 1979
STARTING DATE OF 1 APRIL
24 HoUR VâLUES

tdILD RICE RIVER AT t',R-190
COIIPUTED3. 3. 3.194. 345. 541.515. 569. 596.

384. 3S1. 314.t49. 136. 12s.60. 53. 49.
39.

Ì,fODIFIED
.0.

L77.
445.
465.
154.
62.
40.

4.
580.

3220,
860.
455.
186.
7t.

IIODIFIED
1.

675.
3222.
838.
477.
189.
72.

IIODIFIED
1.

266,
4153.
924,
553.
237.
93.

3.
288.
489.
416.
140.

56¿

5.
1550.
2760.
819.
422.
169.

2.
ts42.
277L.
816.
438.
t72.

2.
4t2.
5,29.
353.
L28.

51 .

a

5
3060
2370
760
398
158

3.
601.
606.
28L.
114.
49.

3.
490.
550.
310.
LL7.
49.

6.
5000.
1950.'703.

362.
148.

6.
473.
602.
258.
103.
48.

5.
511.
561.
267.
to7.
48.

10.
5900.
1590.
649.
330.
134.

7.
s879.
1s72.
698.
338.
136.

. 6.
4130.
2235.
76L.
390.
158.

4.
4tL6.
2233.
785.
401.
161.

7.
375.
5,87.
240.
94.
49.

7.
472.
568.
246.
97.
49.

15.
5800.
1280.
642.
3L2.
124.

13.
5769,
1247.
697.
319.
t26,

o
5188.
1852.
716.
351.
146.

6.
5169.
1841.
756.
370.
14å.

?.
329.
558.
223.
87.
49.

7.
411.
s69.
229.
89.
49.

10.
5590.
1090.
600.
295.
109.

8.
5549.
1046.
654.
301.
111 .

LzL.
339.
519.
20r,
82.
46.

75.
353.
563.
209.
83.
47.

50.
4790.
996.
546.
265.
97.

49.
4748.
947.
594.
270.
98.

23.
5725.
t282,
632.
312.
t20.

2L.
5691.
L246.
684.
318.
t22.

75.
4400.
945.
509.
238.
91.

r79.
370.
472.
180.
74.
42.

165.
3S4.
549.
L87.
77.
44.

74.
4367,
899.
549.
242,
92.

41,.
5333.
1118.
596.
288.
109.

39.
5296.
1075.
646.
293.
111.

t37.
443.
423.
164.
66.
42,

169.
395.
sl5.
169.
69.
42.

150.
3740.
902.
484.
zLL.
93.

148.
3725"
864.
515.
2LS.
84,

I{ILD RICE RIVER AT ABEBCRO}IBIE
COIIPUTED

IIILD RICE RIVER âT IIOUTH
COIIPUTED4. 4. 4.268. 690. 1491.4L75, 3648. 3123.963. 9t7. 867.518. 486. 454.233. 209. 189.

92.

a

2
3049
2378
777
400
161

2.
1485.
3123.
855.
475.
191.

3.
4986.
7947.
738.
37?.
1S0.

5.
2787.
2658.

81.6.
422.
t7r.

11.
5811.
1324.
674.
338.
134.

77.
479Ú.
7022.
556.
26L.
99.

76.
4757.
978.
599.
266"
100 "

1.
676.

3640.
889.
513.
2L2.

2.
2777.
2663.

822.
437.
774.

9.
5795.
1499.
723.
34S.
136.



RED RIVER BELO¡J I'IOUTH 0F t'JfLD RICE RMR
COIIPUTED624. 624. 623. 662. 850.1730. 2470. 3881. 6L47. 85S0.

15699. 14500. 13100. I200t. 10400.3481. 3251. 3140. 3100. 3101.2750. 2630. 2540. 2482, 2435.2t73. 2t44. 2tI8. 2099. 20å3.
2002.

E

2787.
2658.
816.
422.
t7t,

2.
2777.
2663.

922.
437.
L74.

670.
62L7.

12101.
3140.
251,2.
2099.

1 189.
1 1019.
8801.
3110.
2391.
2066.

9.
5188.
1852.

71,6.
361.
t46.

6.
5169.
1841.
756,
370.
148.

1 199.
1 11 19.
8901.
3150.
239L.
2066.

1480.
13601.
5819.
3111.
2343.
2054.

11.
5811.
L524.
674.
338.
134.

9.
5785.
1499.
723.
345.
136.

1500.
13801.
6899.
3151.
2343.
205,4.

1601.
16300.
5341.
3120.
22e9.
2038.

23.
3725"
L282.
632.
3L2.
L20.

1580.
17001.
4400.
3051.
2240,
2024.

4I.
5333.
1118.
596.
286.
109.

39.
5296.
1075.
646.
293.
111.

1600.
L7200.
4450.
3091.
2240.
2024.

1590.
16600.

3861.
2881.
2207.
20t2.

77.
4790.
to22,
5s6.
26L.
99.

.6.
4130.
2235.
76L,
390.
158.

4.
4116.
2233.
783.
401.
161.

860.
8670.

10500.
3141.
2435.
2083.

UILD RICE
COIIPUTED

4.
268.

4L75.
963.
518.
233.

92.

IIODIFIEDl.
266.

4153.
924.
553.
237,
93.

RIVER AT FARGO

4. 4.
680. 1491.

3648. 3L23.
9L7. 967.
486. 454.
209. 188.

1.
676.

3640.
889.
513.
2L2.

2.
1485.
3125.
8s6.
473.
191.

RED RIVER AT FARGO
COIIPUTED

631. 631. 632.1750. 2500. 3931.
15899. L4700. 13300.3521. 3291. 3180.2780. 2660. 2570.2!73. 2144. 2L18.
2002,

2L.
5691.
L246,
684.
318.
122.

t62L.
16500.
5401.
3160.
2289.
2038.

76.
q7s7.
978.
s99.

"'?66-
100.

1610"
16800.

3901.
29LL.
220L.
20L2.
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TABLE C-l

9'ILD RICE RIVER I{EAR RUTLAND
IIIST. PEAK DISCHARGE5
LAT. 460120 LONG. 097304
DATUI 1197.73 NGVD
STATIoN IU!{BER 0sO51600

DRAII¡AGE AREA = 546 CON. AREA = 296

+*SYSTE}IATIC EVEIITS*T
23 EVEIITS TO BE AXALYZED

-FREOUEIICY CURVE- T'RR IID I¡R RUTLAI¡D
f tt*ltl*t**tt++tr**rrrtf ri**r*i* **rì*r*i***t+*t
f .. .... ..FLoÍr,CFS.. .... . .* r...CoNFIDE!¡CE LII{ITS...rr EXPECTED * EXCEEDANCE + r* COIIPUTED PROBABILITT T PROBABILITY * O.O5 LIUIT 0.95 LIIIT T

*
+
i
t
*
I
I
+
t
+
t
t

T IIEAI¡ LOGARITIII{+ SÎAI¡DARD DEVIATION+ COIIPUTED SKET'T GENERALIZED S¡(ET'} âDOPTED SKEI'

9720.
6970.
5210.
3730.
2510.
1310.
685.
184.
50.
25.
L4.

+ HISTORIC EVENTS* HIGH OUTLIERS* Loh, oUTLIERSf ZERO OR IIISSING.T SYSTEI{ATTC EVEI{TS

2780.
2150.
1710.
1320.
968.
577.
339.
108.
29.
14.
7.
2.

3820.
2780.
2L20.
1550.
1100.
622.
354.
108.
27.
12.
6.
1.

0.002
0.005
o.010
0.020
0.040
0.100
0.200
0.500
o.800
9.90O
0.950
0.990

I
l
*
*
t
I
I
t
I
t
t
*

L240. *
995. +
422. t658. I
5O4. *
32O. *198. r65. r
15. r
6. l
2.ì
0. I

0f
i
I
*

23t

*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r
T FREOUE}¡CT CURVE STATISTICS * STAÎISTICS BASED ON I

t.982L
o.6404

-o.sl77
-99.0000
-o.5000

o
0
0

tltrt***f**tf **ttt*tt*t*tt*t+ì****tii******ttr*+*t**rl+t *t*+*t*t



TABLE C-l CONT.

-PLOTTING POSITIONS- t',RR ND NR RUTLAND
ti+t**tt+***I**il*t****t*+t*i***t*******f **+********tt**********
.. ...EVENTS ANALYZED... ...
llON DAY YEAR FLOI'J,CFS

.ORDERED EVENTS .....*I'TATER tlEDf All r
___:ï1__::T-_-::!Mt__l:::_:::_:

t
Ì
*
*
I
t
*
I
*
+
I
i
I
t
I
*
*
I
f
+
I
*
+
I
*
*

*
I
*
I
t
t
i
I
*
I
*
t
*
*
I
I
l
t
l
t
I
t
t
I
I
f
I

o
0
0
0
0
0
0
o
o
0
0
o
o
o
0
0
0
o
o
0
0
0
0

o 1960o 1961o 7962
0 1963o 1964o 1965o 1966
o t967o 1968o 1969o 1970O L97Lo 7972o L973o 1974o t97s
o t976o 1978o L9790 1980o t982
0 1983o 1984

toz.
3.

135.
68.
46.

L73.
660.
257.
91.

1270.
39.
70.

435.
13.
30.

133.
2LO.
600.
365.
130.
20.
g.

150.

1959
1966
1978
L972
t979
t967
t976
1965
1984
196211 t975t2 198013 1960t4 195815 t97I16 1963

t7 796418 L97019 L974
20 1,9822t L97322 1983
23 1961

1270.
660.
600.
435.
365.
257.
2ro.
t73.
150.
135.
133.
130.
LOz.
91.
70.
66.
46,
39.
30.
20.
13.
8.
3.

0.0299
o.0726
o.1154
0.1581
0.2009
0.2436
0.2863
0.3291
o.37L8
0.4145
o.4573
0.5000
o.s427
0.5855
o.6282
0.6709
o.7t37
0,7564
0.7991
0.8419
0.8845
o.92?4
o.970L

*
t
t
*
*
*
*
*
*
*
*
*
*
i
I
*
I
t
*
r
t
+
*

1
2
3
4
5
6
7
I
9

10

It*tttltt******lt+f r*****i***t+t+t+ttt**+t*t******tt+f +t+***tttt

-OUTLIER ÎESTS

LOtr, OUTLIER TEST

BâSED 0I 23 EVEIITS, 10 PERCENT oUTLIER TEST VALUE K(N)

0 L0t', OUTLIEE(S) IDEIITIFIED BELOI, TEST VALUE 0F

= 2.448

2.6

HI6H OUTLÍER TEST

BASED 0N 23 EVENTS, 10 PERCENT 0UTLIER TEST VALUES K(N) = 2.448

O HIGH OUTLIER(S) IDEI¡TIFIED ABOVE TEST VALUE OF 3545,



TABLE C.l CONT

.SKE9' IdEIGHTING .
BASED 0lI 23 EVE¡{TS, !íEAÌ{-SOUARE ERR0R 0F STATION SKEI¡I =
DEFAULT 0R INPUT I{EAN-SOUARE ERR0R 0F GEì¡ERALIZED SKEII =

0.263
o. 114

i*GENERâLIZED SKEg*+
fST¡{ GGUSE SKE[',

GS 516 0.114 -O.20

ADOPTED
-FREOUEIICY CURVE- IIRR IID IIR RUTLAND

*........FLolrrcFS........* r...CoNFIDEÌ{CE LI¡|ITS...*T E:(PECTED I EXCEEDAI{CE T i
I COT{PUTED PROBABILITY I PROBABILIÎY * O.O5 LIIIIT 0.95 LIüIT I
*-------- -------*--r 3930. 5990. *
r 2830. 3930. *
i) 2130. 2780. t
* 1560. 1910. +
* 1080. 1260. *
i 602. 656. *
r 337. 353. I
r 103. 103. r
* 28. 27. r
f L4. 12. r
r.8.6.*
+ 2. 1. .t

r IIEAI{ LOGARITHII* SÎANDARD DEVIATIOII
I COI{PUTED SKEIJT GENERALIZED SKEI'
r ADOPTED SKET'

o.oo2
o.005
0.010
0.020
o.040
o.100
o.200
o.500
0.800
0.900
0.950
o.990

I
t
t
t
*
t
t
T
*
f
t
*

;il:----;;;:--:
9930. 1250. t
6910. 990. I
4610. 738. r
2900. 555. l
1380. 333. *
680. 197. *
L7S. 62. I
48. L4. *
25. 6. *
15. 3. *
5. 1. *

t++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r} FREOUEITCY CURVE STATISTICS * STAÎISTICS BASED ON T
t-------- -----*--- --------*

L.982r. I
0.6404 *

-O.5t77 t
-0.2oOO *
-o.3000 *

HISTORIC EVEI{TS
HIGH OUTLIERS
LOt', SUTLIERS
ZERO OR IIISSING
STSTEI{ATIC EVENTS

o
0
0

0

23

t
t
*
*
I

*ff tt*+rI*+Ir***tt*t*t*+tt+tt*t*+å*+*l*lt***tlirttl*+ilt*r*r* t**
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TABLE C-2

**GENERALIZED SKET{*T
IST!{ GGTSE SKE{,'

GS 516 0.114 -O.20

**SYSTEIIATIC EVENTS*il
23 EVEXTS TO BE ANALYZED

-SKE9 I'EIGIITING -

ÍrlILD RICE RMR I{EAR CAYUGA
INST. PEAK DISCHARGES
LAT. 460730 LONG. O972L40
DATUil 1095.64
STATTON !¡UüBER 05051700

DRAIIIAGE AREA = 955 '390-NONC0N.

BASED 0t{ 23 EVE!¡TS, }íEA!{-SOUARE ERROR 0F STâTI0N SI(Et¡l =
DEFAULT 0R INPUT IIEAN-S0UARE ERROR 0F GEIIERALIZED SKEtd =

0.401
0. 114

-FREOUE}¡CY CURVE- I'RR I{D IIR CAYUGA
*t+*f **tt*+tt*ttt*I*t*+t tf tt +tttt*tltt**t*lit*i**ltrI+*tt*+ïit**
.t.. . ... ..FLO¡I¡CFS.. .... . .t T...CONFIDENCE LIüITS. ..*
* EXPECTED * EXCEEDANCE t I
T COUPUTED PROBABILITY T PROBABILITY * O.O5 LII{IT 0.95 LI¡IIT *
*----------
r 72OO. 10800. + 0.002 r 29800. 2890. I
* s24O. 72tO. r 0.005 r 19700. 22LO. I
* 3970. 5160. * 0.010 r 13800. Lzs,O. t
* 29OO. 3550. * '0.020 t 9230. 1340. *
f 2010. 23qO. * 0.040 i 5790. 979, t
r 1100. I2OO. f O.l0O * 2720. 579. *
* 601. 631. * 0.200 * t29O. 335. I
r 169. 169. * 0.500 * 301. 96. t
i 4L. 38. r O.8OO * 73. L9. *
* 18. 16. * 0.900 * 35. 7. I
r 9. 7. t 0.950 * 19. 3. I
r2.1.r0.99Or6.0.r
*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++t
T FREOUEXCY CURVE STATISTICS * STATISTICS BâSED OII *
t¡-------- ------#-- ---------tT IIEA¡{ LOGARITHIIr STAXDARD DEVIATIOII* COI{PUTED SKEH* GENERALIZED SKEh'* ADOPTED SKEI'

2.t82L I
0.6983 *

-1.1755 *
-0.2000 *
-0.4000 *

HISTORTC EVEI{TS
IIIGH OUTLIERS
LOT' OUTLIERS
ZERO OR IIISSING
SY5ÎEI{ATIC EVE}¡TS

0
0
0

0*
'f

t
t

23t
t*itt*ttl*it*i*+*iltt*i* t**tti*ttt*ttt+rrr+r+*tttt*lt*+trt*l*ttt ì



TABLE C-2 CONT

-PLOTTING P0SITIONS- I'JRR !¡D NR CAYUGA
+**f f*+ll*****+****t++*r****t*if ***i**t*t*r********+t***+*+*r*ti*.. ...EVENTS AI¡ALYZED.. ....f... ...ORDERED EVENTS . . ...** I I'TATER t{EDIAt{ *I ll0l{ DåY YEAR FLOI'r,CFS r RANK YEAR FLO¡r,CFS PLOT pOS r

+
I
I
I
*
t
t
r
I
t
t
t
t
I
t
I
*
t
t
t
t
t
t

0
0
0
o
0
0
o
0
o
0
0
o
0
0
o
0
0
0
0
0
0
0
o

I
*
t
*
*
+
i
t
t
+
t
+
t
+
t
*
t
+
*
t
t
t
T

0 t9s7o 1958o 1959o 1960o 1961
0 t9620 19630 t964o 1965o 1966o L967
o 1958o 19690 t9700 t97Lo t972o 1973o 1974o 1975o 1976
o 1977
o t978o t979

150.
131.
54.

t23.
2.

1080.
ro7.
153.
37S.
?57.
309.
þþ.

1710.
t77.
55.

488.
Lt4.
53.

636.
185.

4.
499.
600.

1
2
3
4
5
6
7I
9

10
11
T2
13
T4
15
16
L7
18
19
20
2L
22
23

1969
L962
1966
1975
t979
L978
L972
1955
t967
t976
L970
1954
L9S7
1958
1960
t973
1963
L97t
1968
1959
L974
L977
1961

L770.
1080.
757.
636.
600.
499.
488.
375.
309.
18S.
L77.
153.
150.
131.
123.
114.
LO7.
55.
þ5.
54.
53.
4.
2.

----------{¡
O.O299 I
0.0726 t
0.1154 +
0.1581 I
0.2009 t
0.2436 *
0.2863 *
0.3291 r
o.37L8 r
0.4145 *
0.4373 *
0.5000 I
0.5427 *
0.5e55 |
o.62e2 r0.6709 r
0.7L37 i
0.75,64 I
o.799L *
0.8419 *
0.8846 *
0.9274 I
O.97Ot r

*r+f ittrt*tt+***tf+It*tt**ttrt*ti**tr+*irr*Ì**rrr*f +i*+*tr+rr+t*

-OUTLIER TESTS

LOg OUTLIER TEST

BASED Otl 23 EVEIITS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.448

1 LOg OUTLIER(s) IDEI¡TIFIED BELOI' TEST VALUE OF 3.0

STATISTICS AND FREOUENCY CURVE ADJUSTED FOR 1 LOt', OUTLIER(S)

HIGH OUTLIER TEST

BASED oil 22 EVENTS, 10 PERCENT oUTLIER TEST VALUE Kor) = 2.429

4708.O HIGH OUILIER(S) IDEIITÎFIED ABOVE TEST VALUE OF

-SKEU TIEIGHTITIG -
BASED 0ll 23 EVENTS, llEAll-SOUâRE ERROR 0F STATI0II SKEII =
DEFAULT 0R II¡PUT llEAlt-SOUARE ERROR 0F GEI{ERALIZED SKEÍ| =

0.306
0.114



TABLE C-2 CONT

-FREOUE¡ICY CURVE- {',RR ¡¡D ¡¡R CAYUGAr**t***t#**+***ti******r*i********rf *f **r*r***rr+r+*+**i*+*r***r+........FLot",cFs........* r...CoNFIDENCE LIIíITS...*r EXPECTED * EXCEEDâNCE * +* COMPUTED PROBABILITY * PROBABILITY I O.05 LIUIT 0.95 LIIIIT *
t
t
*
t
+
I
t
t
*
I
I
I

T IIEåX LOGARITHIII STATIDARD DEVIATION+ COIIPUTED SKEI{+ GENERALIZED SKEt',I ADOPTED SKEI'

16500.
11500.
8460.
5960.
3980.
2060.
1080.
306.

90.
48.
28.
10.

* HISTORIC EVEI{TSf HIG¡I OUTLIERSI LOT' OUTLIERST ZERO OR IIISSING} SYSTEIIAÎIC EVE}¡TS

4810.
3650.
2870.
2180.
1590.
943.
558.
186.
54.
27.
15.
4.

6810.
4810.
3600.
26tO.
1810.
1020.
582.
186.
51.
24.
12.
3.

1980.
1840.
1590.
1500.
L280.
914.
609.
209.
43.
15.

0.

o.oo2
0.005
0.010
0.020
0.040
0.100
o.20,0
0.500
0.800
0.900
0.gso
o.990

2L7O. r
1,720, r
1410. I
tLzO. r
852. t
540. r
336. t
114. I
28. *
L2. l
6. I
1. *

23

*
*
*
#
*
*
*
*
*
I
t
*

f
*
*
*
*
f
i
f
*
t
t
t

r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
* FREOUEI{CY CURVE STATISTICS * STATISTICS BASED ON

2.2296
o.6057

-o.8910
-o.2000
-0.4000

0
0
1
0

I**trr+trf *r*l**t**ttr*lt*ltt*rr+**t*r*ttt*rt++r*t+ttrt****I**r*

rìNO GEIIERALIZED SKEII,T*

-FREOUEI{CY CURVE- t',RR llD ¡{R CAYUGA
i*itt**tf*tt.t*tf *ft+*+llt**rtr+rl+*t*r.rrt*ff itrrrf **rirrr+*r***t
r........FLo9rCFS........* f...CoNFIDE¡i¡CE LIltrTS...rT EXPECTED * EXCEEDANCE T T
T COIIPUTED PROBABILITT r PROBABILITY r O.O5 LII.IIT 0.95 LIIIIT r

t
I
t
T
I
I
t
t
t
I
*
l

t
t
*
+
t
*
f
*
*
t
*
t

* ¡IEâII LOGARITH}Ir STAI'IDARD DEVIATIOIII COI{PUTED SKEUI GENERåLIZED SKEI'* ADOPTED SKE$'

5170.
4680.
42LO.
3660.
3010.
2030.
1260.
378.
93.
34.
15.

J.

* HISTORIC EVEIITS* HIGII OUTLIERSI LOI' OUTLIERST ZERO OR TIISSING ,

* SYSTE¡IATIC EVEIIÎS

1840,
t700.
1560.
1400.
1200.

872.
590.
208.
47.
18.
7.
1.

0.002
o.005
0.010
o.020
o.040
0.100
o.200
o.500
0.800
o.900
0.950
0.990

9O7. r
847. t
788. r
7L4. r
622. *
47O. r
329. I
I2O. l
23. r
7. Ì
2. r
0.t

++++++++++++++++++++++++++++++++++++++++++r
T FREOUEI¡CY CURVE STâTISTICS + STATISTICS BASED OI{ t

----------t--
02.t82L

0.6983
-1. 1755

-99.0000
-1.2000

0
0
0

t
I
I
t
i23

*I*t**tttf+rittt+*+ltt+f ti+lti*+tiit*++rt*+++lrtrttiir*r+****fi f t



TABLE C-2 CONT

-OUTLIER TESTS

L01', OUTLIER TEST

BASED 0ll 23 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.448

2 LOU OUTLIER(S) IDETITIFIED BELOtrl TEST VALUE 0F 3.0
OR I}¡PUT BâSE OF 5.0

STATISTICS A¡¡D FREOUENCY CURVE ADJUSTED FOR 2 LOU OUTLIER(S)

HIGH OUTLIER TEST

BASED OTI 21 EVENTS, 10 PERCENT OUTLIER TEST VALUE K(N)

O IIIGH OUTLIER(S) IDEI¡TIFIED ABOVE TE5T VALUE OF

= 2.408

2755.

-SKES IIEIGHTII{G -
BASED 0N 23 EVEI{TS, I|EA¡|-S0UARE ERROR 0F STATI0N SKE['¡ =-99.000
DEFAULT 0R INPUT llEAll-SOUARE ERROR 0F GENERAL1ZED SKE[ll = 0.302

-FREOUEI{CY CURVE- I'RR I{D I{R CAYUGA

r.. ... . ..FLotú,CFS.. ..... .t r...CoNFIDEI{CE LIüITS. ..*i EXPECTED * EXCEEDAT{CE r }
+ CO}IPUTED PROBABILITY r PROBABILITY r O.O5 LIIIIT 0.95 LIIIIT *
t
*
t
I
T
I
I
t
t
I
t
*

+ IIEA¡{ LOGARITHIIr SÎAÌIDARD DEVIATIOIIT COI{PUTED SKEUI GENERALIZED SKEI'I ADOPTED SKEI'

o.002
0.005
o.010
0.020
0.040
o,100
0.200
0.500
o.800
o.900
0" 950
o.990

2.290.2 t
0.4758 *
0.2041 *

-99.0000 t
0.2000 *

20000.
11900.
7890.
5060.
3130.
1530.
8t2.
277.
114.
76.
56.
32.

¡IISTORIC EVEIITS
HIGH OUTLIERS
LOh¡ OUTLIERS
ZERO OR IIISSI}IG
SYSTEIIATIC EVEI¡TS

5960.
4030.
2930.
2080.
1430.
811.
495.
188.
77.
49.
34.
18.

10200.
5970.
3950.
2590.
L670.
881.
505.
188.
74.
46.
31.
L4.

2790. t
2O2O. r
1550. *
1160. l
847. t
519. t
326. f
127. t
46. *
26. r
L7. *
7. r

+++++++++++++++++++++++++++++++++++++++++++r
i FREOUE¡{CY CURVE STATISTICS * STATISTICS BASED ON t
t-----------

0
2
0

0*
t
t
t

23t
tttttìtit**t.t**t***+t**tt*rrt+*tr**tti**tt*tttrt*#**++ttl+äti***



TABLE C-2 CONT.

**GENERALIZED SKEt¡l**
ISTN GGI{SE SKE[',GS 516 0.114 -0.20

2 LOV OUTLIERS

-SKEU I'EIGHTING -
BASED 0ll 23 EVENTS' IIEAN-SQUARE ERROR 0F STATI0I{ SKEtd =
DEFâULT 0R INPUT IIEAN-SOUARE EBROR 0F GENERALIZED SKEll =

o.232
o. 114

ADOPTED
-FREOUETICY CURVE- hIRR IID NR CAYUGA
***r+**ti**tt**f **tt**trt**ttf *ttr**ttlt+tttttf tt*++t*++tt***+rt
*.. . .....FLoÍJ,CF5.. .... . .l T...CoNFIDENCE LII{ITS. . .
T EXPECTED T EXCEEDANCE
* Co}|PUTED PRoBABILITY * PBOBABILITY r 0.05 LII{IT 0.95 LIIIIT

t
t
t
I
I
I
*
i
I
I
t
*
*
*
t
+

t
t
t
I
t
t
i
I
I
t
t
r

I
t
I
t
T
*
t
*
*
t
t
*

4000.
2960.
2300.
L740.
1280.
785.
493.
199.
78.
47.
31 .
L4.

5960.
4000.
2920.
2090.
1450.
â42.
sLz.
199.
75.
44.
27.
11.

o.oo2
o.005
o.010
0.020
0.040
0.100
0.200
o.500
o.800
o.900
0.950
o.990

20LO.
1560.
7270.
1000.
770.
504.
331.
13s.
46.
25.
15.

2.2902 *
O.4758 i
0.2041 *

-O.20OO i
-O.1000 *

11800.
8000.
5780.
4040.
2720.
L470.

g2g.
293.
116.
74.
51.
26.

IIISTORIC EVEIITS
HIGH OUTLIERS
LO¡' OUTLIERS
ZERO OR IIISSING
SYSTEIIATIC EVEI{TS

r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++f
} FREOUEI¡CY CURVE STATISTICS T STATISTICS BASED OI{ }
I IIEAN LOGARITHII* . STAIIDåRD DEVIATIO¡{T COIIPUTED SKEOt GEI{ERALIZED SKE[',* ADOPTED SKEh¡

0
2
0

0

23

*
I
I
*
l

r*Irr*rlt+**t**tr*+ìr**rtf*rf *rf tf **trit+***+***ttit+*tf t*** tt**



TT
TT
TT
TT
TT
TT
TT

TABLE C.3

GRASS LAKE TRIB NEAR LIDGERT¡IO0D
LAT. 460443 LONG. O97LL40
INST. PEA¡( DISCHARGES
STATION NUI{BER O5O518OO

DBAIIIAGE AREA = 0.6

i*SYSTE}IåTIC EVEIITST*
16 EVE}¡TS TO BE ANALYZED

IIOTE - ADOPTED SKEI' EOUALS COI,ÍPUTED SKET' AND PRELI}ÍINARY
FREOUEI{CY STATISTICS ARE FOR THE CONDITIOI¡AL
FREOUENCY CURVE BECAUSE OF ZERO OR I,IISSING EVENTS.

-FRE0UEIICY CURVE- GRASS LAI(E TRIB llR LIDGERII,O0D

i........FLo[J,CFS........* T...CoNFIDENCE LI!íITS...+
I EXPECÎED * EXCEEDANCE T +
+ COIIPUTED PROBABILITY * PROBABTLITY T O.O5 LIUIT 0.95 LIHIT I
f-------- -------*- ---t'----- ---------{l

12.
3.
0.
0.
o.

I
I
t
t
*
*
t
I
*
*
I
l

a

*
t
I
t
I
+
i
I
*
t
t
*

r IIEA¡I LOGARITH¡Ii STAI¡DARD DEVIATIO¡II COI{PUTED SKEÍ't GEilEAALIZED SKEi',* ADOPTED SKEh¡

277.
2r8.
L77.
138.
LO2.
62.
37.

I IIISTORIC EVE}ITSI HIGH OUTLIERS* LOT' OUTLIERS* zERo 0R ilrssrt{G
T SYSTEIIATIC EVEIITS

89
74
64
53
43
29
20
I
2
o
0
0

119.
95.
79.
63.
49.
31 .
20.
g.
1.
0.
0.
o.

o.oo2
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

45. r
39. t
34. t
30. r
25. n
18. r
L2. r
5. r
1. I
0. Io.r0. *

0

16

t
t
t
T
I
t
*
ç
I
f
I
I

r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r
å FREOUE¡ICT CURVE STATISTICS T STATISTICS BASED OX }
t----------------- ------*-- ---------l

0.9255
o.4736

-o.5916
-99.0000
-0.5916

o
0
2

*
t
t
t
T

r**+titrt*i*t***t*ttt***t*iitI*tr+*ìt+itt**ttt#rtr*ttt*lltlt ttlt



TABLE C-3 CONT

-FREOUEIICY CURVE- GBASS LAKE TRIB NR LIDGERT¡JO0D
**+ti**+t*+*+*tt***tì*****t**f *#****it****++*r(r*i***+**tt****itr
*.. .... ..FLot",cFs.. .... ..* r...CoNFIDENCE LIÌíITS...*i EXPECTED r EXCEEDANCE * T
r COI{PUTED PROBABILITY * PROBABILITY * O.O5 LII{IT 0.95 LIIIIT r
t---Ç---- -------*- ---i----- ---------**
t
*
t
*
t*
+
*
*
t
i

T IIEAX LOGARITHII* STANDARD DEVIATIOI¡
f COHPUTED SKEO
T GENERâLIZED SKE¡'T âDOPTED SKEI'

293.
236.
193.
151.
113.
68.
41.
13.
4.
2.
1.
1.

I HTSTORIC EVENTS* HIGH OUTLIERST LOI' OUTLIERSr ZERO OR I{ISSING* SYSTE¡{ATIC EVENTS

85.
72.
62.
32.
42.
29.
19.
8.
3.
L.
1.
0.

LLz.
92.
76.
62.
48.
31.
20.
8.
2.
1.
1.
0.

o.002
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

f
*
t
*
*
t
*
+
*
*
*
T

*
t
t
I
*
I
*
r
t
t
t
i

4L. r
35. I
31. *
27. I
23. r
15. *
11. r
5. r
1. r
1. *
0. r
0. r

0

++++++++ +++++++++++++++++++++++++++ ++++++++*
* FREOUEI¡CY CURVE STATISTICS i STATISTICS BASED ON T
*-------- ------r-- ---------*

o,8268
0.5358

-o.6742
-99.0000
-0.7000

*
I
I
I
I

0
0
2

L6
t**tt*|*t*f tt**lt**t**ttt***t*tItt*+tt+**t*trf +l ttttr*littf f f ttì

IìGEIIERALIZED Sl(Ell*r
ISTII GGIISE SKE[{

cs 516 0.114 -O.20

NOTE - ADOPTED SKEI' EOUALS COI{PUTED SKE9¡ AND PRELIIIINARY
FREOUENCY STATISTICS ARE FOR TIIE CONDITIONAL
FBEOUENCY CURVE BECAUSE OF ZERO OR }IISSING EVEI{TS.

THEREF0RE, FRE0UENCY CURVE DATA UITH GEI¡ERALIZED SKEi'J AND N0 L0¡,
OUTLIERS I5 THE SA}IE AS FIRST FREOUE!¡CY CURVE GIVEII ABOVE.



TABLE C-3 CONT

-PLoTTII{G PoSITIoNS- GRâSS LAKE TRIB NR LIDGER|,ooD
*i*tl**ttfttt**ii******t*+**+**t**+*t****i******t****+**tì**+t*
i.. ...EVENTS AITALYZED .I....... ....ORDERED EVENTSI I gATER I{EDIA}It l,f0N DAY YEAR FLO9I,CFS * RANK YEAR FL0t',,CFS PLOT POS
I-------- |'--------
t
*
*
t
t
I
t
+
+
t
t
*
t
t
t
t

0
0
0
0
o
0
0
0
0
0
o
0
o
0
0
0

0 1958
0 19590 1960o .1961o t962o 1963o 1964
o 1965o 1966o t967o 1968o 1969o 19700 t97r0 t9720 t973

2.
8.
0.
0.

22.
4.
8.

L2.
15.
36.
2.

1,2.
8.

19.
34.

1.

1
2
ã
4
5
6
7
8
9

10
11
12
13
L4
15
16

L967
t972
L962
t97t
1966
1965
1969
1964
L970
1959
1963
1968
1958
L973
1960
1961

36.
34.
22.
19.
15.
t2.
72.
8.
8.
8.
4.
2.
2.
1.
o.
0.

o.0427
0.1037
0.1646
o.2256
o.2866
o.3476
0.4085
0.4695
0.5305
0.5915
0.6524
o.7I34
o.7744
0.8354
0.8963
0.9573

+
*
*
l
*
*
*
*
*
*
t
f
t
t
t
*
t
I
*
*
t

***tl**tt**rt*rtt**tlt*tr*Itì

-OUTLIER TESTS

LOhI OUTLIER TEST

BASED 0l{ 14 EVEIITS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.2L3

O LOO OUTLIER(S) IDEIITIFIED BELOT' TEST VALUE OF 0.8
BASED O¡I THE STATISÎICS AFÎER 2 ZERO OR }IISSING EVENTS DELETED

STATISTICS AND FREOUENCT cURvE ADJUSTED FOR 0 LOt', 0UTLIER(S)
AIID/OR 2 ZERO OR IIISSING EVEIIT(S)

HIGH OUTLIER TEST

BASED oil 14 EVEilTS, 10 PERCENT oUTLTER TEST VALUE K(il)
O HIG¡I OUTLIER(S) IDEXTIFIED ABOVE TEST VALUE OF

= 2.2t3
94.



TABLE C.3 CONT.

-SI(EU I'EIGHTING -
BASED 0ll 16 EVEI{TS' ¡{EAI{-SOUARE ERROR 0F STATION SKEt¡l =
DEFAULT 0R II{PUT IIEAN-S0UARE ERROR 0F GEI{ERALIZED SKEtrl =

o.370
o. 114

ADOPTED
-FREOUEIICY CURVE- GRASS LAKE TNIB [R LIDGERWOOD

t........FLoltrcFS...... ..r *...CoNFIDENCE LI¡|IT5...r* E:(PECTED * EXCEEDANCE * *T CO¡IPUTED PROBABILITY * PROBABILITY T O.O5 LIIIIT 0.95 LIIIIT *
------t-------------* -------**

i
I
*
t
t
+
t
*
t
I
t

I IIEâII LOGARITHII
* STA¡IDARD DEVIATIOII
* COI{PUTED SKE$I GENERALIZED SKET'
i ADOPTED SKEII

647.
44t.
319.
222.
L47.
76.
40.
12.
4"
2"
¿.
L.

HISTORIC EVEITTS
HTGH OUTLIERS
LOtd OUTLIERS
ZERO OR IIISSING
SYSTEIIATIC EVENTS

51.
31

150.
114.
90.
69.

25s.
L72.
125.
gg.
61 .
35.
20.
7.
2.
1.
1.
o.

o.oo2
0.005
0.010
o.020
0.040
0.100
o.200
0.500
o"800
0.900
0.9s0
0.990

64. +
51. r
43. r
34. I
26. i
L7, I
11. I
4. *
1. I
1. *
0. 1
0. +

16

*
+
*
t
*
*
f
*
*
*
t
*

*
*
t
t
t
I
t
I
I
t
t
I

19.
7.
2"
1"
1.
o.

00.8268 *
0.5358 +

-O.6742 r
-O.2OO0 *
-O.3000 *

0
0
2

I
*
t
*
t

*rrttÕttf, *|f tt*ìt**tt*f rtt*tr*r*+r**t**ttt+rr*lrl*rtt+*tttt*ttt*



TABLE C-4

TT
TT
TT
TT
TT
TT

* IIEAII LOGARITHIIT STA¡{DARD DEVIATION+ COüPUTED SKEflì CENERALIZED 5KE1',* ADOPTED SKE[',

I',ILD RICE RIVER TRIB NEAR I,IANTADOR
LAT. 461015 LOtrG. 09704L3
INST. PEAK DISCHARGES
STATION NUI'IBER O5O519OO

DRAII{AGE AREA = 15.7 CON. AREA = 4.3

r*SYSTEIIATIC EVENTS**
16 EVEIITS TO BE AIIALYZED

-FREOUEIICY CURVE- URR IID TRIB NR }IANTADOR
*t*tt*rit**t f +ttr*t* l+*r+f lrr***r**lt*rÍt*t
t.. ......FLoI¡,CFS.. ......f *...CoNFIDE!|CE LI¡íITS...r

tr EXPECTED } EXCEEDANCET COI{PUTED PROBABILITY * PPoSâBTLITY T O.O5 LII'IIT 0.95 LIIIIT *
{'-------- -------*- ---*----- ---------t'
t 7140. 79800. I 0.002 * 164000. t260. I
r 2480. t290O. * 0.005 I 36900. 547. t
* 1090. 3600. * 0.010 * 11700. 286. l
r 472. 1070. * 0.020 r 3600. 146. r
r 198. 334. r 0.040 * 1080. 72. *
* 59. 76. * 0.100 r 206. 26. t
r 22. 24. * O.2OO * 56. 11. I
+ 5. 5. r 0.500 * 9. 2. t
r1.1.IO.8OO*3.1.1
r1.1.i0.900*2.0.1
*1.1.*0.950*2.0.t
ì0.0.t0.99Or1.0.r
r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*
T FREOUEI¡CT CURVE STAÎTSTICS T STATISTICS BASED ON T

o.7923
o.7279
1.0573

-99.0000
1. 1000

T HISÎORIC EVETTS
f HIGH OUTLIERS* LOI' OUTLIERS* ZERO OR ¡IISSING* SYSTEI.IATIC EVE}ITS

0
0
o

0r
t
t
*

16*
t*trr*ttttttff+rr*+r*f+tt**ttt*ttilltf itrl*t*+f *it**tt**t*+* l** t



TABLE C-4 CONT.

-PLoTTIIIG PoSITIoNS- trRR l¡D TRIB NR I'IANTADoR
+**+.t**+ t+*i******itr+*+**+ +*** ****f Ja+il}r+***r*I
*.....EVENTS ANALYZED{
i HoN DAY YEâR FLo(ú,CF5

.ORDERED EVENTS .....7
I'TATER I{EDIAN }

RâNK YEAR FLOi'I,CFS PL0T POS r
-------*

2to.
130.
48.
30.
10.
7.
4.
3.
3.
3.
2.
2.
2.
2.
1.
1.

o
o
o
0
o
o
o
0
0
o
o
o
o
o
o
o

*
*
*
*
0
t
+
t
*
t
t
+
*
*
t
+

o 1958
o 1959o 19600 1961o t962
o 1953o 1954
o 1965o 19660 1967o 1968o 19590 7970
o l97r
o 7972o t973

1 1969
2 L970
3 t97t
4 L972
5 1966
6 L967
7 1955
I 1964
9 L962

10 1959
11 1958
L2 1963
13 1960
14 1973
15 1961
16 1968

o.0427
0.1037
0.1646
o.225,6
o.2866
o.3476
0.4085
0.4695
0.530s
0.5915
o.6324
0.7134
o.7744
o.8354
0.8963
o.9s73

2.
.J.
z.
1.
3.
2.
3.
4.

10.
7.
1.

2ro.
130.
48.
30.
2.

*
*
*
I
t
I
*
f
t
t
*
*
*
t
t
t

t#+*t*+åË***tr*rt*+t+rltt**tt*******tt**ttttf ********+i**lt**tt*

-OUTLIER TESTS

LOT' OUTLIER TEST

BASED 0l¡ 16 EVEI{TS, 10 PERCEI{T oUTLIER TEST VALUE l((N) = 2.279

0 L00 OUTLIER(S) IDEIITIFIED BELO{', TEST VALUE 0F 0.1

HIGH OUTLIER TEST

BASED OI{ 16 EVEIITS, 10 PERCENT OUTLIER TEST VALUE K(N)

O HIGH OUTLIER(S) IDEIITIFIED ABOVE TEST VALUE OF

= 2.279

283.



TABLE C.4 CONT

**GENERALTZED SKE9J**
ISTN GG¡ISE SKEO'GS 516 0.114 -0.20

-SKEtrl UEIGHTING -
BASED 0¡{ 16 EVENTS, llEAll-SOUARE ERROR 0F STâTI0N SKE[{ =
DEFAULT 0R INPUT I{Eâì|-S0UARE ERROR 0F GE}¡ERALIZED SKEW =

0.459
0.114

ADOPTED
-FREOUEXCY CURVE- IdRR I¡D TRIB IIR IIANTADOR
tttllllt**+t*f Itrr*riiltt*lr r*ltr*+*ìr**f rr*trrrit*t+**r*tt*+i*t.t.. .... ..FLotlrCFS. . .... . .r T...CoNFIDENCE LII{ITS...*T E)(PECTED } EXCEEDANCE T T
* CO¡.IPUTED PROBABILITT * PROBABILITY * O.O5 LIHIT 0.95 LIIIIT T
*-------- -------i- ---{,----- ---------l¡

i ¡IEâX LOGARITHTIr STAITDARD DEVIATIOII* COI,IPUTED SKEU* GENERALIZED S¡{EI'r ADOPTED SKET'

9510.
4390.
2340.
1180.
564.
185.
59.

T HISTORIC EVENTSf HIGH OUTLIERSf LOT' OUTLIERS
* ZERO OR IIISSING* SYSTEI{ATIC EVENTS

946.
544.
346.
2L2.
123.
54.
23.
6.
1.
1.
o.
o.

3000.
1270.
561.
341.
L7t .
64.
27.
5.
1.
1.
0.
O.

o.002
0.005
0.010
0.020
o.040
o.100
o.200
0.500
0.800
0.900
o.950
0.990

I
+
t
t
*
t
t
I
T
I
t
t

255.
L64.
114.
76,
49.
24.

16

I
*
t
t
+
T
t
t
I
t
r
I

r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r
T FREOUEIICY CURVE STATISTICS * STATISTICS BASED ON f
t-------- ------*-- ---------*

i
I
t
I
I

0

L2.
5.
1.
0.
0.
0.

t2.
3.
2.
1.
0.

o.7923
o.7279
1.0573

-o.2000
0.1000

0
0
0

l*tltr+rt*f t+**lt**r *r|#r**ìr*ttt*rtlf t**ttti*+trr*++**+*+t*f i**



TABLE C-5

TT O5O52OOO I'ILD RICE RIVER NEAR I{ANTADOR, N.D.
TT INST PEAK DISCHARGES
TT LAT. 46 LO'20" LoNG. 97 00',35"
TT D.A. = 1357 lll2 CON. AREA = 8O7
TT PERIoD 0F RECoRD 1943-51, 1932,L973,1975 PARTAL-RECoRD
TT GAGE DATUI{ 997.78 FT. TSL (L929'
TT PRIOR TO 1949 STAFF GAGE AT SA¡{E SITE AND DATU}T
TT FLOOD IN SPRING 1943 REACHED A STAGE OF 12.8 FT., FLOODIIARKS
TT SOIIE REGULATTOX BY FISH AND Í'ILDLIFE REFUGES' OF 9'HICH LåKE
TT TEOAUKEN IS THE LARGEST. SO¡{E SIIALL DIVERSIONS FOR IRRIGATION
TT L9S2-73,75 ARE ANI{UAL llAXIllUU DISCHARGE FOR'CREST-STAGE
TT PARTIAL-RECORD STATION

**SYSTEIIATIC EVENTST*
31 EVEI{TS TO BE AI{ALYZED

-PLOTTIIIG POSITIONS- T'RR ITD HR IIA¡¡TADOR
*tf t.tif t+*tr**t.ttt*I*i****+tit+t*+****+ttt++t**lt**t+++**i+t+**t
r. . ...EVENTS AllALyZED.. ....1.... ..oRDERED EVEI¡TS
r * tdATER
* tlON DAY YEAR FLOi'I,CFS * RANK YEAR FLOII,CFS

IIEDIAN
PLOT POS

I
I
t
+
t
I
t
*
t
f
I
*
I
I
*
t
*
I
t
l
t
t
+
*
t
t-
*
t
T
t
I
t
I
l
I

1
2
3
4
5
6
7
I
9

10
11
L2
13
1,4
1S
16
t7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31

I
t
*
I
t
t
t
I
t
I
t
*
I
I
I
t
T
I
t
+
I
*
*
I
t
t
I
t
*
t
I

*oo
r00
rOO
ÌOOÍoo
rO0
rOO
+OO
*00
rOO
rOO
+OO
*OO
*OO
r00
rOO
rOO
rOO
fOO
*0O
*00
IOO
*OO
rOO
*OOroor00roo
r00*0O*O0

L944
1945
1946
L947
1948
1949
1950
1951
t932
1953
1954
1955
1956
1957
1958
1959
1960
1961
L962
1963
1964
1965
1966
1967
1968
1969
L970
r97t
t972
L973
7975

476.
938.
300.
554.
150.
105.
485.
275.

2200.
1.29.
75.
C¡ê

156.
160.
250.
.10.
138.
34.

L240.
273.
161.
435'.
878.
299.
92.

2360.
208.
40.

345.
75.

743.

1969
t952
L962
1945
1965
1975
L947
1950
L944
1965
L972
1946
L967
1963
1951
1958
L970
1964
L957
1956
1948
1960
1953
1949
1955
1968
1954
L973
L97L
1951
19S9

2360. O.O223
2200. 0.0541
t240. 0.0860
938. O.7L78
878. O.1497
743. 0.1815
554. O.2L34
485. O.2452476. O.277L.435. 0. 3089
345. 0.3408300. o.3726
299. 0.4045
275. 0.4363
275. 0.4682
250. 0.5000
208. 0.5318
161. 0.5637
160. 0.5955
156. O.6274
150. 0.6592
138. 0.6911
t29. 0.7229
105. 0.7548
99. 0.7866
92. 0.818575. 0.850375. 0.8822
40. o.9L4034. 0.9459
10. o,9777

i*++i*tt*r***ttt***+**+t**l li*+*t*tt*t+tilf tt++t**+t'r*l+l l*I+f I+



TABLE C-5 CONT.

-FREOUE}¡CY CURVE- 9RR ND I{R IÍAI{TADOR
+*+t******* ***+ t***t**** f****** i***r **+rt** * * r*+ *ttr**** t+** * +*+**........FLOI'I,CFS........* r...CONFIDEI¡CE LIìíITS...*+ EXPECTED * EXCEEDAI{CE * I* CO¡{PUTED PBOBâBILITY * PROBABILITY + O.O5 LIIIIT 0.95 LIIIIT *
t,-
* 5560. 7360.* 4L20. 5110.* 3200. 3800.+ 2420. 2760.r t760. 1930.* 1060. 1110.* 646. 664.* 24L. 24L.* 85. 82.* 48. 45.* 30. 27.r L2. 9.
*++++++++++++++++++++++

* IIEA¡{ LOGARITHII* STA¡{DâRD DEVIATION
* COI,IPUTED sKEI"T GEilENALIZED SKEfdT âDOPTED SKEII

14300.
9860.
72tO.
5100.
3450.
1860.
1040.
348.
L23.
74.
49.
22.

T IIISTORIC EVENTSI HIGH OUTLIERSf LOt', 0UTLIERS* ZERO OR ¡IISSINGI SYSTEIIATIC EVEI{TS

t
t
*
r
+
t
*
t
*
*
*
I

0.002
0.005
0.010
o.o20
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

*
f
*
+
t
t
*
t
I
*
t
*

2920. *
2260. *
L82O. *
1430. r
1080. *691. *
44L. t
168. t
53. I
27. t
15. r
S. I

o

31

+++++++++++++++r
* FREOUEXCY CURVE STATISTICS i STATISTICS BASED ON T
*-------- ------i-- ---------{'

2.3652
0.5233

-o.24L6
-99.0000
-0.2000

0
o
0

t
t
t
*
T

-FREOUEIICY CURVE- I'RR ND IIR ¡.IAI{TADOR

*. . . . . . . . Flold, cFs. . . . . . . . t r. . . CoNFIDEICE LIIIITS. . .* EXPECTED * EXCEEDATICE }* COIIPUTED PROBABILITY * PROBABILITY r O.O5 LIIIIT 0.95 LIIIIT

t
t
t
I
t
t
I
*
t
t
Ì
t
t
Ë
t
I

t
I
*
t
t
#
*
f
I
T
I
T

*
ö
*
+
t
*
f
I
I
T
I
t

* IIEAN LOGARITI{UT STAIIDARD DEVIATIOI{} CO}IPUTED SKEI{
t GENERALIZED SKEtrf* ADOPTED SKE$'

22600.
13400.

8790.
5620.
3480.
L7tO.
918.
323.
138.
94.
70.
42.

} HISTORIC EVENTS
* HIGH OUTLIERS
I LOTd OUTLIERS
T ZERO OR ¡{TSSINGT SYSTE}'ATIC EVEI{TS

8220.
5410.
3860.
2690.
1820.
to20.
601.
234,
98.
64.
46.
25.

L2400.
7320.
4860.
3190.
2050.
1080.
620.
234.
96.
61.
43.
22.

0.002
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.9s0
0.990

4t70.
2930.
2200.
1610.
1150.
690.
428.
168.
64.
39.
26.
L2.

o
1
o

or
*
T
I

31 u

r++ +++++++++++++++++++++++++++++++++++++++++*
* FREOUEIICY CURVE STATISÎICS * STATISTICS BASED ON T
i-------- ------*-- ---------*

2,3922
0.4694
o.2670

-99.0000
0.3000

t***t*+t*tlt*******i+*tt+**t***+r*lIil*ii*rr+*r*++ tl+*it**r++r*r



TABLE C.5 CONT.

*+GENERALTZED SKEI¡J**
ISTN GGIISE SKEi¡,

GS 50520 0.114 -O.20

-SKEIÚ IdEIGHTING -
BASED 0t{ 31 EVEltrS, IIEAN-S0UARE ERROR 0F STATT0N SKEIÚ =
DEFAULT OR INPUT ¡IEAN-SOUARE ERROR 0F GENERALIZED SKEI¡J =

0.181
0. 114

-FREOUENCY CURVE- t',RR l{D ¡¡R ¡IANTADOR
r*t*ttltf **Itrtt**i+*tt***r***rt+*t*i***+*tltt**t***lf +++*******
t........FLOi'r,CFS........'l r...C0NFIDEI{CE LI¡IITS...f
* EXPECTED * EXCEEDAI{CE r }
* CO}IPUTED PROEAEILITY i PROBABILITY T O.O5 LII{IT O.95 LII{IT *

*
f
*
*
*
l
I
t
I
I
l
t

5560.
4t20.
3200.
2420.
1760.
1060.
646.
24L.
85.
48.
30.
t2.

7360.
51 10.
3800.
2760.
1930.
1110.
664.
24t.

92.
45.
27.

Cl

o.oo2
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0"800
0.900
0.950
0.990

14300.
9860.
72tO.
5100.
3450.
1860.
1040.
348.
L2S.
74.
49.
22.

2920. t
2260. *
1820. r
1430. *
1080. *691. *
441. I
168. +
53. I
27. t
15. *
5. *

I
*
t
f
I
+
+
I
t
*
t
*

t
*
*
I
*
*
*
I
*
t
*
I

r IIEAII LOGARITHI,Í+ STA¡{DARD DEVIATIOI{
l COüPUTED :Ì. !
T GENERALIZED SKEId
r ADOPTED SKEO

*++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r
* FREOUEITCY CURVE SÎATISTICS I STATISTICS BASED ON

--t------I HISTORIC EVENÎS O
* HIGH OUÎLIERS O
* LOI, OUTLIERS O
* ZERO OR TIISSTNG O
I SYSTEIIATIC EVEIITS 31

ttttittìlllrìt*t*t+l*tt*+r ltlt*Ìltl

-OUTLIER TESTS

2.3652
0.5233

-o.24L6
-o.2000
-o.2000

*
t
t
I
I
I
t

LOT' OUTLIER TEST

BâSED Ot{ 31 EVENTS, 10 PERCENT oUTLIER TEST VALUE K(N) = 2.577

I LOt', OUTLIER(S) IDEIITIFIED BELOI, TEST VALUE 0F 10.4

STATISTICS AND FREoUENCY cURvE ADJUSTED FoR 1 Lot" oUTLIER(s)



TABLE C-5 CONT

HIGH OUTLIER TEST

BASED 0x 31 EVEilTS, 10 PERCENT oUTLIER TEST VALUE K(N)

O HIGH OUTLIER(S) IDEI{TIFIED AEOVE TE5T VALUE OF

-SKEtrl I¡EIGHTING -

= 2.577

sL74.

BASED 0¡{ 31 EVENTS, ¡íEA¡{-SOUåRE ERROR 0F STATI0Ì{ SKEt¡l =
DEFAULT 0R INPUT ÌIEAN-SOUARE ERROR 0F GEI{ERALIZED SKEt¡l =

0. 183
0. 114

ADOPTED
-FREOUENCY CURVE- ['RR IID I¡B IIANTADOR
r+ttiIItt**t**tl{**tt**tt**rrff rÌ.f*ttr**tr**+*+*t******r*rrr**r*
*........FLot,CFS........f f...CoNFIDENCE LII{ITS...*
I EXPECTED I EXCEEDANCE ì I
I COT,IPUTED PROBABILITY * P¡OSABILITY r O.O5 LI¡ITT 0.95 LIIIIT *
r 5540. 7570. * 0.002 r 13800. 2980. *
* 3990. 5060. * 0.005 * 9L7O.' 2260. I* 3050. 3670. r 0.010 r 6560. 1800. I
r 2270. 2610. r 0.020 r 4560. 1400. I
r 1640. 1800. * 0.040 l 3050. 1050. I* 9g6. 1040. r 0.100 * 1650. 672. *
r 613. 630. * 0.200 r 939. 436. l
r 247. 247. * 0.500 t 342. I7e. I
* 99. 97. * 0.800 r 140. 65. I
* 62. 58. t 0.900 * 91. 37. *
r 42. 38. * 0.9SO r 64. 23. t
* 20. t7. * 0.990 * 34. 9. t
r+++++++++++++++++++#+++++++++++++++++++++++++++++++++++++++++t
* FREOUEI¡CY CURVE STATISTICS T STATISTICS BASED ON T
lb-------- -----l--- --------tT IIEAIT LOGARITIIII* STAIIDARD DEVIATIONf COTIPUTED SKEUI GENENALIZED SKET'I âDOPTED SKET'

* IIISTORIC EVEIITS
* HTG¡I OUTLIERST LOg OUTLIERS* ZERO OR I'ISSING
* SYSÎEIIATIC EVEI{TS

2.3922
0.4694
o.2670

-o.2000
o.0000

0
1
0

0

31

t
f
t
T
t



TT
TT
TT
TT
TT
TT
TT
TT
TT

TABLE C-6

05052500 ANTELOPE CREEK AT D['|IGHT, N.D.
II¡ST PEAK DISCHARGES
LAT. 46 18',50" Lollc 96 44',05"
D.A.=294 lll2 CON. AREA = 278
PERToD 0F RECoRD 1943-49,1950-73,1975 PARTIâL-RECoRD
GAGE DATUII 920 FT.
A STAGE OF 16.0 FT. OCCURNED IN APR 1943
1950-73,75 ARE AI¡I¡UAL I{AX. DISCHARGE FOR CREST-STAGE
PARTIAL-RECORD STATIOII

+*SPECIAL STATIOI ITIFORIIATION*+
IYRA IYRL IIOUTL BASEPKsr1943010.

**STSTEIIATIC EVEilTSIT
31 EVETITS TO BE AIIALYZED

.FREOUEIICY CURVE. ANTELOPE CK NR DUIGHT
t*t**itt**l+tlt*t**tt**tt*ät**irr*rt*r* **t***tì+trtt*f *t+t*ttltl
*........FLOfirrCFS........* t...CONFIDEIICE LII{ITS...*
T EXPECTED * EXCEEDA}¡CE I T
I COI{PUTED PROBABILITY * PROBABILITY T O.O5 LIUIT 0.95 LIIIIT T
f---o--- -------*- ---t----- ---------l'

43.
13.
4.
0.

t
I
T
t
t
t
*
t
t
*
I
*

f
*
*
t
i
t
t
t
f
t
I
t

t
t
+
t
*
T
*
t
+
t
+
t

I IIEA¡I LOGARIIHI{* STAIIDARD DEVIATIOIIr cot.lpulED sKEûrT GENERALIZED SKEI'
T ADOPTED SKEI'

25600.
20900.
L7200.
13500.
9980.
5730.
3100.
736.
148.
59.
¿Þ.

T HISTORIC EVENTS
i TIIGH OUTLIEBS
+ LOU OUTLIERSr zERo 0R ilISSIIIG
T SYSTEI{ATIC EVEIITS

8870.
7520.
6410.
3260.
4090.
2570.
1530.
43S.
85.
31 .
12.
2.

10100.
8470.
7LSO.
3770.
4420.
27LO.
1580.

43S.
80.
27.
10.
1.

0.002
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

4190.
3620.
3150.
2650.
2L20.
1400.
970.
25,6.

I
t
*
l
t
i
t
t
t
t
I
Í

+++++++++++++++++++++
* FREOUEIICY CURVE STATISTICS } STATISTICS BASED ON t

2.3239
o.7730

-o.8633
-99.0000
-o.9000

0 t
t
t
*
i

o
o
o

31
tt****+rtilti+tt**tttr*tt*ttttttr*ttt**trf*lt*f l*fitttittr*ltt*t



TABLE C.6 CONT.

-FREOUEIICY CURVE- AXTELOPE CK NR DI'IGIITrttrti+t{t*+t*+it*tf rf *}r*}***trt+**f rrrtf *t***ir***trrt+*rt+*f f
f ........FLoW,CF5... i....r *...CoNFIDEI{CE LIilITS...** EXPECTED T EXCEEDANCE } T
I CO}IPUTED PROBABILITY * PROBABILITY T O.O5 LIIIIT O.95 LIIIIT *

--------i----

r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++r
I FREOUE¡ICY CURVE STATISTICS * STATISTICS BASED ON }
*-------- ------l-- ---------+

IIETX LOGARITHII
STA¡{DâRD DEVIATION
COI{PUTED SKEU
GEXERALIZED SKEg
ADOPTED SKEU

45900.
31400.
22600.
15600.
10200.
5060.
2550.
657.
t70.
84.
47.
15.

I HISTORIC EVENTSI IIIGH OUTLIERSI LOT' OUTLIERS* zERo 0R ilISSMG* SYSTE}TATIC EVEIITST ¡IISTORIC PERIOD

15000.
11000.
8450.
6250.
4400.
2470.
1380.
410.
105.
48.
25.
7.

L9700.
13700.
10100.
7200.
4890.
2630.
1430.
410.
100.
44.
21.
5.

0.002
0.005
0.010
0.020
0.040
o.100
o.200
0.500
0.800
0.900
o.950
0.990

--------i
6920. t
5320. r
4240. I
3270. t
24OO. ì
1440. *
848. r
238. t
37. r
23. r
10. l
2.*

31
33

+
*
t
*
t
*

2.5680
o.6697

-o.3847
-99.0000
-0.4000

1
1
0

f
T
t
I
l
I

o

**tt*ttt*****ttttt+rtr*t***t***r*r*ttt*t+*t*t*it***ttt+It*r*t*t*



TABLE C.6 CONT.

T*GENERALTZED SKEI,**
ISTN GGTSE SKE$'

GS 50525 0.114 -O.20

-SKE¡' gEIGHTIIIG -
BASED 0ll 31 EVEIITS, llEAll-SOUARE ERROR 0F STATION SKEt¡t =
DEFAULT OR INPUT TIEA¡I-SOUARE ERROR OF GENERALLZED SKEId =

o.244
0.114

-FREOUEIICT CURVE- AIITELOPE CK IIR DUIGHT
litt**f itttttlt+#tttttrì*ff tr*r+i*t*ttlr*r*rf *f *rrrtrr+rr*f f *rtrt...... e.FLoû,,CFS........i r...Col{FfDEilCE LIüITS...I EXPECTED * EXCEEDâNCE I* EO}IPUTED PROBABILITY r PROBAEILITY r O.05 LITIIT 0.95 LIIIIT

*
t
*
t
t
*
t
t
I
I
T
*
*
t
t
I

t
t
t
*
t
t
T
*
T
I
t
t

t
T
0
T
l
*
*
*
ì
1t

t
*

23900.
16800.
L2400.
8730.
3920.
2990.
1530.
376.
79.
32.
15.
3.

32900.
21700.
15200.
10300.
6580.
32tO.
1590.

376.
74.
29.
t2.
2.

0.002
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

87100.
56300.
38500.
25200.
15300.
6850.
3110.

648.
L37.
61.
31.
8.

9820.
7260.
5580.
4130.
2900,
1600.

g?L.
22L.

39.
14.
5.
1.

+++++++++++++++++++++++++++r
T FREOUE¡{CY CURVE STATTSTICS * STATISTICS BâSED ON

* IIEâX LOGARITTI}IT STAIDARD DEVIâTIOX
T COUPUTED SKEI'
I GEI¡EBâLIZED SKE¡'
T ADOPTED S¡(EU 31

f 'HISTORIC EVEI{TSì ¡IIGII OUTLIERS} LOfd OUTLIERST ZERO OR IIISSING* SYSTEIIATIC EVETITS

2.5239
o.7730

-0.8633
-0.2000
-0.4000

o

t
*
t
i
t
i
T

0
o
0

t*+lrf *i**++rttt*r*++ti*t*i*rtt*ìtr+t



TABLE C.6 CONT.

-PLOTTII{G POSITIONS- A!¡TELOPE CK NR DI¡,IGHT
***+l*lr***tt*ti*i*i***t*+****++*******i*f ****t+i+*f å**ti{i**f **
*. . . ..EVENTS ANALYZED. . . . . . t. . . . . . . . . . . ORDERED EVENTS. . . . . . . . . . I+ I 9JATER IIEDIAN T
* !l0l{ DAY YEAR FL0['I,CFS t RANK YEAR FLO{',,CFS PL0T POS **-------- *--------
r 0 0 t944 460. r 1. L969+001945868.*2L952
*OOt946 1360.r3r,975+OOt9471160.r41951
*001948L20.r5L972
*OO194927O.r6L946
r0o1950893.r7L962
*0O195117OO.r81966*0OL9323670.t91967
* O O 1953 578. r 10 L947
r o o 1954 111. r 11 1965f o o 1955 341. * 12 1950+ 0 0 1956 237. i 13 1945
*-0 0 L9S7 134. r L4 1953* 0 O lgsg 50. I 15 1944
+ o 0 1g5g 2. r 16 1955+ O O 1950 79. r t7 1963r 0 O 1961 10. r 18 L97LI O 0 1962 1300. t 19 1949* O O 1963 295 I 20 1956* 0 O 1964 t2O. r 2L L973r 0 O 1965 1080. r 22 1957, 0 O 1956 1300. ) 23 I97Oi 0 o 1967 L25O. t 24 1948
* O O 1968 20. i 25 1964
* O O 1959 9000. r 26 1954* O O L97O 134. r. 27 1960+ 0 0 L97L 288. r 28 1958tt 0 O 1972 1650. * 29 1968* o O 1973 169. * 30 1961
r o o t97s 1800. r 31 1959

--------{.
9000.
3670.
1800.
L700.
1650.
1360.
1300.
1 300.
1250.
1160.
1080.
893.
868.
578.
460.
341.
2gs.
288.
270.
237.
169.
134.
134.
120.
L20.
111.
79.
50.
20.
10.
2.

o.o2to
0.0519
0.0838
0.1158
o.7477
o.t796
o.2LL6
0.2435
o.2754
0.3074
0.3393
0.3713
0.4032
0.4351
o.467r
0.4990
0.5309
0.5629
0.5948
o.6267
0.6587
0.6906
o,7226
0.7545
o.7864
0.8184
0.8503
o.8822
o.9L42
o.946L
0.9780

t
t
I
I
t
t
Ì
i
t
i
T
t
I
t
*
*
*
+
t
*
t
*
t
I

.t
t
t
t
T
I
t
I
T
t
I

r tlOTE- PLOTTIllc POSITI0IIS BASED ON-HISTORIC PERIOD (H) = 33t ilUfBER 0F HISTORIC EVEI{TS PLUS HIGII OUTLIERS(Z) = II i'TEIGHTIXG FACTOR FOR SYSTEIIâTIC EVEXTS ([d) = 1.0667
r*i+ri*r+*tttf ttitrf *ttt*ttttf **irtttl+tt*rrt*r+ri*rtt*itf f l***r

-0u1LrE8 ÎE5TS

LOhI OUTLIER TE51

BASED 0l¡ 31 EVEI¡TS, 10 PERCENT 0UTLIER TEST VALUE K(l{) = 2.377

1 LOS OUTLIER(S) IDEIITIFIED BELOU TEST VâLUE OF 3.4

STATISTICS Al{D FREOUENCY cURvE ADJUSTED FoR 1 LOttr 0UTLIER(S)



TABLE C-6 CONT

HIGH OUTLIER TEST

BASED 0l{ 30 EVE}¡TS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.563

O HIGH OUTLIER(S) IDEXTIFIED ABOVE TEST VALUE OF 19569.
OR II¡PUT BâsE OF 9OOO.

STATISTICS AND FREOUENCY CURVE ADJUSTED FOR 1 HIGH OUTLIER(S)
,AI{D O HISTORIC EVEI{T(S)

-SKE1', UEIGHTII{G -
BASED 0ìr 33 EVENTS, ¡IEAN-SOUARE ERROR 0F STATTON SKE[{ =
DEFAULT 0R INPUT I{EAN-SOUARE ERROR 0F GENERâLÍZED SI(EIJ =

0.184
0. 114

ADOPTED
-FREOUEI{CY CURVE- AI{TELOPE CK llR D[',IGHT
tltt tt tif tt*+l{1t?{â{â{+r+ål1*Ë{11â*+ÞË * *{+ + # l+* * #i+l+ ++lâl+ttl+ tl+tltr+ l+lll+ ll+++ Ë å.!++{+ l+++++

*.. .... ..FLot ,CFS. ..... ..* I...CONFIDENCE LIIíITS.. . *
* EXPECTED * EXCEEDAITCE T I
* COUPUTED PROBABILITY * PROBABILITY T O.O5 LIIIIT 0.95 LI¡IIT *
i-------- -------l¡- ---I----- ---------t
* l?gOO. 24600. I 0.002 r 57500. 8080. +
* L27OO. 16300. * 0.005 r 37500. 6020. +
* 9480. 11600. * 0.010 * 26100. 4680. *
* 6810. 7950. * 0.020 * 77400. 3520. t
I 4660. 5220. t 0.040 r 10900. 2530. *
* 2520. 2690. * 0.100 r 5200. 7470. *
r 1380. 1430. I O.2OO | 2540. 845. t
r 399.', 399. r 0.500 | 639. 25L. *
r 104. 99. f 0.800 I 169. 57. *
r 49. 45. t 0.9OO * 85. 23. t
r 26. 22. * 0.950 * 48. 11. I
i 7. 5. I 0.990 r 16. 2. t
r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++i
* FREOUET{CY CURVE STATISTICS * STATISTICS BASED ON }

IIEAIT LOGARITHIT
STAIIDARD DEVIATIOII
COIIPUTED SKET'
GEI{ERALIZED SKEU
ADOPTED SKE[',

* HISTORIC EVENTS
T HIGII OUTLIERS
} LOI' OUTLIERSI ZERO OR I{ISSING
* SYSTEIÍATIC EVENTS
I HISTORIC PERIOD

2.5680
o.6697

-o.3847
-0.2000
-0.3000

1
1
0

or
I
I
t

31 I
33r

*rtI+*tf **tt{*tr**i**r*it*ö+itrt**ri**lltt***t+t***t***tttltt*lt



TABLE C-7

TT 05053000 I,ILD RICE RIVER NEAR ABERCRo¡íBIE, N.D.
TT INST. PEAK DISCTIåRGES
TT LAT 46 28'05" LONG 96 47'OO" DA.=2O82 IlT.2 CON. AREA = 1490
TT PERIOD OF RECORD 1932-1980 GAGE DâTUl,l 907.94 FT. (1929)
TT PRIOR TO 1939 NONRECORDING GAGE AT SITE 42O FT, DOb'NSTREAI.Í
TT AT DATU¡I 5.0 FT. LOT'ER. 1939.52 NONNECORDI!{G GAGE AT SITE
TT O.75 }fI DOI'NSTREA¡I AT PRESEIIT DATU¡Í . SOI{E REGULATION BY FISHTT AND TIILDLIFE SERVICE RESERVOIRS OF I'HICH LANE TATI|âUKON IS T¡IE
TT LARGEST. SOIIE s¡IALL DIVERSIONS FOR IRRIGATION. FLOOD II{
TT SPRING OF 1897 REACHED â STAGE OF 27.5 PRESENT SITE AND DATU¡I,
TT FROII FLOODIIARKS POINTED OUT BY LOCAL RESIDE}ITS.

I*SPECIAL STATION II{FORIIATION**
IYRA IYRL IIOUTL BASEPK

sr7897010.

**SYSTEIIâTIC EVENTST*
52 EVENTS TO BE AI¡ALYZED

-FREOUEI{CY CURVE- IÚRR ND }¡R ABERCROI,IBIE
*ttttilt+*tI**tr*tIt+tt tt*r*t*ttt+t*t+*t*t*f +t+tt***+****tÖ**i+t
t.. .... ..FL09l,CFS.. ......r r...CoNFIDEì¡CE LI¡íITS...*r EXPECTED * EXCEEDAI{CE t }
r COUPUTED PROBABILITY I PROBABILITY T O.O5 LI¡IIT 0.95 LIIIIT T

-----------t,
*
*
t
+
t
t
t
0
+
i
*
*

12300.
10600.
9t20.
7630.
61 10.
4110.
2660.
961.
267.
t22.
60.
L4.

13300.
11300.
9660.
8010.
6360.
42rO.
2700.
961.
260.
115.
55.
11.

o.oo2
0.005
0.010
0.020
0.040
0.100
0.200
o.500
0.800
0.900
0.950
0.990

23300.
19400.
16400.
13400.
10300.
6570.
4030.
1340.
?76.
L82.
96.
26.

7580. f
6590. *
5790. *
4930. l
4040. r
2810. t
1880. r
697. f
L78. I
74. r
33. I
6. r

t
t
*
*
t
i
t
t
l
i
t
I

r+++#++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
T FREOUEI{CY CURVE STATISTICS T STATISTICS BASED ON }
T ¡IEA¡{ LOGARITHTI
* STAXDARD DEVIATION
* COIIPUTED SKEIdI GENERALIZED SKEIJ
+ ADOPTED SKEI'

2.9023 I
O.6104 *

-0.7552 I
-99.0000 *
-O.8OOO r

HISTORIC EVEI{TS
HIGH OUTLIERS
LOU OUTLIERS
ZERO 0R llISSIl,lG
SYSTEIIATIC EVE}ITS.

o
o
0

O*
t
I
is2*

ti*tttrt+**tt***iåtr**+t*+*+t*t+f**t*+tlt*Õt+t*f i***tt**t*+tli++



TABLE C.7 CONT.

-FREOUEI{CY CURVE- IJRR IID I¡R ABERCROUBIE

r........FLo[r,cFs........* *...CoNFrDENCE LrürTS...** EXPECTED i EXCEEDâI¡CE T T
* COI{PUTED PROBABILTTY T PROBABTLITY T O.O5 LI¡{IT 0.95 Ltr¡{IT *
*-------- -------l'- ---t-----r 13400. 14800. r 0.002 + 25300.+ ttooo. 12000. * 0.005 r 20100.* 9230. 9930. * 0.010 | 16400.* 7540. 7980. * 0.020 r 12900.r 5890. 6150. * 0.040 r 9690.* 3860. 3960. * 0.100 r 5970.* 2480. 2520. * 0.200 * 3630.* 934. 934. I 0.500 * L26O.r 293. 286. f 0.800 * 4O2.| 148. 141. r 0.900 * 214.* 81. 75. i 0.950 * t24.* 24. 20. * 0.990 t 42.

8330. *
7000. r
5990. *
4980. I
3980. r
27tO. *
1800. I
695. *
202. I
94. I
47. r
11. *

* FREOUEIICY EURVE STATISTICS * STAÎISTICS BASED ON
-{,-------

2.9L47 T HISTORIC EVENTS O
0.5596 * HIGH OUTLIERS 1

-0.3767 I LOrd oUTLIERS 1
-99.0000 r ZERo 0R IIISSING 0
-0.6000 + SYSTEIIATIC EVENTS 32* HISTORIC PERIOD 88

r** rt*+ì+**t++ti+++ttit*t**l+f *t**ttt**tlt+*t**ìtt+****+*i*l****

ìIGENERâLIZED SI(EÛITT
ISTII GG¡ISE SKEI'

GS 530 0.114 -O.20

-SKEI' h'EIGHTING -

IIEAII LOGARITH¡'
STAI¡DARD DEVIATION
COIIPUTED SKEU
GENERALIZED SI(EI'
ADOPTED SKE¡'

f
*
i
I
t
I
I
T

BASED 0N 52 EVENTS, !íEAì¡-SOUARE ERROR 0F STATION SKEt¡t =
DEFAULT oR II{PUT }|EA!|-SOUARE ERROR 0F GENERALÍZED SKE[{ =

0. 158
0.114



TABLE C.7 CONT

-FREOUENCY CURVE- I'RR ND }¡R ABERCROI{BIE
**Ír***r***{***t*******t{t****lt**f*******+t**++*+*****t*********f
*........FL0[I,CFS........f +...CONFIDENCE LIIíITS...*
* EXPECTED * EXCEEDANCE T *
I COIIPUTED PROBABILITY * PROBABILITY * O.05 LII.ÍIT 0.95 LIIIIT *
t-------- -------*- ---*----- ---------*I 23300. 26900. r 0.002 + 48900. 13300. ri L76OO. 19800. * 0.005 * 35300. 10400. +
+ 13800. 15200. * 0.010 | 26600. 8390. f* 10500. 11300. * 0.020 + 19300. 6570. f* 7630. 8070. * 0.040 r 13300. 4930. ** 4510. 4660. r 0.100 r 7300. 3060. +
* 2660. 27OO. r 0.200 * 4O2O. 1870. t* 877. 877. * 0.500 * L22O. 635. I
r 234. 247. * 0.800 r 358. 168. *
+ L23, 119. r 0.900 * 187. 76. I
Ì 68. 63. * 0.950 I 108. 38. I
* 20. L7. * 0.990 t 37. 9. r
r++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++rf
I FREOUE¡{CY CURVE STATISTICS * STATISTICS BASED ON T
*-------- -----*--- --------t
* IIEAI{ LOGARITII¡{I STA}¡DARD DEVIATION
* COIIPUTED SKEIIT GENERåLIZED SKEUr âDOPTED SKEI',

* IIEAII LOGARITHII* STA¡{DARD DEVIATIONI COUPUTED SKEIJ
I GENENALIZED SKEI'
r ADOPTED SKET'

2.9023 *
0.6104 i

-0.7552 i
-o.2000 *
-0.4000 i

2.9234 *
O.567L *

-0.5509 *
-0.2000 *
-0.4000 *

HISTORIC EVENTS
HIGH OUTLIENS
L0trf OUTLIERS
ZERO OR IIISSING
SYSTEIIATIC EVEI{TS

IIISTORIC EVENTS
IIIGH OUTLIERS
LOtr, OUTLIERS
ZERO OR I{ISSII{G
SYSTETIATIC EVENTS

T
I
t
t
I

o
o
0

o

52
fi töttltt+tt**lt***tt***i**t**++ ttttt*f tìtlttrÍl+ l*tt*****+itt**

-FBE0UE¡ICY CURVE- t'lRR Ì{D t¡R ABERCROIIBIE
tttttf ttt+*tåt*f tt***t*l**f t*****tttt*+r+l*+r++tti+*+*tlt**ttt**
t........FLOIr,CFS........* t...CONFIDEI¡CE LIUITS...*
r EXPECTED * EXCEEDANCE I T
r COIIPUTED PROBABILITY i PROBâBTLITY + O.O5 LI¡iIIT 0.95 LIIIIT *
*-------- -------f- ---*----- ---------l'
r 19200. 22OOO. I 0.002 * 38400. 11400. r
* 14800. 16500. I O.0OS t 28300. 9100. t
+ 119OO. 13000. ì 0.010 + 21800. 7460. I
* 9190. 9850. I 0.020 I 16200. 5940. +
r 6820. 7t9O. * O.04O r 11500. 4550. *
* 4180. 4310. * 0.100 l 6550. 2920. t
* 2560. 2600. * 0.200 * 3760. 1850. I
+ 9t4. 9I4. * 0.500 r I24O. 677. #
* 289. 282. r 0.800 * 398. L97. t
+ 150. L44. f 0.900 * 217. 94. I
* 85. 79. I 0.950 * 130. 49. t
r 28. 23. I 0.990 r 48. 13. t
*++++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++*
* FREOUEI¡CY CURVE STATISTICS T STATISTICS BASED ON T
t-------- ------t-- ---------*

o
1
o

0t
t
t
I

52f
*i*tl*t+*flt*tt**Í** littt**+t*tt+***+rt*



TABLE C.7 CONT

-PLOTTII{G POSITIONS- trrRR ND NR ABERCRO¡,ÍBÍE
tt ri **t***+ + *** +**r t**+t*tt****r+**rf***rt+*t *** *+*r++** i*Í*f t***
*.. ...EVENTS ANALYZED. i... . ..ORDERED EVENTS .....+ì * I'JATER I{EDIAN I* }ION DAY YEAR FLO9',CFS * RANK YEAR FLOÍ',CFS PLOT POS *
ll-------- |l-------- ---------t*orOr0rO*orO*o*Oto*o
rO
iO*0*o
#O
*O
*O
*O
*O
*O
*0
rO
to
r0
*0
*O
*0ro
+O
*O
r0
f0
+O
rO
*0
*O
rO
*O
*0
*O
rO
to
*O
+O
*O
r0
rO
*0
r0*o
*0
*0

o 1933o 1934o 1935o 1936o 1937o 1938o 1939o 19400 19410 L942o 19430 1944o 1945o 7946
0 L947o 1948o 19490 1950
o 1951o 1932o 1953
o 1954o 1955o 1956
o 1957o 1958
o 1959
o 1960o 1961o 1962
o 1963o L964o 1965o 1966o 1967o 1968
o 1969o L970o t97to t972o L973
o 7974
o L975
o t976
o 1977
0 t978o L979
o 1980
o 1981o 1982
o 1983
o 7984

73.
15.

513.
415.
540.
318.

1350.
300.
608.
579.

5500.
956.

2840.
2320.
245'0.
729.
650.

2300.
1890.
5400.
2500.
800.
550.
750.
408.
262.
222.
640.
36.

3610.
1460.
415.

2920.
2850.
2050.
r27.

9540.
556.
508.

2100.
426.
630.

3600.
870.
91.

4900.
6000.
1800.

26.
1550.
265,

2970,

1969
1,979
1943
t952
L978
L962
L97S
1984
1966
1945
1965
1953
L947
t946
1950
r972
L967
1951
1980
1982
1963
1939
1,944
L976
1954
1956
1948
1949
1960
L974
L94L
t942
1.970
1955
1.937
1935
L977
L973
t964
1936
L957
1938
1940
1983
1958
1959
1968
L977
1933
1961
1981
1934

9540.
6000.
5500.
5400.
4900.
3510.
3600.
2970.
2850.
2840.
2820.
2500.
2450.
2320.
2300.
2100.
2050.
1890.
1800.
1550.
1460.
1 350.
955.
870.
800.
750.
729.
650.
640.
630.
608.
579.
556.
s50.
540.
513.
509.
426.
415.
415.
408.
318.
300.
265.
262.
222.
L27.
91.
73.
36.
26.
15.

0.0079
o.0232
0.0425
0.0618
0.0811
0.1004
o.Lt97
0. 1390
0.1583
o.t776
o. 1969
o.2162
0.2355
0.2548
o.274I
o.2934
o.3L27
0.3320
0.3513
0.3706
0.3899
o.4092
0.4285
o.4478
a.467L
0.4864
0.5057
0.5250
0.5443
0.563s
0.5828
o.6021,
o.62L4
o.6407
0.6600
o.6793
0.6986
o.7L79
o.7372
0.7565
o.7738
0.7951
0.8144
0.8337
0.8530
o.8723
0.8916
0.9109
o.9302
0.9495
0.9688
0.9881

1,

2
3
4
5
6
7I
9

10
11
1,2
13
t4
15
L6
t7
18
19
20
2L
22
23
24
23
26
2?
28
29
30
31
32
33
34
35
36
37
38
39
40
4L
42
43
44
45
46
47
48
49
50
51
52



TABLE C.7 CONT

I I¡OTE- PLOTTI}IG POSITIONS BASED OI¡-HISTORIC PERIOD (H) = 88 T* llUllBER 0F HISÎORIC EVEI{TS PLUS HIGH OUTLIERS (Z) = 1 r+ i',EIGHTII{G FACTOR FOR SYSTE}íATIC EVEI¡TS (td) = 1.?OS9 rt*ött*tt+**t*itt*r*t***tt*+r**rttf ***rr*it**+****å*rr**rrir**r+

-OU,TLIEB TESTS

LOT' OUTLIER TEST

BASED Otl 52 EVE¡{TS, 10 PERCENT OUTLIER TEST VALUE K(N) = 2.783

1 LOO OUTLIER(S) IDE¡ITIFIED BELOU TEST VALUE OF 16.0

STATISÎICS AND FREOUENCY CURVE ADJUSTED FOR 1 LOI{ OUTLIER(S)

IIIGH OUTLIER TEST

EASED 0¡l 51 EVEIITS, 10 PERCEI¡T OUTLIER TEST VALUE K(l,l) = 2.775

O HIGH OUTLIER(s) IDEXTIFIED ABOVE TEST VALUE OF 297L7.
OR IIIPUT BASE OF 9540.

STAÎISTICS T¡ID FREOUENCY CURVE ADJUSTED FOR
AND

1 HIGH OUTLIER(S)
O HISTORIC EVEI¡T(S)

-SKEII T'EIGHIING -
BASED 0X 88 EVEilTS, ÌíEAil-SOUâRE ERROR 0F STATIOil SI(Ehr '
DEFAULT 0R II{PUT llEAll-SOUARE ERROR 0F GE¡{ERALIZED Sl(Etrl =

0.093
0.114



TABLE C.7 CONT.

ADOPTED
-FREOUEI{CT CURVE- I{RR IID IIR ABEBCROIIBIE
tit****t***t***tt*tr***+r+**tr*+r*+r*f *****r*+***+***i*t**+tttt*
f........FLot,CFS........* r...CONFrDEI{CE LrllrTS...r
* EXPECTED T EXCEEDAIICE
* COI,IPUTED PROBABILITY * PROBABILITY
f-------- -------*-* 181OO. 2O7OO. f
* 14000. 15600. f
r 11200. 12300. *
* 8730. 9350. *
* 6510. 6850. *
+ 4020, 4140. *
f 2470. 2510. *
* 895. 895. *
* 287. 28L. *
* 151. 144. I
r 85. 90. *
* 29. 24. *

t

-3:31-!1i11-3:?l-!:::l-:
0.002
0.005
0.010
0.020
0.040
0.100
0.200
0.500
0.800
0.900
0.950
0.990

35800.
26500.
20500.
15300.
10900.
6250.
3620.
L2lO.
394.
2L7.
131.
49.

10800. r
8640. r
7LOO. l
5670. I
4360. r
2810. r
1800. *
666. r
L97. +
95. r
50. r
L4. *

t
*
Í
T
t
I
*
I
I
t
I
{+

*
*
*

#++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++tI FREOUEXCY CURVE STATISTICS T STATISTICS ÊAsED ON T
*-------- ------{'-- ---------*
*
t
*
*
t
*

IIEA¡I LOGARITHII
STAIIDARD DEVIATION
COUPUTED SKEH
GENERALIZED SKE9
ADOPTED SKE¡'

* HISTORIC EVENTS
* IIIGH OUTLIERSr LOI{ OUTLIERST ZERO OR üISSING.* SYSTEI{ATIC EVET{TS
T HISTORIC PERIOD

2.9147
o.5596

-o.s767
-o.2000
-0.4000

+
l
I
*
I
t

1
1
o

o

52
88
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i',ILD RICE RMR NORTH DâKOTA
INFLOI, IIYDROGRAPHS FOR (¡,R-190
3 HOUR VALUES

2-YEAR FLOOD

43.
53.
70.

to2.
158.
191.
138.
tL7.
105.
84.
76.
70.
64.
61.
37.
55.
54.
5,2.
50.
48.
46.
45.
44.
43.

s-YEAR FLOOD

134.
169.
2L6.
289.
427.
505.
377.
326.
292.
257.
234.
2L4.
199.
t87.
184.
177.
L72.
L67.
160.
153.
148.
143.
140.
r37.

43.
55.
72.

106.
168.
185.
135.
115.
104.
83.
73.
69.
64.
59.
57.
s5.
53.
s2.
50.
48.
46.
44.
44.
43.

134.
L74.
22L.
298.
448.
493.
37L.
322.
289.
255.
232.
213.
197.
18S.
183.
L77.
L72,
156.
160.
152.
147.
143.
140.
t37.

44.
58.
76.

113.
194.
170.
130.
113.
98.
81.
74.
68.
63.
58.
37.
55.
53.
52.
49.
47.
45.
44.
44.
43.

138.
181.
233.
3L7.
483.
455.
360.
315.
28L.
250.
228.
2o/9.
195.
186.
t82.
L76.
L7T.
165.
1S9.
151.
146.
142.
139.
135.

45.
59.
77.

LL7.
195.
163.
1,28.tlz.
94.
80.
73.
67.
63.
58.
56.
54.
53.
32.
49.
47.
45.
44.
43.
43.

t42.
185.
239.
328.
508.
438.
355.
311.
276.
247.
226.
208.
193.
186.
181.
t7s.
t7L.
165.
158.
151.
146.
L42.
139.
136.

45.
61.
79.

t22.
2tL.
L57.
t26.
111.
92.
79.
72.
67.
62.
58.
56.
54.
53.
51.
49.
47.
45.
44.
43.
43.

L46.
189.
245.
339.
542.
423,
350.
308.
273.
245.
224.
206.
193.
186.
180.
L7S.
L70.
164.
t37.
150.
146.
r42.
139.
136.

47.
62.
83.

t27.
2L2.
153.
1,24.
109.
90.
79.
72.
66.
62.
58.
56.
54.
53.
51.
49.
47.
45.
44.
43.
43.

49.
66.
94.

t4r.
202.
145.
72t.
LO7.
87.
77.
71.
65.
61.
58.
56.
54.
52.
51.
48.
46,
45.
44.
43.
42.

51.
68.
98.

L49.
195.
L42.
119.
106.
85.
76.
70.
65.
61.
59.
56.
54.
52.
50.
48.
46"
45.
44.
43.
42.

49.
64.
89.

134.
208.
t49.
722.
108.
88.
78.
7t.
66.
62.
58.
56.
54.
53.
51.
48,
47.
45.
44.
43.
42.

43.
37.
74.

109.
L7S.
L78.
L32.
114.
LOz.
82.
75.
69.
64.
59.
57.
5þ.
53.
s2.
49.
47.
46.
44.
44.
43.

136.
L78.
227.
307.
463.
476.
366.
318.
296.
2S3.
230.
2LL.
196.
18S.
1,92.
176.
L72.
166.
159.
152.
L47.
143.
140.
137.

150.
L94.
253.
352.
546.
4L2.
344.
304.
269.
243.
222.
204.
191.
186.
t79.
774.
170.
164.
156.
150.
14S,
141.
138.
136.

154.
199.
26,3.
367.
536.
401.
340.
301.
266.
24L.
220,
203.
190.
18s.
179.
L74.
169.
163.
155.
149.
L44,
141.
138.
135.

164.
2LO.
281,.
404.
511.
383.
330.
294.
260.
236.
2L6.
200.
188.
184.
t78.
t73.
168.
161.
154.
148.
t44.
141.
138.
134.

159.
205.
272.
384.
32L.
392.
335.
298,
263.
238.
2L8.
20L.
189.
185.
L78,
t7?.
168.
L62.
155.
t49.
r44.
L4L.
138.
135,



1O-YEAR FLOOD

224
280
355
469
688
8L2
607
5,26
47L
425
387
354
328
309
306
295
287
278
267
255
246
239
233
228

362.
432.
570.
7S0.

ItLz.
1316.
977.
842.
753.
680.
619.
567.
525.
494.
494.
476.
463.
449.
432.
4L2.
397.
386.
377.
369.

225.
2s9.
365.
492.
72L.
793.
599.
519.
466.
42I.
383.
351.
326.
307.
30s.
294.
286.
277.
266.
25,q.
245.
238.
233.
228.

227.
295.
375.
497.
745.
765.
589.
513.
46L.
4L7.
380.
348.
324.
307.
304.
293.
286,
276.
265.
25,3.
243.
237.
232.
227.

231.
300.
385.
513.
777.
732.
581.
508.
456.
413.
376.
346.
322.
308.
303..292.
285.
273.
264.
25.2.
244.
237.
232,
227.

236.
305.
395,
530.
8L7.
705.
372.
502.
451.
409.
373.
343.
320.
309.
301.
29L.
284.
274.
263.
251.
243.
236.
23L.
226.

243.
313.
406.
548.
870.
682.
564.
497.
447.
405.
370.
340.
318.
309.
300.
29L.
283.
273.
26r..
250.
242.
236.
23t,
226.

2s,0.
32t.
4r7,
s67.
877.
663.
556.
49L.
442.
401.
366.
338.
316.
309.
299.
290.
282.
272.
260.
249.
24L.
235.
230.
225.

257.
329.
431.
592.
861.
646.
548.
485.
437.
397.
363.
335.
314.
309.
298.
289.
28L.
27L.
259.
248,
240.
235.
230.
223.

264.
338.
444,
619.
838.
630.
540.
480.
433.
393.
360.
333.
31,2.
308.
297.
288.
280.
270.
257.
247.
240.
234,
229.
224.

272
347
457
650
822
6t7
533
473
429
390
357
330
310
307
296
287
279
268
256
247
239
234
229
224

2s-YEAR FLOOD

363.
465.
595.
772.

Lt67.
1285.
961.
831.
746.
674.
613.
562.
5,2L.
493.
493.
4?5.
462.
448,
430.
410.
396.
395.
376.
368.

367.
473.
600.
795.

t207.
1239.
945.
82t.
738.
669.
606.
557.
518.
493.
49t.
473.
46L.
446.
428.
408.
395.
384.
375.
367.

373.
491.
616.
820.

t260.
1184.
931.
8L2.
730.
66L.
602.
553.
s15.
497.
489.
472.
460.
44S.
426.
407.
394.
383.
374.
366.

381.
491.
632,
848.

1326.
1140.
916.
803.
722.
654.
397,
549.
512.
498.
487.
47L,
4S9.
443.
424.
405.
393.
382.
374.
366.

392.
3o.2.
650.
879.

1413.
1 103.
90.2.
794.
7r3.
648.
592.
545.
509.
499.
495.
470.
457.
44L.
422.
40,4.
392.
381.
373,
365.

403.
514.
668.
913.

L424.
LO72.
889.
7e5.
708.
642.
5,87.
540.
506.
499.
483.
469.
456.
440.
420,
402,
390.
380.
372.
364.

415.
526.
690.
954.

1398.
1045.

877,
776.
70!.
636.
582.
536.
503.
498.
481.
467.
454.
438.
418.
401.
389.
379,
37I.
363.

427.
541.
7to.
999.

1360.
1020.
865.
769.
693.
630.
577.
533.
500.
497.
479.
466.
453.
436.
415.
399.
398.
379,
370.
362.

440"
555.
73t "

1051.
1333.
994.
953.
760.
687.
624.
372.
529.
497.
496.
478.
464.
451.
434.
414.
398.
386.
378.
370.
361.



SO.YEAR FLOOD

IOO-YEAN FLOOD

470.
589.
755.
981.

1489.
t79L.
1300.
1098.
982.
901.
820.
75I.
696.
655.
643.
620.
603.
585.
552.
536.
517.
502.
49I.
4go.

s77.
722.
952.

1250.
1910.
2333.
L667.
1403.
1253.
LL37.
1036.
948.
878.
827.
790.
760.
740.
7L8.
689.
658.
634.
615.
602.
589.

47t.
606.
775.

1008.
1555.
1742.
L272.
1084.
972.
893.
813.
744.
691.
652.
64L.
618.
602.
593.
559.
534.
516.
501.
4{¡9.
479.

477,
622.
795.

1038.
7624,
1675.
1246.
to7L.
963.
884.
806.
738.
687.
649.
639.
6L6.
600.
581.
557.
532.
514.
499.
489.
478.

585.
763.

1003.
t324.
2ro3.
2167.
1594.
1368.
1230.
1116.
toL7.
932.
866.
g1g.
784.
75,6.
736.
7L2.
683.
65.2.
631.
6L2.
599.
586.

485.
633.
816.

1071,.
1703.
1598.
t223.
1059.
937.
875.
798.
732.
683.
652.
636.
614.
599.
579.
555.
530.
513.
498.
488.
477.

496.
647.
838.

1106.
1796.
1537.
120L.
1048.
949.
866.
792.
727.
679.
6s.2.
633.
613.
597,
577.
552.
328.
511.
497.
487.
476.

510.
663.
861.

1 149.
1919.
1485.
1181.
1036.
942.
858.
785.
72L.
675.
652.
631.
6L2.
595.
575.
549.
s25.
509.
496.
485.
475.

524.
680.
884.

1205.
1937.
t443.
1 163.
to24.
934.
851.
777,
7L6.
67I.
651.
628.
610.
593.
372.
546.
523.
508.
495.
484.
47q.

643.
853.

LIL7.
1541.
2542.
1856.
1486.
1308.
L182.
1075.
981.
904.
847.
803.
77L,
748.
728.
702,
670.
642.
623.
607,
594.
581.

540.
696.
909.

L266.
1904.
1405.
1L46.
1013.
926.
843.
77L.
7tt.
666.
649.
626.
609.
s91.
370.
543.
322.
505.
494.
483.
473.

556.
7t6.
932.

1 332.
1853.
t370.
t729.
1001.
9L7.
834.
764.
70,6.
663.
648.
624.
607.
589.
557.
541.
520.
504.
493.
482.
472.

572.
735.
958.

1404.
1816.
1334.
I 113.
991.
909.
827.
758.
70L.
659.
646.
622.
605.
587.
555.
539.
518.
503.
492.
481.
47L.

s78.
744.
977.

1285.
20L5.
2259.
1629.
1384.
1242.
1t27.
to26.
940.
872.
822.
7A7.
758.
738.
7I5.
686.
655.
632.
614.
600.
5,87.

595.
795.

1030.
1366.
2218.
2063.
1564.
1353.
12L7,
1105.
1008.
923.
862.
814.
7go.
754.
734.
7LO.
690.
650.
629.
611.
598.
595.

609.
806.

1057.
t4L2.
2350.
1981.
1535.
1338.
!20,4.
1094.
999.
918.
856.
810.
777.
732.
732.
7O7 ¿

677.
647.
627.
610.
596.
584.

626.
829.

1086.
L467.
23L6.
T9T2.
1510.
1324.
1193.
1084.
991.
911.
852.
807.
774.
750.
730.
705.
674.
644.
625,
608.
595.
5,92.

662.
876.

I 152.
t62L.
2500.
7807.
1463.
1293.
1170.
1064.
973.
898.
841.
800.
768.
7q6.
725.
699.
657,
640.
620.
605.
593.
580.

702"
927.

L2t9.
1800.
2380.
T7L3.
L421.
1265.
1148 "
1044.
957.
884.
832.
794.
763.
742.
720.
692.
661.
636.
6L7.
603.
590.
377.

682.
901.

1 184.
t706.
2433.
176L.
1442.
L279.
1 158.
1054.
965.
891.
836.
797.
766.
744.
723.
696.
664.
638.
619.
604.
591.
379.
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692.
866.

L142.
1532.
2381.
2950.
2074.
1728.
1543.
1356.
L243.
LL37.
1053.
992.
947.
91,L.
887.
860.
826.
789.
760.
738.
722.
706.

835.
1008.
1356.
1833.
2853.
3900.
2804.
2237,
t973.
1727.
1562.
1428.
132T.
L240.
1 156.
tIo7.
1075.
LO44.
1004.
959.
923.
894.
874.
855.

693.
892.

1173.
L577.
25L7.
2847.
202L.
1705.
1529.
1354.
1231.
tt2e.
1046.
987.
943.
908.
884.
837.
823.
785.
758.
736.
720.
704.

935.
LO37.
1393.
1890.
3021.
3795.
27L6.
2203.
1953.
T7LO.
1548.
L4L6.
1311.
L234.
1151.
1103.
1072.
1040.
1000.
955.
920.
892.
872.
853.

70L.
9t7.

t204.
1626.
2644.
2724.
1973.
1684.
1512.
1340.
t22t.
1118.
1040.
982.
939.
906.
882.
854.
819.
782.
75,6.
734.
7Lg.
703.

7L4.
941.

7236.
1679.
2799.
2590.
1933.
1665.
1486.
1326.
1209.
1110.
1034.
977,
935.
904.
880.
851.
816.
779.
754.
733.
7L7.
70L.

730.
967.

1268.
L737..
2976.
2483.
1895.
1647.
1463.
13L2.
1199.
1101.
7027.
972.
931.
901.
878.
848.
8L2.
776.
75L.
73t.
7I3.
700.

750.
995.

1303.
1807.
3203.
2394.
1862,
t629,
1445.
1300.
1 188.
1093.
7022.
967.
928.
899.
875.
845.
808.
773.
749.
729.
7L4.
698.

77r,
1023.
L342.
L907.
32s5.
2322.
1831.
1610.
L427.
L289.
LT77.
1085.
1016.
963.
924.
897.
872.
842.
803.
769.
747.
728,
7t2.
697.

793.
1050.
1396.
20L2.
3181.
2260.
1803.
t392.
1410.
L277.
L167.
,.o77.
1009.
959.
92t.
894.
869.
838.
799,
767.
744.
726.
7LL.
695.

818.
1081.
L442.
2t23.
3096.
2202.
t776.
t374.
1394.
L264.
1 158.
1069.
1003.
955.
918.
e92.
866.
834.
795.
763.
742.
723.
709.
694.

842,
llL2,
1489.
2242.
3026.
2t40.
L7SL.
1558.
1380.
1253.
1148.
1061.
998.
951.
915.
889.
863.
830.
792.
763.
740.
723"
708.
692"

841.
1066.
1431.
1949.
3199.
3667.
2637.
2L72.
1933.
7692.
153.1.
1404.
1302.
1226.
1145.
1099.
1070.
1036.
996.
950.
9L7.
890.
870.
851.

852.
1100,
747L.
201,3.
3405.
3515.
2568.
2t43.
1898.
1674.
1519.
1393.
7294.
72L4.
1139.
1096.
1067.
1032.
991.
947.
914.
ggg.
868.
849.

866.
1136.
1511.
208t,
3616.
3385.
2506.
2LL7.
1866.
1655.
1506.
1382.
1286.
t202.
1134.
1093.
1064.
1029.
987.
943.
911.
886.
966.
e48.

886.
Lt72.
1552.
2757.
3937.
3269.
2450.
2092.
1839.
1639.
1493.
t37I.
L279.
LL92.
LL29.
1091.
1061.
to2s.
982.
939.
909.
884.
864.
846.

907.
t208.
1595.
2280.
4047.
3168.
2400.
2065.
1814.
L624.
t479.
1361.
T27L.
1 184.
Lt24.
1088.
1057.
LO22.
977,
935.
906.
882.
862.
844,

930.
t243.
1661.
241,0.
4060.
3077.
2354.
2040.
L790.
1608.
1466.
I 350.
1263,
1.776.
1119.
1084.
1054.
1018.
972.
931.
903.
880.
861.
842.

955.
L28L.
L718.
2546.
4018.
2994.
2312.
2017.
1,767.
1591.
1453.
1340.
1255.
1 169.
1 115.
1081.
1051.
1013.
968.
928.
900.
878.
859.
840.

982,
r318.
L778.
2688.
3976.
29LO.
2273.
1994.
L747.
L576.
t442.
1330.
7248.
It62.
1111.
ro78.
IO47.
1009.
963.
926.
897.
876.
837.
838.


