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DES I 'GN OF A WATE...B. P I PE 
SYSTEM 

TO CR1£ATE IMPROVED PRESSURES 
I N 

L~XINGTON, VIRGI NIA. 

Part 1 . 

IMTRODUCTION 

The ne ed f or a new 1desi gn fo r the watex pi pes and 

mains i n the town of Lex ington is evident . There are no 

exis t ing maps showing the p l an of t h e sys tem, nor is there 

any knowledee of the location of mains , hydrants , gate , 

blow off or waste valves, other t han common knowledge of those 

men who h ave been connected with the wa ter department of 

the town f or a gr eat many yea rs . There is no engineer in 

charge of t h e water department , rat her the head of t h e depart 

ment is a man who is in h is position because of his gen eral 

knowledg e of t h e existing sys tem. 

Upon investigation it has been f ound t hat t he 

present system coasists of a great numbe r of dead ends , and 

that t here is not proper pr essure a t the curb to suppl y 

some of t he taller buildings i n town . A map in t he 

Sup ertendent :1 of Water ' lork ' s off ice show:s '"; nres sures a t 
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s evera l poi nts in t he to qn to be l ess t han t enty (2 0 ) 

p ounds . 

Th e t wo eduaa tiona l i n s titutions loc at ed in t he 

town do not h v e prop er pre ssur es and su ply in cas e of f ir e 

and t h is points to a great ne ed f or i mprovement. 

There ate t h r e e n ew developmen t s in t he t own t hat 

hav e been added to t he corpora t e limits of to wn si nce the 

pr esent sys t em of p i p es and mai ns have been i n exi st ance. 

These , Davi dson ~ar k , own ed( by Washi nr, ton and Lee Uni ver s ity, 

and t he other t wo, Mornings i de H.e i hts , and Monroe ,,~' 

Park, both loc at ed on a higl'_Il l evel , do not r ec ei ve t he p r oper 

pressure s . ome a ttempt shou l d b e made to t ake ca r e of t hem . 

'.Vith t he present system of ~ire ro t ect i on, 

Volun t eer, t here shou l d b e suffici ent pre ssure t t he curb 

and a t t he hyddants so th t t h e eff ici ncy of the fire 

department could be brought to a h i gher s t andard. There were 

t wo cases of fire losses this pas t year, when two fraternity 

houses burned beyond repa ir, becaus e the water pressure 

was not grea t enough f or sufficient fire st reams. 

The fir e department would b e far mor e ef ficient 

if the wa ter sup:_:, ly were better . They a re to be comm ended 

f or the manner in which t hey fi gh t fires under the p r es:ant 

exixting conditions . 
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It is assumed by the writers that the presant 

tncome ' of the town .". .,~ wi 11 not take c ore of this added 

expenditure . There~or, the only method possible to raise 

the required funds would be by bond issues. 

The State Of Virginia limits the amount of bond 

issues of a city or town . The only way that the town could 

raise the limit of their bond issue would be to annex ne.v ;-_. · .. . .. o 

territory to t h e town. This would have to be accomplished 

in the following manner . A committ ee of public spiri ted 

citizens would take i t upon themselves to go to Richmond, 

to attend the sessions of the legislature, and try to lobby 

a bill through the house and 1senate for a new bonding 

district . It is advisable for ·.the local civic clubs to 

back these individiuals to their fullest extent . 

It is not the purpose of this thesis to show 

how the moneys are to be raised for the improvements, but 

to give a plan for a new water supply system that will benefit 

the town in giving better pressures a.t the curb . 
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CONSUMPT ION AND DI STRI BUTI ON . 

Per e ap i ta. 

The town has a :,parti a l meter ed system, and by data obtained 

it i s found t hat t he consumption i s a s follows : 

For domes tic pu r pos es 30 gallons per cap i t a per day . 

For publ ic pur poses 
F l u shing , f ir e ext i nquishment , 
etc 5 ga llons per capit a per day . 

For leakage, •. , 

For Comm erici a l purposes 

TOTAL CON3U1,f.l?TI ON : 

5 g ~llons per capita p er day . 

10 gallons per c a~J i t a per day . 

50 e:allons per c api ta per day . 

The tot a l cons1un~'J ti on i s as umea , ,t¢ l. i•~crea s e 50% in the next 

thirty y ear s , t hus amounting to 75 gal lons per c apita per day . 

Th e maxi um daily rate i s 150% of t h e average, thus amounting 

to 112 . 5 gallons ~er capi t a per day . The maximum hourly r a te i s 

50% of t his or 1 68 . 25 gallons per c apit a p er day . 

However i_ t is s .fe to assume a lower r ate , say , 150% of t he 

month l y maximum, which is 1 25;t of t he average . Thi s maxi mum 

hourly r a te i s ? 5 gallons x 1 . 25 x 1.50 , which equa ls 

1 40 gallon s per capit a per day . 

Thi s is as sumed as t he maxi mum ordina ry consumpt ion . 

1'ot al. 

The consumption p er capita is assumed to be uni f orm 

t h roughout t h e town, t herefore, the tot a l maximum consumption. 
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thrty years hemce will be 140 times the population as 

detennined. In determining the size of mains and small pipes 

the densitt es of population in the diff erent districts of 

( distribution must be considered. 

Fire rate. 

The consumption for fire extinguishment amounts to 

very little in the course of a year, but will determine the 

size of the distributing pi pes. The tota.l number of fire 

streams required at one time is determined Kuitchling's 

f O nnula; Y-= 2 • 8 VX ; or Y::. 2 • 8 X 2 • 4 =- 7 streams 

wgere Y""" the number odl streams. 
and X = the population in t housands . 

Two thirds of this numb er are needed in the business 

districts. For the residential districts, from one fourth 

to one thtrd of this number are required. 

Streams of two hundred and fi6ty gallons are to 

be used in the business districts , and streams of one hundred 

and seventy five gallons in the residenti a l districts. 

Pressure: 

Ordinary Service1 The maxi um pressure at the 

curb is thirty pounds in the residential districts and 

forty pounds in the business distric t s. The neces s ary 

pressure at hydrant s for fire conditions should be one 

hundred p ounds, but since the fire department is ~u-i-p-ped 

with pumpers and it is impossible to obtain such pressures 

with the existing reservoir it will not be possible to 

maintain this pressure at hydrants. It will be necessary 
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however, to maintain a pressure of forty (40) pounds at 

the hydrants. , For n two hundredand fixty gallon stream, 

with a nozzel pressure of fomty five pounds, and a loss 

of head of eighteen pounds in each hundred ~e~tdef hose, 

the maxium length of the hose is three hundred feet. 

For a hundred and seventy five gallon stream, with a 

nozz,~ pressure of thirty five pounds, the loss of head 

nine pounds per hundred feet of hose, the ~n l eng~th '-o.f 

hose is seven hundred feet 

Source of Supply. 

The source of supply is obtained ~roman 

impounding reservoir a distance Po~tteen miles from 

Lexington, at Adcocks Knob. The water is then brought tm 
the distributing reservoir, located one mile southwest of 

the town . The elevation at low wa~er is two hundred and 

ninety two and seven tenths (292.7) feet above an assumed 

datum plane. Its capacity is about one million and a ha lf 

gallons 

:iti .st r.1 but i (!)·:n Di stir.:i! ct s. 

Mains shall be l a id in the bounding streets of 

each district, a nd the dis t rict filled with a network of 

smaller distributing pi pes, in ord er to provide good 

circulation, and avoid dead ehds . The distributing p i pes 

shall be laid on t he north side of east and west streets, the 

same distance fo rm the curb, and on the east side of north 

and south streets. The depth of the covering shall be 
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four feet, to prevent freezing . The size of the distributing 

pipes will be determined principally by the fire demand . The 

town is divided into districts depending upon whether they 

are business or residential districts . The distrib~ting 

disricts are adopted as follows, indivated by bounding streets : 

No . 1. Main Street , Campbell Lane , Lwwis Street , 
Massey Street , and Parry Lane . 

No . 2 . V. M. I . Ro ad , Main street , College Lane , 
and Letcher Ave . 

No . 3 . Colleee Lane, Washington and Lee Road , 
Washington Street , Jefferson Street , and Main Street . 

No . 4 . Ma ssey Street , Lewis Street , Pr eston Street , 
and Randolph Street . 

No . 5 . Randolph Street , Par:r,y Lane, Main Street , 
and McDowell Street . 

No 6. Jeff erson Street , Was~ington Street , 
McLaughton Street , ':Vhi te Street , and Maim street . 

No 7. V/hi te Street , Main Street , Sellers Ave., 
Ross Road, and Woods Creek. 

No . 8 . Main Street , Houston Street , 'I'aylor street, 
and Wallace Street . 

No . 9 . Ross ~oad, Stonewall Street and Lane . 

No . 10 . ?/hi te Street , Jefferson Street, and Ma rn Street. 
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Part 3. 

HYDRAfTTS AND MAI NS . 

Hydrants . 

The number and location of hydrants is determined 

by the number of stEeams in each dis r rict, which are as 

follows: 

No . _l . 1/4 the total number of streams, 2. 
!:Tb . 2. 2/.3 ff II II II 4 . 
No . 3 . 2/3 II II II II 4 . 
No . 4 . 1/3 II II II II 2 . 
No . 5 . 1/3 II II II II 2. 
No . 6 . 1/3 II II It It 2. 
No . 7 . 1/.3 ff II If II 2 . 
No . 8 . i/3 II ff II II 2 . 
No . 9 . 1/3 II II II ff 2 . 
No . 10 . 1/3 II II " I II II 2 . 

The drips of all hydrants shall drain into 

the sewers . The bottom of all hydrants are to be set 

four feet below the surface of the ground to provide 

against frost . 

Mains . 

The size of the mains shall be made economical 

for the ordinary supply unless the loss of head be prohibited 

at times of fire . The pressures at the curb should not 

exceed one hundred and thirty pounds . The draught of the 

main bounding a district is a ., sumed t o be proportional to the 

number of small pipes in the districts whi ch lead to the 

main in question . 



( 

-9-

Part 4. 

AN.AL:r;SIS . 

The following analysis shows ,:the ' amount of water 

carried by each main . The principle artery is brought from 

the distributing reservoir, across Woods ereek, into 

Washington Street , Around Washington and Lee and v. M. r . 
roads , to Main Street , thence to Sellers Ave ., to J ackson 

Avenue , and Thim White Street and Ma.1.n street . 

Analysis: 

Line around Washington and Lee Campus , from T c..shington 
Street to Letcher Ave . , 
3/5 #3 , all No. 2 . I 

Line around V. M. I . Road , College Lane to Main Street . 
All of #2 , minue Letcher Ave., 

Line in front of V. M. I . Comrnisary . 
All of line from intersection of two V . M. I. ro a.ds to 
intersection of road with Main street . 

Line in Main Street, Campbell Ave., from interection of 
V. u. I . road and Main Street to Lewis Street . 

3/13 #1 , 

Line on Washington Street , from Reservoir inlet , to 
Jefferson Street . 

2/5 #3, all #1 , 1/8 f6 , 2/10 #10 . 

Line on Jeff erson Street, from ~ashington Street to Main Street . 
2/5 #3 , 2/10 #10, all #1 . 

Line on Lower Main Street , from Flatiorn to Y. M. I . Road . 
3/13 #1. 

Line on Parry Lane, and 0 Mas sey Street, from Main to Lewis . 
1/2 #1 , 2/9 #4 . 

Line on Lewis Street, from Massey Street to Campbell Lane . 
4/13 #1, 



Line from Reservoir Line to foot of Hard an Street. 
All #7, All #8, all #9 , all #5, 7/8 #6, 8/10 #10 
7/9 #4, 

Line along Woods Cr e ek, from Jord en to White street . 
7/8 #6, a ll #5, 4/6 # 7, 8/10 #10, 7/9 #4. 

Line along '.Nhi te Street and Main Street , f rom Woods 
Creek t o Main and McDowell . 

7/8 #6, all #5, 4/7 #7, 8/10 #10, 7/9 #4, 

Line alor:g Ma,in Street , from Flatiorn to McDowell . 
1/2 #10, 1/2 #5 . 

Line from McDowell and L~a.in to Preston and Randolph, along 
McDowell and Randolph . 

1/2 #5, 7/9 #4. 

Line a long Preston Street, from Randolph to Lewis . 
4/9 #4. 

Line al ong Randolph, from Preston to Mass ey . 
1/ 2 #5, 3/9 #4. / 

Line a long Woods Creek, south from Jordan to Ross Road. 
All ro . 9, a ll #8, 3/7 # 7. 

Line Along Ross Road, Stonewall to J ackson Ave . , 
All #8 , 3/7 #7. 

Line From J ackson and Ross Road to Sellers and ~ain, along 
Sellers and J a ckson Ave . 

All //8, 2/7 #7. 

Line along Main Street , Sellers to 7fui te Street. 
1/8 #8, 2/7 # 7. 

Line along Wa l lace and Tajlor Street . 
1/2 # 8 . 

Line along Houston Street, Main to Taylor . 
1/4 #8 . 

Line Along Ross Road, via Lane to Stonewall Street . 
1/2 #9 . 

Line along Ross Road, from Ross Road to Lane . 
/2 #9. 

Line from Nelson and McLaughton, to White Street . 
3/8 #6. 
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The above anaylsis is recommended for use, but 

by no means is t h e only one that can be used . There are 

mcmy ways t hat it can be drawn up, but underconsideration 

of the t.opgraphy of the town it has been decided that this is 

best to use . A lineaas taken from the reservoir line to 

the foot of Jorda n street , and it is assu~ed tha t by adding 

this additional line pressures in the soil th partnof town 

can be improved . The smallest pipe used in the bounding 

districts were taken as six inch, and t hose in the d±strict 

were taken as four inch. The economic size of mains are 

obtained f rom t he form11la : ( T & R, page l6b) 

S • ,.... • • 1 • n4 1 • 0 2 • • • / 

Where S ~ the loss of head in the main . 
and S - the loss of head i n the small pipes 
and n = the number of small pipes . 

The mains will be laid in the same locat i on as the 

distributing pipes , but the depths of the di t ch wi ll not 

exceed three (3) feet . The covering is less than required 

for distributing pipes , which is pro:per , since the danger of 

freezing is much less in the larger pipes . 



( 

-12-
Prst 5 . 

FL .1~ S TRSAHS 

The num1rnr of fire st:eec>.ms have already b een determined 

and is equal to seven . The fire streams by districts are 

as fol l ows: 

District No . 1 . 

1/4 x 1500 = 375 gallons per minute . 
Th erefor, one 250 gallon strea~ and one 175 gallon 
stream shall be used . 

Di strict #2 . 

2/3 x 1500 = 1 , 0 0 0 gallons per minute . 
Therefore , two 25 () gallon streams and t hree ih 75 
gallon streams shall be used . 

District ,'/ 3 . 
I 

Same as ff:2 . 

Bi strict #4. 

1/3 x l , 500 ~ 500 gallons per mi nute . 
Therefore, use three 1 75 gallon streams . 

District ://5 . 

Same as #4. 

DLstri ct #6 . 

Sa.me as #4. 

District ;'/7 . 

Same a s #4 

Di s trict //8 . 

Same as -#4. 

District #9 . 

Same as //4 

Di srtict #10 . 

Same a.s #4 . 
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INVE ~TAGATI ON FOR ALLO'VA13Ll.; LOSW HE.AD. 

Investagation for ruling grade . ('Yor . .. t condition a t Corner of 
Taylor and Houston Street) . 

..i 

SurfE, ce ::i:levat i om at c )rne r of Houston and 
Taylor 
Pressure head at curb line, 2 . 304 :J :'4,0 

Piezometric level at t his point 

Low water level in reservoir 
Piezometric level at this point 

Drop run Piezometric level 

Distance in Thousand feet 

Lost head per th ·) usand 

29A. 7 
92 . 16 

286 . 86 

292 . 7 
286 . 86 

16 . 8 

10 . 0 

1.68 

To find the lost head in feet uer thous and for mains leading ... I 

to each district . 

District #8. 

Distance to Taylor a.nd -1'/allac e 

Surface elevation at Taylor and 'Nallace 
Pressure head at the curb, 2 . 304 x 40 

Piezometric level at this point 

Lost head in feet per thousand 6 . 73/8 

Le~el of low water at reservoir 
Piezometric level at t h is point 

Dtop in piezometric level 

District #7. 

Distance to White and Main Streets . 

Surface elevation at White and Main 
Pressure head at t ~1 e curb, 38 x 2 . 304 

Piezometric levelli at this point 

8,000ft . 

193 . 8 
92 . 166 

285 . 96 

. 84 

292 . 7 
285 . 96 

6,@75 ft . 

:200 . 1 
87 . 55 

287 . 65 
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Elevation of low water in reservoir 
Pi ezometric level c'..1- this point 

Drop in piezometric level 

Lost head in fe et per thous and 5. 1/6 . 8 

Surface elevation, Jordan and White 
Pressure head tt the curb, 40 x 2 . 304 

Piezometric level at t h is point 

Elevation of low Rater in re s ervior 
Piezometric level!. at this point 

Drop in piezometri c level 
Di s tance 5, 3G0 ft . 

Lost head feet per thousand 16 . 24/5 ~36 

District #10 . 
I 

Distance 

:B;levation corner Main and '.Vhi te Streets 
Piezometric level at this point , 2. 304 x 38 

Piezometric level at this point 

Yater elevation at reservoir 
P~ezometric level at this point 

Drop in Piezomttric level 

Lostbhead in feet per thousand 4 . 61/6 . 38 

District //5. 

:;)i stance 

Elevation at corner Randolph and McDowell 
Piezometric level at this point , 2 . 304 x 40 

Piezometic level at this point 

Elevation of low water at reservoir 
Piezomteric level at th~s point 

Drop,in piezometric level 

292 . 7 
287 . 65 

. 73 

184 . 3 
92 . 16 

276 . 46 

292 . 7 
272 . 46 

16 . 24 

6, 380 

200 . 54 
87 . 55 

288. 09 

292 . 7 
288 . 09 

4. 61 

. 72 

6, 340 

181. 3 
92 . 16 

273 . 46 

2?2 . 7 
273 . 5 

19 . 2 
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Lost head per thou sand feet 19 . 2/6. 3 

District /j4 

Dist ance 
Surface elevation a t Lewis and Mas s ey 
Pressure head a t curb, 2 . 304 x 40 

Biezomttric l evel at t h is point 

Eleva tion of lo v water at rese r vior 
Piezometric level a t this point 

Drop in piezometric level 

Lost head in feet per one thousand,24 . 9/9 . 5 

District }3 . 

Distance 

Surface elevation on W. L. TJ . roa.d 
Pressure at c:c!':bb, 2 . 304 x 40 1 

Piezometric level at t h is pmint 

Elevattbilon of J_ow"· water at reservoir 
Piezometric level at t 1 is point 

D~op in piezometric level 

Loss head in feet per thous~nd, 49 . 8/6 . 11 

District #2 

Distance 

Surface elevation at V. M. I . Lane 
Pressure head at the curb, 40 x 2 . 304 

Piezometric elevation at this point 

Elevation of wat er in reservior 
.Piezometric level at this point 

Drop in piezomtric level 

Loss head in feet per thou sand 56 . 2/8 . 1 

3 . 04 

9,500 ft 
1?5 . ? · 

92 . 16 
------..:. 

267. 86 

292 . ? 
267 . 86 

6,110 feet 

150 . 7 
92 . 2 

242 . 9 

292 . 7 
242 . 9 

8 . 1 

8 , 104 feet 

144. 3 
92 . 2 

236 . 5 

292 . ? 
236 . 5 

56 . 2 
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District #1 . 

:E>istance 

116-

Surface elevation at Lewis and Massey 
Pressure head at this point , 2 . 304 x 40 

Piezometric level at t r. is p 0int 

Elevation of low water at reservior 
Piezomteric level at this point 

Drop in p~ezometric level 

Lost head Pn feet per thous and, 24 . 8/9 . 56 

I 

9 , 560 Feet 

175 . 7 
92 . 2 

26? . 9 

292 . 7 
267 . 9 

24 . 8 

2 . 6 



Population by ni stricts . 

:Number 1 . • • • • • • • • • • • ? 00 

Number 2 . • • • • • 0 Q " • • 1 , 300 

Numoer 3 . • • • • • • • • • • • 560 

Number 4 . • • • . • • • • • • • 610 

Number :J . • • • • • • • • • • • 1 , ~05 

Number 6 . • • • • • • • • • • • 690 

Number 7 . • • • • • I • • • • • • 1 , 055 

Number 8 . • • • • • • • • • • • 400 

Number 9 . • • • • • • • • • • • 50 

Number 10 ••••• • • • • • • • • • 1,085 . 
-- ---

Total population ? , 69 5 
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Part 7. 

D:ii:SIGN OF l'JAINS . 

!iE'NIS STREET , JVf.ASSEY ST TO CAMPBELL AVE., 

Analysis: 4/13 #1 

4/13 X 700 x. 0972 
Size of ui p e · 

MASSEY STREET, MAIN TO IJt~WIS . 

Analys is: 1/2 #1, 2/9 # 4 . 

1/2 X 700 X . 0972 
2/9 X 610 X . 0972 

Sixe of pipe 

I 

140 
-----: . 0972 . 
1440 

20 . 9 g . p . m. 
6 inch 

34. 0 
13. 1 

47 . 1 
6 inch 

:MAIN STREET, FROM LE'IIS_£T.REET TO V. M. I . ROAD . 

Analysis : 3/13 #1 , 

3/13 X ?00 X . 0972 
Size of pipe 

LOWER MAil~ STREET z FLATI RDN TO V . M. I . ROAD . 

Analysis: 3/13 #1 . 

Same as one abmve , use 6 inch pi pe . 

LINE J\R OUND V . M. I . 

Analysis , All #2 , minue Letcher Ave . 

{1 , 300 - 175) 09?2 
Si.ze of pipe 

LI1'"E J\ROUND WASHINGTON AND LEE C.Ab~. 

Analysis: 3/5 #3 , all #2 

3/5 X 500 X . 09?2 ¼ 1300 X . 09?2 
Size of pipe 

15 . 6 
6 inch 

109 . 35 
6 inch 

154 . 1 
6 inch 
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PRESTON STID..;ET, RAN"DOLPH TO LE",VIS. 

Analysis: 4/9 #4 , 

4/9 X 610 X . 0972 
Si:ze of pipe 

R.ANI)OLPH , PRESTON TO :MASSEY. 

Analysis: 1/2 #5 , . 3/9 //4, 

1/5 X 1305 X . 0972 
3/9 X 610 X . 0972 

Size of pipe 

McD OWELL ST, :MAIN STRJ'GET TO PRESTo:rr STREl!.T . 

Ana lysis: 1/2 #5 , 7/9 #4 . 

l/2xf365 X .0972 
7/9 X 610 X . 0972 

Size of pipe 

I 

1-{AIN STRI~~T, FALT IORU TO Mcno·.vELL STRE}!;!_. 

Analysis; 1/i #10, 1/2 #5 . 

1/2 X 1085 X . 0972 
1/2 X 1305 X 009?2 

Size of pipe 

@FERS OJIT STRE~T, WASHINGTON TO Tu'fb!_N STREET 

Analysis: 2/5 #3 , 2/10 #10, all #1 . 

2/5 X 500 X . 0972 
1/5 X 1085 X . 0972 

700 X . 0972 

Size of pipe 

26 . 3 
6 inch 

63 . 4 
19 .? 

83 . 1 
6 inch 

68 . 0 
6 inch 

52 . 1 
63 . 4 

115 . 5 
8 inch pipe 

19 . 4 
21 . 09 
68 . 04 

108 . 5 
inch 

WASHINGTON STREJ~T, RESERVOIR INLET TO JE:B,FERSON QTP~~! 

Analysis: 2/5 #2 , all #1, 1/8 #6, 2/10 #10 . 
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2/5 X 5 500. X . 0972 
l/5 x 1085 x . 0972 
1/8 X 690 X . 0972 

700 X . 0972 
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19 . 4 
21 . 1 

8 . 39 
68 . 4 

116 . 8 
Size of pipe 

McLAUGHTON, trnLSON STREET TO WHITE STREET . 

Analysis: 3/8 #6 . 

3/8 X 690 X .0972 
Si1:e of pipe 

WHITE STREET, WOODS CREEK TO HAIN STREET . 

Analysis: 7/8 #6 , all #5 , 4/7 #7 , 8/10 #10 , 7/9 #4 . 

7/8 X 690 X . 0972 
7/9 X 610 X . 0972 
8/10 X 1085 X . 0972 

C6 9 0 X . 0972 
1305 X . 0972 

150 X . 0972 
400 X . 09?2 

1055 X . 0972 

Use 16 inch pipe 

I 

WOODS CR:E.'EK, JORDAN STREET TO ROSS ROAD 

Analymis: All #9 , all #8 , 3/7 #7 , 

3/7 X 1055 X . 0972 
400 X . 0972 

50 X . 0972 

Use eight inch pipe . 

ROSS ROAD, STONEWALL STREET TO JACKSON AVE. 

Analysis : All #8 , 3/? #7 . 

3/7 X 1055 X . 0972 
400 X . 09?2 

Use 6 inch pipe . 

8 inch 

24 . 5 
6 inch 

58 . 7 
46 . 1 
84 . 4 
67 . 0 

12? . 0 
4 . 8 

38. 9 
107 . 9 

924 . 8 

44 . 0 
38 . 9 
4 . 8 

44 . 0 
38 . 9 

82 . 9 
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~s A~NUEz FRO:M JAKKSON AND ROSS ROAD 

Analysis: All #8 , 2/? ff? • 

2/? X 1055 X Q09?2 
400 X . 09?2 

Use six inch pipe 

MAIN STREET, SELLERS TO WHITE . 

Analyt is : 1/8 # 8, 2/? #? . 

1/8 X 400 X e09?2 
2/? X 1055 X . 0972 

Us e six inch Jipe . 

R0..3 S ROAD, LANE TO STONE'ffALL STREET . 

Anaj ysis : 1/9 #9 . 

1/2 -jf_ 50 X . 09?2 I 
Us e six inch pipe. 

ROSS Rfilill, TO LANE 

SAME AS ABOVE------USE SIX INCH PIPE . 

34. 1 

2. 4 
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Part 8 • 

( LI .NE .JtHO!./t }f~C"ERV OlR TO Ti'IRST BRl..NCH . 

Total numoer gal lons p er ct day 1,077,300 

Tot a l gallons per minute '741 

Lost head on flatt es t grad e . 72 

Size of pi pe 1 6 " 

LINE FROM FIH3T BRAXCH TO SECOND BRANCH . 

To tal number gallons per day 404 , 640 

Total nu~b er gallons per minute 281 
I 

Lost head on fl a ttest grad e 2 . 6 

Size of pipe 10 11 

LlTu"'E FR01'1 RESERVIDIDR LINE TO FOOT 07 JORDAN S~'REET . ----
To t al number ga llons per day 662 , 400 

Total number gallons per minute 460 

Lost head on flat test grade • 72 

Size of pipe 12" 
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Part· 9 . 

INVESTAGAT.I:ON F-OR -1~I:M.1J¥,. _,; :i?RE'5SURES IN THE MIDDLE OF 
EACH DISTRICT FOR -1rAXIUM ORDINARY CONSUMPTION. 

District #3 . 

Distance, Distributing Reservoir to corner w. L. u. 
road and Washington Street 5, 535 feet 

Lost head per one thousand feet 
Lotst head for 5, 535 feet 

Distance on :. washihgton.,) St . , from 'N' . L. U. Road to 
Jeffers on Street . 725 feet 

Lost head in one thousand feet 
Lost head in 725 feet 

Distance from Washington st . to Flati i•n 
on Jefferson Street 975 feet 

Lost hea.d per one thousand fe.,et 
Lost head in 975 feet 

Distance into dist r ict 
Lost head per one thousand feet 
Lost head in two hundred feet 

Total lost head 

Elevation of low water in reservoir 
Total lost head 

200 feet 

Elevation of hydraulic grade line at this 
point 

Elevation of ground here 

Piezometric difference 

Pres sure at this point 

District #2 . 

Lost head from Reservoir to \ . L. u. Road 

Di stance from Washinr ton St and TY. L. U. Road 

. 32 
1 . 76 

. 55 

1 . 85 

1. 5 

4 . 33 

292 . 7 
4 . 33 

288 . 4 
95. 0 

193 . 4 

84 #s 

1.76 

to College lane 1 , 950 feet 

Lost head per on e thous and feet 
Lost head in 1,950 feet 7. 41 
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Lost head from College Lane into district 

Total lost head 

Elevation of low water in reservoir 
Total loss of head 

Elevation of hydraulic grade line 
Ground elevation at this point 

Piezometric elevation a t this point 

Pressure at this point, 142 . 4 x . 434 

District #1 . 

3 . 63 

12. 80 

292 . 7 
12.80 

279 . 9 
137 . 5 

142. 4 

62 pounds. 

Wot a.1 lost head from Heservoir to FlatiffD'll 

Distance along Parry lane and Lewis Street 2, 130 ' 

4 . 03 

Lost head per one thousand fe Pt 
Lost head for 2,130 feet 

. 45 

Distance f rom Massey to Diarnooo on Lewis 1050feet 
Lost head per one thousand feet . 30 

. 96 

Lost head for 1,050 feet . 31 

Distance into Curruthers and Dorman lanes , 1500 feet 
Lost head per one thousand feet 2 . 5 
Lost head for 1,500 f eet 3. 80 

Total lost head 

Elevation of low water at reservoir 
Total lost head 

Elevation of hydraulic grade line 
Eleveation of surface 

Piezometric elevation here 

Pressure at this point , 149 . 0 x . 434 

292 . 7 
9 . 7 

283 . 0 
134. 0 

149 . 0 

9 . 70 

64 . 5 pound s 

( District #6 . 

Total lost ··head from Reservior to Nashington Street 
and w. L. U Road 1.76 

Distance from Reservoir line to McDowell Street 

Lost per per one thous cnd feet 
Lost head for 1,950 feet 

1,950 feet 
.3 

,-.• 585 
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Distance from McLaughin Street into ~o 
Jackosn Ave and Preston Street, 1 , 000 feet 
Lost head per one thousand 

Total lost head 

Elevation of low water at reservoir 
Total lost head 

Elevation of hydraulic grade line 
Elevation of surface here 

Piezometric elevation at this point 

Pressure at this point , 121 . 4 x . 434 

District //10 . 

Lost head from Reservior to W~L. U. Road and 
Washinr:ton Street 
Lost head f f om reservoir line to Washington 
and Jefferson Street 
Lost head from Washington and1 Jefferson 
Streets to Flatiorn 

2 . 0 

292 . ? 
4 . 34 

288 . 4 
16? . o 

:l21 . 4 

52 . 69 pounds 

1 . 76 

2 . 15 

1. 85 
Distance from Flatiorn to Nelson Street , i, 320 
Lost head per one thous and feet . 60 
L0st head for 1, 320 feet . ?8 

, 15 
Distance in district , 1 , 000 feet 
Lost head per one thous and feet 

Total lost head 

Elevation at reservoir a t low water 
Total lost head 

Elevation of Hydraulic grade line 
Elevation of surface here 

Piezometric elevation at t h is point 

Pressure at this point , 116 . 9 x . 434 

District# 5 . 

Total lost head 

Elevatmn of Reservoir at low water 
Total lost head 

Elevation of hydraulic grade line 
Elevation of surface 

Piezometric elevation 

292 . ? 
6. 69 

286 . 0 
169 . 1 

50 . ?3pounds 

292 . ? 
6 . 69 

286 . 0 
134 . 0 

152 . 0 

6 . 69 
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Pressure at this point 65 . 9 6 pounds . 

Di strict #4 

Total lost head to Mass ey and Lewis ' treeta 
Distance on Lewis Street, from Mas s ey 
to Wa shin ~ton Street , 750 Feet . 
Lost head per thous and feet . 35 
Lost head for 7ij0 fe et 
Dist ance into dEstrict , 750 feet 
Los t he ad for one thous and fe Pt 2 . 0 
Lost hea.d for 750 feet 

Total lost head 

Elevation of low water at reserv ,ir 
Total lost he ad 

Eleva tion of hydraulic grade line 
:SElevation o!:' surface 

Pi ezometri c eleatia.ti on a.t thi/6 point 

Pressure at this point , 152 . 1 x . 434 

Di s tri. ct #ff. . 

292. 7 
6. 59 

-----
826 . 1 
134 . 0 
-----
152 . 1 

. 1 

1.5 
-----

6. 59 

6G :pourld 

Distance f r om Reservoir line to foot of Jordan Street 705 feet 

I~st head p er one thous and f eet 
Lost head for 705 feet 
Distance from Re s!J'i.or to Heservior line, 
Lost head per one thous and f eet 
Los t head for 3, 500 f Aet 
Distance along Woods ereek, 975 feet 
Lost head per 1, 000 fee t 
Lost head ~or 9,e feet 

. 48 

3, 51)0 ft . 
.14 

. 34 

Dist 2nce a.long RoSB Road , fr oi). J ackson Ave 
to Stonewall Street, 525 feet 

Lost head for on e thous and feet .1. 5 

• 33 

. 49 

. 3~ 

Los t head for 525 feet 
Dist an ce from Ross ro ad to 
Lost he ad per one thousand 
Lost heed for 1, 370 feet 

. 75 
Main a~ Sel l ers , 1370feet 
1 eet 1 . 4 

Dstance on Main from Sellers to Edmundson, 380 feet 
~ost head for on e t housand feet 
Lost head for 380:f.leet, 
Di. stance up Edmund s on to \Ves t Si de Court, 855 feet 
Lost head per one thous and fee t 2 .0 
Lost head f or 855 fee t 

Total lost head 

1.91 

1 . 33 

1.7 

5.31 
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Elevation of low water at Reservoir 
Toa.l lost head 

Elevation of hydraulic grade line 
Eleation of surface at this point 

Piezometric elevation a t this point 

Pressu ~e at this point , 126 . 2 x . 434 

District #8 . 

Lost head to Corner Selle and Main 
Distance from Sellers and Main to 

'faylor and Vvallace, 1, ??O feet 
Loss of head per one thousand feet 
Loss of head for 1,??0 feet 

Loss of head (Total) 

Elevation of low wat er at res ervoir, 
Total lost head 

I 
Elevation of hydraulic Grade line 
Elevation of surfac e at this point 

Elevation of piezometric level 

Pressure a t this point, 100 x . 434 

District /9. 

Loss head to Ross Ro ad 
Distance along Ross Road, 1650 feet 
Lost head per one thous and feet 
Lost head for 1,650 feet 

Total lost head 

Elevation of low water at low water 
Tot a l lost head 

Elevation of hydraulic ' grade line 
Surface elevation a t t his point 

Piezometric level a t this point 
Pressure a t t his point 105. 9 x . 434 

. s 

28? . 4 
161.2 

126 . 2 

54 . 6 lbs . 

29? . 2 
2 . 8 

294 . 4 
194 . 0 

100 . 0 

2 . 28 

. 53 

2. 81 

43 . 4 pounds . 

292 . ? 
2 . 5 

1 . 15 

1 . 3 

2 . 45 

290 . 2 
184 . 3 

105 . 9 
A6 pounds 
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art 10 . 

Ga.te Valves . 

Gate valves are necessary in case of breaks i n the 

line, and so tha t sections of districts, or districts can be 

cut off from the remainder of the town in c as e of needed repa irs 

within t hat section. There should be as few gate va lves 

a s possible, to cut the expens e of the plan . In case of 

E! break , not more than four lines mus t be exposed, or l ess than 

three . This condition i s s et down for dist ricts nive: and ten, 

which 2.re business districts . In the r ema inde!fr of the town, 

not more them five lines should b e exposed , or l ess than three . 

There are excnptions to t his rule however , "Then 

less valves can be used where there remains more than five 

lines exposed . This exception is left to the judeement of 

the writers in ~ ases where t he lines are short , and the dr aught 

on them ire not excessive . 

7/as te Valves . 

Three was te va lves a r e to be used in the town, 

and a re to be co nnected with t he nearest se¥er. The purpose 

of these va lves are to dra in the a rea in which there is a 

break, so that reryairs can be mede . These valves a re 

a l s o used 1o r blow off valves . 

Blow Off Va lves: 

'.Vhereever there is a depre ss i on i n the topogra;)hy 
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of the town, or where the velosity in the -pipes might be low, 

deposits of mud are apt to co l lect . Blow off valves are placed 

throughout the town to care for this need . In this case , 

the blow off valves and the waste valves were used interchangab el y . 

In this manner less valves are needed , and expense cut . 

I 
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Part 11. 

FIR:i!: INV~3TAGATION. 

District #2 . 

Assume fires in number 2 and three . 

Fire in #2 , in middle of district . 

Line around W. L. U. 
Analysis: For fire , all #2 , 3/5 #3. 

For u . o . C. all ff:2 , 3/5 //3. 

For fire consumntion . 
3/5 X 1 , 000 
All #2 

For M. O.C~ 

Total draught on line a t times of fire 

Lost head in feet per thous and , (8 11 pipe) 
Lost head to middle of this district 

Line to middle of V. M. I . 
Analysis: For fir e consumption 

All #2, . 
For M. o . c . 

Los't head in 
Lost head to 
Distance 
Lost head in 

feet per thous and 
middle of district 

1 , 500 feet 
thID distance (Total) 39 

Piezometric elevation a t V. M. I . Road 
Total lost head 

Piezometric difference 
Pressure a t this point 136 . 2 x . 434 

District #3 . 

Assume fires in #2 and #3. 

Fire in middle of District #3 . 

.1 51 

600 g . :p . m. 
1, 000 g . p . m. 

154 g . p . m. 

1,754 g . p . m 

65 feet 
51 feet 

1 , 000 e; . p . m. 
109 . 4 g . p . m. 

26 fe et 
39 feet 

91 feet 

227 . 2 feet 
9Cl . O 

136 . 2 
59 pounds. 

Line from Letcher Ave to middle of V. M. I . Road . 
Analysis : 1/2 fire daraght , and l / 2 11 . 0. c. 
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Total draught -- 1/2 x 109.4 I 1/2 x 1, 600 

Lost head in feet per thous and 
Distance 1 260 feet 
Lost head in this aistance 

Piezometric elevation at cebtEr of W.L. U. Road 
Total lost head to this point 

Difference in eleva~ion at this point 

Pressure at this point 

District #1 . 

Assume f ires in Districts 1 and 4 . 

854.7 

60 feet 

'7b feet 

271 . 5 feet 
75.0 fe et 

196 . 5 

64 pounds . 

Fire in Distr,..ct 1¥1, corner Maury and Diamond . 

Line on Washi ngtonbStree"t, 1 ram ;ff . L. U. Hoad to Jefferson Street 
(8inch pi pe) 

Analysis : 
For M. o . c . 2/5 #2 , all #1, 1%8 #6 , 2/10 # 10 

Fire, for #1 and #4 375 l 500 

Total draught 

Loss per onethousand fe st 
loss along Washington to Jeff~"".':=rnn 

Jeffer s on Street, v:ashineton 3tr eet to train 3treet 
Analysis: 
For M. O. C. , 2/5 //3, 2/10 l l O, ell //1 

Fire Number 1 and 4 

Total fire dra.ught 

Loss in line on Feff erson to Main Street 
Try 8 inch pipe 

Loss head per one thous and feet 
Loss in this di s t ance 

116 . 8 g . p . m 
875 . 0 g . p . m. 

991 . 8 g . p . m 

25 feet 
18 . ? f eet 

108 . 5 g . p . m. 
87 5 g . p . m. 

983 . 5 g . p . m. 

2 ~ : o. et 
2 2 . 5 feet 

Line a.long Massey Street , Parry Lane to Lewis Street . 
Total Distance 1,800 feet 

Analysis: 1 :M.o.c. 1/2 //1, 2/9 #4 . 
Fire, # 4 and #1 

Total draught 

47 . 1 g . p . m 
875 . o g . p . m 

922 . 1 g . p . m 
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Lost head per one thousand feet 
Lost head in this distance 

Line along Lewis and Diamond Streets 
Total distance, 1050 feet 
Analysis: u. o.c . 1/2 #1 

Fire all #1 

Total draught 

Lost head per one thousand feet 
Lost heFd in this distance 

Line along Diamond Street, Lewis to Massey . 
Tot~l distance 900 feet 
Anaiysis : M. o. c. 3/13 ttl 

Total loss of head 

Piezometric elevation 
Total lost head t o the point i n question 

Loss in head 
Surface elevation at this ~ojnt 
Pressure a t this J oint 

District ,¥4 . 

Assume fires in Districts #4 and #1 . 

23 f eet 
41 . 4 feet 

409 g . p . m. 

22 feet 
22 feet 

104 . 6 feet 

241.b 
10'1 . 6 

136 . 9 
120 . 0 
6 . 94 feet 

Fire at intersection of Ful ler and 7ashin ·ton Streets 

Loss head to Massey and Le"Iis 

Line along Le'vi s , to Washington Street 600 feet 
AnaJlis : H. o. c. 1/2 #1, 2/9 //4 . 

Fire , 

Total draught 

Los$ head pe one thous and fP-et 
Lost head for 600 fe ~t 

Line nlong 7/a3hington Street , from Le'.'li s to Fuller: 
Distance, 600 feet 

47 . 1 g . p . m. 
500 g . p . m. 

547 . 1 e.p.m. 

30 feet 
18 feet 



Analysis: M. o. c. 1/9 ,14 
Ji' i re, 

Tot a l draught 

Los t head in this dist an ce 

Total lo s t head to t he point in question 

Pi ezometric eleva tion a t ·7Lu ~on d anct 
Total lost head 

·:ra 'Jhi n~t on 

Difference in Piezometric elevation 

Pressure at thi s ~oint 

3t . 

24 g . p . m. 
500 g _. p . m. 

524 g . p . m. 

18 feet 

108 feet 

2 41.5 fei:::t 
108 . 0 feet 
-----
1 33 . 5 feet 

9 . 2 poundd 

!LJl IJ. It. ft1nht Since there is only one line pulling trom thi. s :lli:ne .,,,:.· e 

this pressure need only be enough f or the pumper and is sufficient . 

District #10 . 

Assume f ires in Distric t s #5 and 10 . 

Fire an Nels on Street , between Jeff erson· and Main Streets , 
in the middle of the block. · 

Piezometric elevation foot of Jordan Street 292 . 7 

Line along White Street , from Woods Creek to l !a i n Street , 
Analysis: M. o. c. 7/8 #6 , all ,15, 4/ 7 # 7 , 8/10 #10, 7/9 i/4. 

Fire draught 

Total draught 

Assume a twelve inch pipe 
Loss p er one thous and f eet 
Loss to main Street 

Line along Main vtreet , 1/hite to Nelosn Street 
Assume an eight inch pipe . 
Anaylsis: u. o. c. 1/2 #8, 1/~ //5. 

Fire 

To r;al draught 

Lost head in feet per thousand 
Distance 
LoSc., head in this distance 

924 . 8 g . p . m. 
1 , 000 g . p . m. 

14 feet 
22 . 4 feet 

115 . 5 g . p . m. 
1 , 000 . 0 g . p . m 

1, 115 . 5 g . p . m 

32 fee t 
1 , 600 feet 

51 feet 
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Dine into center of district, four inch pipe 
Lost head 

Tot a l lost head to t h e point in question 

Piezometric eleva tion at foot of Jordan Street 
Surface elevation 

Total l ost head 

Piezometric Difference 

Pressure at this point 

10 feet 

83 . 5 feet 

292 . 7 feet 
155 . e feet 

137 . 7 feet 
83 . 5 feet 

54 . 2 feet 

22 pounds . 

###Which is sufficient because fire peessure draws on only one 
1 Lne. 

Assume fires in Di ~trict #5 and #10 

Fire i n #5 on Nelson Street , between Randolph and Uain. 

Loss to Main arrl Nelson 
Loss to fire 

Total lost heas 

Piezometric elevation at foot of Jordan 
Surface eleva.tion at noint in question 

Elevation of hydraulic grade line 
Lost head to this point 

Piezometric e i ~ference 

Pressure a t this point 

District #6 . 

Assume fire/ a t Preston and Jackson 

St :eeet 

73 . 5 feet 
10 . 0 feet 

83 . 5 feet 

292 . 7 feet 
150 . 0 feet 
-----
142. 7 feet 

83 . 5 feet 
--- --

59 . 2 feet 

26 pounds 

Lost head to .Tackaen and 7/hite Street per one thous and 14 feet 
Distance, 1350 feet 
Total lost head for t his distance 19 feet 
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Lost head in 4" pipe to Jreston Street 

Total lost head 

Piezometric elevation at foot Jordan Street 
Surface elevation 

Pressure at this point 

District 1~8 . 

Assume fires in Districts #7 and #8 . 

Loss to Main and ·.'lhi te 
Line from 1Jfain and ·.Vhi te to Houston and 
Analysis: M. O. C. 

Fire 

Total draught 

Lost head per one thousand fee t 
Lost head for 1000 feet 

Total lost head 

Taylor 

Piezometric elevation at foot of Jordan Street 
Total lost head 

Surface elevation 

Difference in piezometric elevation 

Pressure, 

District ,1-7 . 

Assume fires in 7 & 9 . 

Reservior line to Ross Road 

Max. Ordinary Consumption 
Fire draught 

Total fire draught 

Assume eight inch line, 900 feet long 
Lost head per one thousand feet 
Lost head tn this distance 

23 . 3 feet 

42 . 3 feet 

292 . 7 
165 . 2 

127 . 5 

55 pounds 

22 . 4 feet 
Streets 

38 . 9 g. p . m. 
500 . 0 g . p . m. 
-----
538 . 9 g . p . m. 

32 fee t 
32 feet 

54 . 4 feet 

292 . 7 
54 . 4 

238 . 3 
194 . 7 

20 pounds . 

87 . 7 g . p . m. 
1 , 000 . 0 g . p . m 

1 , 087 . 7 

26 . 0 

23 . 4 
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Line on Ross Road , Stonewall Street to Jackson Ave . 
Distance, 500 feet 
Draught: For u. o. c. 

For fire 

Total Draught 

Lost head per one thousand f 1 et 
Lost head for 500 feet 

Lost head in 4"pipe, into district 

Total lost head 

Piezometric elevation at foot of Jordan Steeet 
Surface elevation 

Elevation of hydraulic grade line 
Total lost hea.d 

Difference in piezomttric elevation 

Pressure a~ this point I 

District# 9 . 

Assume fires in 7 and 9 . 

Lost head to Ross road 
Lost head to center of 
Distance 1300 feet 
Draught : M. 0. C. ~ 

Fire 

Total draught 
Lost head into district 

district 

Total lost head to point in question 

Piezometric elevation at foot of Jordan Street 
Surface elevation 

Elevation of hydraulic grade line 
Total los t head 

Difference in Piezometric elevation 

Pressure a t this point 

82 . 9 g .p.m. 
500 g . p . m. 

582 . 9 g . p.m. 

40 . 0 feet 
20 feet 

26 feet 

69 . 4 feet 

292 . 7 feet 
156 . 0l feet 
------
136 . 6 f eet 

69 . 4 feet 

77 . 2 feet 

32 pounds . 

23 . 4 feet 

4 . 8 g . p . m. 
500 . 0 g . p . m 

504 . 8 r; . p . m. 
15 . 6 feet 
39 feet 

292 . 7 
165 . 0 

127 . 7 
39 . 0 

88 . 7 feet 

39 pounds . 




