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Hydraulic Analyses of Alternative Methods
for Reducing Backwater from Log Jams on
Locust Creek near Pershing State Park,

Linn County, Missouri

By Terry W. Alexander
ABSTRACT

Since 1993, flooding has caused extensive
accumulations of sediment and log debris within
the main channel of Locust Creek near Pershing
State Park, Linn County, Missouri. In response to
concerns about means of mitigating the current
(1997) backwater problems, a one-dimensional
surface-water flow model was used to evaluate
four alternative methods for improving the flow
characteristics of Locust Creek in the vicinity of
Pershing State Park.

Compared with the existing (1996-97)
channel conditions, the four alternative methods
gave maximum reductions in water-surface eleva-
tions upstream from State Highway 36 ranging
from 2.18 feet (alternatives 1 and 2) to 6.33 feet
(alternative 4). The computed bankfull discharges
of Locust Creek for each of the four alternative
methods indicate an increase in flow capacities
ranging from 975 cubic feet per second (alterna-
tive 2) to 3,500 cubic feet per second (alternative
4) when compared with existing (1996-97) condi-
tions with the log jams in place.

INTRODUCTION

Locust Creek has been channelized and
leveed for most of its 80-mile length upstream

(north) from Pershing State Park in Linn County,
Missouri (fig. 1). However, Locust Creek returns
to its naturally sinuous channel in Pershing State
Park. Because the park retains the quality of an
undisturbed, presettlement landscape and because
of its outstanding natural features, the area has
been officially designated a State natural area.
The drainage area of Locust Creek at the State
Highway 36 crossing is about 590 square miles.

Beginning with the 1993 flood and
continuing with succeeding floods, Locust Creek
has been choked with log jams near Pershi~g
State Park. Immediately upstream from these log
jams, Higgins Ditch, which flows parallel to and
is in the same floodplain as Locust Creek, is
receiving overbank flows from Locust Creek.
Higgins Ditch may be scouring and widening
because of overbank flows from Locust Creek,
whereas Locust Creek is filling with sediment and
woody debris and carrying less flow through the
park. Decreased flow (backwater) in Locust Creek
and increased flow in Higgins Ditch threatens to
change the native ecosystem in the Pershinz State
Park area.

A possible solution of this problem i1s the
removal of the log jams. To assist in determining
theoretical water-surface-elevation profiles for the
existing conditions and the proposed excavations
of log jams in Locust Creek, the U.S. Geolngical

Introduct‘ion 1






Survey, in cooperation with the Missouri Depart-
ment of Natural Resources, Division of State
Parks, has completed a hydraulic study for Locust
Creek in the vicinity of Pershing State Park.
Results of this study will contribute to improved

understanding of channelized and leveed streams.

OBJECTIVES

For the Locust Creek study reach (fig. 1),
the hydraulic analyses (alternatives and use of a
one-dimensional water-surface profile
computation model) mutually agreed to by all
agencies considered the following within-
channel flow conditions:

1. Determine bankfull-flow and low-flow
water-surface profiles for the existing main
channel of Locust Creek and alternative 1
with minimal debris (100-percent excavated
opening with 3:1 bank slopes) from State
Highway 36 to upstream from the
abandoned railroad crossing (cross sections
13-18).

2. Determine water-surface profiles for a 35-
foot (about 30-percent excavated channel,
alternative 2), 70-foot (about 60-percent
excavated channel, alternative 3), and 100-
percent excavated channel (alternative 4)
with 3:1 bank slopes from cross section 1
through 18.

3. Determine discharges that will result in
bankfull water-surface elevations on the
main channel of Locust Creek for each of
the four alternatives. These discharges will
indicate the increase in flow capacity of the
main channel compared to existing
conditions with the log jams in place.

HYDRAULIC DATA

Cleaver and Associates (written commun.,
1997) provided the vertical control and channel
geometry for the 13 cross sections (1-13)
downstream from State Highway 36 (fig. 1). Also,

18 additional cross sections (14—31) were transit-
stadia surveyed upstream from State Highway 36.
All cross sections were surveyed perpendicular to
the assumed direction of flow and are cons'dered
valid sections for the existing and proposed study-
reach excavations. The flow distances used to
compute subreach friction losses between cross
sections are referenced from the downstream
cross section 1 at stationing O feet.

WATER-SURFACE COMPUTATIONS

A one-dimensional computer model for
Water-Surface PROfile computations (WSPRO:;
Shearman, 1990) was selected for simulating
water-surface elevations on Locust Creek 1~ the
vicinity of Pershing State Park. The WSPRO
computer model roughness coefficient parameters
were adjusted to simulate as close as possible
(best fit) the March 12, 1997, water-surface
profile. These roughness coefficients were used in
this study to predict water-surface elevations for
the existing channel and the proposed excavations
of log jams. Roughness coefficients used ir the
WSPRO analyses ranged from 0.035 to 0.C60.
The roughness coefficients were adjusted during
the analyses on the basis of hydraulic deptl and
on the basis of channel subdivisions.

The study emphasis was to compute water-
surface profiles along the Locust Creek stuly
reach for both the existing and alternative channel
conditions (figs. 2—6). The WSPRO simulatad
water-surface elevations for existing conditions
and the four alternative log-jam-excavatior
conditions are given in tables 1 through 5, at the
back of this report. The four alternatives showed
maximum reductions in water-surface elevations
(backwater) upstream from State Highway 36
ranging from 2.18 feet (alternatives 1 and Z) to
6.33 feet (alternative 4). Computed bankfull
water-surface elevations and discharges for the
four alternative excavation conditions are listed in
the two right-hand columns in tables 1 and 3
through 5 (water-surface profiles are not shown
for these elevations). Bankfull discharges for the
four alternatives indicate an increase in Locust

Water-Surface Computations 3


















Creek flow capacities ranging from 975 cubic feet
per second (alternative 2) to 3,500 cubic feet per
second (alternative 4). These results can be used
by planners, designers, and engineers to aid in
determining what effect the proposed modifica-
tions will have at various locations along the
Locust Creek study reach.

REFERENCE CITED

Shearman, J.O., 1990, User’s manual for WSPRO—A
computer model for water surface profile compu-
tattons: U.S. Department of Transportation Publi-
cation No. FHWA-IP-89-027 Hydraulic
Computer Programs HY-7, 177 p.

Reference Cited 9



69669 0S6'T 0I'v69 006'1 0969 01969 0sL'1 00%'L L1
- - - - - ¥6°569 059'1 SCo’L X91
6¥°569 0$8°T 96°¢69 ST8'l §'569 7669 009°[ 0599 Sl
27569 0SL'T LL£69 CLL'T 0569 9¢€'¥69 00S°1 0SL'S 14!
S6'169 0SL'T 86°€69 SLL'I 0'v69 LEE69 00¢°I SE9'Y el
I¥'769 0SL'T S1°€69 SLL'1 - 69769 0081 STy XTIl
69769 0SL'T §6'169 SLL'T - 61169 0081 GLY'E [
€L°069 0SL'T $T'689 CLL'I - CL'889 00S°1 0sT’e 0l
61069 0SL'T ¥9°889 SLL'I - C1'889 00€°1 016C 6
Y1689 0sL'c 68°L89 SLL'I - 6£°L89 00S'[ SLY'T 8
£9'889 0SLT 00°L89 SLL] - L¥'989 005’1 S10'c L
00889 0sL'C [£989 SLL' - 9L°689 00S°[ §9¢°1 X9
6S°L89 0sL'e 6989 SLL'I - 8¢'¢89 00S°1 SIe'l S
££'989 0SL'T 9189 CLL'] - LO'¥89 00S°[ 08 14
BY'¥89 06LT ¥6°T89 SLL'Y - BY'T89 0061 ovs 3
06°¢89 0SL'T 8¢°T89 CLL'T - 96°189 00S°1 Ote 14
05289 0SL'C ST'I89 SLLI - 00189 00<'1 0 [
W) (s/cH) (2 By) (s/gw) ) (z ‘6y) (CTATY W) laynuap)
uoneA3|® abieyosiq n) abieyosiq uoneAsld Q) abieyoasiq Bujuonels
30BJNS-IAEM uoneAljd yueq uoneAald
adepNS-11BM jo doj 30BJINS-131BM
Buisso.o peodjjel pauopueqge ayy woJdj weansdn oy [auueyd Bunsixy (1 "6y)

9¢ Aemybiy aje1S WoJ} [duURYD pajeABIXd JUdalad-golL uol109s 55019

ferep ou *-- ‘puodas sad 1295 Jiqno R RYRES) “ul

(81-£1 suonoses ssoio) Buissolo peoljies pauopueqge ay)
wios} weasysdn 0) gg AemybiH 21elg Wwolj j|auueyd pajeaedxs Juadlad-00| e—| aAneuss)e pue [auueyd Buliisixa ayj 10} SUOIEAR|2 89BLNS-I81EM X32317) 1SN0 *| d|qeL

10 Hydraulic Analyses of Alternative Methods for Reducing Backwater on Locust Creek near Pershing State Park, Linn County, MO



90669 000°t 16969 0s6°l 0'T0L 68°L69 056'1 0SY°IT e
LL'869 000°¢ 29969 056! 010L cL'L6e9 056’1 0S¥'0T 0t
8Y°869 000'¢ ££'969 0561 0oL 9$°L69 0S6'1 0sg'61 6C
LT'869 000°¢ ¥1'969 056’1 000L t1°'L69 056’1 00¢'8I 8¢
L0869 000°¢ L6'S69 0S6'l $669 SEL69 056’1l 00¥'LI Lc
SL'L69 000t 89°669 056'[ $'669 [T°L69 056’1 0091 9¢
1€°L69 000°¢ 91"'S69 056°1 $'869 cI'L69 0561 SLY S ¢C
0T°L69 000°¢ 81669 0S6°1 $'869 ¢0°'L69 0S6°[ SLS'Y! v
£6'969 000°¢ 96'+69 056'1 0'869 16969 0S6°1 cesel £C
L9'969 000°¢ 8L'¥69 056°1 0'869 08969 0S6°1 cTr'el cc
LY'969 000°¢ +9'v69 0S6°1 ¢'L69 ZL969 056'1 SIv il 1T
0£'969 000°¢ £S 169 056°! 0°L69 $9'969 056'l 0Sy'0l 0¢
50'969 000°¢ 9¢'+69 0S6°1 $'969 ¥$°969 0S6'! 0cY'6 6l
L8669 000°¢ £C'169 0S6'l €969 v£'969 006’1 00’8 81
(W) (s/cy) (z -6y} CTATY (¢T) (2 *By) (s/gh) (W) lsynuep)
uoneas|e abieyssiq (W) abieyosiq uoneAa|d (M) abieyssig Bujuoners
aselns-ialeM uoneas|e yueq uoneAa|e
aoelNs-1a1eM jo doy aJeuns-1a1epm
6uissols peoujiel pauopueqe ay) wolj wealisdn o) jauueys Bunsix3 (1 *By)
9¢ Aemybiy aje1s woly [auueys pajeaedxa Juaalad-ooL Uo1108S $501)

panunuon—(g1—g | suoloas sso9) Buissolo peosjel psuopueqe sy}
wouy weslsdn o) og AemybiH slelS Wodj jsuueyd pajeaeoxs juadlad-g0l B—| aAleulsie pue jpuueyd Bunsixa ay) 10} SUOIBASIS S8OBUNS-18lEM %8310 1SN00T *L alqel

Tables 11




69069 Y49 0969 8¢°€69 SLy 00r°L L1
- - - £e'e69 0sy STO°L X91
¥9°069 00¢ §'S69 08°C69 YA 0599 Sl
85069 00¢ 0'569 91'169 oor 0SL'S 14!
16069 008 0'+69 8¢069 oor SE9'Y £l
0£069 00¢ - 26'689 oor SST'P XTIl
0T 689 00¢s - 88°889 oor SL8'E I
87989 00s - 91989 oov 08’ 01
{8689 00s - 6v'689 oot 016'C 6
L6589 00¢ - 20°589 oor SLY'T 8
6189 00¢ - L6'E89 oor S10°C L
L1°¢89 00¢s - 08°289 ootv S9¢°l X9
08'C89 00¢ - S'T89 oot Sle'l Y
LY’ 189 0os - 01°189 0or 08 1%
L0089 008 = €L°6L9 ooy ors £
¥9°6L9 00¢ - SE6L9 00r 1133 [4
0T'6L9 008 - 00'6L9 0oF 0 [
(€ *6y) (s/eu) ) (€ '61p) (stc) W 1ayhuapl
) abieyosiq uopjeAs|d (0 abieyas|q Bujuoliers
UO}BA3|3 yueq uoneA3|d
90BUNS-191EM jodoy 9oBUNS-19)BM
Buisso1d peoJjiel pauopueqe ay} wolj wealisdn o} jouueyd Bunsixg (1 -61)
9¢ AemybiH aleis wouj jauueyd paleARIXa Jua219d-00L Uo1}93s §S01D)

[erep ou ‘-- ‘puodas 1ad 1234 a1gnd AR ‘1)

(81— suonoas ss010) Buissold peosjiel pauopueqe ay) wolj wesdssdn
0} 9¢ AemybiIH 81e1S WolIj [BuuByD pajeArdxs juadiad-QQ| B—| dAleuId)e pue |auueyd Buisixa ay) 10} SUOIBAS|S 80BHNS-I18JeM MO|J-MO| }9a10 1SNd07 *Z dlqel

12 Hyaraulic Analyses of Alternative Methods for Reducing Backwater on Locust Creek near Pershing State Park, Linn County, MO



cL'T69 YA 0oL 96'€69 ¢Ts 0St'1¢ It
9C°C69 ¢es 0'10L $8'E69 YA 0S¥'0C 0t
+6'169 ¢cs S00L 9L't69 A 0S€61 6¢
+8°169 Y4 0'00L £L'E€69 Y4Y 00£'81 8¢
9L'169 Y4 €669 0L'£69 ¢Ts 00t°L1 LT
SC'169 gcs $'669 9969 ¢cs 00791 9¢
Ce'169 Y4Y ¢'869 9°t69 ccs CLY'S1 ¢
€0'169 Y4Y ¢'869 65°€69 ccs CLEPI v
£6'069 ccs 0'869 9¢'t69 Y49 ceeel £
88069 Y49 0869 PS €69 YAY CTY'el e
$3'069 1948 S'L6S £S°E69 YAS Sy 1 1T
28069 49 0°L69 CS'E69 cCs 0S¥01 0c
LL069 49 €969 05°t69 Y49 0tt'6 61
£L'069 Y49 €969 St'e69 00S 00’8 81
(e "By) (s/py) () (e "6y) CTRTY (W Jsynuap|
(y) abieyosiq UoBAd|d (W) abieyosiq Buiuonels
uoneAa|d yueq uoneasf
92BJINS-J3IEM jo do) 90BLINS-19)BM
Buisso1d peosjiel pauopueqe ay) woly wealsdn o) jpuueys Bupsix3y (1 "B1y)
g¢ AemybiY 3jBiS WoJy [PUUBYD PAJBAEBIXS JU3DIad-00L uo1}9as SS01)

panuuon—(gl—g| suonoas ss049) Buissoso peodjes pauopueqe syl Wouj wealisdn
0] 9¢ AemyBbiH 81e1S WOJ) jpuueyd pajeAedxa Juaalad-0Q| B—| SAljeUIS)E pue j[auueyd Builsixa ay) 10} SUOIBASIS 90BLNS-18)BM MO|)-MO| 8310 1SNo07 "Z ajqel

Tables 13




16'669 058°C y1v69 006't 0969 01969 0SL] 00¥'L Ll

- -- - - - v6'$69 059°1 cTo'L X9l
97669 0sL'e 06'¢69 CC8'l ¢'c69 ¥P'S69 0091 0599 Sl
L6'E69 00L'C 81769 SLL'T 0569 9¢v69 00<'I 0SL'S 4!
LY'T69 00LC 89°069 SLL'T - LE'£69 008'1 CE9'y €l

- - - - - 69769 00S'1 SeT'y X<l
£9°069 00L'e +6°889 SLLY - 61169 005°1 CL8'E I
0£'689 00LC L9°L89 SLL'T - CL'889 00s'I 0s<T'e Ol
0L'889 00L'cC v1°L89 SLL'T - C1'889 00S'1 016'C 6
£6°L89 00L'C £0989 SLL'T - 6¢'L89 00S°1 SLY'T 8
69989 00L'C S1°689 SLL'T - LY'989 00S'1 c10'c L
<0989 00LT 6¢ 89 SLL'] - 9L°689 008°1 S9¢’l X9
C6°689 00L'C $8'¢89 SLL'I - 8£°689 001 SIe’l S
1T¥89 00L'C 96789 SLL'T - LO¥89 00S't 08 v
99°C89 00L'T St 189 SLL'T - 81°C89 00S°I ovs €
8¢'C89 00L'C T 189 SLL'Y - 96189 005’1 0te T
€189 00LT 05089 SLL'L - 00189 005°1 0 I

W) (s/el) (v -61}) (srew) W) (v "6y) (s/ch) 1) asyuap)

uotleAaa|a abieyasiq W) abieyasiq uojeAa|s u) abieyosiq Butuonels
328BJINS-121EM uopBAd|d yueq uoneAd|d
3oBlNS-I9EM jo doj 82BJINS-13)BM

(81—1 suon2as $5019) |suueYD POICABIXS Y-GP

Jauueys Bunsixg

Uo1}99s SS0ID

[erep ou *-- ‘puoaas sad 133] 21qnd /13 11293 ']
(81—1 SUOI}O9S SS0ID) [QUUBYD PaJRABIXS J00}-GE B—g SAIJBUIB}E PUB [aUUBRYD BUullSIXe oy} 10} SUCBAS|S 20BLNS-I21EM Y9210 ISND07 "¢ a|qel

.14 Hydraulic Analyses of Altarnative Methods for Reducing Backwater on Locust Creek near Pershing State Park, Linn County, MO




L0669 ¢T6'C £6'969 0S6'l 0T0L 68°L69 0S6'l 0SP*IT e
P8'869 ¢i6C 69969 0S6° | 0'10L cL'L69 0S6't 00T 0t
19°869 Sl6'C ST 969 086’1 §00L 9¢°L69 0s6’l 0S€°61 6¢
£P'869 ¢T6'C 82969 0s6’1 000L ¥+'L69 056’1 00¢'81 8¢
¢T'869 GT6'C 1969 0S6'1 $'669 cEL69 0S6'1 00¥'LI LT
66'L69 ¢t6'C 88669 06l $'669 1T°L69 0S6°1 00T'91 9¢
18°L69 ¢T6'T 0L°669 0S6'( $'869 cI'Le9 0S6'1 SLY'ST ST
LSL69 §T6'T 81669 056’1 $'869 0'L69 056’1 CLEYI ve
$€'L69 gC6'C 8669 0S6'1 0869 16969 0S6'[ gTsel €C
01'L69 §T6'T 60669 0S6°l 0869 08969 0S6'1 STHTI (44
16969 ST6'C 96169 0S6'1 S°L69 ¢L969 0561 SI¥I1 1T
SL969 ¢T6'T 8169 056'1 0°L69 £9'969 056'l 0SH'01 0c
£5°969 gCoe'c 89169 0861 ¢'969 $5969 0561 0ct'6 61
§T969 006'T ¥ ve9 0S6’l ¢'969 £ 969 006" 00’8 81
(u) (s/ch) (v "By) ETRTY W) (v By} (s/ch) (W) 181uUap|
uoneA’|d abieyossiqg (W) abieyssig uoeAl|d () abieyossiqg Buiuopeig
aoeuNS-131e M uoeAa|d jueq uoleAl|d
90BN S-131BM jo doy aoelNS-131eM
(81—1 suon23s s5019) [auUURYD P3IRABIXD Y-GE |Jouueys Bunsixg (1 "6y}

Uuol1}288 §801)

panuiuon—(g|—| SUOIJO8S SSOJI) [BUUBYD PBJBARIXS J00}-GE B—g SAllRUIS)R pue [duueyd Bunsixe sy} 10} SUOIIEAS|3 80BNS-I8)eM }8817) 1SN0 g a|qelL

Tables 15




68669 0S9°¢ TET69 006'T 0969 01969 0SL'I 00%'L LT
=" =" =" - - P6'569 0S9°1 STo'L X9l
£C'569 0SS'¢ 89'169 ¢8I ¢'¢69 'S69 009°[ 0599 ¢l
68°€69 00S°¢ 86°069 CLL'T 0669 9¢¥69 00S'1 0SL'S 14!
vYC'T69 00S°¢ +1°689 CLL'T - LEE69 005°1 CE9'y £l
- - - - - 69769 00’1 SeT'y XTI
$8069 00S°¢ 06'L89 CLL'] - 61169 00S°T CLY]'E i
0L'689 00¢°¢ 08989 CLL'T - CL'889 0051 0$ZT'¢ 01
L0689 00S°¢ 0C'989 SLL'T - c1'889 008°1 016'C 6
06'L89 00S°¢ 91'¢89 SLL'I - 6£°L89 00§°1 SLY'T 8
80°L89 00S'¢ 0C'+89 CLL'T - LY'989 00S'1 S10'C L
9%°989 00S'¢ 8¢°¢89 SLL'I - 9L°689 00’1 S9¢1 X9
96689 00S°¢ £8°C89 SLL'T - 8¢°689 00S°I SIe’l S
SS¥89 00S't 8S°189 SLL'T - LO'¥89 00S°1 08 14
07'¢89 00S°¢ ZL089 CLL'T - 8¥°C89 00S'1 ore £
08'739 005t 1¥°089 SLLY - 96189 00s'1 Ote [
¢T'189 00S’t 0S'6L9 CLL'T - 00189 00S°1 0 I
W) (s/c4) (s "By) (s/1c) (W) (s "B1y) (s t1) Jaynuapj
uoneAd|d abieyos|q (4) abieyos|q uoneAa|d (W) abieyassig Buiuoneis
90BUNS-12)BM uoneAalad yueq uoneA3|d
aoepINS-191B M jo doj 92NS-1IIBM

(81—] SUOI193S §5019) |aUUBYD PAJBABIXD -0/

|auueys Buysixy

uonoas ssolH

[eep ou ‘-- ‘puosas 1ad 1235 21qno 'S/l 11233 1y

(81—1 suon28s SS0J2) [BUUBYD PBJBABIXS J00}-0/ B—E SAIJRUIS) R pUB [2uuRy2 BuiisIxe 8y} 10} SUOIIBAS|S B0BLNS-I9)eM Y8817 1SN0 b 9iqelL

16 Hyd-aulic Analyses of Alternative Methods for Reducing Backwater on Locust Creek near Pershing State Park, Linn County, MO




zTooL 008°¢ 1969 056°1 0ToL 68°'L69 056'1 0st'1c e
96'669 008°¢ £1'969 0S6°[ 0 10L TL'L6S 066'1 05+°0T 0t
89°669 008°¢ 08569 0S6'1 $00L 96°L69 056’1 0se'61 6T
LY'669 008°¢ 65569 056'I 0°00L ¥+'L69 056°1 00¢'81 8C
£C'669 008°€ 6£°669 0561 G669 GELO6Y 0561 00+ L1 Lz
68'869 008°¢ ¥0°S69 066'1 §'669 1T°L69 056°1 00291 9t
L9869 008'¢ 8L¥69 0S6'1 $'869 cl'L69 0561 SLY'SI §¢C
9¢'869 008'¢ ¥ +69 0661 $'869 c0°L69 066'1 SLSYI L4
£0'869 008'¢t PI+69 0S6'1 0869 16969 0S6°1 cTeel £C
69°L69 008'¢ 88°¢69 0561 0869 08969 056’1 STY'Tl (4
[+°L69 008°¢ 89°€69 0S6°1 $'L6Y TL969 0S6'1 SIP'II IC
LI'L69 008°¢ 16°€69 0S6°1 0°L6S 69969 0S6°1 0St+01 0T
18969 008t ST'E69 0S6°l $'969 $S 969 056°1 0Tt'6 61
$£'969 0SL'€ €8'769 056’1 $'969 #£969 006'1 0018 81
W) (s7e) (s "By) (CTTY (W) (s ‘By) (s/gh) (u) laynusp)
uoneAs|a abieyssiq 4) ab.ieyssiqg uoneAse (1)) ab.ieyossig Bujuoneis
aoepns-1alem uoleAa|d sueq uoneAa|d
39BLINS-131BM jo doy, 3oepNS-I31eM
(81— SUonIas $$049) |[SUUBYD PIIBABIXD Y-0/ ]auueys bupsixg (1 By)

UOJD3S 85049

panuiuoD—(gL—| SUONDAS SS0IJ) [BUUBYD PAJBABIXS J00}-0/ B—E SANJBUIA}E puB jauueyd Buisixe ay) 10} SUCIieAd|e 820BUNS-18)eMm %88l)) ISNo0T p a)qel

Tables 17




¥9+69 00t'S LL'689 SLY'] 0969 01969 0SL"! oot'L LY

- - - - - ¥6°S69 059°1 STO'L X91
T6'¢69 0ST'S LT689 SLY'Y $'S69 569 009°1 0599 ¢l
£€9°C69 00T'S 87'889 0S8l 0'S69 9¢ ' ¥69 0051 0SL'S vl
0169 00T'S 8L989 058'1 - LEE69 00§°1 SE9't £l

- -- -- - - 69769 00s°1 SCT'y Xl
66'689 00Z°¢ 69'689 0S8l - 61169 00S'1 SL8'E I1
9T'689 00T'¢ 8L189 0881 - CL'889 005°1 0S¢ 01
9L°889 00Z'S 0C+89 058’1 . C1'889 0051 016'C 6
9’889 00T'S 86°¢89 058’1 - 6¢°L89 005’1 SLY'T 8
08°'L89 00¢'s S0'€89 068'1 - L¥'989 00S°1 S10'C L
9v°L89 00T'¢S <L'T89 0S8°1 - 9L'$89 00S°1 ¢9¢°t X9
66989 00T's w9 081 - 3¢°689 005" 1 Sig'l S
09689 00T'S €0'189 088’1 = LO'V89 005°1 0t8 v
$8'+89 00T'S ¥1°089 0S8l - 8¥'C89 0081 ors £
LS'¥89 00Z'S 26'6L9 088l - 96°189 00S'I 0te [
§T°E89 00T'S 00'6L9 068°1 - 00°189 00S°1 0 I

41 (s/eh) (9 "6y) (s/eh) ¢1) (9 “Buy) (sicw) W) Jaynusp)

UuoneA3|ja abieyssiqg ) abueyssiqg uoneA3|e () abieyosig buiuonels
20BLINS-131BM uoneAd|d yueq uoieAd|d
ERUTRLERETTY jo doy, 30BLINS-IACM

(81— Suonoas $S049) ]suuURYI PaIRABIXS JUadLad-00L

|auueyd bupsix3

uoI}99§ §S0J)

[e1ep ou *-- puodas 1ad )99) J1qNd 'S/ 1) 1139) g

(81— SUONDSS §S01D) [SUUBYD PajeABIXS Judolad-00| e— 9ANBUIS)E pue [duueyd Builsixs ay) 10} SUOCHEBAD|S S0BHUNS-18)eM 38210 1SN0 G a|qeL

18 Hyd-aulic Analyses of Alternative Methods for Reducing Backwater on Locust Creek near Pershing State Park, Linn County, MO
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