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Appendix D Appendix B. Its derivation is described in HDC 631 to
Computer Program for Designing Banked 631-2. The equation has been used in the program

subroutine because it is equally applicable to all flow
zones and eliminates the need of advanced prediction of
the channel flow type.

Curves for Supercritical Flow in
Rectangular Channels

D-1. Introduction . Spiral transition.  The modified spiral
(McCormick 1948) is used for the transition between the
a. General. The design of curves for supercritical tangent and fully banked sections of the curved chahnel.
flow may include several alternatives which produce This type of curve permits location of the channel interior
curves that perform satisfactorily for the design flow and and exterior walls by means of a simple coordinate sys-
that are compatible with existing field conditions. The tem based upon a series of circular arcs of uniform length
solution for any one alternative is time consuming, compounded to approximate a conventional spiral. The
requiring trial-and-error computations.  The alternative jnitial arc has a large radius, and the radius of each suc-
designs described in this appendix include basic limiting ceeding arc is decreased in a prescribed manner until the
design criteria developed by the US Army Engineer Dis- desired channel curve radius is attained. The advantage
trict (USAED), Los Angeles. Combining the results of of the modified spiral over a conventional spiral is real-

two or more of these alternatives should produce ajzed during field layout of the short chord lengths
satisfactory design for nearly any condition. A list of required for the concrete wall forms.

symbols used in the program (Plate D-1), a program
listing (Plate D-2), a program flow chart (Plate D-3), d. Tables of spiral transition. Tables have been
subroutine flow charts (Plates D-4 and D-5), an exampleprepared for 22 different spirals (McCormick 1948) to
input sheet (Plate D-6), and an example output listing facilitate design layout and field location. The curve
(Plate D-7) are included herein. The computer program isnhumbers in the tables correspond to the number of
written in FORTRAN [V and has been tested on a seconds in the central angle of the first arc of the spiral.
GE-425 computer through a remote teletype terminal. This designation is followed in the computer program.
However, the curve and corresponding number computed
b. Hydraulic elements. The hydraulic elements are py the program may not be listed in the modified spiral

computed using an equation for open channel flow taples because the program selects the exact curve for the
adapted from the Colebrook-White equation for pipe flow specified radius and spiral length.

(HDC 224-1). The equivalent open channel flow equation
in terms of Chezy C is D-2. Description of Problem

0 0 The basic criteria for the design of spiral-banked curves
C - -32.6 log oC . kO (D-1) for rectangular channels are given by Equations 2-33, 2-

' 0 % 12.RU 34, and 2-36 of the main text. A review of these equa-

0 - . -

tions reveals that the designer has several alternatives at

his disposal to satisfy the design criteria. For example, if

the minimum radius of curvature is selected from Equa-

where tion 2-34, i.e.,

R, = Reynolds number = 4RV/

fo= AVVE e (2-34, D-2)
R = hydraulic radius mn gy
V = velocity
then the maximum allowable amount of banking (differ-
v = kinematic viscosity of water at ence between inside and outside invert elevations in the
given temperature circular curve) is required. The amount of banking (e ,

k = assigned equivalent roughness
height

! References cited in this appendix are included in
Equaton D-1 is graphically presented in Plate 3, APPendix A.
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Plate D-8) is equal to twice the superelevation given by satisfied in some cases is that the channel be free drain-
Equation 2-36. For C =0.5, ing. Banking is introduced by rotation of the bottom
about the channel invert center line. Therefore, to provide
free drainage along the inside wall, the product of the exit
” ” spiral length and centerline invert slope must be greater
e=20y = (2)(0_5)M - M (2-36, D-3) than the superelevatiod\y), i.e.
ar ar

LS > Ay (D-7)
Where r =y,,, € is therefore a maximum, or

” Generally, the curves designed for minimum radii (Equa-
e - VW _y (D-4) tions D-2, D-4, and D-5) will not be free draining unless
4 the channel center-line invert slope is extremely steep.
There are several ways of accomplishing free drainage by
varying independently or dependently the spiral length and
Also, the minimum recommended spiral length for banked channel invert slope. However, the most common method
curves (Equation 2-33) is is illustrated in Plate D-8. In this plate the length of the
exit spiral is increased to satisfy Equation D-7 while the
channel invert slope is held constant. The unequal spiral
lengths generated by increasing the exit spiral should per-
form satisfactorily, but if symmetry is desired, the
entering spiral may be equally increased.
The choice of minimum radius of curvature in Equa-
tion 2-34 (D-2), maximum banking (Equation D-3), and b. Alternatives. The following list of design alterna-
the corresponding spiral lengths (Equation D-5) results intives is based on the previously discussed criteria.
the shortest total curve length. If radii greater than mini-
mum are selected, then according to Equation 2-36 (D-3), (1) Minimum radius of curvature (Equation D-2),
the amount of banking would be less than that expressednaximum banking (Equation D-4), and corresponding
by Equation D-4. Moreover, both the radius of curvature spiral length (Equation D-5). Shortest total length. Not
and the spiral lengths may be arbitrarily selected to satisfyfree draining. Equal spiral lengths.
field conditions so long as they exceed the minimum
criteria as expressed by Equations 2-33 (D-5) and 2-34  (2) Minimum radius of curvature (Equation D-2),
(D-2). Also, the entering and exit spiral lengths do not maximum banking (Equation D-4), and arbitrary spiral
have to be equal as long as each exceeds the value detelength greater than value given by Equation D-5. Not
mined by Equation 2-33 (D-5). It should be noted that free draining. Equal spiral lengths.
with banked inverts, an upper limit on the radius of cur-
vature exists at which the banking/) is less than 0.5ft. (3) Arbitrary radius of curvature greater than Equa-
In this case banking and spiral transitions may not betion D-2, banking in accordance with Equation D-3, and
necessary (paragraph 2-5b). Substituting this limiting corresponding spiral length (Equation D-5). Not free
(0.5 ft) value for e into Equation D-3 and solving for draining. Equal spiral lengths.
r, the limits for the radius of curvature where banking is
required can be expressed as (4) Arbitrary radius of curvature and spiral length
both greater than value given by Equations D-2 and D-5,
respectively. Banking per Equation D-3. Not free drain-
AWF? < 1 < 2WyF? (B-6) ing. Equal spiral lengths.

L, = 30y (2-33, D-5)

(5) Arbitrary radius of curvature greater than value
Lastly, the transverse slope AW of the water surface  given by Equation D-2. Arbitrary entering and exit spiral
should not exceed 0.18 which corresponds to a slopelengths (unequal) but both greater than value given by
angle ¢ of 10 deg (Equation 2-36, D-3). Equation D-5. Banking computed using Equation D-3.
Not free draining. Unequal spiral lengths.
a. Free drainage. Another criterion that must be
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(6) Same as (1) above except free drainage providedD-4. Input Data
by increasing exit spiral length. Entering spiral remains
per Equation D-5. Unequal spiral lengths. a. Hydraulic parameters. Plate D-6 shows sample
input data format. The first line of input represents the
(7) Same as (1) above except free drainage providedgiven design data, which include the discharge (cfs),
by increasing length of both spirals. Equal spiral lengths. channel center-line invert slope (ft/ft), channel width (ft),
equivalent roughness height (ft), water temperatufg, (
(8) Same as (3) above except free drainage providedand the deflection angle (deg) between the curve tangents.
by increasing exit spiral length; entering spiral remains Since the hydraulic elements are solved by trial and error
per Equation D-5. Unequal spiral lengths. using Equation D-1, the roughness parameter is the
equivalent roughness height k . The curve design should
(9) Same as (3) above except free drainage providedbe based on the maximum average channel velocity, for
by increasing length of both spirals. Equal spiral lengths. which the recommended minimum value of k for
concrete-lined channels is 0.002 ft (paragraph 2-2c). The
(10) Same as (4) above except free drainagek value should always be the lowest value of the
provided by increasing exit spiral length. Entering spiral expected equivalent roughness height range if the mini-
length retains arbitrary assigned value. Unequal spiralmum of that range is less than 0.002 ft. However, the
lengths. wall heights in the curve, as in the case of the straight
channel, should be designed for capacity based on k
(11) Same as (4) above except free drainage= 0.007 ft (paragraph 2-2c) or a higher value if
provided by increasing lengths of both spirals. Equal anticipated.
spiral lengths.
b. Circular curve data. The second line of input is
(12) Same as (5) above except free drainagethe design radius for the circular curve. The recom-
provided by increasing exit spiral length. Unequal spiral mended minimum radius as calculated from the given
lengths. flow conditions (Equation D-2) is stated in the typed
request for this variable. If the minimum radius is
The various characteristics of these alternatives are comdesired, therD.0 is assigned, otherwise, the desired value

pared in Plate D-9. is typed in. The third and fourth lines of input are for the
entering and exit spiral lengths, respectively. Similar to
D-3. Description of Program the request for the radius, the minimum spiral length

based on Equation 2-33 (D-5) is stated. EitBed or the
The program herein described is comprehensive in thatdesired value for each spiral length is assigned.
any of the above-listed alternatives can be solved. The
program is written for remote terminal use because of the  ¢. Radius of curvature. Occasionally, field condi-
increasing use of remote terminals and the definite tions will limit the radius of curvature such that it must be
advantages gained through this mode of operationless than the recommended minimum. The program can
provided the volume of input-output data is moderate. design a curve for values of radius and spiral length that
The main advantage of the remote terminal is that theare less than the recommended minimums, but the amount
program can be written so that it is user oriented. The of banking will exceed the value given by Equation D-4.
user is guided by typewritten messages throughout theFurthermore, the cross-slope angle of the water surface
program execution, and the program is controlled by thewill be greater than that which would occur with the
user's response to these typed questions. Communicationecommended minimum radius. Should it exceed 10 deg,
between the user and the computer during program solua message will be generated to advise the user that this
tions results in advantages in problems having alternativecriterion has been violated. Model testing of curves that
solutions. Conversion to batch processing is relatively violate any of these criteria should be considered.
simple and only requires modification of the READ state-
ments in the program. A complete description of each d. Free drainage. The fifth line of input is for pro-
input variable is given prior to its respective READ state- viding free drainage. The question is typed on the key-
ment in the program listing (Plate D-2). board, and the user replies "yes" or "no." If yes, the
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program computes the length of spiral necessary togives the information required to prepare contract
provide free drainage and compares it with the exit spiral drawings. The second part gives the detailed data for
length as per input line 4. If the value supplied by input field layout of the channel center line. The field book

line 4 is less than the length required for free drainage,format is set up under the assumption that the entering
the exit spiral length is increased accordingly. Input spiral is first surveyed from TS; then the transit is moved
line 6 affords the user the option to make both spirals to the end of the curve (ST) and the exit spiral backed in;
equal length for symmetry and appears only if the reply finally, the transit is moved to the downstream end of the

of "yes" is made to input line 5. entering spiral (SC) and the circular curve surveyed. This
is the recommended procedure for field layout found in
D-5. Program Output most route survey textbooks. Curve stations are estab-

lished using 12.5-ft chords around the spiral and 100-ft
The program output (Plate D-7) consists of the hydraulic chords around the circular curve rather than the actual
and geometric design of the channel curve. The hydrauliccurve lengths. Shorter chord lengths may be required at
elements include a listing of all the given design data andthe beginning and end of the circular curve, but these can
the pertinent computed hydraulic parameters. The channebe easily computed during the actual field layout.
curve elements are presented in two parts. The first part

D-4



EM 1110-2-1601

1Jul 91

STOGNAS
WvdoO0dd H3LNdWOD

13 "TINNVYHD 30 LH¥3ANI
3QISNI ONY 30ISLNO NI3ZML3I8 NOILYAZ 3
NI 3ON3Y3341Q HO 'ONINNVE J0 LNNOWY

14 ‘vdids ONOTY
SLNIOd 40 L3S4340 LN3ONVL ¥0 3LVYNIQHO

14 "T3NNVHD NI MO4 40 Hid3Q

134 'LNIONVL AHYWING ONOTV TvHIdS
ONOTY SLNIOJ 40 3L¥YNIGHOO0D 3INIT-¥3UANID

14 “I3NNVHD NI MO4 40 QV3H ALIDOT3A
Sdd ‘ALIDOT3A TINNYHD NY3IW

L4 'Ud} SINIONYL 4O NOILD3ISHILNI

40 LNIOJ OL '1'S HO 'S'L WO¥Z JONVLSIQ
:IAMND O3 TvHIdS 0 3ONVLSIA LNIONYL
do 'IUNLYHICNIL ¥ILYM

*L'S 40 ¥38nNN

NOILY1S NI NOIS SNd 40 LHOI™ OL S1I1s1a
13 "A°S HO LNIONVL

OL YIS WOHd IONVYHO JO LNIOd
00700100 *3'1 'SINIOd Tv¥I(dS 30 SHIBNNN
NOILVLS Ni NOIS SN 40 LHOIN OL SLI91Q

S1NIOd vHidS |

QYOHDI-13-5'21 JO SHIAWNN NOILVLS

00°00+00 *3'1 'SHIBWNN NOILYLS 3ANND ¥y
-NDHID NIt NOIS §Nd J0 LHOI OL SLI91a
3ANND ¥YINOUID

ONOYV SLINIOd 40 SHIBWNAN NOILVLS

00°00+00 *3't "O'S 3HL JO ¥IBWNN
NOILVLS NI NOIS SMd 30 LHOIY OL S11910
14 ‘'$’S) 3AMND 30

ONINNIOIB WOYS GAYNSYIW IAHND ¥YIND
-H1D 0L TvdIdS WO d 3ONVHD 40 LNIOd
14744

‘3dO7TS LYIANT INITIHILNID TINNVHO

13 ‘IAYND ¥MVIND
-¥1D 40 UNLVANND 40 SNIAYH WNNININ

HIGWON SOTONAIY

{SSINHONOY
3AILYTI3Y) LHOI3H SS3ANHONOY LN31
“VAIND3 0L SNIAQVYH DITNYHAAH 40 Ollvd

14 '3UNLYAHND 40 SMAvy NOIS3A

iIHT3A
SA3A

‘dW3L

4118

‘1S

14SVYLS

‘SYLS

‘3VLS

V1S

114008

208

ININY

INATY

o3y
fre2-}

L4 ‘IvHIdS ONOTTY §DYV
AVAQIAION) 40 IHNLYANND 40 SNIGvY

$49 ‘ADYVHISIA TANNYHD NOIS3a

"O’S LY LISNVML HLIM

3AHND ¥YINJHID NO LNIOd ANY OL 31ONY
NOILD3743C0 Nt "ATIAILD3JSIY "SANO
-03S ONV 'S3LNNIN '$334930 4O HIBWNN

"D'S LV LISNVHL HL(M 'S'L Ol 3TONY NOIL
-237430 ¥OVE NI 'AT3AILD3dSIY 'SONO
-03S ANV ‘SILNNIW ‘SIINOIQ 40 ¥IBWNN

TYHIAS NO LN1Od ANV OL 3TONY
NOILI37143Q NI ‘AT3AILI3dSIY ‘SONO
-035 QNY 'SILANIW 'SIYOIA J0 ¥IBWAN

14 ‘NOILYA3T3
-¥3dNS JHL SIWIL OF NVHL ¥ILV3HO 38
L5NA {HLONIT TYHILS ONINILNG NOIS3a

14 'NOILYAZT3
~H3dNS IHL SIWIL 0E NVHL HILVIND
38 LSNW 'HLONIT vHIdS LIX3 NOISIQ

D3§/,14 "WALYM O ALISOISIA DILYWINIY

13 "AMYONNOB TIANNYHD
40 LHOI3H SSINHINOY LNITIVAIND3I

Avdids
ONIMALNI MO LIX3 NO ¥3GWNN NOILVLS
ANV HOd N9SIS $SN71d 3O L4371 0L SL1910

00°00+00 "3°1 “1'S 4O HIBWNN
NOILYLS NI NSIS SN1d 40 L3437 O1 $1191Q

IAEND WYTINDHID JO SHIBWNN
NOILVY.LS NI NDIS SN7id 40 14371 04 S11910

3AMND
YYINOMID IHL 40 HLONIT 3HL $3LV¥YN
O1$3Q L LVHL 1d3D0X3 DHVI SV INVS

‘D'S IHL J0 HIAWNN NOILYLS JHL S3LYN
~“91S30 L) LYHL 1d30X3 $SD1 SV 3NVS
00°00+00 *3°1 "'$'D 40 HIAWNN

NOILYLS NI NDIS SNd 4O 1431 0L SLIDI0

13 'HLON3 T “IvHidS LIX3 SILYN
~91S30 1l LYHL1 Ld3D3X3 DYVI SV INWVS

14 'NOIS + IHL 40 1437 3HL OL

3SOHL 3V S11910 Q3¥ANNH 3HL "00°00+00
WHO4 3HL OLNI NMOG N3XONE S! TvdIdS
40 HLONIT IHL 371 ‘HLONI T Iviids
ONIYILNI NI SL1910 34ONNK 40 HIBANN

2035/14 "ALIAYHO O 3NQ NOILYHI13DDV
HIAWNN IAN0OYS

L1OZHD ONY
DJZHD N33ML138 IONIHIA4IA LNIJYAd

nsI

$7
AN

]

SY LS|

LLSI

VLSH

HLOIDN

Releld]

el

H1ouvI

2= 4|

INONY 4

4410

930 ‘AMND ¥VINDHID JO IIONVY TIVHLNID
930 vHidS 3T0HM 20 ITONY TYHINID
23S ‘$OWV IVNQIAIONI 40 ITONV NVIO3NW

23S 'SO¥Y VNOIAION] 40 3TONY TYMLINID

930 ‘3A¥ND
YYINOHID 40 JWNLYANND 40 33M8DIQ

NIW '3A¥ND WVINIRID

ONOTY SANIOd ¥Od S3TONY NOILDIJ3Q
00°00+00 *3°t *('§'D)

ANIOd SIHL O1 ONIGNOJSIUHOD BIBWNN
NOILVYLS NI NOIS SN71d 30 LHOIY Ol S1191Q

avHIdS OL
3A¥ND ¥YINOHIO WON A IONVHD 40 LNIOd

00700400 "3*) '3AHND ¥VINDYID
40 HLON3T OL ONIGNOLSIYHOD HIAWNN
NOILVYLS NI NDIS SN1d 40 LHOIM 01 S1191a

NOILYNO3 3INOZ T¥NOILISNVYHL 3L(HM
-X00¥E83700 A8 Q3LvINDTIWI SV D AZ3IHD

NOtLYND3
S.AZ3HD AB G3LVINDTIVI SV O AZ3IHD

14 001 ASVYD SIHL NI "3AYND ¥vINIMID
4N0 SNiMVLS NI Q35S0 H1ON3 QHOHD

14 ‘vdidS 3HL ONOY
S2HY TVNAIAION! 40 HLON3T QYOHD

13 ‘HLOW TINNVHD

z1d "I3NNYHD
N) MOT4 JO YIYY NOILOIS-ESOMD

13 ‘39¥NIvya 33¥d4 3QIA0Nd
OX VYIS LIX3 40 HLONI WNWINIW

14 'IvHIdS LiX3 4O HLON3
14 "IVHIdS ONIYILNS 40 HLONIM

00°00+00 ‘3') 'IvHIdS LiX3
40 H19N3T O1 ONIONOJSIHHOD HIBANN
NOILVLS NI NOIS SN 40 LHOIY 0L S11910

00700+00 *3°'1 *Iv¥IdS ONINILNG
40 HLON3T OL ONIONOGSINHOD HIBWNN
NOILYLS NI NDIS SN71d 40 LHOIH Ol S11910

14 IVHIdS LIX3 40 HLON3T
14 IvHIdS ONINILNT 40 H19NIT

930 ‘STivyids

ANV 2AUND FYINDAID 40 3TONY
AYHINID TIVLOL ISLNIONVL TWNLS ONY
AVILING N33M138 39NV NOILD3430

930 "vYlds
ONOTY SLNIOd ¥04 319NV NOIL23TT143Q

Ovinaa
B3 FSak(e]
‘NYLT3a
‘¥i13a

‘2930

‘0330

:4$SD

B3l

f3HL9TD
FIDZHD
QTHD
DQ¥OHD

o]
‘8

‘v3yvy

270uyv
Rl 1
oMY

1JIouY

[Ele2t1
{2DYv
H1DYY

ONY &

R

PLATE D-1

D-5



EM 1110-2-1601

1Jul 91

ONILSITT AVES0dd

ana 8 1oy

NENLIY §

CHR7BeP 7 (P PBIAT (LY BIXT (7 BIDN DY

SPABMSVAS (L BISULEL (P BITTIUS (LB INEU (1 41001 <3
- 00
o Bl e 5oL LY LESNVLAOXS/ M LiOA
“X617,,095 NIW DIT./X94/.SILUNIQN00D HIONIT QUOHI  NOILWLS
2I0NY NOILITT43A. XV ¥ // *u(SAUVANIVE NOH TVHIdS). X6/ usl S LY T1650
LISNYHL HLIA TvdldS LIX3 404 STTONY NOTLOITAAA.X6’/)LVNHOS DIl W6EY
4LISCLISIPIL ININd 09E%

€82Sd%0 o W30 XB1/317X3781 /X331 XEB) 1VWHOS 311 B LEY

411 4(1)LYLS *(1IYLST*C1)0TSH! (1)ONIW C(1)IDQM) *31L LNINd B9CW
w245 1¥ LISNUMLW/XL3‘/7uD3S NIW D30..XBSYC SEY

£/ 4uNOTLVLS. X117 TONY NOI1DT14300 X917/ 4wt DSV u’3L Cu (NIHILTBSCY
4810 (030)w?el %y *SL OL NOT4IT1430 HIVE,*X@14//¢u*D45 THL LV ¥Igcy
LESNYAL HLIA 30400 4Y100MID 4O STTONY NOTLIFT4A. X¥!/)LYMHOL OT1 BSEY
1493579051 48ITSH ANIWEIAN @11 INTUd BVEY
cer@dexIricen

+ W BLIXTIRIXEBI XB B XLILUNEOS 881 BITY
CHMYBal ¢ (P DACCO S X (P DOTI2EY
£(0C1LSULS P 1ISYLST AP 1IN LL NI (P 1)90K) ST LNLUd 835w
€.800°00 20008

A80°00 ¢ 98 » S*i 1Y LISNVHLL K27/ ulld)X (LK XR ulld)n¥E ICY
X9°/¢,SILUNIQO0D  HLONIT QUOHD  NOTIVLS 931¢w
FXp/cueSeL LY LISNVHL HLIA T9E1dS DNIWILNT 604 ¥11CH
£XL7/*WL00AVT INUAD INITHIINID.XPE?/)LUMHO4 901 O ICY

L RAIKCIE AR 4B 6L

STTONY NOTLOTT4I,

CAIAn7XBT4uC L)X KOS/ u* L+ WOHA *S+0 4O SELYNIQUODD 135440 ¥Z61v
ANZONYL. XOL4// 72247 XB1 3 RL7X0B*/
w51 WOHZ *3-S 40 SALVNICHOOD 125440 LINIONVL./XE17/)LUMNOL YT 061V
(304 XO173"B44XA3*/ % uC 1 IAuIBIIY

“XBL LA X X¥BY/ 4 uATINILITAST *1°5 GNY *§*Lu’XDT*/ 7 HOUL TI@IY
*$°2 GNY +3°S 40 SILYNIGHOOD 135440 LNIDNVL.-XOL’/)LUMHOL COI BRIV
CWME TIASCUM DXSRT INTHE ((8)D8Y+03+C 1HOUWIAL §91p
CEZIATOMBIX Y 1IATCHHY 1IXIVOT INIHG C(3)DUY*INCLIDNYIdI 891
(3-eraL Sy

4 @ MLONZT LNZONVL LIX3 TWLOL./¢B*81d%u = C(LHOHIONTT. INIONVL T2S1Y
ONTUIING T¥I0Lu’/®-@1d. = (93A)TVHIAS LIXT 4O ITONV TVULINID.IISIv
©/¢pr0tdc, » (D30)TYLAS ONIYALNT 4O TTONY TWHINIOw‘//)LVWHOS 301 BSIv
(321701 IL4€2) 194730 ¢ 12 191120201 INiad Sviy

€.3040) 40 195D

HLONIT TVI0L = #'3-54%u ¢ wBI%u VIS = =L°SurX@Le/%u WIS ELY
TX137/ 0L TOHIAS LIXE 40 HLDNTT = w8 Sdtu o wedl X137/ 73 54T ETY
S Bl VIS @ *5e0uXBIT/ fumann ~wX124/7,30MAD UVINDUIO YEETY
40 HIONTT = wZ°Sd%u ¢ wB17X134/°36d%0 ¢ u'31%w YIS » *0°S.ABEIY
“xetes —wX137/ 791 4us TVHIAS ONINAING 4O MLONZT = PLEIW
2547 + WIBITXIZO/7n007 00 + 00 VLS = *SL.’X81//)LVNHOL 101 BCIW
JLLSTLLSIC(Z)VATIAN 4108V (DUVIVIZIY

455075501 4THL0TO“HLOT01 # 140057051 #C 1) ¥LTIAN JUY* DUV < 181 INTUL BB IW
CCe@Idew = (Ld) ONIHNVEW /€ 01d%w = (110 11V
+4//4.SINTHZT TAUND TINNVH.FXS3‘//) LUWHOL 08T 001V
ZONINE @91 LNIEG B69Y

€001+ 124YI)-(3)J4Y= 10UV DROL

991/(2)DUVa 134Y] BLOY

CPO1DKYI ) -( 1) DHY= LUV @90F

@81/ 1)0V=UY] S5OV

#9481 K- 09+ DN~ 4108=8IISH VOV

@9/ (989C+RIAK-430E) aANIW B EBV

9096/4308=@00K 020W

290817939039 ((HH< 1)K/ (MY 1)AINVLY= 3/ CHA® [)VLT20+ (Mt | INVLTZ0= 4208 6 10%
COBI(F¢BISULSTI=CP BISUIS(N /B3I 4SULS SO § B0Y
BO1/(F/B)SVLSH (M BISYLST BS6E

(e BI8(PrBIN-11Sm(P 2ISULS BV6E

WA tar S6 0G E6E

CHROReM 9 16€

CEINAN S 16C

€O01+11S1)-L11S 4115 6 16

3W0LYAEND 40 SOIAY

094 H)IDGN~CX)D43A= N INIK BVIT
09/(4) 0430w (X)IDAN B LIC
€1-%)043G+ 0005 (H) IAHOHDEE + BwC ) DdIq ©2BE
CNN)IVIS~SSD= (4)DQHOKD 8 T9C

894 (1) INIK~

9C4 ¢ 1>200N=09+ ¢ 1)0420= ¢ 1)I0ISK BILE
©9+¢1)250W~ (1) 243w < 1) INIM 9LE
997010430 ¢1)3004 0SLC
(901e(1)VISDI=C1IVAS=C(1) VIS OvLE
81/(1I¥IS=C1IVLST BELC
01+ 1-1)IVLSnCTIVLS 0BLE
€1-1)0430+29304( 1) 0HOHIE* 8=C 12043 @ 14T
@01 C1)IQHOKD 98LE
NN‘Zel 66 0C 069C

09%¢ 1)ININ-009E+( 1)090N-994( 1)9470=( 1)IDISH 899¢C
994 1>30AH-( 13D44Q=C 1)INTH BLIE

89/¢1)0430=( 150904 999C
*CHIVISTI=C 13ViSac 1) AVIS 059C
081/C1IVISHC1)VIST OV9T
€1)00UOND* DS = ( 1IVLS 8ESE
903w ¢ 1) IOUOHI#C* 8= ( 1)0430 089

14205-+981u( 1)IQUOKI 59 819C
1+881/HI0T0aNN €8 009C

$9 0L 0D DOSE

881/HLDTONN 95T

@9 01 0D (DHI10T2*30* 1400S)41 8LSE

09sc

<90145501)-5500 455
001/552e5501

HLDTD+D05=559

C1)0EVaIDS SLVE

$563: LS/ NIMMSOVLTI) wHL0T) BLYE

€8 1¥1Tad (1) TVLTIA) ~DNY=OVLTRA SL
Bt 2oe
CLOSNINE) o (B) UL 93VE
CLHop9 IvE
(856274 cusese a I DL SINE

€(9562°L5/(1) 1¥VLTI0)$0D=* 1) eNIME= CTT* 1A C 10
(9563%L5/C1) 1V1TI0IMISONINU=CTT7 ) Xa ¢ HIH
9/ ( (1) VATAANGBo4 (T4 INY=C 1) 1vLT3d

@94(F 1ININ-89499% <1 *1)DAN-Va (7 1)IISH $9CC
99/(894899(0¢1)0AM-V)=(M {IININ SLEE

#9/99/¥a(( *100R #9CC

2998°¥939830C IDUVINVLIYeY BSEC

071H/R 1200 I0NY Svse

CHLINISSCO 12008 1=F ¢ [)ARCPC1IA
ittt o i 14

(*3/3909°¥92908/¢1 * 1) VLTIAINISO (N ‘1 )de+ 2o (1) SBEC
2909+ ¥92902/(C 1 INVLTIAHL 0 1EC
CCHDYLTAANS 2 1=(P 1IN *8))/9L0° BICHLEE (T /1)Y 08T
8/¢F71)¥1120-C1)¥112ANe 304 (P /1 INa(C F1INVLNIA §63C
(1)ULTIANEC 1=(F 7 IINe-B)m (P *1)¥1730 863

€@B1(r FIISYLSII (M F1DSVLSm(r 1) 4SYLS €92C
91/¢0*1)SYLS= (M *1)SYLSI 292C

(Re1INOG3Iu(P 1ISYLS 093E

TeC1-LYDINRCO DN BLEE

Ti°zer S 00 993

(1HMANSTT LS3C

TeCIINANSC1UNN 0S2E

N sl 89 00 ev3E

S+BTeCIHINON=CI) DUV BE 9T 1T
CNTWHOC 1= ( [)MON®*8))/9L0* $TEPLES=C 1) VITIAN 821C
1+CIIKNAC RN ¢ viie

$¢31/C1) JHV=UNY

MNI=1 0C 00 83

b

119Uv=(8)3uV.

U= ¢ [HIUY

/8°809/( 143204 C1¢ 1IINICOL
FCTABIACCIFDACCIARINCT1IXAC172IVITIATL171)VLTIA/ 802/ 1733 DASHTSTRE
CHPEOASMOCE/BININTC LT IINTHSC £7879GMC 14 1)DANT (14BN (14 1IN VIV vEeE
C05)DTHOHI * ¢ 957 3) dSVISIC COT

“« 95)0M1Ke %) #(9S)IVISPCNC
..oﬂuhn:-,.::«E:u:.:!_ﬁ._!.:-_.ﬁu:oo_.5.::!..2-;8
W COPI<3ruTRTIE
©CBB1+2A7C8R1 3)X*CIR173IVATIA*(9BT <3ISVAS? CHOT7BIN HOTSNIHIG 920T
(27BNVSNINNY 110UV I0NV) TVEIdS INLINONENS Beer

an3 993

NUOLTE BSEB

¢/*.03U1N0TY T1VES

LON STvdIdS AN ONINNYE - *1d $°8 NVHL SST7 ONIXNVE.'/)LVMHOJ 68 BVE3
(/*.QIHIN0IH LON ONINNVE - AOTM T¥IILIHIANS.</)IWMHOL B3

62 INING (59172341

92 INI¥G C1°T1°NAGHDAT #1€3

CEBdoXTTRNER
cvetarxt /3LWH04 L3 9638
E.._u..i:...zn:.:...u::2551»:6»:.- 1K14d 0932

Custrd s-Aau eedd 3 230 AvH QAHPOL3Z

L300 X342 SHTL TV D1 IOVHOAH ELNMOD  KEBes) LB o8 9588
v2 ININd 0588

CE9LOXCTF I SdIXI N SOV B 4G WS XE D LATXI 4/ ILVNHOS £ $¥T2
DNV diIL SAE S 07C2 INIdd 0C3E

CuTTONY* L3047 XL o dNTL ETLYA. XV LSHLIDEI

XL WHLATAW XS € uTd0ISw X uS 470 XE// < VIV NDISIA 10122
NIATOWFXSE// FuNIISIA 40 SINIWITI DI INVHUAN. X3¢/ )LVMHOS L1 0082
L1 INIdd 0612

TSR TVIU L91B
€20MTINTIR 12

1iud INLLNOWENS §912

FLLLTS DNV dNEL

anz a1z
NuDL3M 1212

Ze+51 = 104V 0212
CNIWHSD)/(HBat2esT3N)) = 2 OLIZ
GuZeeNAUAe " YoNINE 8912
SH/QVHAH = ONTIY 8513
(0Ae9)140S/1IA = NANM4 SV1Z

M1/ (QVERHATINS *¥) = NAZW BC13
€9e°3)/¢r2e0T3A) = HITA 0312
VIdv/0 = T30 8112

oA = 3wV @012
(DAe3e@)/(HODA) = AVHMAN 14 0682

18 01 09 ¢1

13 0L 09 (6666°0-10°4410)41 ¥ OCE3
1141878 (4d1a)41 8183

/0 = 1410 0083

"3/(D4H3¢TIZHD) = 7 0601

CHODA8-Z 13/ (IR0 T)rtreSHIn TV o
(088*02)/(((IAe"2)+8) sAANIZIHDI 2 Y

CCOACERS)/((DAa=2)+H)ILHOSO¢(IALE)/T) = DIHD BN O

CAE/71)86C(("200@)6D)/C*B000) )04 0201

2+2can @101

MAeSH Tau S881

1049 NI S 12 ONTANY T
NAZH ‘NGNYA*TINY 1OZHD*AVEAH FOA ONY AW *SH@*S0)AAN INILNDHENS 01
ana eeL

dois 0@l ez
C4TONYINEME 1T0MYS 108V IVEIAS TTVD BI1L
991 01 00 (9°1+LT°NANYAI4T BOL

801 01 09 (§+011°2)41 069
(27047199

Tane H* 3L ONY“ WAL 1144 TIVD 8% 035
1104V=T04Y (STAKE: 0T NIl 0L

NCeTl avad 999

CION 40 SIA IdAL 1QZA1SIA SHIONTT TWE1dS TWNOI TuW.. /)LVWEO4 9 059

9 ININ¥d SC v9
2154V= 1104¥_0C9

+39UNIVEQ 3Tud 3d1NOUd 7029

0L *1480947401 HIOKTI VH1AS L1KE TSVERONT 160ncs s LOMEDS B1 810
B10uv+01 LNISd 809

S€ 01 00 (F0V-10:1T06N141 06S

*2)/(2018°13 » 3108V ews
PA R A
CTVILYAHOL L1 @95

0PIl Quan ess
731v4dod § oS

Cw ON M0 SIA IdAL Q3ISIA IDWNIVHG 1262 ST

S INIdd @5
€4°5394030 @1 40 20T9A WOAIXVH GIANINHOIIL. /¢, IHL SQIIINI SIKL 1928
9307864, = F0U4HNS HILVA FHL 40 3dOTS S04 IHL.¢/)1vdN04 §3 0I5

VIIHICSZ LNIUd (*@1°1O*VIINL)4I @8S
CE/Z)NVIVAVIIHL B6V

$721104% (9°8+3N-S D41 B8y

1S1%708Y €@+ 0°3N- ISTIAI oLy

S17avay asv

CutTTIVINYA SIHL OL 70 40u’/ .INTVA ¥ NOISSY 70SY

Q3d1530 HIONIT ANWINIA 41 *1du’B*@14‘un HIONZT TWHIdSw?/ ¢ OZANIHTOVY
A003d WIMINIM IWL *HLONIT TVH1dS 11X3 NOISIA QVIHu’/ILWd0d ¥ OCY
I04vey LNTud paw

€.t ITHVIAYA SIHL 0L 90 40.°/.INIWA V NOISSY 7d0%
Q341530 HIONTT WAHINIA 41 *140B° 014 wn HIONTT TWd1dSw’/s
WOD3Y ANMINIW FHL *HLONTT TedIdS ONIUZLNG NDIS3C Q¥3

(.o ZUUYILYA STHL 01 679 40u7/7uINTVA ¥ NOISSY ¥
“QIMISIC S1 SOIAVE ANWINIW 41 *Liu’2+ 8147,
D24 AOWINIW 3L -24NLVANND 40 SOIAVH NOTSIA IHL QVIN. /XLVMA04 2 863
NIAM‘Z INTdd 032

C106¥rNIddTOLE

204 10 s
SesB1/(SES* CodHALOVLIV ~EredNILeIdDu: +Coodddl oL 33P0
ONVdWILSA RIS 0°QVR 053
CaONYSdMILISA U S Y - VIVG NDISIG VR

1517510 SN Tvad w1
-1M0AWT 01314 2002

404 STTINV NOILOTT42Q ONIGNTONI LNOAW] INITHILNID LLI1dWOD ¥ ANV D861
SHILIAVEVL D1INVYAAK LNVLHOJKI VIV ND1S3Q NIAIO SIANIONI 10d1NO

40 SNIQvd <SIT4930 (INVISINIONVL NIIALIA 1INV NO[LIIT4IA *d Dowl
930 (dAZLIA4NLVIAIL 4TLUA 714 (SAIHLOIIN SSINHDNOH INITWAINGZ 20C1
‘L4 COHLAIA TINNWHD ‘Lld/Ld (5)340T5 143ANI INITHILNID TINNVKD 2021
542 (9)30d¥ADSIQ NDI53A SIGTTONI 1NdNI *T3NNVHD 4¥1NONVIDIY v 2011
NI A0T4 T¥DILI49434IS 404 IAdND GDINVE-TVHIAS ¥ NOISIA O Wvdd0ud DOl

PLATE D-2

D-6



EM 1110-2-1601

1Jul 91

1¥VHI MO14
NY4904d ¥310dWOD

vylds
3ANLLNOMENs
TvD

liyd
3ANILNONENS
TIvD

2724V = 11DuY

HL9N3T
vdids LixX3
3SYIUONI

LSNNW "LNINd

a341s3g
39vNived
3344

(8/Z)NVLV = V13HL
AOVHHENS HALYM
40 319NV 3d407S
-$SOYD ILNIWOD

17108V = 10dY

(S «°2)/
(Z + 101 = 270uY

WNWIXYIW

Y13H1 "LININd

00=51 o

S3A ‘—

187 = Ddv

Z « 'Sl = T10MV
(NINY « 9).(8
» (2 «13AN =2
24 = NIWy

QAH
INILNOYENS
Av2

§7 = 1704y

1dvis

PLATE D-3

D-7



EM 1110-2-1601

1Jul 91

INLLNOYENS JITINYHOAH
WvH904d ¥31NdW0D

"HLON3T vHIdS
Q3ANIWANODIZY WNWINIW
aNV ‘ONIMNYE 40
LNNOWY ‘3UNLVA¥ND
20 SNIAVY WNWININ
31LVINDIVD L 434S

‘SHILINVHVL D1TNVHAO
-AH ¥3HLO0 3LYINDIVD
‘GaNIWY3130 S1 H1d3a
TIVWHON Y314V 19 d3LS

N3N13y

Z + 'Sl = 109Y

(NINY « O)/(8
s {240 NBAN =2
HT3A + 'S = NIWY

SM/QVHAHK = 0913y
(OA + 9) LY0S
/3A = NONY S

AN /(QVHAH «

T3A v = NASY
© 42102

++ T3A) = HI3A

*

VAHVY/0 = 13A

8 + DA = VIHY
QA «'2+8)

/{8 « DA) = QVYAH

"Hid3a TVWHON OL 3983A
“NOD 1M DA 40 3INTVA
FHLIYDILIHOHIANS ‘(4) dI
IVOILIHIBNS S1 MO14 NIHL
(=) S1 4410 41 "IOMIANOD
«2s AZIHD 40 S3NTIVA

1000°0 > 4410

OML 3HL 3XYW Ol DA d40

NOI LDO38¥0D S3NIWYAL3a 1000 - DA =24

34410 4O NOIS 3HL § d34S

‘08D AZ3HD

OML 3HL N33ML38
FONIYW34410 LN3IDY3d
FLVINDIVD v d3US

‘Q31VINOVI ATSNOIA

-3¥d SY OZHO ONY DA 40
SANTIVA FHL ONISN NOILYNO3
3NOZ NOILISNVYL JLIHM
00883700 A8 O.. AZ3HD
M3N V JLVINDIVD (€ d31S

"HLd3Q N3AID
¥04d .2, AZ3HD
ALVINDIVD 2 931S

‘YAV3 MOTd N3AID
¥Od4 H1d230 AVIILIND
3LVYINDTIVD | 434S

22€E=9
‘'ONV ‘AX ‘SM ‘'@ 's ‘D
VLVQ NOISAA N3AID

3/0 = 4410
‘2/OZHD

+10ZHO) =3

JOZHO - ID0ZHD =Q

1000+ DA =04

*

(2) 01907V «
9°2€- = 1DZHD
iv+v=0

»

{8+« DA + 8°2Z1/(IIOA
«2h48) e SM) =1y

(0« 8°02)

/DA 2} +8) s
AM « DZHD) = ¥

*

(DA + 84 8)
/A« '2) 4+ 8))

1408 + ((OA

+ 8/0)=0ZHD

CE/ 7L} »s
244 8) 4 9)
/'2 44 ©)) = 2A

f

QAH
ANILNOYBNS

PLATE D-4

D-8



EM 1110-2-1601

1Jul 91

IANILNOYENS

AV HD0dd ¥431NJWNOD

JABND W1LNT
¥04 $3TONY
NOILJ37143G 9Nt

SLINSIW LNIAY

vdlds

LYMH0d

0000 + 00 OLNI
LEED 001/LLS = 1451
115 40 ¥38 {21 28Y 1§53 5 LLS
WON NOLLYLS 4553 = (¥) 3VAS
31040 $521= (0 v4sI
Canizn g
09« (4) DNIN - 009¢
+ () 300M - 09 -
) 3430 + (X) 223N
3AMND LNEd . 4
235 ONY NIW 930

DLNI I TONY NOIL
331430 ONY LYR
(001 + 12UY1) “¥04 0000 + 00 NI

97 - (4) J9aw -
) 243 = (N IR

®-
0 D430 = () J9an

0000+ 0031 °LYN 2= diouy FONYLSI0 QHOHD
404 HIGNNK MOIL e ﬂ
Y15 DLNI SHLONZ1 0 .uueu.uu:
VYIS LiX3 ONY he = douy (550) 3ABND 40 w-»
ONHILNG ILvaYd3S WU ¥y = S¥vl QN3 OL NOILYLS 430+ 930 - )
14001 NIAZ 151 | DGHOHD - £0 = (X) 2430
WO S LNINITI (HH) V15
JANND AYINDAD - 550 * (1) JGH0HD
09 + NN - *
- 438 < awcme L0dn0D LLLbE]
09.(003€ + d9aw JU—— I*
- 3300) = aNIR [
0095, 4308 = BOGN 0 - 019N - 009
[ - (1) 300m - 09 -
_ 112430 = () 3935M
2908 Y9290L - (" U)X o - aam
ALY | (113430 = (1) MM
2 Y 20m 1) Y1730 + o
9300L Lu3AN0D | b D30 | a5 ony N 930 #
QNY 35 1Y LISvaL OLNI 31 vHYd3s
HLIN'S1 0L 370NV ST1ONY NOILIA1430 [ g9:0) 2430 = () 20am
NOLLDI 43 XOvE LYNHOU 0000+ 00 01 - () VS
“LNINOD OLNI G34¥Hv43S - {1) ¥4S = (1) dvLs
SHIANNN NOILYLS 00L/(1) WAS = (1 wist
0oL - (r 7 | |
svisih- (r 2} o1+
H5V1S = (F D) 8¥18 SuaaniN NaILYLS (=0 ¥is = (1) vas
L¥I04 00100 ¢ 00 oou/r 2) | 530Ny (1)) 2430+
OLN: 03LY¥Y SYLS = (F 2 VLS| NOILI3 T334 9930 - (1Y 504042
435 JUY N 40 S~ (DN [ - €0 = 1) 2430
YIENMN NOILYLS - LS =rDsvs _wu.: sia ax_o..o 001 = (1) JQH0M
| |
115 MOYd NI —__ L
Q3XOY8 Tvaids o
Hllm 839
. AUNAIMILNI
s ¥04 5183037
s 41x3
Sty IAYND AYINDAD
° “310dAOD Q
1
1 L
(L) N = 0.
) N = X% (1) M - 009 -
(ool - W ooan-09 . (3)
LUSU - L1S = 3L1s 24307 (11 20350

I

L |

. . 09 + (1} 200N -
236 NY NN 930 !
OLNI QILVVd3S {02430 = () Swim
NOLLYLS 15313 OL .
e w430 * t390n
(001 « (1) vis)
LYRH04 0000 * 00 (0 VLS = (1) dvis
otngaivay | oudvis =0 vist
435 H3EMNK (1) 20%0H>
MNOILYLS LSHI4 + 22§ = (1hvis
NOLLYLS 18313
0L 390NV
w53t e
Lo naag | J0HORD-£0= .__ww%a
1589134 01 2% -
083 INVISIG 01 - (1130u0H

01/HLOTD = NN

19 00L/HLETD * NN

SNOLLYLS
Prinpe] o
- %01~ SHLOD
VI
(1 - HLFTN
%04 SNOILYLS N ;
40 ¥3amne WML - il
310dm00 »
(0ot - 3381
- 2% = 149%
EOLYAUND Q017335 - 335
B aoda | Mmwes & - 3030
WHO3 00°00 + 0 001 .+
01N} Q3LYHYEIS $5310 - §53 = 4553
JAHND ¥V IJED 00L.$53 = $51
40 51M10d ONIONI RL9TI + 335 = §63
QNY ONINNI938 40 (133 =205
SYFINAN NOILYLS
HLON3T 3A4ND w
IT0NY TYHLNDD 550 5/MIW
Y1130 = HISTD
SANINAT3 @) 1130
FAYND YDA + (1) 1vL130)
34NdM0D -oNY = JvL130

NVLSIO
LNIONYL
TIVAIAQ
vBIdS LIX3

3ONYISIA
ANIONYL TIVHIA0
YIS ONIYILNT

SHLONIT LNID
NYL ONILYTDTYD
¥0J SNOILYLNG
"3 w:"uw.&u»z_
930 “TINY
valds W10L

235 GRY “NIW

"930 0L 03L43ANOD

ANIONYL ANYRING
OL 3AILYI3Y 1NIDd
ON3 J¥Y ¥4 0L
379NY NOILD3 V430

INIONYL
A¥YMIEA 01 ¥YIN
“JIONIdY3d ONY
INOTY SILYNIGYO
03 AN T3NS
8 YN

KLDNIT QHOHI
uz“:u;uu
SNYIOYY 01
Q3LUIANOD 28
N 310NV NVIOIN
Y YN
‘3¥NLYANND

40 SnigvY

JHY YN 30
37ONY NYIO3N

|
MY 4N 303
3TONY WWHINDD

0000 +00

31 °LYm404
AIBNNN NOILYLS
OLNI 31¥¥¥435
H1ONIT 3AHND 40
ONINNIS38 0¥
T¥HGS 40 KLONIT

2YY YN

@ue SIS LIX3
(B562 £5-ONY) NIS GNY ONI¥3LNT ¥0d

G621 ONY) JuY vaids HOVI
500 - ()0 + Nima) - 405183313
{00+ Niwd)) ()L J1ndwod
OH _
(8562°25 ONY) NIS r
/UBGET 15 ONY)
1500 « ({0 « Miwg) - _
} (@0« Nmd = (1)L _
E-—my |
wsel £ ol
011730502~ 1) -
Nimd - (11 DA - (00 [
{9562 45 _
/00 1YL130) NIS - _
[ NIWg - 10X = (0K | |
* '009E/(1) YATIAN + T -+
(110N = () tva73a [
|-
———
H HIY3 40
HLONIT Y104
JHL ONY STVIS

09 - {r 1IN - 009 «
(£ onoam- v = (r)o3sw | HAOE 404 Tvalds

30 J¥Y 15414 40
09/(00% -
(rnoan-vi= (| 3TNV TVEINDD
009 - (r ‘1)9aN LN
1909 POT0L

< (LUYINVLY = ¥
(AT NA= | 9YY

f

(HLINIS « {r "1}
SO-CNA(E0R
T ARLISO - (1D
LN EXTa Y
* (272908192902 .
AL YLVIQNNE -
R E) ¥ 31 u3sniw
370MM LX3N DL
# a30NNOY ¥38
CWON SHAON3T
_ 1908 P90 VIS OML FHL
AC T NYAN30 = WL NI SQHOND L4
AN 2140 ¥3IN0N
1hd LI
\5.25“*“ = (e 34ndm0D
AT Y1130 -
) YLTION - 2
k (1IN = (¢ "1 NV
i ¥LI30N - €146 "IN
- 2=i00 Y3
SHLONI}
TvHids LIX3 ONY
- OMIYILN3 204
(€ nsvis) NOLLYOOT NOISSY
SYAS = (f N dsvas
01/(r ")
VLS = {f 1 SYAS)
e
SST= A0 SYLS
LU= ON=ICON

B0 OLEBLST
- ) ¥1I30N

) WAN
WONY - NN
S/ JMY = () wam
S0 {1 DaY - moNY

1= NN
17124Y = 2) Juv
708 = (1) 8y

YIS
3NILhOY¥ENS

)

PLATE D-5

D-9



EM 1110-2-1601
1Jul 91

EXAMPLE PROBLEM:

GIVEN: Q = 15,000 CFS $=0.01 FT/FT B=50.0FT
KS = 0.02 FT WATER TEMP =60°F
ANG = 45°

FIND: SHORTEST CURVE FOR GIVEN CONDITIONS AND PROVIDE
FREE DRAINAGE.

READ DESIGN DATA - 0,S,B,KS,TEMP,ANG
INPUT :00258@
215000 5«01 550 ¢ «BG2260+ 545

READ THE DESIGN RADIUS OF CURVATURE. THE MINIMUM RECOMMENDED
PADIUS = 1049.44FT+ IF MINIMUM RADIUS IS DESIRED, ASSIGN A VALUE
OF 3.0 TO THIS VARIABELE.

INPUT :20320

203

READ DESIGN ENTERING SPIRAL LENGTH. THE MINIMUM RECOMMENDED

SPIRAL LENGTH = 2@ 4GFT. IF MINIMUM LENGTH DESIRED, ASSIGN A VALUE
OF @+0 TO THIS VARIABLE.

INPUT :00410

209

PEAD DESIGN EXIT SPIRAL LENGTH. THE MINIMUM RECOMMENDED

SPIRAL LENGTH = 33.4¢9FT. IF MINIMUM LENGTH DESIREDs ASSICGN A VALUE
OF @.0 TO THIS VARIABLE.

INPUT::00460

200

1S FREE DRAINAGE DESIRED? TYPE YES OR NO
INPUT :00@55¢
2YES

MUST INCREASE EXIT SPIRAL LENGTH TO 1@2.34FT- TO PROVIDE FREE DRAINAGE.
APE EOQUAL SPIRAL LENGTHS DESIRED? TYPE YES OR NOt

INPUT 100663
?NO

PROGRAM INPUT
EXAMPLE

PLATE D-6
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