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FOREWORD 

This report supplements the plans and specifi-

cations for the pumps, motors, and pumping stations of 

North Little Rock, Arkansas, and is prepared for the 

purpose of facilitating the examination and review by 

higher authority. 
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WAR DEPARTMENT 
U.S. ENGINEER OFFICE 
LITTLE ROCK, ARKANSAS 

ANALYSIS OF DESIGN 

PUMPING STATIONS - NORTH LITTLE ROCK, ARKANSAS 

1. Authority. - The North Little Rock Pumping-Stations were 

authorized for construction by the War Department.Civil Appropria-

tion Act, 1941, approved June 24, 1940. 

2. Purpose. - The levee and floodwall constructed under previous 

authority provide adequate flood protection to the city but make nec-

essary some means of disposing of drainage and sanitary sewage.when 

the normal outlets are blocked by Arkansas River floodwaters. An 

existing pumping station known as the Baring Cross Station serves 

the western two-thirds of the area. The propose'd _pumping stations 

will serve the remaining part of the area, which includes the busi-

ness section of North Little Rock, and thus 1ivill render the flood 

protection works fully effective. 

3. Scope.·.- This_ analysis is supplementary to the Basis of De-

sign which forms a part of the Definite Project Report. Refer~nce is 

made thereto for a general description of the area concerned, includ-

ing the ex:i.sting Baring Cross Pumping Station, and a discussion of the 

hydrology upon which the design of the project is based. This report 

summarizes the findings of the Basis of Design and discusses data 

with regard to the pumps as adopted and the structural design and 

principal features of the proposed pumping stations. It has been 



prepared for submission to facilitate the.review of the construc-

tion plans and specifications for the North Little Rock Pur:1ping 

Stations by hie;her authority. ·· 

4. Summary of Findfogs Developed in Basis of Dosi::,;n. 

a. Stations Raquired. - The studies outlined in the Ba.sis 
. 

of Design dov~lqped the need for thr0e pumping; stations ..to- be 
, 

locD.ted 

near the floodwa.11 and levee: a Ms.in Street Station to dispose of 
. . 

the storm water run-o:'f from an aroa of 150 acres including the m'.lin 

business section of North Little Rock; a Hickory Stre·o=t-·station to 

dis:Qose of the storm ""ater run-off from n. residential a:1d partly 

undeveloped ~rea of 220 Qcros; and a Cedar Street Station to dis-

pose of the sanitary sewage fron an :ostir1<:i.tod population of about 

5,000. The stations will be loco.t0d as shmm on Plc.to I, page 25. 

b. 1.Ia.ximrun Flo1:! Rat_~• - The probe,ble 1;1aximt1.t11 flovr r:-i.t8s, 

based on c. 20-year frequency as determined by correlating run-off 

with river stages requiring pumping, were found to be as follovrs: 

at the Hain Street Station, 73,00C) gallons per minute; at the 

' .. Hick~ry Street. Station, 66,000_ g.a11ons per minute; anci ..at the 

Cedar Street Station, 566 gallons per minute. 

c •. Punp Capacities. - At the r-~in Street Stati, 1, pur::p 

. ca~aci ty equal to the r:1aximu:r1 flow rate, or 73,000 gdlons per 

minute, was considered desirable. At the Hickory Street Station, 

tho study disclosed that present sewer capacity ws.s about 16,00Q 

gallons :per n;inute; that there was little prospect of extonsivs 

future stor'!"'l w~ter sewer i:::iprovements; and that a considorc..blo 
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volume of storage was available. It .was concluded_ that 'ii- p:r,eseint 

pump capacity of 20,000 gallons_per minute wou1d be satisfactory 

but that provision should be ma.de at t?-e pumping station for a fu-

ture incre1;se in ca.pa.city. At the Cedar Street Sta.ti on, the con... 

· clusion was reached that a. capacity of 750 gallons per minute should 

be provi~ed togeth~r with a.stand-by unit of like ca.pa.city and pro... 
i 

vision f~r a future i~crea.s~ in capacity. 

5. Approved Project. - The Definite Project was approved by the 

Office, C~ief._ of Engineers, subject to the following conditions: 

. "a. Th~ capacity of the Hick<;>ry Street Station should .be in-

creased to provide for the initial installation of two 15,000 g.p.m. 

pumps, ·with provision for an additional 15,000 g.p·.m. pump ·i·f··f1:1-t-1.;1re 

c·onditions indicate that such action is necessary. * ·* * 

"b. Provision should be mn.de to keep the sanitary sewage 

out of ~he b~dldings. * * * Other changes in the lay-out of the pump-

ing stations, * * * should be me.de. · These are briefly as follows:* * * 
" ( 1) Alter the intake to the ],fain Street Station so 

that the normal flow will reach the small pump without passing through 

the main pumping pit. 

11 (2) Provide a. bypo.ss in the Mo.in Stroet.Station so 

that the storm water pumps will not have to start and stop too ·fre-

quently. 

"(3) Use full voltage starters for the mot.ors if this 

is not objectionable to the Power Company," 
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Present plans conforr1 to these require;:ients except that: 

(1) In conference, it vras pointed out that no sani-· 

tary sewage reaches the I~ain Street Station and it vms agreed full 

cor.;'Jliance -rrith require:nent ~(l) would not be necessary, 

(2) Requirement ~(3) was discussed vrith officials of 

the city of 1JortI1 Little Rock, who made strenuous objection to such 

procedure. The municipo.11-y owned power company now restricts such 

commercial installations an·d objects to the use of. fu.11 voltage 

starters on r.1otors of more than 50 hp, -As this appaars in Hne 1vith 

general co:m.11er·cial practice, plans are made in conformii,y therewith. 

• }n ·sumr.1ary, the approved project provides for the follo1:ring equipment: 

. Nunber Rated Total--Station Type _________________..;..,.__________;:..__....;;..,_____Capacityof ?u~ps Capacity .. 
I,-ain Street 

Hickory Street 
Cedar Street 

1 
2 
2 
2 
2 

(1) 
(1) 

Volute 
Propeller 
Propoller 
Pro;;ieller 
Volute 

3,000 
10,000 
25,000 
15,000 

750 

73,000 
30,000 

750 (2), 

(1) Provision is made for the future installation of an 
additional unit. 

(2) One unit of pre:sent installation to be used for stand-
by service. 

6, Functioning of Stations. 

a. General. - The lfain and Hickory Street Stations vi.11 

receive stom. ·water run-off; the Cedar Street Station, on:y sani-

ta~y sevmge. 

b. ~Iain Street St&tion. - The nornal gravity flow now 

pG..sS8S t 11rour,h a 5-foot diameter opening in the flooc1wall at the 

foot of Lain Streat vrhere a slide gate is provided to prevent 



backflow. The pumping statj on lay-out will provide a separate bJ-

pass through tho fJoodwall into a suction ·11\Tell from which the purnps 

will' discharge back into a chamber which connects to a h-foot by 

7-foot conduit leading into the gravity outlet at the existing g_ate 

well on the riverside of the wall. A slide gate will be provided :Ln 

the bypass inlet to the suction well just landward of the floodwall to 

prevent gravity flow .from entering the sump. In operating the station, 

the gravity outlet will first be closed, the gate in the bypass inlet 

opened, the switchboard energ.ized, and pumping started under :r:tanual 

· control. Thereafter, provision is made for automatic operation. A 

24-inch pipe, controlled by a hand-operated gate valve designed for 

low· heads, :will connect the suction well 1,vi'Lh the outlet cond11it •. · 

This bypass. ean be operated to .return flow to the sump so as to obvi-

ate freqw·~nt starting and s·topping of.' the pumps or, at river stages. 

exceodini; elevation 2)J7, to ad111it water to the sump be.fore opening the 

inlet slide gate a1,.d thereby equalize the stage on opposite sides· 

of tho gate. A low weir in the outlet conduit wi 11 be provided in 

order to cause tho 24-inch bypass to run full 1.md0r low-·water pump-

ing conditions. Lay-out and sections are shown on Plate II, page 26. 

c. Hickory Street Statio_:2,. - Gravity flow now p.~rsses through 

the levee in a reinforced concrete culvert vrith .a gate at .the river 

end. The station will be located adjacent to the culvert on the land-

side with the S'4ction well at the same leveJ o..s the culvert inlet 

( elevation 236). When the gravity outlet is closed, flow 'Nill bo 

ponded above, and at sto.go 239 (elevation of inlet weir) will have 
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free access to the suction well. T'.1e estir,1ated minirr,ur., pump d!'aYr-

dewn le•.rel is elevation 21.µ, at vrhi.cr. sta,:;e the 1--eadine; up due to 

the inlet weir is estimated as less tha.u 1/2 inch. Th0 plli'.'ps "l':i.11 

ciischorge through pipes over the top of the levee. As at the ·.:ain 

Street Station, pumps ·.vill be startsc:1 under manual control, !ff.d 

tl1f.ree.fter operation wlll continue autor;atica.lly until pm,cr is 

ags.in cut off fror:~ the switchboard, Lc.y-out and a section arc 

shovm on Pl ate I II, po.r.;0 27. 

d. Ced9.r Str,1et Station. •· This station vri J1 he locr,t::;d 

landvmrd of the existir.g gravity outlc'c through tho flood0:·&l 1 so 

as to provide a distsnce of 2)4. feet 1nb'.·een the v,all and the build-

inc;. The lsy-out providos for cl:.rsc·:.in.g: the fl-:wr by :cl..s.ns of t1-ro 

e;~to valves, one in the gravity outlot and one in th0 inlet to a 

dcpressod sucJ.:ion ·.•cr:;:1. Punps yriU tc SGt in 8. dry p:a arid viJ.l 

dischrrgo be.ck into tho gr:-.vity lfr,c b::;::.o-.7 tho sr,.t3 v-:::.lvt, and lari.d-

w:::i.rd of the flooc:.:c,11. In st:.:.rting n;_J.;ro.ti.o;:-1, the., ~rc.vity outlc,t 

vrl 11 first bo clos0d, th0n flo;r; Hill bo s.ci::itt0d to tl,•..:, s~·ct.i_o:'l vrcll, 

auton~ticc.lly. Ln.y-out o.nc'c se,ctj_cns arc sho·i-m on Pb.t., IV, ;1s.go 28, 

7, _Type. of Pumping; Equi~!:,ont, 

a, Ckn::r8.l, - Tnc stor?'1 ·.-,;.1.tcr pi.a:-.ps must h::-_vv largG 

c··.p':l.city, 1:till be used. infroqncnLly, ::..no. ordj_ns,d.ly 1sllJ. op0ro.to 

unriE:r hu~ds of 10 fcc,t to 15 feet ,·,ith rt possible. mr,xir.un hor.d of 

c-:r,ouL 20 f.:d,. Vcrtic:•.1 , 9ropclJcr typc.. punps c-.re ps..rticul'lrly 

to ::-uc:b. ~crvic o in th::i. t the:; ::i.rc 
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develop good efficiency, and require a minimum of space, particu-

larly when driven by vertical motors, Accordingly, the large pumps 

will be of the vertical, propeller type. In addition to the storm 

water pumps, there is a need for one trash pump and two sanitary sew-

age pUJ'll.ps. • In this case, the choice was determined by the ability of 

the pumps to pass comparatively large solids and be relatively free 

from stoppage due to clogging of the impeller or pump passages. Non-

clogg;ing trash and sewage pumps of the volute type are outstanding in 

such service and have been adopted. All pumps will be powered by 

electric induction motors. The study outlined in the Basis of Design 

indicated this source of power to be economical, reliable, and con~. 

venient, especially since the city of North Little Rock operates its 

own electric distribution system. 

b. Propeller Pumps. 

(1) Setting. - General data from pump manufacturers indi-

cate that these pumps should be set so as to draw water from a sump 

area 2-1/2 to 3 times the pump diameter a..11.d that the suction bell 

should be about one diameter above the pump floor. In g0neral, the 

·data indicate that best performance will be secured by a pump setting 

vmi ch tends to prevent prerotation· of the water and a consequent -tend-

ency to vortex formation with attendant noise and vibration. Tests 

ma.de.for the u.· s. Engineer Office, Memphis, Tennessee, in connection 

with the design of the Hon.connah pumps, indicated that a width of suc-

tion bay equal to about 2-1/2 times the pump diameter gave excellent 

results, and that the suction bell could be set at a. m:i.:q.imu:qi. distance 
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of O. G of the pur.i.p diameter above tr.o s1.,u:rr- floor and stl 11 secnre 

good ::icrforr.drce. · These indicated. settings o.ppear to agree reason-

ably well 1.ith the practice of the :3ureau of ·Reclamation. A rec,mt 

design of this bureau provides ·about this individual sum;, width, to-

f:l'thor v'i. th a shaping of the back 1•,all of the sump, in som.:.l,·rhat the 

sa·:1e mrnrner as a turbi:ce scroll cro-.sc; th2..t is, tho back vrall is ::in.de 

up of two co:1cave curves which meet in a lino contacting tho ed'.;e 

of the suction bell. Such construcU 0r,. should prevent prerotation 

of the inconing; fl m.r and guide it di rJctl? into the suction intake. 

In General, there appears to b0 an &dv'.1ntago in setting these pum;,s 

in irdividual su:.:.p ccir.i.Dartments rather than c..ollcctivol:r i:1 ono 

large Y)it ,,Jithout division ,·mlls. Tl:1:J bc1ividunl soctinr,s '"lake 

r:.orc curtain that e;ach punp vrill O":)crr::.-Lc ·Lo capnci ty ,ti thout un-

due influence from adj,::.c0nt puc;_:is. Sc1bscqtwnt to tho dcsi:'A mod3l 

test rf:sults lw.vc beco:;,e availa:Jle relative to tho s3tti.ng of ;:1ro•• 

peLer pu;:,ps. These data a~11x.ar in Technical 1.lcrr.oranc.U':l ?1o. Vi, of 

the lrni,:ersi ty of Califor:.'ia, Colloge of .Ens;ineerinr:, an.d are· in 

.:e:>1.eral a;:·.r0er:1e:'1.t •.rith the pri"lciriles discussed herein. 

(2) Speed. - The pu:.:p s_'.)eod ·wh:i.ch vrill prove satisfac-

-Lor;r under sorvi ce conditi ons is depon0.ont upon tho head, cr,riaci ty, 

and suctio:rt svbr::orgenco. The rclatio'1 betwo,m head, ca:1acity, and 

s;:.3ed is expressed by the s:r,icci.fic spu0d forr.mJ.a which is as folloFs~ 

~T _Vf:P.r.:: x r.?.m• 
1 's - - :a 314--

1:11.cn. iYlc'.ico.tcs sp0ci.ric sc>c.:80.; 
P:~P•''" is ,:ischELr·ge in ~allo':s ;:e:,r :.~inutc; 
r.p.~. is spo0d in revolutions per ~inut0; 
!I is the total dyn<.1r:Li.c hco.d in :t'el.. t. 
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Specific speed applies to the point or zone of maximum pump efficiency 

and not to the entire range of operation. It indicates the speed in 

-r.p.m. at which a geometrically similar impeller must run if of such 

size as to discharge one gallon per minute against a head of one foot. 

It has been found that for a given head and capacity, a pump of low 

speed and consequently low specific speed will operate safely with less 

submergence than one of higher speed. The Hydraulic-Institute has 

recommended and published upper limits of specific speed for centrifu-

gal, mixed flow, and propeller type pumps in the form of a chart. 

Recent practice with respect to specific speed r_eq~irements for pro-

peller pumps is, indicated below: 

SPECIFIC SPEED OF PROPELLER PillvJ.PS INDICATED BY RECENT DATA 

Pump characteri stic~s : 
:Ref.:Ca.pacity:Approx.:c .. :Agency and project Source of data1No.: 1,000: head :upecific: 

feet speed,,.,,.---=-=---:-------,--------.:12.•m...__________________ _
U. s. Engineer Depart-

ment: 
Coredo-Kenova 1 5 -18.5: 20-l+O 13,000 :Spec. 516-39-e297 
_Huntington 

Nonconnah and Cypress 
Creek : 

2 

3 

: 17 -25 .. 
225 

13-36 

25 

11,000 

10,000 

: dated May 1939 
:Spec. 516~41-41 
: dated Sept • 1940 
:Report of tests 

July 1940 
U, S, Bureau of Recla.ma-: 
tion: 
Tule Lake - Kla.'118.th 

Project 
Contra Costa Plants 

. 1 to 4 
Buford-Trenton 

t 
4. 
5 
6 
7 

:3.6 -1.2:10-13.5: 

16 -32 :23-33 
15 -30 : 50.5 

36 :21-31 

11,000 

8,000 
6,000 
8,100 

. 
:Spec. 11142-D, dated 
: Oct. 1940 
:Spec. 758, dated 
: Feb. 1938 
:Spec. lW.!7-D, da.ted 
: Nov. 1940· 

Note: Pumps included under reference numbers 5, 6, and 7, will 
operate a much greater proportion of the time than 
others listed. 
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Spoc:i.fications :-,rovide that the 1-rorth Lit-::Ll Rock propeller purri.ps 

have a sp~cific spacd not exceeding l],000. 

c. Volute Pumps. - The volute pur.:ps required arc of sr,all 

·capf\city c..:.1d present no unusual features. Specificat5.ons require 

that the scwac-e pumps pass a 4-inch sphere and the trash pu..:p ;)::l.SS 

a 5-inc:1 sphe1·e, the iuteiition l:eL,g: to secure 6-inch and 8-inch 

purT.;_Js, respectively. Specific speed for these pu.'!1.ps has been 

limited to 4,000. 

B. ~qui_pr.1e11t Incide11tal to Operation, 

a. Controls. - Autor.;.atic, ;-;11..,l tipl e- sv,itch, float controls 

will be provided at all stations so as to ~alntain tho -level of 

water in the several suct.i.on v,e1ls at safe e1evatior,.s and provide 

for varyinc rates of fJovr. Oi:e float r:ill control all t;1e purr,ps 

in any statio:n. ( su.m,;_-:i pur,p at Cechr Sti~~et excepted) by energizing 

successive circuits through tilt:i.nt~ r-:.ercury s-v1i.tches causine; 

vnrious pur:ip com.':Jinatimis to l;ecor.10 on,.rative. Only c..t the Lain 

Streut Sta':ion, w}~e:·e it will b:; n•:cessary to control five pur.1ps, 

vri.11 tho s:rster. be vmll devc:,Jopcd. The tvpe of control "'.lrovidod 

will bo s~1ch. as to p6r:rtit re'.'l.d.y adjust1..E:nt of the stage sett.inc at 

,,hich urits functio!1. 

b. Gates anci V'.1.lves. 

A 5-foot by :5-foot squ'.J.re 

sl idc '.'.;C,t J Y,i 11 b c pl' ovid0 d c,t the ir let b&hind the trc.sh ro.d:s to 

m·c.vc.e-! th'-' ·norn.11 [T8.vity flovr fro": i'C~... ching ·the ·stitiovi :st·,,,p. ·A· 

lir:r,; cc1.t0, ci .... signc::d for a her.d of 75 f0et, is specified. The gate 

-10-

https://squ'.J.re
https://l;ecor.10
https://tilt:i.nt
https://suct.i.on
https://pu.'!1.ps
https://purri.ps


·will be ha.nd operated and geared so that one man can open it against. 

a head o.f 10 feet. The bypass at the station insures that it will 

not be..necessary to operate the gate und0r a greater head~ At t~1is. 

station all pump discharge lines will be closed against backflow b:f. 

flap gates of rugged design. This type of gate wil1 permit automatic 

opera.ti on. and ha.s given satisfactory service under like operating 

conditions. No other provision ~gain.st backflow is considered neces-

sary. 

(2) Hickory Street Station. - No slide gates, flap gates, 

or gate valves will be employed in the construction of this station. 

An existing slide gate will protect against- backflow. Automatic 

siphon break valves will be used in the discharge lines over the 

levee to prevent bo.ckflow due to siphon action when pumping stops, 

(3) Cedar Stn::.et Station. - The design provides two 

21.i--inch gate valves ( see subparagraph. 6d) ,designed for a 3O-foot head. 

Smaller gate valves will be used in the suction and discharge lines 

of ea.ch pump to provide for dismantling under flood concli. tions. Check 

valves in each individual discharge line will permit automatic pump 

operation and prevent. backflow, 

c. Cranes. - For the installation and ready servicing of 

pumps, hand-operated cranes Vli.11 be provided at the Main Street and 

the Hickory Street Stations of 5-ton and 4-ton capacity, respe9tively. 

At the Main Street Station a distance of 12 feet -will be providEld be-

tween the motor floor and the lifting hook in raised position. At 

the Hickory Street Station this distance will be 11 feet 6 inches. 
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- Pur,;p columrn and shafts wi 11 he nade ln such lengths as to per1nit 

instfl.llo.tion and removal vir.i. th this avail able head roo.~.. The 

travel of the cranes will be sufficient to service the sto.ti on 

sur1ps. 

9, Y~in Street Station, 

a. Equipi:.ent. - A pump capacity of 73,000 g,p.m., Oi' 

about 160 c. f. s., is to be provided. The lo•.v flow is only ab cut 

1,000 g.p,,:i.., or slightly more than?. c,f.s., and since relatively 

little storn[;O is available, the variations in flow must be ab-

sorbed by the stati. on equipment. T,ro 8eans tovmrd this 0nc. arc 

providect: a. comparatively large mnnber of uni. ts so as to provide 

flexibility in operation and n. gated byvass b0tw0en suction sumj_) 

and discharge outlet rnch that L1f'low nry be r.1ade to apr:,roxir..ate 

outflow, a....,d frequent starU.nro n.ild stopr:i.•1;;; of tho pun•_Js thus 

prevtJnted. U,1i ts se1ecb;d includ<> one volute type ::;ump pump of 

3,000 g,y,,,:::i, capacity, two propeller pumps of lJ,000 g,;:',ID, 

co..p~city, o..nd. tv:-o propoll-Jr :pur.:ps of 25,000 g.p.m. cap:i.city, 

b. 0pern.tion. - Fvidently &11 o:' tho pu:r.i::is sha,1ld r:ct 

be sturtud a..t the sane tim0, for in such case the suction sump 

prcbfl.bJy would be emptied before norr,al inf'lol.'l could b8 e::sta½-

lished, Tho autoY:10..t:i c operc..ti on desired requir0s thGt each ptinp 

be a.ssi {)ri-ncd a rml'"C0 in 1.v-hi ch it v,i 11 op·ern.tu such that acidi tional 

units comu into operation at succcss1vely higher sto.r:us, The s1lmp 

clovu.tio:n :-:iust then bo such as to provid6 G.doquate subr.1eri_'.;oncEJ 

for the pwnps first in service. This corsiderntion led to fixin~ 
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the sump level at elevation 231+ at this station. A .pit will be pro-

vided in tho sump floor to make possiple the unwatering of the sump 

chamber.. The floodgB;te in tp.e .gN.tvi ty out1et probaply yd 11 be closod 

when the river stage reaches el;eva.tion 21.i.5 e.nd run-off thereafter 

pumped until the river a.gain recedes. However, the design permits 

closing the outlet at a ·1ower stage and maintaining a· suction level 

limited only by the capacity ar:d draw-down of the pumps. , The opEJra.-

tion assumed in the desf gn is indicated in the following to.bu.la-

t ion: 

ASSUMED PUMP OPERATION 

Pu."'llp No. 1 2 3 4 5 

Capacity, g.p.m. 3,000 10,000 10,000 25,000 25,000 

Starting Stage · . 237 21.1-l 243 245 247 

Cut-off Stage 233 239 2hO 21,12 2Li.3 

111·· '"r,,lnJ.mum Submergence, :ft. 1 63 4 5 

c. Design Corc_ditions. - The grade of the flood protection 

works is such as to provide a. 3-foot freeboa.rd a.bov;3 the 1.927 fl9od 

and the design of the floodwa.11 considers water at· its to-p. The maxi-

mum river stage considered in pump opera.ti on is one foo:t below top of 
. . . 

wall, or about elevation 259, a.rid the stage at which the pumps are de-

signed to give rated ca.pa.city is 253, or slightly above t_he midpoint 

in the range of expected_ ·operation .(245-259). Assumed design condi-

tions are set out in further det..a.il in the following tabulation: 
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DESIGN C0irnITIONS - ::.IA.IN STRr.,.;ET STATION 

: lvlaximma 8perat-
Item : ing Condition 

:!='uc:',p No. : 1 : 2 & 3 : l+ & 5 : 1 :2 & 3:L. ~: 5· 
Capacity, f:,p.m. :3,000:10,000:25,000:(1) :(1) :(1) 

c.f.s, 6,67: 22.2 55,6 
Assu,,ed discharge diameter, 

ir.che s 10 20 36 . :. 
River sl.;a~e, elevation 253 253 253 :259 :259 :259 
Suction lcv cl 233 239 242 :233 :239 •2LJ2 
Static he~d, feet 20 1!.1- 11 :26 :20 :17 
Estimated losses be:vond. pump,: 
feet . 3 0.3 0.2 :2 :0.3 ;0.2 

.Cquival cr:,.t scatlc head on pump, • 
foet - · 23 l).+, 3 11.2 =2s :20.3:17,2 

( 1) As surned a.s about 90% of r£1.ted. capacity. 

10, Hickory Street Statjon. 

a. Equipr::ont, - Tvro propeller pumns of 15,000 6 .p.m. ca-

pacity each will he installed initially with provision f::ir the fu... 

ture instalb.tion of a third unit. Th3 rulativoly large volume of 

storage available at the site wi 1.1 '.:.bsorb variations in flm'l end 

makes a bypsss within the station, such as is supplied at the 

Ille.in Street Sto.tion, unnecossc.ry, t:.bout 150 feet of discharge 

pipinr; wi 11 be required at this ctation to carry pm:i.page over the 

levee and discharc;e it safely. Embedded pipe sect:i.ons '::ill bo 

Class B cast iron; the remaining sections wi 11 be 3/13-inch ·,:-Tel decl 

pipe r.:adc of corrosi un-resistins stGel. Pipes ~-{ill be S'.l]Jportod 

at approxime.tely 18-foot centers on co·,.1crcte pedestals. At the 

outlet end a depressE::d concrete apron will bo provided to still 

the dischaq;e and pr0vont orosion of the sandy Garth material. 

T'ri.e apron headwall will in.corpor~te a lftr ge '.Jlock of concrete 

to whic11 the pipes vvill be secur0ly anchored so as to transfer 

t11e dyw,Jnic roactions incident to operati.on, 0utlat piping ,ras 

d. si ::;r,ed to disc'mrge ::i.t lee.st 5 foc.,t bolo'.', flood stn.gu in the 

ri·ver. 
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. 

b. Operation. - The expectation is that t~e gravity outlet 

will be closed a.t about the same time as that at Main Street but the 

design permits some latitude in action. The suction level which can 

be maintained will depend upon. the capacity and limit. of draw- down of 

the pumps. The sump level was fixed by the elevation of the culvert 

inlet at 236 and the limit of' feasible draw-down was considered as 

about 2/..il. It is assumed that one pump will come into operation at a 

suction level of 21+3 and the other at a suction level of 245. Pumps 

would cut off at an elevation not lower than 2L1.l. 

c. Design Conditions. - The grade of the levee is at about 

elevation 259 and' the c:enter of the discharge. line·· will reach an eleva-

tion 'of :a.bout 261. The maximum river stage considt1red in pump opera-

tion is 258 and the stage for rated flow delivery is taken as 252. 

These conditions are comparable to those assumed at the Tuia.in Street 

Station. The design conditions are s0t out in further detail below: 

DESIGN CONDITIONS - HICKORY STREET STATION 

: Rated : Starting : M!lximum Op.erat-Item : Conditi.Ori: Cohditi'on·: ine: ··c():i:ia:ttio:n .• . . .·.L- . . . . .Pump capaoi...,y, g.p •.m•. 15,000 (1') .. . -, (1) . : .c.f.s. 33.3 •..Assumed discharge diamet~r~--
inches 21+ 

l1.lver stage or control elevation= 261 (2)n• 
2~2 2GBSuction level 2 1 243 2 1 

Static head, feet 11 18 17 
Estimated losses beyond pump, 
feet (3) 2 . 2 2 

Equivalent static head 011 pump, . ..feot 13 20. 19.. . : 
(1) Assumed as 80~~ to 90% of rated capacity. 
(2) Assumed high point on center of discharge. 
(3) Based on 135 feet of 2h-inch pipe with flared discharge. 

(Flare omitted in final design.) 
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11, Cedar Street Stati on, 

n, Equip~ent. - The Cedar Street Station will dispo3e 

of only sanitary sewage, Pu.111ps wi 11 be of the nonclog sev:age vo--

lute type and will be placed in a dry pit with suction smap so 

located as to exclude sewage and gases from the building and pump 

pit. To care for the maximum. anticipated flow of 566 r;. p.m. and 

to provide reserve capacit:r, a service unit of 750 g.p.m, cs:tpacity 

and n. like stn.nd-by unit is provided, Provision is also made ut 

the stati 011. for the future insb.llation of an additional tmit. 

A s::nall sump pump ·Ni 11 care for seepage and leakage. 

b, Operation. - The top of the 2L:-inch inJ.et (fixod by 

present sewer grade) will be about ch:va. tj on 235 and :H, i::; prob-

able that the gravity outlet Y'ill be cJ.oscd somotir.-,o aft0r the 

l'iver stagG rr:ac 1-ies this olevati.on. T11e s11.ction sump is set at 

elevuti on 231 so 8 s to provide a lirfrted volume of storae;e a:nd to 

per-nit sufficient dro.w-do1.s.n vri thin tho sump to establish frou 

outfJ. ow in the main sewer above o.nd thus prevent derosi tion. 

Pumpin~;. once sb,.rtods wi 11 contir:ue under auto!llatic control. 

It is assumed that the starting dovat i.on wi 11 be set at 237 and 

tho cut- off o.bo:ut elevation 230. 5. 

c. Des~e;n Conditio.1s, - The rivf;r stag;c;s assur:wd in 

purp o:)eration :are 258,:j as a maximum &nd 252.5 whon tho pur..ps !:..re 

d8livering their rated capuci.ty. These- :-i.re co':1.pc,ruble to t}1e con-

ditions considcrud ~t the otlier stations. The d0sign conC.:.itions 

are set out in furthGr detn.iJ. in tho following tabulatio:1: 
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Rated : ··· Maximum OperatingDescription 
Condition Condition 

Pump capacity, g.p.m. ( l) 
c.f.s. 

Assumed discharge diameter, 
inches 6 

River stage 252,5 258,5 
Suction level _230.5 230.5 
Static h~ia~·foet 22 21:l 
Estimatc;d losses exclusive of pump 5 Li 
Equivalent static head on pump 27 32 
--------------------------"'~---•

( 1) Assumed as 90% of rated capacity. 

12. Soil Investigations, - The field explorations made in prepa-

ration for the design of the stations consistod of auger borings with 

visual field classifications at each of the throe sites. Locrc,tions 

of holes and logs of materials eneountorod are shown on Plates II, 
. , ..-.. .---

III, and IV, pages 26, 27, ~u1d 28, respectively, In general, all 

material_s may be conddorcd cohesi.onlcss, No laboratory tests wore 

made to determine physict.,l properties of the mal/,,rin.ls. Accordingly, 

unit weie;hts and pressures were estimated. Values us8d in the design 

are sot out in subparagraph 13.?:_(l). As a result of the investigritions, 

the conclusion was reached that the foundations i.vi 11 scd'oly support 

any load _likely to be imposed by the design. The mo.xi.mum foundn.tion 

prossure at each station wo.s estimated to btl as follows: 

Maximum Foundation Pressure 
Station Lbs, per Sq, Ft. -----~-------~·-

Main Street 2,100 

Hickory Street 2,000 

Cedar Street 1,900 
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13. Structurn.l D8sign Critorj_EJ.. 

8 • As sumG d Loadin o;s. 

(1) Unit Yfoights end Horizontal ~ros=._E::s. - Tho 

follovdnr; unit vreights o.nd horizontr.l prussures for rno.t0rial ·.·,-ere 

assumed in tho do sign of the structure: 

Weight Horizontal Pressure 
Lbs. pvr Cu, Ft, Lbs, pur Sq. Ft. 

'.''ater 62.5 

lfoist Eo.rth 124 l-i.l. 5 

Si:tturated Barth 121-1- 83 

Concrete 150 

SteeJ h90 

~ind Load 30 

(2) Hyd:rosh1.tic Up]:_2-i't. - 'fhe uplift p.C'essure v.T1.s 

assum.ed to be 100 p0rcent of tho hydrosto.ti c pressure npplit:d over 

the busc of tho pump houses. 11::Jva+.i 0~1s considered ai·o indicc.tod 

belo1 ·r: 
Fc..i.n I'.icJ.rory 

Street Str0et 
CcM,r 

Street -··----
Outside Hyc1rostatic 260 250 2:;2 

Sump Level 231( 238* 230 

*Approxins.tc olevati0n of ::i1.rm;::i suction bell. 

(3) Roof. - The roof sl:...b crnd beams WE::ro desie;nod 

for cload load plus 9. live load of 40 pounds pc:r sguu.rc foot. 

(h) Ector FJ 00 1.·s. - Tho r:otor floors 1:rero uesic1vd 

to cr,IT'.r tho w0ight of all pur.1ps sus:,ended fror:1 tho floor pl:1to r.:,s 

v,,.l11 ts a surrounding uniforn live J.oad of 250 pounds ~;or squnro 
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foot, or a concentrated live load due to the heaviest single part of 

one pump. To the machinery loads (pumps and motors), an impact fac-

tor of 50 percent ha_s been added.. The weights of pumps and motors 

used in the design are as follows: 

Capacity of Unit Approximate Weight, 
g. p .m. Lbs. 

25,000 18,000 

15,000 9,000 

10,000 7,000 

3,000 3,800 

750 1,800 

Estimated weights accornpanyin€; contract bids indi.cate that the above-

assumed weights are sufficiently close for design purposes. 

(5) Columns and Crane Runway. - The columns were de-

signed to carry the full loads from the roof; dead load, live load, 

and impact effect from the traveling crane; and bending due to the 

eccentric loads. In the design a hi.nged condition at the base was 

assumed. Crane runways vrere desip;ned to carry the rated crane load, 

plus a vertical impact of 25 percent. At the Cedar Street Station an 

overhead beam designed for a eoncentrated live load of 1,000 pounds will 

be provided to support tackle required in insta1lation or removal of pumps. 

(6) T::ansformo:r Platforn;!• - The design loads included 

the estimated weight of transformers, plus a live load of 250 pounds 

per square foot. 

(7) Stainvay at Main Street Station. - A live load of 

100 povnds per square foot was used. 
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(8) Trash R~cks. - Tho v~rtic9.l trash rac~ bars ~vill 

bo spuc0d at 3-1/2-inch cent"e.c's and 'itcre dcsirned to carry a wator 

loac: of 5 feot, or 312.5 pounds per 2qw1.ro foot. 

(9) Underground Str1uctur0s. - In general, these 

structures v:crc designed for the unit los.ds indicated in subpEtrri.-

[rD.J=h 13~(1). At the ?::ain Street inlet chr,rrbcr the north YT'.3.11 is 

c.esignod for an added. snrchc.r~e of l,000 pou11.ds per Jincar foot to 

t'>.Le cc..r(., of the load i::r.posc.,d by tho adj~cc::nt railroad, ancl tho top 

slab below grol,nd level •:.as also C::.es:i.g;ncd for this ro.ilrocd loa.d-

inf,. Tho grating and t-:ip slab aoova grountl 1E:vel were c:esic;n:;;d for 

o. live load of 250 pounrls per squr-.r0 fo0t. The out] ct cul·vert 

alor..:::; tl1e floodv~:111 on th0 riverside at thu I,:,,in Stn.o'c Station 

tornf'\.l prcssur0 due:: to '..\. sc..turr1t0d v;:.rth load with top of fi.Jl rtt 

elov·:...tion ~52, plus a liv3 lo:-:.d of 200 ponr:ds por s:iu<J.re foot. 

b, Unit Stresses. 

( 1) Rein!'orced ConcretG. - T}10 nll owublo workinp; 

stresses i: concrot.), '.l.s us0d in tho dosi!'_'.11, are b,1sod en a CO'il--

p:cus0iv.:; sLrcngth of 3,000 pounC.s p•,r squ~rc inch 1.t 28 d_,ys. Tho 

~or\lng strnsscs t'.l.bul~tcd 1olo~, cx~G~t for roinforcing stGul, ere 

th(.; S'.'.''.\O :,s those contrlinJd. :in 11 SLo.nd~,rds cf'D.:;si;n for Co~1c-r0tc., 11 U.S. 

I1'.lvy I'onc.rh~_,nt, I:urcau of Ys.:·ds :c..11c~ Dor:l"s (fo. 3Yb, l·~ov0,.11;cr 15, 1)29). 

(~.) !~~~ur~_ 
Lbs. ,~r Sa. In. 

Er':;rc;':lo fiber stress in co:;:npr,:;ssior: 1,O'.;O 
:xtrom~ flbor sLrcss in compression 

c,djc.ce,nt to ~u:-::01~ts of continuous 
or fixed hcfl.rs er of 1·igid fra..':los 1,200 
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~bs. per Sq, In. 
Shear. 

Beams w:\. th no web reinforcerient and 
without special anchorage of 
longitudinal steel 60 

Beams with no web reinforcement but 
with special anchorage of longi-
tudinal steel 90 

Beams with properly designed web 
reinforcement but without special 
anchorage of longitudinal steel 180 

Beams with properly designed web 
reinforcement and with special 
anchorage of longitudinal steel 270 

(.::_) Bond, 

Deformed bars 150 

Deformed bars with special anchor-
age of longitudinal steel 300 

Load over entire area 750 
(~) Steel Stresses, 

Tension 18,000 

Web reinforcine; 16,000 

(2) Structural Steel. - The desir;n of structural steel 

members was carried out in accordance with tho "Strmdo.rd Specifica-

tions for Steel Construction" of the American Institute of Steel 

Construction, 

(3) Bearing on_Soil. 5,000 Lbs, per Sq, f't, 

( 4) Mo.?uli ~f Elasti.?itz, 
Lbs, per Sq. In. 

Stool Es"' 30,000,000 

Concrete (3,000 p.s.i,) Ee= 3,000,000 

Value of n "'Es/Ee"" 10 
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(5) Coefficient of Expansion • 

•0000065 parts pe~ degree Fahrenheit. 

( 6) Prott;ctive Cover for Principal Reinforcen 1or.t. -

The thic':rwss of concrete covering, r..es.sured from the fe.ce of con-

crete to the face of tho reinforce:rr.ent, shall not be less than 

indicated below: 

Slabs 1 inch 

1-1/2 inches 

Slt~bs and beams exposed to 
water or earth, but poured 
against f'.:lnr-s 2 inches 

i','.emhors poured directly 
a2:ainst tho ground. 3 inches 

11:. Type of Construction. - All th1~ec s,:ati ons '.'"ill be of 

the sar.e e;em:.ral type of construe-ti or, e•·,boclying rein.force:± concrete 

substruct1;.r0s vr:l.th superstructurcc a"'.:lov., the notor floor of holloY.-

tile with brick VO:!:l80r. Fls.t roo:2s of r,.,bforced concrob.J sup-

porh:d. on structural stod bc:ar:1s and coverec with 5-ply tar and 

gr:wol roofing v:i 11 be ;::irovide:d. In the d,:;sign of the :;:ain 

vron: provi d-,d to carry the cranG and roof loads. Tho Cucl",r 

Street buildinG 1tlll bo comparatively ~~all so that the struc-

turs.l stu,l colur:ins hs.ve be(;n omitt;;;d in tl10 closi;:n and -L'.rn roof 

bec.r1s suriported ovi. t'.'le 12-1/2--jn~:1 ''~u.17.s, Th0 12-1/2-inch 

w-s.J.ls Y.'ill be corrcton to all stfations. Glass block ps.nvls v.ilJ. 

be usi..d .for s.rchil.;cturs.l vffc.ct tc~nd for lig!-ltin;;. Es.ch bi;.iJ.C:.-

ing ".'iJl be provided 1·:ith roof. ver:tilc..tors anc1. louv:.,rs of 

a;:lpl,_; s.izc to provide for the circuL:..tion of air. Sup0rstructure 
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exteriors will be of face bric:+ with cut stone trim. The substrnc-

tures were designed as reinforced concrete rigid frames, carrying 

horizontal and/or vertical loads as may be permitted by the special 

wall openings required in any particular case. No contractio11 joints 

will be provided except in the outlet culvert at the Main Street 

Station opposite similar joints in the flood.wall. 

15. Incidental Work not Included in Construction Plans. 

Riprap Protection at Main Street and Hickory Street Out-

lets. - As set out in the Basis of Design, riprap protection at these 

outlets is contemplated. However, experience in doing like ·w-ork along 

the Arkansas River in the vicinity of Little Rock iridicat.es that the 

work can be done most economically and satisfactorily under a sepa-

rate contract. Accordingly, it is proposed to do the work in this 

manner rather than as a part of the goneral contrnct for Qonstruct-

ing the stations. 

b. Access Road at Hickory Street Station. - The eity of 

North Littlo Rock has. agreed to construct an access road to this 

station. Such a. solution appears preferable to that considered in 

the Basis of Design where steep side slopes and sharp curvatures were 

necessary to construct a roadway over the existing culvert. 

16. Time of Completion. 

a. Pumping Units, A separate contract for the pumping--.--..... ,. - ·-
units exclusive of discharge piping valves and switch gear is_ con-

aidorod desirable n.s permitting ropresentative pump manufacturers to 

make direct proposals for the work rather than to deal indirectly 
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throu[h a general contractor. The separate contract h&s tho fur-

t.!,er Dd,-c,rrtr,g'J of g-0tting work under i::ay soo:10r end of provicin'._'; 

do.ta res to t.ho pumps to bo insto.llsJd in :1d.vance of co:ri.plctin;; c·or.-

struct i01· TJJ s.ns fer the stc.tions. Speedy delivery of thu pu::rp 

Ymuld bo diificult to 8.ccomplish b(lCl'-usc of tho pr.:.;sent unfavorable 

';l'.,rk(,t conC:.itions. Furth1;;r:r:ioro, thf, tir.,e at v:hich the puups c'l:::i 

b0 put ir,to cpcro.:\::ion is d~,pendent upon c,-ir,s+,1•uction of tho build-

ings in v:h5.ch the pu:-r1ps o.re to be ho1.1 s::.d. In viuY, of th0sc co:r:.-

ditions a period of 180 da~rs is o.llo':,dd for delivery of t,;1,} pn'.'~p-

ing units. 

11. Bui.ld.in~s :2_2~ Appurhmc.n~ Y,orl1'.~.' - It G.,0?8<3.l'S that 

this v:ork cn.n b0 advc·rt:i. sed in i,~8.rch 1')41 o.nd a":m.rd0d SC'J'-tir::c 

duri11 6 Apri.l. Cor.pldicn is rcq'..,is\.te hu:or0 the next flocd 

Accm·dL1€",ly, the: ~~riod frt'm J·''.1y 1 to De;c .. :::-:.b:::r 1, or R.bout 210 

d:1.ys, sho0-tlc. be 'JY'.,iL,b~.0 for co.u,tructio-1. It is co,.1cluc1sd ths.t 

the -~0Y1tr-:tct '::i:-:-.-1 s'lovld be lir:i.i·'..,,d to 210 d'."lys, 
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