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PURPOSE 


To set fortb Yininsi Design Standards acceptable to FHA for water supply 
producticz, treatment, pumpbng, storage, and distribution facilities to
 

itances, are under construction at the time 9 HiA consideration is requested

.hal comply with the objectives of these st.andards. The exhibits included 


all finished stage construction that has been partially copleted when FHAAiternate

consideration is requested. 
The exhibits required for, and the application
of these standards to the remainLig uncompleted work shall be the same as 
for systemsproposed for construction. 


(iii) 

TABLE OF SONTENTS 

Section Page 
serve properties offered as security for mortgage insurance. 


APPLIArIgN 

These Ydiniir Design Sta-.dards apply to central water systems serving
residential neighborhood develojm-*nts and rultifamily projects. Such 
systems are to be owned and operatad by private organizations, Property
Owners Associations, or public utility com .uiies controlled by govern-
mental autnority 

These stancards apply to proposed ccr-runit systems,water to comrt-mity 
wa t e r d i s t ri bu t i on s ys t em ex t e ns i on s and t c s upp l y and t r at n e n t p l a n t
expansion. All exhibits included in the pi cessing staes indicated!under 

CW3CO, Su.rdsLsion of Exhibits, will be required for water systems proposed
for ccnstraction. These standards snall alio be applied to privately

b.uilt water systems or additions to water s,'tea which will be dedicated 
to public authorities for ownership and cperition. 


The design of existing systems 
and those whi-2h, due to unusual circum-


,uderFinal Planning and Construction ftages will be required to the ex-

tent applicabl3. "As-built" in lieu of "pre-construction" design plans and

specifications are to be submitted for completed existing systems and for 


OBJECTIVE -------------------------------
 ClOO I 

GENERAL ACCEPTABILITY ------------------- CW200 1
 
Local Codes ana Regulations ---------- 1
Revision to Approved Plans -CW201 
-.-----
 CW202 1 

SU2ISSIoN OF -H131TS
Feasibility CW3OO 2
 
siilt O a --------------------- CW301Stage-------------CW301 
Preliminary Planning Stage ------------ C302 
 3 
Final Plannirg Stage------------------ CW3
 
Construction Change ------------------- CW304 8
 

SOURCE OF SUPPLY ---------------------- CA4O0 
 9 
O b j e c t i v e ----------------------------

General -------------------------------
 CW4O2 9
 
Location From Sources of Pollution --- CW403 ii
 
Well Construction Methods ------------
 CW4O4 U
 
Materials of Ionstrjction --------------- 0 16
 
Testing, Samples and Reports 
----- CW14O6 17 

1;ATER TREATMENT FACILITIS ------------- w500 19
 
Objective ........... ......... ..... C W50 19
 
General ------------------
 --- CW 19
 
ocation of T-eatment Facilities . CW503 19
 
Structural Design and Materials 
 CW504 19
 
Essential Facilities ----------------- CW505 
 20
 

Treatent Processes -------- N506 20
 

DISLNFECTION 
 -W600 21 
DSFecti-- C601 21
 
Objecti---------------------------------C601 
 21
 
General -------- .------ ---- CW602 21
 
Forms of Chlorine ---------------- CW603 21
 
Chlorination Equipment ............ . iC604 21
 

(v) 



Section 

WATER CLARIFICATION ...................- CW700

Obj ec t i ve - ------------------
 C W 7O 
General ------------------------------
 CW702 

Methods -------------------------------
 CA703Selection of Treatment Methods ------- CW70h 

Pre3edimentation --------------------- C'705

Chemical Feed Equipment-------------- CW706 


Mixlng Basin ------------------------- CW707Sedimentation Basin ------------------ CW708 
Filtration ---------------------------- C709 


E 7 -ON AND MA 3AtNiv L .-------------- C--(0
Objective-------------------------------- 2 

;eneral ------------------------------
 C4802
Aeration ------------------------------ 94803 


Ctdtio byCoaguation WyCiiithLe-----------------owso 

Coagulation With Lne ..---------------- - '85

Son rctn -------------------------


o 

e 
 -CW0O6
S t a b i oi,I...........................- a-,- e - - - - - - - - -Sedmetz n g Iro n - - - ...-- - - C'0 5W08 


Filtration w.----------------------------c80 

ATER SOFTN ING ....................----
 0 


Geerl ----------------------------- -902 
Gener-al Proce------------------------ C4902 

Lime-Soda Process
n-..chan.e.o.C a t i on- E ic h ang e S o f t e n-a.g ---- .------ cW903-.-..... C1,49 0 

CORROSION COTOL .--------------------------C; 0.45
 

Objective -O-- ----------------------- C"--
'-OOO

General ---------------------------- C OO2Free Carbon Dioxiic Removal ........ CWIO3
Deposition of Protective Calcium Car

bonate Film ----------------------- CWOO14
Phosphate Film ------------------------ w1005 
Chlorination ---------------------
 CW1006Cathodic Protection ---------------- CW] 007 

Pae- Section Page 

25 TASTE AND ODOR CONTROL - - - -425 O b j ec t i ve .. ...................... . . CWl 1O1 
 47
25 
 General ------------------------------- C'l02 47
 
25 
 Chlorination.......................---
25 iO3 17
Chlcrine Dioxide ---------------------- -- 11 148
 
25 
 Activated Carbon -..........-------
 C1405
1 49
26 
 Aeration ------------- ...-------------- ClO6 49
 
27 
 Other Methods-------------------------28 1107O 50
 

29 FITJMi;N AND 5 O*-'±tFACILIlriS --------- C120o 51
 
Objective -----------------------------
 1201 
 51
33 
 Gene-a] ------------------------------- C'-1202 51
33 
 Loction of Facilitie ---------------33 -- 1203 51
Str-'ctural Lesicti aterials34 Water naa ------ 9,l204 52
Sunrly re:nds---------------------21205 52
314 oi----n---------------1 --- 5
31 Pumping Stations ------------------------- %U106 5
3 
 Storage Facilities ------------------- -41207 59
 

35
- 3356 ~ Ob e t - - - - - - - - - - - - - - - - - C 13O l 
36 D)ISTR=TTTDN ------------- C1006 65
Obetv .............. 
 W71301 65
 

36 Geiinbeeial-------------------------------1326Gennial ---------------------------
 41302 65
37Dein----------------
 Materials ----------------------------- CA130343 65
6
 
37 
 Protecticn of Water Supply
----------- CW1305 72
3 
 Water Services and Plumbing ---------- C1306 73
37 
 Disinfect: on of Water Mains40 ---------- CW1307 73
 

45
 
45


45
 

45
 
46
 
h6
46
 

LL 



7-CX OBJECTIVE 

To provide water supply facilities which will deliver, under pressure, a satisfactory continuous supply of water which
complies with chcmical, physical and bacteriological standardsacceptable to andFHA 	 which will be palatable without being
excessively hard or corrosive.
 

7.2:C GENERAL ACCEPTABILITY 

.. il LOCAL CODES AND hiGULATINS 

-d---- These minimum 	 standards have been established to accomplish
certain basic ojectives for FHA mortgage insurance purposes
and shall not be ccnstruec as relieving the builders of responsibility for complianc with local ordinances, codes andregulations including esta' ished requiremer.ts of a health 
authority having jurisdict. in. 

J-2-	 The Federal Housing Adrinistration does not assame the re
sponsibility for enforcing Dr determining compliance withlocal codes or re ilations r make interpretations regarding
their application Ln any sp' oific instance. 

: r_.e-3 Where the local code, regulotion or requirement permits lowerstandards than required hert in, these Minimum Design Standards
shall apply. in the event, the local code, regulation orrequirement precludes compliwice with these standards, theproperty may be ineligible unless the stated objectives set
'orth herein are fully attained by the alternate means proposed. 

W232 REVISIONS TO APPROVED PLANS 

Any deviations from the approved plans and specifications
which commitments for mortgage insurance were based must be 

on 

approved in writing by the local F1A Insuring Office beforethe changes are made. A request for suer. approval shall beaccompanied by written evidence that the proposed changes are
acceptable to the State Department of Health and any 	 otherstate or local authority having jurisdiction, and by a supplementary engineer's rcpor describing the changes and stating 
reasons for them. 
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CW300 SUEMISSION OF EXHIBITS 
 C4302 PiLLIY.TA Y PLANINC SIAGE 
cJOl FE:'SIbILITY STAGE At "nis tzige, submit cxe following exhibits, as applicable: 

Prior to develz,;mnt if iesign pl-ans nd specifications, the C4302-l Pr-lxurr~r o'xie-ringprc-ct a-,oh, Jiarucsed with "h' local FHA Insuring Office 
reiort giving the bisc iota on which 

Th toe do c n of the cr.0 t e\.,loped. Toe report shallan t Fitt. '>sita. Engineer. crita trio atcge the feasi- inoludc

bilitv of the Troj: ct should be determined.
 Ta.afornatin -n the roosed well or wealls, such as the
To the x-?n, tn,-ithe folioXwintixhibits A 'i'--'- -,,ss - , X.?teliel of casinz, 

o" tV-icewella a ''y cc hgu.facilities, and 
antiipated wellA. 1a ], ' ' 0n a0 ,A the ara (a .rinted topographics- yo o yield. Fr a sr'-ace -sourceof supply,cs of the drainae

'-Survey or United -,- d mq,; ,,: b w tth t-e location of the
deveop:i a-ntc-wn t.
 

b. Tot -a 'n oC t infcr-'t -. the niture of 
b.r I-'-r; l- 0: ors facilities 

now serving the area. ,L" a111V so-tom ta rocit which 
thweL or wes wi ,
 

a. A brief "!.f .- ou--rct... 
 of water pollution, sah c. 1rinor7atinn 
 t a Of "2:.e
as qewnge ,u.! -- ri ! waate discharges, within at least y propsei water
tat.7 fa iliit ype and size c wooer storage urits,a 5X-foot radius of the proposed water supply. and size and layout of water uistribution piping. 

. desrptin of tte area to he served setting forth the CW302-2 A state.nant from toe Stat. S, ortoent of'asthtype and cenait.; cf ieveloororet contemplated. and/ar other
authorities _avo-ng junilitlo p tt toe general proposal is 

e. A report of tx- gro-nd water resources acceptable aird that water Ciecralcnr:-ct have been granted.of the area
(preferably from the United Stotec Sclogical Sarvey or JW3C2-3 Information concerning t si ofstructure theState Depart.r.ant of Jsnser-ation) setting fort, data on proposed organ!

zation which will own and :perat the system, and thethe quantity andd -z.alityof the water available, means by
which continuous satisfactory operation and mintenance of the 

system at reasonable cost will be assured.
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CW303 FTN;L PLlNtlUN3 STAGE 
e. Possible Sources of Follution: 5escribe any possible sources 

ZW303-1 

rpere otnt be ot esystem,
pr-perties to be served, the FHA Insuring Office will de-terrlne the acceptability of all details of the proposed watersupply system. A final enginoeing report, shall be submitted, 

rontainnh Ietaled Ind specific inform. tion on the tasic datafrom which the design of the system was ceveloped, where such
data varies from or were not included in the preliminary engineering report. 

T.-a following inforrmition snill be included unless previously 
submitted. 

f. 

of pollution tnat may effect the various parts of the water 
such as existing sewage treat,.nt plants, sewage liftstations, sewage plant effluent discharge, industrial wastedisposal systems, disc .arge from indivilual iewale disposal

systems, etc. When available, inforrnti-.: snIll t. submitted 
on the minim, r-saxrniana average daily flows, for the pastyear, of existing sanitary sewor-.ie systems in the area. 

Sources of Supply: Describe tue proposed source or sources 
of water 5upgly to Le aeveloped. 

a. Extent of W.ater yorlis System - A description of the nature 
and extent of the ar'a to be s9erved by the water upplysystem, any pruvisic for expansion 01 tne system to in-
elude adit'onal are s, and an analysis of future requirementsfor se r .ice. Doscrij tion shaft also be s umitted or, any 
non-resieonrial wate: s';-' , nceis whicn are to be met by
the water -ystem, or ihjch are li~ely to be required in the 
near future. 

g. 

h. 

uality of -aw Water: Complete physical, chemical, andbacteriological analyses of water sampls taken from the
supply source, or from the test well if available. 

Proposed Treathent: escribe the ;roposed treatnent processes
to be used to make the raw water safe and palatable; and tofree it of objectionable characteristics, such an excessive 
corrosiveness, hardness, iron, :anianese taste, odar, etc.,
which would interfere with its normal domrnstic uses. 

atudpitdeb. Water Cons ;mption -,sod on available rec,,rds, trieestimatedpopulation to te ser-;,. , cescription of tne present andfuture water c:nsunpt on values used in the design, and the 
present and future estimates of the safe yield of the sourcesof supply. 

C. Meters ~ idividual water meters will be required for eachproperty ser-vod except where unusual circu;mstances preclude
their use. Justification for any proposal to eliminate 
maers shall be submit- io to FHA for consideration. 

i. 

J. 

Facilities: Describe tne basis for esign of all
pumping facilities, including the physical a-nd operationalcharacteristics of the ;umrps and drive units, Pump housing
and related appurtenances. 

Storage Facilities: Describe the type of construction andcapacities of all proposal water storage facilities. Include
the criteria for ieternining the amount of storage providedas well as those portions which will serve flow and pressure
equalizing purposes and/or contingency reserves. 

d. Fire Flow Requircmenits: Submit informatio. on the fire pro-
tection requirements of the State Fire Inspection bureau and
the extent of compliance witn these requirements by the pro-posed desitgn. 

k. Distribution Piping: Describe the design criteria used indetermining average and peak flow variations and related 
pressures and pipe sizes throughout representative parts of
the piping system. The description of the soil in which themains will be installed should include the chemical characteristicp, physical nature in terms of unified soil ci tssifi

cation - see FHA Bulletin #373 - and the maximm and minimum 
water table elevations in the area. 

-5
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I. 	 Stage Constr:ctlion: The design computations and exhibits
should cover the comlete system. The report should clearly 
C. -onplete working drawings of tne syteam, including final
indicate 	 structural detaflsthe 	portion to !o inc-uded for each stage of con- of the well ontr.iction and developz-ent,intake3truztion and the nurEter of prc-,erties tc Le served. structure, tvotmer~ t lacilts, pumpng and storagefarilities, sno 1.striruti-n pping .- iu appurtenances. TLe m. 	 Spacial Destg-n Data: If unusual conditlons are encountired 	 plw,, an, profil3 f th,- lintrilutit-which re.ire U. 	 shrew t'n -it27n of pi;ping system shalt', *stlblis"aent of special 	 s snitai ew-rs, stormdasign criteria drais,

and conputaticno, u ,11 etS,i'
i-c?, o-no'
such informiticn snall be provided. et:., icCordin to 

O2 ?*st, aI iO Xv availazle.
 
n. 	Details of the nt.-cctural dcsiign o" all tructures included

in tri nyte:n as followB: t2 aanu,t and draae of
all -''-rials, eOJ *ut, "C:ntracti wDrkmansaip, .cthosof(1) Live lea!: fur '-.-rs 'si roofs. 	 so -ih)ly on' s.an:if'a_ aonsnaa; str' 'a Vev na r t 	 .iloons(2 ) E l tj ti 	 rd );Iis ibl,,oVr ' flcw o r l i u i d l e e l f a l l t ank 	 b itue dstructures. 	 y t .:e Wa ' r ,Sr k s ti , e k. ir i c a hen n 

ensteautelr 
3 Safa oi-b-. vau, at t.-ie of 

cretl -_ _Thricc -'f 'thnarde- i 'lavtfn the founda-	 ksocition,
tion of major p 	 the 5r--- ty fur '>cting Kat. rials, to coralS 


(1-) A dascriti a i:f t'e Gov- ' , etiucTU st.c'ifi
aut-ccio at the site of all major 	 ti ns referred to
s751i -il to th- rostructures a3 	 ~nded e tios
jete7 TId ny tet tor-igs and explo ation
pits. Theoi3t 
 ,hulud include the kind ano: natu:e of thesoil from t! .i,o ;aa groun% urfe to a depn' below 

r. A aroval from t -.at- :ealt% A.uthority of the esi7n ofthe 	foi-.dati'n level emual to the system an d'scri -adthe 	di;meter or width of the toy thrse enxshi'ts. a'here approval"y ottner oca l orstru'oturo. Also i tcludoI9u 	 state a-encies is required, such approval"N" values or the naimber of
blows 	 shall also re subitted.par 	foot, in the stanari penetraticnDl:56). The Unified Soils test (ASTMlissificativri System is re-co'-rnen"ed for use in descrih.ng the scil. 	

a. Comlete dotails of tht organizational structure for 	owner(5)The steel stre;s for 	 ship and operation of the systemr;_ngtonsion in reinforcing used 	 including final drafts ofall 	required legal documents.
in the design of cylindrical tarnkstructures.
 
(6) 	 The concrite :sixand the coopra33i--e 3trength of concrete
 

used in the design.
(7) Structural Jesi!,'n
asrumpticns and computations used in

the design 
 of the major structures. 

(8) 	 Gross wel-ht of 2'.nchinary or equipment supported by all

major structures.
 

(9) The rsaxi'um elIvatiLrn of seasonal and 	 average ground 
water table.


(1C) The thbcknass of concrete covering over reinforcing steel. 

o. 	 Topographic nap of the land on which the system is to be constructed. If the wall field, nurac reservoir, treatmentfacilities or storage facilities are located outside the
served area, those ray be shown on separate topogra;.hic maps.
 

-6
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CW30b CONSTRUCTION STAGE 

Prior to final acceptance of any properties as security for 
mortgage insurance, construction of the water system shall becompleted in a manner acceptable to FHA. To the extent they 
are 	applicable the following exhibits are required: 


a. 	Written evidence tnat the system as constructed has been 
approved by the health authority and other state or localauthorities having jurisdiction. In those areas where the 
health authority or other officials do not normally approvethe 	specific installation the sponsor shall provide the In-
suring Office with a written statement from the State Health 
ep;.rtment indicatn g that "hey accept the responsibilityfor supervisory control over the operation of the system. 


b. A written state=,!at from the design engineer that thesystem has been con tructed in substantial compliancewith the approved , ign plans and specifications, 

c. 	 Evidence that itnacc p;)table organization has been established
which will -Lq3ure ti.- continuity of satisfactory service at 
reasonable rates, 


d. Evidence that the fiished water complies with the StateDepartment of Pealth t-tandards for bacteriological and
chemical quality. Cc.pliance with the U.S. Public Health 
Service 'rnkin? Water Standards will be required where 

State Dpartment of H{ealtn Standards have not been adopted. 

CW4O SAJhCE Oi SUi PLY 

CWOl O JrCTIVE 

To provide a continuous and adequate flow of water which is 
arenable to treatment, If necessary, to 
assure a supply of
 

water satisfactory for all domesticc n e t ap o e-i s and related uses of the 

402CW1 GKN6RAL 

These standards are applicable to grcund water or surface 
water sources of supply. 

CW02-1 Ground Water Sources - The general types of ground water
 

sources are wells, springs and infiltrEtion galleries. Exceptunder unusual circurstances, dug,infiltration galleries do not or bored wells, springs andarsure tne continuous supplyrequired and are subject to surface pollution by their very 
nature of construction. For these water sources consideration
;y FH; will conly be given wnen it has been shown that geological
conditions preclude the 	development of a more satisfactory source 
of supply and that special steps have been taken to 
assure con
tinuous protection against pollution. 

CV402-2 Selection of Site - The selection of the site shall be based onthe 	type of ground water source to be utilized, depth to the water
bearing forrntion, types of subsurface soil formitizns to be pene
tra+ted in to the water bearingorder reach 	 formation, freedom from 
flooding or excessive surface wash water, and the relation to 
existing or pctentil sources of pollution. The best supply of
 
water available in the area which will meet the quantitative and 
qualitative needs of the system shall be developed. 

2
CW40 -3 Surface Water Sources - Surface water supplies from streas, 

lakes, or reservoirs will be considered by FrIA only when evidence 
is presented to show that the surface source can provide a 
continuous satisfactory supply. Submit the following data con
cerning the proposed surface supply source: 

a. 	 Hydrological data, such as stream flow, weather records, 
storage capacity, and other data used to determine the safe 
yield. 

b. 	Size, physical characteristics, land use, and other factors 
cocerning the drainage area. 
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c. Description, including the type, quantity and location, CWLO3 	 LCAlON FROM SOURCES OF POLLUTIONof all sources of pollution on the water shed.
 
d. A carefla study should be -ade of all factors determining 	 OWhO3-1 Protective Horizontal Distances - Minimm horizonlal protectivethe safe yield of the 	 distance- between the well and co-on sourcesproposed water source. Data should 	 of pollution shallin- be less than those oncifiedelude geolugical location, storm Pat.s 	 in Table I. For wells tenprevailing 	 winds type-----------re-i-edand itensity of precipitation, topography formrt~ ma, or where 

-i pen-cL-le, i><4r cistaenses 
and size of basin, 	 the overlaying soil forra

type 	 may be required by
cial 

of soil, type of vegetation, type and extent of artifi-drainage, extent 	 the F Aof other surface stor:gearea are 	 in the drainagecharacter of the drainaFe area, evnporation, infiltration CI---3-.,Idother losses. 	 VfloO3-? PrFr.het*; -hr ej Fhp waterti ,tit to the devtht "--3= o.3',nce s 	 oselofwt :erF thtao.a 
e. Evidence Iron the 	 ne pllute or h.9e:. ,&r-t . .± thar are or raystate an local govt-rr ontra agencies having op'c .n -0~~ e [ e p o _cl c i £ o The annular:u*--ae 	 u b n h l e s a ejurisdio:ion, arproet-t,: 	 c-''e-he Ireosed surface water supply and 	 r ci.'dzsni- shall be sealedgranting authority to divert required ;mount of water to 	

by of t'vont ,r't, -c3r ''nt tosons or ,d sairovedthe 	 roat other 
rner a,e-sure a contiou-cus, satisfactory supply for the proposed 	 t 1efllt ... .' h unorr "routing. Te -" et-r ve casing depths for drill
ccuntereo* shcutrte.. wa typ ca tmeet t',e ,-eof subsurf-3ce soil formationsr1quirenents 	 en:ro2-L uality of Surface 	 of Table I.!ater Sources - To be acceptable to FHA itmust be ohown that the surface water source, with reasonable C'eL 	 WELL ST-btreatzont, 	 can provide a continuing and adeqtate supply of watermeeting the objectives of '2W100. any surface supplies cannotbe acceptec. because of the character, 	 c'tOi-! Tyres of Installationamount, or 	non-uniformity 

of t he p o l lut io n l ou d . Whe re mor e t han o ne wa t e r 	
in Send r Gravel Forations - Where the overlying formaso u rce c ou l d 	 C W t j orL-i nale D ano r av iprovide sufficient wter, the su.ply which 	 n s - torh e ull frequires the least tans cre unstable,treatment to siake it satisfactory should 	 or of a caving nature for the Lull depth ofbe used. In those local-

dties 	
o areale s rn shall be installed. The openingwhe re ro i l 	 p o is o n in g has bee n p rac ti ce d o r c an be an ti c ip ate d , 	 o nteidt ofe 	 1 ,v aro r s h al e r oe danacpt2.abl 	 dspecial care should be exercized 	 "t if slay, hrrdpanto assure that the overlying 	 orgeological formations -ill affectively prevent the outo' e t e shale overt'orden isfrom reaching thle water bearing Lormation. 

soil poisons encou'--ntfred a double ctioghlbeentne uhcasincj should be extended through suchmaterial. A/lter placin,' ine outer casing, it shall be withdrawnand set at 
a point at 	least five feet above the stable formation.
 

ttOh-1.2 	'Wells in Limestone or Croviced For-mations - Formations that are 
ohanneled, creviced or fract,'-rcd may yield unsafe or undesirable 
water and snould be avoided as a source of supply unless overlain 

ith an unconsolidated mantle of sufficient thic-cesa and extensive
:less for water supply deve!opmpnt. The -nular space between the
casing, and 	 drill hole shall be sealed off by grouting for the fulloepth of t.oe casing to assure watertight 	construction, and thernzuisum protective depth of casing shall met the requirements in 
Table iT. Particular care shall te exercised in localities where
 
poasible sources of pollution exist in or near toe site. 
 A supply
which ray be polluted will be accepted by FiLAonly if no alternate
satisfactory supply is available and treatment facilities are pro
vided wticn can render the water continuously safe and palatable.
10 



TABLE I - Minimum Distances(!) TkBLE II - Well Casing Depths 

Type of Well Protective Casing Depths Drilled Type Wells 

DIstance From DEi;z(3) Bored Driven Drilled Water bearing 
_ _ _formation Overlying material Protective casing depth
 

Property Line I00 50' 50, 2U' Th,: depth of casin6 will be 
governed by the pumping 

Sand, or mixture of level. For -uriplng levels 
Improperly Abandoned sand and gravel 30 feet or less, the casing

Well or Sinkhole Unacceptable 200' Sand shall extend l feet below 
pumping level. For pumping 

levels greater tIezn 30 feet
Seepage Pit 0'.I the casir.6 slhll extend 5 

or feet below purpin;level. 
Clay, or similar The casi:.g shel-3l 5etend 

Dispes,]. Field material, containing feet below the pnping 
or Bed JO, 200' iOO layers of sand or i level, but through clay

Gravel gravel. below anily sA ir Cravel 
above the , )-foot depth.

Industrial Lagoon Unacceptable (2) Clay, or similar Tne casinE siall extend 5 
material, only to feet below the p~aspin, 
depth of 35 feet level.


Watertight Sewer or more.
 
.ines 

5U' ___ 
Limestone, Drift material, to a The casing, shall be
 

depth of at least 56 
 firmly seated in the
 
granite, feet to a radius of 1 rock frniation. 

Other Sewer Lines !L-i' IOU' ' mile. 
or Drift material, to a The casinrg shall nd 

depth less tha. 50 10 feet into iuicreviced
(1) Any distanices specified Tbove skall be increased if quartzite feet to a radius of rock below 40 feet. 

necessary to meet the n _%jmumrequircments of the mile.n1 

lealth Authority. Any material except The cas!r pipe shalllimestone, to a bedepth 
 extended I. feet Into

minLe. sife distance(2) The m from a lagoo:i shall be of 35 feet or less. firm sandstone, or to
specified d 'r:ndir og u;w~n the ,ature of the waste,seolcgical surface n:d subsurface ___-foot deoth.conditions, and Sandstone Any material except The casing pipe shallthe reccludatlons of tle beFiar and Health Authority, limestone, to a depth effectively seated intogreater than 35 feet. sandsLone. Miniam cased 

(3) Radial water collectors, sprin6s, and infiltration T1_ stone_ at_ variable_"_depth s h ll be h feet. 
galleries sil comply with the minimumdistances Lestone at variable The csso pipe shatll be 
specified for du wells, 
 depth. extended 15 feet into firm 

S sandstone. 
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CW1O4-l.3 Wells in Sandstone Armatioms - Tz.e protective casing shallof watartight beconstruction.
hole and casing shall Te annular spacebe made to the deptn specifiedbetweertin theTabledrillII. 

CWb01-l.4 Flowing Wells - flaDwin4can be controlled. wells shall he constri~cte~dThe inigLaI drill hole so their flowshould extend into,
but not Ltrouih, thehead, unless neceSsaryis: eiiej fo',ntn containingfor procr con,t-2ctio, the water under:sni 'a 7,e protectivead am-nn 'rout shall be instailed ond allowed to set.Following the extension of the drill hole into the wzterbearisgformation, an ner c';ing sa:ll 
s1 rNeL:red if ercsion of the 
confining, bee hr the fl n' water can be toc">"ctrd occur.inner Zasin2 shall This 

mu joined in a 4aterti t rmmn.ertive casing. to the protec-Slo'wcmutrol 
fine:"thepipe connections, cell should consist of valvedse'-vcr-, 'ate:r-ht pump co.nections, or receiving re-set at a:in altitudeThere enall hbeno e:'rrescoidirest so:ucecticn etueening to thatthe discharge pipeof the head.and source of coiluticn such s a cower, etc. 

C'2O-l.5 
 Gravel Wall Co. -_t jcti-n - The outer casing should be of such 

diameter preide a niis to n an annular openlng of 1.5 inchesafter placement of th' -ravel refill pipes. When gravel refillpipes are used, theys, ha te -rminate,above grade, in threaded
capped outlets. l! gr'vel used shall bewell-rcunded, ac the clean, washed, andvize carefully selected w-itn reference to
the csaract-r of t!i
gravel used shall 

' a:'-o?. ar rg formation to :,e packed. Allbe 'i3inff"ctd. Protective casing depths shallconform to the reetirer ,_nts in Table TI. 

SXLo-, Driven Wells - Tuie CsoIZ 3nall Lb watertight to the depthsindicated in Tible 11 ciii 
convey the water 

a drop pipe shall oe provided to
'pe weli point or screened sections to
tne surface. nre 

CWLOh-:.7 
Other Ground Water Sour-. - ored or dug wells, radial watercollectcrs, aprin,- an-n infiltration galleries will be consideredonly where rceological crn"iti-ns Preclude the oeveloomaent of asatisfactory sup; ly
Prot 

'with -rill d wells. Tue construction shallct against s'irface poll:tion an the casing shall be water-tignt to a depth of at least 20 feet.installed in place 
The concrete wall and curbs 

snoil
operation, prefernbly winebe a at1:?:):leastmix.6 inches thick, poured in one Wlls and curbscrete pipe, vitrified pipe or other 
of con-

not similar prasst materialsbe lerenired on to e watertight. When present units are 
can-

used,,hey shall '--- .. hie a neat cement grout, not less than 6 
incnes tnick, placed in one operation. 

- la 

4I0L-2 General CUotuction Letails 

2.3 t arv *- ',ic e - Secificetionsnt. od, equipment, 1 LnJ rW) coveringan controls -eor lasting or chemical 
curion or n,; 'a we a ci' eport' oI'f' te a - Te applicableat'ren*. karm rc Leul4d followed.
 

T "hL-2.2S tin' 
 of c's -W.7 sLreu a u e used in wells- i ter frrm .fur-tions and shall b
s:ing water levels. 

- 30 to ,t 
I 

- ,u v - -er f z-f, 
I-

t;. r.,al atr-t,r replacer-pntt.ii.t .2trnitin of 

the 'Well. 

2-ttl.t' SL0 '- - s 
a T:-''> rOsowels cu.hng s -1 terminate not lossa1 ='-e f'oor or well apron. 
5 t:.e .3 $io,.-' well:"' ~ r akron shall be at 

c. 1, t : , f e lt~tion s a .l LLat ea t 2 eet 

ttveaujownfl d leavel,fill t a :,e ht o:'I foot o'e e oodat y earth"- level,Lng -'Jiall, at teat and extend15 Ft. :r-7wel cnl tne casing. Tnewell casin"from couldat tna u:oitbe- arrc refort e c-oncreteenvelopeth-. u'per terminala a resuorcemravinzg ncr6acanof the we inhoes, concrete1 to a extendigp,nt 10 feet selowthe or4oinal groeno level, Te - "ti-n site shal! se abovethe i iwlest prooacle flood 
prot-

noi,_.t, or shall be suitably
seen a r p, itrfre .antsc 0 snail u- accessibleat all tines, regardless of 

lod n tselu acsilfloods or other hazards. 
U9lOL-2.b Abandoned and Test Wpells - Abaana.ea ,ellc and test wells shallbe sealed by restorin; the controlling go-logical conditionswhich existed ef-re the wells ".ere riled. These wells shouldbe filled witn concrete where feasitle. The sealing metnodcostly with current shallAWW Standard AiJ and t:,e requirements ofthe state authority having jurisdiction. 
CWVhOL-2.5 Zapping Wells- retained as observation wells, or wells temorarilyremoved from service, shnall

with these 
have been oertru.cted in accordancestandards, and shall be sealed at tinetop with a watertight threaded cr welded cap. 

- 15 

http:Abaana.ea


CW205 


CWLO5-1 

duO.-l.l 

CWO-1.2 

W45-2.1 

C.4O5-2.2 

7.4,05-2.3 

CW~-2.4 

CWhO0-2.5 

Y.TiHIAIS OF CCNS RU2TION 

Well Screens 

Size and 7jaiity - 7he diameter of the screen shall he such 

that it can be propt ly installel in the well casing. The 

effective lengtn of the well screen snal be adequate to 
 in-

tercept the thickmrss cf water bering strata required to yield 
the well outkut r quiremerts. The well screen snall be manu-
factured f ;,'-ria! spoc fieu in t:,e a ,pliceble portions of 
.he -rrent A. Stta.:A r 11.- . Screen .penings snail provide

the mxirnm cnount of ji.en area csnsistent with strengtn and the 
grading of the watmr-b rin< fr -s to '.nsit maxi.nim water 
transmissian wi truut clogging or 

Fittings - ":: e r 'ittins ;:-11 ze :rovided to tightly 
seal the top -,i' the sce. !n to the -asing and to close the bottom. 
4hen the screen is int , la* irs the casing, a lead oacker 
seal shall Le inetal!eLd t the top, located to provide a 12 inch
overlap of screen ani c g. ben t:.,e screen is attacned to 
the casinj, a uit-le c -lin!; .!iall :,e provided or the screen 
shall be iel to tee c ;ing. All coulings and fittings, ex-
c~pt plugs and seals, us, ! fir joining sections of screen shall 
be of tne o-.e material t"he screen,
bef.Oe-?Casings eell 

General - Frot-ctive casins or cutoings for jug aid boredwells are ovcred in a ~revi u s section. The protective casing 

for other type wells 
 shall comply with the applicable portionsof the current A fA Standard A1Oe. 

Material - '!iterials cn.:.oniy used for well casings linersor 

are wrought iron, alloyed or tnailoyed steel and igot iron. 

Well casing pipe shall be ca;pable of resisting both the strain 

to which the pipe will -a subjected during installation and the 

corrosiveness of the water with whicn it will come 
 in contact, 

Jointsheipeaoiets- Casing and liner shall be welded or 
threaded. 

Grouting uics - Casing t:at is to ,e grouted in the drill hole 

or annual hole opening shall be centered, using guides welded to
the casing. 

Light ',eight Pipe - Temporary casings and liners installed with-
out driving may )e of lighter weight than specified in the casing
specifications in the current AWA Standard A1OO. Light-weight 
pipe shall have a minimum thickness of 0.25 inches. 
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OWO5-2.6 

CbO5-3 

-42O5-3.l 

C iO5-i. 2 

s to405-3.3 

CWo5-4 

2)O5-

CW406 

CWO6-1 

CW06-2 

Drive Shoes - Pipe which is to be uriven shall be equipped with 
a drive shoe.
 

roeting
 

General - Grout shall be applied in one continuous operation, 
from the oottom to the top of the space to be grouted. Annular
 
openings shall be suficient to assure a inirrm grout thickness 
of i incnes. 

oncrete drout - The nixture shall consist of equal prts, by
volume. of cement 7- dry sand with a MaKiTUI. of 6 gJllons of 
clean water per uac of cement (9i .ouna3).
Neat ement .rout - The mixture shall ccnsist of one ofI Insi ag

tof neng. o 
scement (i, pounu to than 6 ga)lns water.) not more of clean 

Well Vents 

e.lesigh ena Location - All well vent opening.s !:all ce piped
watertight to a point not less tnan 2h incnes above any known 
flood water level, and, in any event, at least 12 inches above 
the finish ground surface. Such vent opening and pising shall 
be of sufficient size to avoid clogging ari in lessno case 

than one-quarter inch in Jiameter. 
 The terminals of vent pipesshall be shielded, screened and turned down. If toxic or in
flar-.Lable gases are vented from tte well the vent snail extend
 
to the outside atmosphere at a point where
produce a hazard. Op n n s i pu a es shtne lgases will notbe e l d w t r i 

TS'TN SkKdLES ALN iTN:hOiTS 

Yield - Every well, before being Accepted, shall be tested for 
safe yield and drawdown characteristics, preferably for a period
of 72 hours. In no case should the test period be for less than 
2L hours after tne urawdo-n has stabilized. The test procedure
 
shall be described in the specifications. Tne test pump should
 
have a maximum capacity at least equal to the 4uantity of water
 
anticipated and a minimursm capacity of 20C of the maximum. The
 
test pump should have the capability to operate continuously
be made drawn A; d rthroughout test period. c r "d r~ K t e e t e tof thethe do wn1 Water vlevel observations shallr 

Water level Measurement - An airline, complete with s gauge,equipment for applying air, and check valve, should be per
manently installed in the completed well. The airline, gauge,
and check valve shall be securely fastened to the pumping unit
in sucn a manner as to exzlune foreign material. 

- 17 
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C'4h6-3 "Wter Samples After- the ground sourcewater of supply has 
- en disinfected in accordance withmore trw standards, one or5water samples from sourcet.e snall '..e submitted to an
aFproveJ laboratory for physicat,cal ar si. chemical, and bacteriologi-aThe analysis shall include sufficient data to
deberi-e if the water sA:pIv Teets toe objective of -WiS. 
Additional cat, s'ali he suh:atted if reuared by the nA oror xealth. Aut'- ty. if.h ground weter source is subject
to con inuous 'rmade iten-ttnt Poolttion, provisionsfor r 'ret-ent and ddsinf-ction. shall be 

eazn i forraItLxx shill be 10-~*Wfl5'~dhQCr' otaiedat crn'.e ~db6-L Wel-i 1 >tsnsdescribei in the welllog submitt t,2 . sal - suppliee witn an accurate 
record Df t- a.411 nolo aia-iters, -nbleaa- order of sizesand lengths Df casings l 2 4ners, scres :i, grouting deptns,water !,-vel, onaion of Ulast shots, ane pumping tests.


CU47a-5 Piumbngd7
. gnet .... Every well, defoes iingorest:n- officiailytl at *of -, Th 

t o f,t _e * E ir ecat-c - unn, an 
esrd - secifi-outer di4-eter inch

te'nm",'ritn of the casi -;. or noe benZ tasted,thr_-x-outsfe- the lent of casing or hole to-rtiri;t d :uu@ setting. The well should not vary 
ssideti !eo-ret. t.rf 

1-l in exce-s of two-ttuird af the sallest in-r that cart of '%e -- tD ytse 3well, bei,4 tested, oere 1iOtlO_-s_ 
feet of cepth 

CW106-6 Disinfectionditioned groshd waer sappl- -Eve rylet'onnew, modified, orsou-ce, reconinclueng '-riping eqoip
nent, before being placedshail La iin. ct 
 in service forgeneral use. A solution con-:ining at least 50 ppm chlorineshould be a pliad in all parLs of the well for a period of at
least two hours. Satisfactory evidence shall be submitted to 

FHA that the sa-stem has been adeiately disinfected. 
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CWSOO WATEr TREA70ENT FACIITIE 

cw5oi ObJECTIVE 

To waterlrviceof a ceotable bacteriological, chemical andohysacal ' -:lity in ac crce with 5r410.
 

adc02 GEh.L 

t ' alter t-e t 'eses1ritent needed toraw water ciacteristic 
to t-- degree necessary toc~al- an-t' o:Ili - to t!e etent nece-saryon te Ofy ;!ns,;131Sn)asi r t akr will the treatmentox-c- ss-s is-c ed 

0W503 JO ' " L iI- 5 

level a 1 itcr t , avoixd, I on fi !i gr-rund orj a ed'a- zaui a nillsiden i l i.e taken to assure 
avCiL-'ade-u-te -- u----of 711, plantsnall all plt st:,ctures.b- s iie i s a by 

-2 A reporta sells engineer ;rovaoingassurance a t e - c''--ited aterial :Pi btewillprovid-ad an' tha Luxter'y' ocr1 'aal si 'will ptweigo th f 1 i 'the .rx't of the structure ;- tnautdama -ag set 1aent. in tV-n, the walli1lsie c 'tcD- factLngssnail he suppoten o.rci nalcasoio"d .,oi olaiaI- d a err' of as. leanzt 15:.o ,13:t1
feet stall "e iroVined frUm 'e o-'Dmof tot the footing the edge 
of the slope. 
The site should be free -ron fSoeding or excisive surface washconditions. Grarding aroun. the sit, abshl K "'v'ced to divertrid otherwise control excesniva surface dater ;ccuxsnlatisns.Ditches of ade:tuato capacity t intercept and carry off stormwater runoff should be frevi-ed for facilities on a hillside. 

5W50 SLCWtAJI. DSIGN ND -,K I 

The structural design and rnaterials used shall comply with
applicable standards and de-ign criteria accepted in engineering
practice. ll structures, tanks and equipment shall safely
supoort all dead live loa s,leals, liquid, hydrostatic and 
earth pressures wiicn will he irmposed. All treatment units,feeders ass.o ciesaical storage Dixi snaLl _?' designed and con
structed of materials wllch will not react with the water or
che:icals in such a rcanner tnat tn structurAl cnaracter of thefacility will be itpaired or taste, ortuat odor undesirable
cherical constituents will be imparted to the water. 
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N505 	 ESSENTIAL FACILITIL 

CW05-1 	 Emergency Poiar Facilities - A standby poer source shall be
provided if the interruption of power for operation of treat-
ment faciliries 
may be reasonably expected to endanger thepublic health or caase serious damage. 


CW505-2 	 Laboratory Facilities - A laboratory equipped to make the
 
necessary determinatio.Ls for adjustment of the treatment pro-

ceases shall be provided. 


CW505-3 	 Sanitary F.cilities - A water closet and lavatory shall be provided,
Plants requiring continuous operation or the use of toxic or
dusty cnemicals should La rovidud with a shower anid clotnes loccer, 

C7105-4 	 Water Flow Measurenont - Fcilities for measuring and recording
t he v o l ume wa t r t r e a t e r s h a l l t e
O f e3 p r ov i de d . 

C4505-5 	 Safety - Adequate provision should be made to protect the
 
operator and any visitor fr .munnecessary hazards. 


CWSO5-5.I 	 All units or structures wni. a -sayenieger human life shall besuitably enclosed, 

CW50-5.? 	 :iand rails shall be providec wihere there is a likelinood ofaccident to personnel, 

505-5.3 First Aid equipment should us prvided, 

CW505.-6 	 Grading, Landscaping and Fencing - Upon completion of the plant,
the ground shall be properly graded. Concrete or gravel walkways 
should be ,..Ided for access to all units. Provision for landscaping should be made, particularly when the plant is located 
close to residences. The entire plant shall be enclosedarea 
by a fence of suitable quality and height to prevent the entrance 
of unauthorized per .csns. 

CWbOX AL7EHNATh cEATME;[HEi? tSdS 

Treatment processes othemr than those described in the followingsections are elsgio for conideratio on the basis of thir provlnand dounted record of performance and operating eaperience. Alltreatment processes o band equipmentmst acceptable to the healthand other pontrol autneoritpes having Jurisdictton. In all instances 
treatment shall be provided to correct bacterial. cnemical or physi-
cal quality to comply wi,.1CWIO. When other treatment processes 
are proposed, a detailed description of each process End the design 
data snall 	be submitted. Such processes shall meet the objectives

stated herein without imposing undue proolems of supervision, opera
ticn, and control. 
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CW600 	 DISlFACTION 

cWO 	 ObJcCTIlE 

To produce 	a water of continuous safe bacteriological quality

in accordance with LW100. 

CW602 	 GENFRAL 

CW602-1 	 Applicability - Continuous disinfections shall be provided in
accordance with the recomnendations of the state or local health 
authorities and the FHA. Disinfection by other than chlorine 
or chlorine compoundauthorities having mst be approved by the state and localjurisdiction and be acceptable to FIA.Mo2-2 Chlorination - Chlorine and chlorine compounds may be employed
C 6 2 2 C l r n t o h o i e a d c l r n o p u d a e e p o e
in treatment processes other than disinfection, where applicable. 

CW603 	 FORL'S OF CHLORIN USED 

Disinfection may be acco-pIlished with liquid chlorine, calcium 
or sodium hypocnlorites,chemical should be selectedchlorine dioxide, or ctloramines. Theafter consideration of pumping rates, 
type of water supply, other types of treatment proposed, chlorinedemand,the pH 	 of water, of equipment, anJIoperationalthe costand maintenance the chemical, Endconditions and requirements. The 
chemical used and the means
iologically of application shall produce a bactersafe water 	 in come'pliance with C'WlOO. 

CW60) 	 ChIORINATION EqUIP1 NT 

Tyles 
small supplies, the use of hypocllorite feeders of the positive
displacement type will be considered. 

oW6e-1.1 

smalO-l- Solution-feed gf-type ochlorinators should be used. For 

Solution-Feed Chlorinator - In this type, chlorine gas is first 
dissolved in a minorsolution is fed flow of water and the resultant chlorineto the desired point of treatment. Pressure 
feed and vacuum type chlorinators are acceptable, with the latter 
type preferred, since by its method of operation the chlorine ismaintained under negative pressure at all points beyond the inletvalve to the discharge ejector and th possibility of chlorine
leaks is decidedly less than in the pressure type chlorinator. 
The vacuum type provides a further safety feature in that the 
flow of chlorine gas from the chamber is automatically cut off 
in the event of water supply failure to the chlorinator. 
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CW6h-l.2 	 Hypochlorinator - The feeder should use a positive displace- Cw6GL-.5 Water Supply for Chlorinator - An ample supply of water shall 
nent pup, utilizing either a diaphragm or piston as the main De available for operating the chlorinator. When P booster 
purping element. pump is required, diplica te equipment should be provided, and 

ownere necessary, standby power as well. Adequate protection
uacity TheT46rih-2 	 Ca , - chlorinator capacity should be such that anal! be provide' against bacK-si:hcnaZg where treated waterfree chlorine residual of at least 2mg/l can be attained in Js supplied to tie chlorinator. 

tne water after a contact time of at least 30 minutes. This 
condition rist be attainable when maximj-: flow rates coincide Cw6o-; Testing and Safety Eq-_-iprent

with anticipated maxicra chlorine demands.
 

CW60o-;.i 	 P aaidual Tet.ng Equip-ent - Equip'ent shall be available
CWSL- -	 3ndy E -&r'nt - ere cnlorlnation is necessary for .oc sieasurinj ci!-ri-e 	 sida s y taa crtotolidine method. 

Protect'on 	 of t-e supi:ly, and is not used ris a safety factor The cquipmcnt tiQld enabler os-rernt cf residuals to the 
orb sta.ndy e t i' e available with sufficient, neare-st 0.1 m.- 1 r ie rai:gu of -- tials used. A;hon igh
capacity to rern!ce tho largest unit. !ypcci-orinators of resi-dals, ae ansc!i -, autroggh 2.0 cs/l shall

Ce* a caity M, temporarily replce gao-type chlorinators e provided. Where t-c varies appreciably,e 
!;hut-own Pario Sp're -ts should te available for autcraic chori !s d ce considered. 

aI clilorinators, to replace -arts which are subject to wear 
and breaae CW60L-;.2 	 ?lo-1nie Leak etiu A battle of ar'onia water shall 

te available for -stin for chlorine leaks.CW60h-L 	 Contact -ime d int of Application - )Le consideration shall
be to he 7 otet tire o the chlorine in the CW60L-?.3 3as HMks -A ge- mask of the . -"ti type, decitned for 
water, with relation to Li:, Srnonia content, taste-producing cnlorne gas and i -ettng the ruuairerants of the U.S. Bureau
substances, te:7o rature, and other pertinent factors. The of -ines, 	 shall be available at all installatins where
chlorine should be appli-d at a Point which will provide the chlorine gas is handled. It shall be stored outside any 
raracram contact time. ftddsns or-onia tc a water supply should room where chlorine is used or stored.
 
bQ considered - with tte a proval of the healtn authority.
 
A contact tirc of at least 30 minutes shall -e provided. In CW6O4-lC Housing
tcertain cases where he p is incressed by other chemical 
treatrnot, eit'-tr t-he o eriod snould be provided before CW60-!.l Separation of Rocr.ns - Separate roons for cylinders and equ o
addirn the other cu-gcals, or chlorine dioxide treatment may 	 rent shall be provided. They should be on the ground floor,
be considered be of t3 effectiveness at high pH values. and shall 	permit easy access and exit. Ammonia and chlorine 

gas shall not be otored in t-hesame room.
 
U-'6014-5 Automatic Proportioning - Auto.atic proportioning chlorinators
 

will be required if the rate of flow is not constant. 	 CW60-I0.2 Ventilation - When chlorine gas is used, ventilation for each 

shall be provided which will give one complete air change- WearoomW60L-6 	 Weihing Scales - Scace- sc,all "e provided 'or worighng cylinders p-er minute. The air outlet from the ivom snould be near the
 
if i id chlcrbne is u re.Fcale shall be of corrosion-resistant floor, and the point of discharge shali be so located as not
 
mater.a! and sh.uld re a7cur.ate to the nearest 1/4 pound. to contaminate air inlets to any buildings. Air inlets should
 

NC 	 be through louvers near the ceiling, with air of such tempera
-7 Piping From Cylinders - The c.lorine gas should be 	 conducted ture that it will not affect the chlorination equipment adversely.

through copper, iron, or steel pipe, of extra heavy weight. Switches for fans and lights should be at the entrance outside ofPiping shall slcpe upward from the cylinder to the chlorinator, the room. The vent hose from the machine shall discharge to the 

outside atmosphere above grade. 

OWEAr-!C.: 	 Heat - Chlorinator rooms should be heated to 600 F. and protected 
from excess heat. Cylinder temperatures should be maintained at the 
same temperature as the chlorination equipment.

- 22 

CW6OLh-l0.c inspection Windows - A clear glass window should be installed in 
the dcaor or wall of the chlorinator room to permit inspection of 
the equipment without entering the room. 
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CW7 WATER CLARIFICATION 

I i OBJECTIVE 

To remove objectionable quantities of suspended solids 
(turbidity) and color. 

CW7:2 	 G &NERAL 

The finished water shall not contain turbidity, bacteria, or 
other foreign material in amounts that will interfere with 
normal domestic use. 

Wd7C ) ETHODS 

Suspended clay, silt, cr cther finely divided particles can 
be removed 	 by one or core f the following procedures: 

a. Presettling - Separate ,asins can be economically utilized 
to remove, by settling, suspended material from highly turbid 
waters prior to Applyin; other treatment processes. 

b. Flocculation - The addition and mixing of certain chemicals 
with the raw water will cause the finely divided particles 
to clurp into ruisses of sufficient size and density to per
mit effective settling.
 

c. Settling - A process i.iereby the flocculated substances 
settle to the bottom cr" the basin as a result of reduced 
turbulence and extended detention time. 

d. Filtration - The removal of the residual suspended matter
 
by straining through an appropriate filter media. 

CW7Oh 	 SELECTION OF THEAT.Xt;T METHODS 

The specific steps required should be established after a 
careful engineering investigation of the local conditions. 
Pilot plant operations based on raw water conditions may be
 
required, prior to formulating a basis of design where the
 
water has unusual or variable characteristics.
 

CW705 	 PitESEDI.I-NTATION 

CW705-1 	 Presedimentation basins should be provided where the removal of 
turbidity cannot be economically accomplished because of the un
usual character or excessive amounts of turbidity encountered 
continuously or periodically.
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C'A705-2 	 Number - This will depend on the size of the plant, the 

frequency and duration of anticipated use. The engineer's 

report shall include a justification for the selection, 


W^705-3 	 Construction Naterial - asins should be of drable material 

that will not impart taste or color to the water. 


CWY05-h: 	 SIte and Shape - See requirements under sedimentation
 
equLipment - Section C4706. 


J.'Yo-5 	 Detention Period - The mini-run detention period should be 6
 

turs. However, if it can !e ho:n that eff'ective removal can

be accomplished in a shorter tire without the addition of 
coagalents, the shorter tire may be accepted. 


,W7Oi-6 	 irlet and utlet -evices - :nles -nd outlet devices shall be 

designed to minimize tur',ulence and to prevent short circuiting. 


V2 ?s-7 	 Drainaje - Drainage .equi:-ements in Section 

2W70 	 CHIMICAL F--t di. -I 

CW706-1 	 The chemicals, whether added as a solution or in dry form, 
should be fed into the wter in proportion to the flow, tur-
bidity and flocculating characteristics of the raw water, 

CW706-2 lo. of Feeders - inimum of two shall be provided. 

0W706-3 	 Location - Feeders snail ie so located in the treatment plant
that chemical dusts will not enter the laboratory or the operation 
area. They shall be conveniently located near points of applica
tion of the chemical, and shall be accessible for easy maintenance. 
nen located on top of a mixing basin, the feeder shall be con
structed to orevent 1oy spillage of chemical into the basin. 

W70&-	 Types of Selection - Either solution or dry type fA Jars may
be used. The characteristics of the chemical, convenience in 
handling, and volume of water to be treated will determine the 
type of feeder best suited for the installation. 

C4706-5 	 Capacity - The feeder shall be able to supply at all times the 
necessary amounts of chemical for the intended treatment.
 

fll6'-	 Solution Feed-r, - it leat two solution tanks should be pro-

vided for each chemical used. The capacity of each tank shall 

be that which will assure operation for at least 3 hours, 
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X706-6.1 	 Solution tanks for feeding li-e shall be constructed of either
 
steel or concrete. Concrete construction is required for tanks
 
to feed aluinur sulphate or ferrous sulphate. 

5f-6.? 	 To assure uniform stre-ngth of the chemical solution, vigorous
agitation of the che:iicals shall be provided by paddles, equip
s.ent for 	agitation with air, or other approved mechanical means. 

7W7-:.3 	 rIsat gages should be installed, so that the level of solution 
will se insicated. 

J76-4.L 	 Yakc-up wa';r shall be :L"sm a safe source, and should have a
free fall of at least 6 inches or two pipe diameters above 
toe s iution tank, whichever is greater. 

:iy-j- .	 All .4D, ,ian's sh-all be prov-dad with a drain, with pro
t 2tliz sdainst iackflow.
 

7,7;.PA? 6-7 E :er orDi n vlsetric gravin.tric type feeders 
w-il : e eptble. Complete details of the type feedersT u es shmj be .rovided, including the capacity range selected,
applicaoility for one cnesical used, and mechanical features. 

C7D6-8 Inerdcal Fhed Lines - Lines shotuld be as short as practical, 
co::structed of a durable, corrcslun-resistant material, easily 
ac-esire for claning and protected against freezing. 

C,7?A-	 t.eical Storage - Provide storage s-ace for not less than a 
one -u.th supply of cheicals in s d.-y location, convenient for 
the na .tiling of tue chemicals. 

7W707 	 MiXiNG BASIN 

ZWS7 -1 	 Anlicaoility - Mixing consists of the rapid phase (quick or 
flaso whereby the chemical is dispersed throughout the water 
:Y v:olent agitation, and the slow phase whereby flocculation 

occursF at lower velocities for a longer period. Mixing and 
flocculation may take place in toe sa ne basin, or in separate 
basins.
 

7.707-2 	 Mecnanical Mit~xing 

7,707-2.1 	 Flasn Mix - Mechanical mixing should be provided by high speed
paddles, from 3 to 10 feet in diameter, which revolve on a 
vertscal axis in a horizontal plane. Detention period should 
not exceed 30 seconds.
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CW707-2.-

C707-3 

CW707-4 


CW707-5 


CW707-6 


CW707-7 


CW708 


CW708-1 


CW708-2 


Flocculatin& Basin -
A series of paddles should be provided 

transverse 	 to the tank width. The paddles should have a 
peripheral 	speed ranging from 0.5 to 2.0 feet per second.

The area of the paddles should be not less than 10 percent 

of the crcso-sectioral area of the tank, 

Constructicn. Mterial - Basins shall be constructed of re-inforced concrete or steel. There shall nobe common wall 
between water in the mixing basin and water in any final or 

filter-effluent storage structure. 

Detention Period - The mixing and flocculation period shall 

be at least 40minutes. The minimum flocculating velocity
shall not be less tilan0.5 feet per second. Final determina-

tion of the perioda good of mixing and the velocity of flow to formflcc 1-.al colzsider the type of water treated, 

c 
the flocculating basi: to the sedimentation basin should 

range from 0.5 to 1.5 feet per second. There should be no 

weir-action at the entrance of the sedimentation basin. 


Flow From s-alnVel nity throun piper or conduits from 

Drainage -	 A drain should be provided for the basin or basins, 
with protection agains backflow. 
The Point of discharge shall 
be acceptable to FHA ard allLgencies having Jurisdiction in 
such matters. 
Other Tjpes of Mixing Devices - Mechanical mixing should be 

provided. Where the engineer can provide adequate justifica-
tion that ether types are necessary,giver to non-recluanlcal consideration will betypes such as horizontally baffled 

mixing tanks, vertically baffled mixing tanks, and the 


hydraulic Jump method. 

The stand--rds stated herein shall apply, to the extent 

applicable, to non-mcchavlacal equipment. 

SEIM)K TION BASIN 


Applicability - Sedimentation basins shall be provided after 

chemical mixing, end are necessary to remove the natural and 

flocculated substances in order that the chemically treated
water may be adaptable to the filtration process which follows 
sedimentation. 

Number - This will depend on 
the size of the plant, amount of 
safe water storage, and mechanics of operation. The engineer's
report shall include a Justification of his selection. 
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Cw708-3 	 Construction Mteril -	 Basins should be of reinforced 
conretior steel
 
ccrrte or steel. -. a- - Size and Shape - Basins Should be either rectangular or 
circular and so designed that sludge-removal equipment can
 

be easily and economically installed. Straight-line flow
basins with a "depth-of-basins range" of 8 to 12 feet are 
preferable.
 

'708-5 	 Detention Period - The mtnimum detention period should be 

4 hours.
 

dW708-6Ilet and Outlet evtces - Desin objectiveseovernlng outlet
devices basins apply to inlet devices forthe sedimentationr the mixing thebasins. The outlet devices should be designed to muintain velocities suitable for settling in the 
basin and to minimize short-circuiting. When a submerged

weir is used, it should extend the entire width of the outlet
 
end; a loss of head of 1 inch is sufficient to give uniform
 
draf at a12 points of the weir. 
The rate of flow over the
 
outlet weir should not exceed 50,000 gallons/day/foot of weir 
length; lower rates are desirable. Submerged ports may be 
used as an alternative for overflow weirs, but should be not 
lower than 	 3 feet below the flow line. 

sW7D8-7 	 Drairsge - All basins should be provided with an acceptable

dasn. Basin bottoms should be sloped toward the drain
 
about 1 to 12, unless mechanical rludge-removal is provided.
 

7708-8 	 Sludge Disposal - Pipes zarrying sludge should be of such
 
hydraulic design that sludge will move freely and not settle
 
freezing. 
 Several disposal methods are available, but the
 
health authority and the FHA should be consulted in advance
 

out. Pipes exposed to weather should be protected against
 

as to type or types that will be accepted.
 

(109 F_I_ATION
 

CV709-I 	 Applicability - Filtration shall be provided after the
 
sedimentation basin.
 

70 Type - Gravity type rapid mechanical filters shall be used.
 
NW709-3 Number of Units -
At least two units should be provided.
 

When plant outpt is email (e.g., 100 gallons per minute),
each filter should equal plant capacity.

CW709-4 
 Rates of Filtration - The permissible rate of filtration shall
 

be 2 gallons per square foot per minute, except when, in the 
opinion of the Health Authority and FHA, conditions will 
permit use of a higher rate. 
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CW709-5 Filters c. Gravel - Depth will vary according to the type of filter 

CV709-5.l Fuictional Arrang;ement - The sides of the filters shall be 
vertical an.d their entire area shall be covered by a super-
structure, with sufficient headroom to permit inspection 
and operation. 

bottom and strainer used except that no gravel will be 
required I. the c~ue cf porous bottoms. The depth of 
-ravel should not I-: !tcc i.]n inhes except in the 
case of W,eeler, Inot.Dld or ' fre d but urns whereby 
'he cl'pth of 6r-avel stay be re-uced. Gravel shall consist 

1'?-5.2 Depth of Filter -,Mioi.rnuu depth shall be ., feet. 
of h-rd, 
na- -s 

f :ndvd jarticles; 
shal. be re, 

gravel with flat or elongated 
t-he carse t gravel should 

CW709-5.3 iv&ssulic ou: tio::s - D- th of water on the surface of 
the sand chall be :::t less ta., 3 feet. The elevation of 
water in the fi'_'--L -I P' at tleast 6' feet highernige. th n 
t.he nkxima water level the clear well. Floorash shall 
be prevented from e'rer 'g the filter. An overflow must be 
provided at some print, pr'vent water from rising above 
the walls of the filters. W.ter level shokuid be below the 
filter operatIn:g fleer, to TrOvent sweatin 6 of filter walls. 

be !' inches in size when the gr-avel rents directly on 
e o:.:rsystea and stoull eate! above the top of 

"he i-oto-i I teU--ils or Ktriror Nozzle.totless 
four Layers of K-'Jel sthould hr tCrou-ded. The sizes 

w.1 depths sugested are: 

ane Denth 

2" to 1'. inches 5 - 6 incbes 

VWT0-5.4 Pining - The fiot-' ' '' lter effluent pipes or conduits 
should not cx eed 2 feet br second at the design rate. 
Filter influent .L.. and conduits should be straight, with 
crosses or clean-ut ambers at chanCes in direction, in 
order to perait clenving, 

! 3/b inches 

3 /4 to ) inches 

a to 3/16 inches 

3 

3 

2 

-

-

-

5 inches 

5 inches 

3 inches 

CJ709-5.5 Wa h-Water TrotZs-hZ - The bo-tc of -ash-water troughs should 
be above the level of the expanded filter c-,_dia during washing. 
The distacc of the top of the troughs obove the sand surface 
should be eq!isilent to the rste of rise, in inches per 
mminte, of the bhua.-asah, or Lrictte!y Pc to 30 inches. 
The capaoity f the troughs shall be such that they wl carry
the matxin-_= rte of wa-tsh-water with a 2-1nch freebota-r. The 
top of toe trouhs ehall be level. Trou6hs should be sLpced 
so that each trough se'es the same number of square feet of 
filter are-a, and so that the ra-inmun horIzontal travel ol 
suispended rarticles to reach a trough is not more than 3 feet. 

CW709-5.7 

3/16 to 3/32 inches 2 - 3 inches 

Total D-th ............ 15 - 24 inches 

Filter Bottoms and Strainer C1stems - Caution thould be 
exercised in the use of orous bottom filters when dealing 
with waters high in iron co:tcnt, or with waters softened 
by lime, because of the r.osible clo!i:ing. In all types 
the design should be such that the loss of head is relatively 
sma-ll in the manifold and !ateslas. Practically all of the 

7W709-5.6 Filtering Material - 7ils shall consist of clean silica sand 
or clear, fine anthraclte coal, sunported on torpedo sand,
and gravel. The applicaule nortions of AA','A B-100 should be 
used. 

loss of head should occur at the final openings er strainers,
where the .-. sh-water discharges int, the filter. This will 
insure even distribution of wash-water, and an even rote of 
filtratIon over the entire area of the filter. The ratio 
of the area of the firal openings of the strainer system 

a. Silica Sa3.nd - Depth shal be not les than 24 inches and 
not more than 30 nches. Effective size shall be 0.35 
to 0.-D =n., and shall have a Lnif- rnity co-efficient 
"It :" ter than 1.. 

tc the area of the filter should be about 0.003. The total 
cross-sectional area of the laterals should be about twice 
the total area of the final oenengs, and the cross--sectional 
area of the manifold should be at least 1. tiues the total 
area of the laterals, in order to minimize friction losses 

b. Torpedo Sand - A minimum 3-inch layer shall be provided, 
and to give good distribution. 

and should have an effective size between 0.80 rns. and 
2.0 m., and a uniformity co-efficient not greater than 
1.7. 
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CW709-5.8 Filter Controls - A flow rate controller and an indicating 
loss-of-head gage shall be provided for every filter. A 
rate of flow gage of the indicating type is required.Provisions must be made for draining the filter to waste; 

the drain valve may be band-operated.
 

CW709-5.9 Back-V'ash - Provisions shall be made for washing filters 
at a rate of 15 to 21 gal-lons per square foot ner minute.

Filtered water shall be provided at the required rates by

a wash water tank, a wash water pump, or from the hih 

service main. Wash-water pumps should be in duplicate, 

unless an alternate source of wash-wter ic available. 

A wash-water tank should provide for at least a 10-minute 
wash of one filter at the design rate of wash. The ottom 
of tae taik should Le at least 25 feet above the top of 

the %ash-water ti hs. There should be a wash-water 
regulator, or an xtra valve on the main wash-water line 
which can be adj,' ted end setof filter wash, the to obtainvalvethe desirednd-a.ratew.th wash-water on the 
viduol filter op..ed wide. 
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CW800 LRON AND MANGANESE RiMDVAL 
' CBJ:)CTrVE 

:t trovide a water that does not have a metallic taste and 
which will not stain contacted surfaces. 

CW60. AL 
CW6021 Apocabilty - Iron and manganese removal practice has not
CW.m-eAn standarized beyond the point of establishing the upper

:Oreentration should esl0.3of iron not exceed and the
oncentration of mn 	 5 ml
should not exceed 0. nth
 

concentration of manganese should not exceed 0.05 mril.
C302-2 Methods - Iron and manganese are encountered in water supplies 

ner varied conditions and can be categorized under four 
gner me d o t rea n t: 

general methods of treatment: 
Where iron alone is present, and oxidation and pre
cipitation are readily accomplished by aeration prior
to filtration, without chemical treatment or pH 
adjustment. 

b. 	Where iron is present with a limited amount of manganese,

and oxidation is not followed by prompt precipitation of
the material, unless catalytic action is utilized or
 
chemical treatment is practiced.
 

Where iron and manganese a-- bound with inorganic matter, 
and an alkali must be added to raise the pH value toabout 9.0 in order to effect proper coagulation prior 
to filtration. 

d. 	Where iron and/or manganese are present in hard waters

and 	base-exchange or lime-soda softening is practiced.
 

C'W&j2-3 Selectlon of Treatment Method - It is evident from the above
:a-, the selection of iron and manganese removal processes
-.
Ls- be based upon due consideration of the character of the
 
raw water such as interfering substances like carbon dioxide
and organic matter. Therefore, the selection of a specific 
process should meet local conditions, based upon a careful 
eng;neering investigation which shall 
include a representative

az.alysis of the water to be treated, and justification for the
treatment process selected. The results of pilot plant opera
tions may be needed to obtain pertinent information to be used 
as -he basis of design. 
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CWd3-1 G,eneral - The anoilmt if ox<-er required to oxidize iron can beprovlded by limited aerarierrtion is needed on 'r sine cases, however, moreif renuvl 	 completeuf carbon dioxide is necessary to 
raise the pH te level U for ther u-he removal of car s r. di-x ! c as oxidation of iron.ists in the o x-idation ofraln dnese by reduc:.6 q' rntity of alkn.1i- Oda ash, etc.,
required to raise the dH ele for this reaction. 


-2 catalytic action
Cntact Aerators .of-cv7sly oxidized ire::- :hi ab-orpt of oxygen and m.an-anese, mayFrm the air and thecbe obtaIned tlr-cbj e USC Of -L::taCt acrators consisting of bedsof coarse cone, c:-,;li!stn , afilt,brth :-a.el and pyrolusite(!angnese ore). ro-. rluld ho maeof the beds t th "erinr. to insure ventilaton7his may be aeuunpl±shed by usinga blower to dr-w .>r-:e air throuh the bed. Positive means
should be srrr.,Id& frcren.&.nsC fr 
 - Atn, pni-ferably. by'.- surplus Precipitatedi-w basins fit'"d - rth 

the use of pansironorandshea-d:naini, and by providing washing faciLities. 
tC8Od3-3 Pressure Aerantrs - Pressure aeration (which avoids double-pumping)

is acceptable, pr-vpl3 OW8Ant iron isppleantts -d the readily oxidizedtests indicaeA'cIr'd tyW0o6-2 	 and pilotits applicability. 

C~dtLr4 OXmIVIO' BYC H1dAUpj fCrj 


CW8A4-I Applicability - Iro nr:vi manganese can
without the 	 be oxidized by chlorineneed for aeration. Chlorine willcompo rnds of iron 	 alter complex organica:d -n-nganese, so precipitation may be obtainedin the absence of catalytic action, or without adjustment of pHvalue by added al. li.
by pressure 

Tle application of chlorination followedfiltratln :-;ually is effective with concentrationsof Iron and maanese less tha.n 1 pff. Higher concentration ofiron and manganese . cause,cry pret-,tr alter clogging unless 
the filter is prec-dei by a sedimentationCWo4l-2 	 basin.Equipment - Chlorinttion equipment is covered under the applicablePortions of Sectic.:: &WliO, "DI3INFE!p'. Filtration ard sed-mentation equipment are covered under the applicable portions ofSetionCe700, nATr CIArIFICATION". 

CW805-l 	 car be Precipitated as ferrous carbonate by the use of lime.
Applicability - Solubledouble puping, iron in the forand also minimizes of ferrous bicarbonateThe process elIminates the need fororaeration and associatedpreVents corrosion fromdisouled xygen ancdealso
miiies 
rio n tscroino 


dissolved oxyen Incidntal to aration. 
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v.t3C5-52 quiprent This proes
i. ntaur-cc.~ uses a lime feeder, enulred mlixing or
ndapesrfie. 
tnqiatx s 'a, an a pi av 

ands arun.t re 
ationta;, 


e us t hes:en5ir are%. Rqe're"ents&,-rc-i n-r 	 a-- - to the Ie feetree areh ix .ir, che.ical feed equipment 
-Sect '" -zin , 1- . ..'-, 
 applCb , ad edi entat ieion n 

F" n,atL". Thi eO"Cc3 '; 

C"'u-1' -! r lto -
 Ll f nthor ien-oxhcrige materials,Clthr
 
a ce t d I niyidd: 

a. ihe eqj-imennt is in accordance with the requlr.me:rts specified 
f .r
-;,ter softening. 

b. :T.eiron aard/'r onaa:e-cse are in the :n 	 reduced soluble stateaw vter wl cn is devoid of dissolved uxyL'en. 
- The coicont-ation of iron and/or mranCar:ese is less than

1 5 m-/1.:ui-raent - The reQuirements for the ion-exchange equipment are 

acecified under 3e ticn (MJlhe, (cation-exchange ;-fteners) 
C'607 S OFTLG
Z ". 

CWSO7 SCABILIZIO IRON
CW&71 	 Y4-DOACPSE 
ar--- th state can beApplicabilIty - Iron an .na.eostabilized 	 h reducedto remain in co'lodial screonsionlow concentrations. 	 when present in3Lbilization can be accepted only whenthe engineering report contairs

staining 	 data which indicates thatcan be controlled oy this method and ths water does
 

CWbe-2 Eqinent - Co rolal glassy phosphate compound used in thisproess sha l be applied by chemeica feed equient whichbeen selected to meetfor each existing hydraulic 	
has 

part 	 cunditions and whichof ironhas a capacity capableand/or maonganeseof applying 5 parts of phosphatein the compoundpresent
treated. water beingThe ohosphate solution should be sterilized with 10 m/J 

The equipment shall be installed so thatothwaer asptrated, I the phosphate solutionwill not carry entrainedwil bheev . oid oxygen.air into the water being treated.
point of application 	 dsot Thethe water, as treated, will
of tie chemcal1be devoidshouldof oxygen. (The point ofbe seletedapplication may be In 	 so thatthe well below the tailpipe of the pump). 
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cw~o8 SEDfr ATION 

CW60-l Applicability - edi=entation shall be used when chemical
coaulatlon is used to preclipte iron and manganese or the
iron content is mg/l o-r more. 

CW 3-2 Desin - T-he eneerin designI should establish the period 
required for sedientatiori or reaction prior to filtration,
to insure effective iron and .mu4anese removal. Detailedrequirements for zed._entation basins are specified under
Section C'.(c6. 

CW609 FILTRATIUN 
CWO- Apli Filters be usedy - to solely for iron andApplicability 

manganese recvai ;ctare subject to al the restrictions 
governing filtration -azitscolor s d bacteria is involved.where remronal of turbidity,Therefore, conve'tional pressure filters [ad ixrious patented nodifications of 
filters may be satisfatory,. providedprocess and Laui-pent that the treatment:re selcoted with due regard to thety-e of water being tr-ted. 

CW609-2 Design Rate Fate of- ' iltration of 3 gallons per minute 
per square foot of filjor area nay be acceptable, but therates shall be selected in each instance with regard to the 
amounL of iron and/or aLnganesc to be removed, and the amountof wnshwater to be u"sed. 

C'bG9-3 Filtering Material - Filtering riaterial for iron sad manganeseremoval sliuld be selected for the specific treatment processused. Coarse sand, cruished anthracite coal (Anthrafilt), andPYrolusito, are anccptable as filter media under appropriateconditions. The roasons for the selection of a specific mediumshall be indicated in the engineering report. Filter sand andAnthrafilt usually will retain sufficient precipitated iron 
and/or mnganese to provide catalytic action, in a manner
similar to pyrolusitemixed with or =mnGanese zeolite. Calcite may befilter sand, in lieu of pretreatment with someother alkali, so to to increase the al;,alinity to the point
required for iron removal. The adequacy of ala.li treatment
with calcite aloneshould be :node to rnrst be establiihed, otherwise provisionpro-treat with an alkali, to insure effective 

iron and/,r . nganese removal. 
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WATER SOFENING 

OBJECTIVE 

7d902 
Wd9TQ-

CW902-2 

C902-3 

CW903 

CW903-I 

T, produce a finished water, free of excessive hardness, fordomestic and related purposes. Consi(eration shall be givento the quality of water service in the area and the economicsinvolved. 

Gi:kRAL 
_______Applicability - The practice of water softening varies 
appreciably in different parts of the ccuntry. The 
enefits obtained by softening do not become readilyapparent in waters with a total hareness content of lessthan 150 mg/l calculated as calcium carbonate. Nst water 

softening operations for comestic purposes do nct producefinisned water of extremely low hardness and water with ahardness o oetween 50 znd 1)0 mg/l is generally acceptable. 

Fethods - The common water softening ne-tt:ods employed arethe lime-soda process and the cation-exnange process. 
Selection of Treatment Metnod - The method selected shall bebased upon the quality of the raw water, the requirec qualityof tha finished water, economics involved, anrd plant location. 

LUKE SODA FRCiSS 

Applicability - This process will remove the caroonate hardnessconistint of calnium and magnesium bicarlonates (sometimesclled "temporary hardness"), and the non-carbonate hardnessconsisting of calcium and magnesium sulphates, elorides andnitrates (sometimes called "pern-anent hardness"). Generally,the lime reacts to remove the temporary or carbonate hardness,and the soda ash removes the permanent or non-carbonate hardnes 

The calcium and magnesium wnacn are found in raw water in theform of bicarbonate compounds may be removed by treatment with
lime only. 

The equipment includes the oevices for mixing the softening 
cnemicalb with the water, sedimentation basins in which the
softening reactions take place ann the insoluble precipitatesformed may settle out, filters for the final clarification of 
the water, ano in some instances for feeding stabilizing
chemicals to prevent incrustation or deposition of scale. 
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1 

CW03-2 Chenical Feed Eh
uiprent - Eitner hydrated or quicklime may beused. However, quickline shall be slaked before introduction
into tne raw water. The zt.emicals, wether vised as a solutionor in d-- fsrm, sf. lri be fez into the water in proportion to 

flow, nat€Loess of tnefinished water. rawwnewater, a-d lesired quality of theTne ecuiprent snail withcomply cemical feed 
eipumet - Scton K,7Y. 

*:W903-3 
 S metation 
-See Section C. 0. 

A;.03-L Ss ent ti n S- e Fertion C 83 o 

-5&C03-5.l ADlicabilit: - Stbiiatirn may be required toc-nstation prevent inor '-zosiltion of scale resulting from the chemicals 
used to toe rocess, end
be ezra-oomlscdy to Lrevent caustic tastes. This maythe audition of carbon dioxide sulphuric
acid, or s1 

t 
ta, in surXecases, Poly.0osphates may

be used o surj-l7?nt -:rlon dioxide or sulpnuric acid stabili-
zation. 

34903-5.2 Tue point of a.);:lic,-itim of 3tauilicing chemicals shall be
ahead of toe filters. 

;90J-6 Carbon Dioxire 
].4?03-6.l Scurce - >r.r:usc-ot!ray be s-nufoztured at the water olant 

or may be obtained rornrrially in liquid form, or in solid form as dry ice. The eupi neurine report snalof supply, lascribe theavailability and cost. factors 

4d9D3--6.2 ?ocaroonation 3arts 
- T:e uasin snculd be constructed of concrete, 
it may be a baffled art of the sedimentation basin. The depth
of the basin shall be not lessperiod shall ce fra)m 1 than 10 feet and the detentionto 10 minutes. Precautions snall be takento prevent the release of carbon dioxide gas from the basin wherepersonnel may be exposed to asphyxiating effects. 

:,903-6.3 Spray Impingement or Low-,ressure Application - For the sprayispingement and other low-pressure methods of aplication, the 
pump should be a low-pressure type (about 5 pounds per squareinch). The basin shall have a water depth of about 8 feet,a flow-through period of about and1 minute. 
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Cf3-5.h Diffuser System - Tis system should consist of a galvanizediron, steel, or brass pipe grid system, The heacer shallfitted with e
3/L-inch laterals spaced 1 foot apart. The holesin the lateral snail be 1/5-inch in diaeter and spaced

foot zenter-tc-center. The total area of cneapproximately holes should be801 of the area of the neader. Porous plates
or tubes also may be used as a grid system. The grid system 
should be submerged to a cepth of 8 feet. 

9?03-6.5Carbon Dioxide Generator - The generator should be located
i =.-Lriediately b-sfore or after t e rozz.-essor; if before, a 
washer or scrubber should beprotested azainst possible back-surused. ge fThe rom the diffusercorpressor shall be 

system. 

A903-[ Sulphuric cid 

C, 3-7.l ee -Use use of tnis acia will usually cepeno on cost and thetype of water. Icneraily, its use will be justified only at
small Plants. 

-itls-7.2 Application - The 
acid, in concentrated solution, should be fed
a-seed of too filter. 

-W903-7.3 Equipment - A solution feeder and feed line of nocn-corrosive!mterialshall be Provided. No elaborate feeder or mixing is 
required, but provisions snall be made for safety in handling.

C'903-d ?olysulphates
 

0W9J-b.l Types - Several typesamoeunts of alkali, of polyphospoates, containingare available variablefor stabilization. The selectionof the type to be used should be based on experience, or on a 
pilot study. 

74903- .2 Application - Tae usual dosage is 1 to 2 mg/l. The stocksolutions should be kept covered and disinfected by carryingao-roximately 10 mE/l chlorine residual. 
CW903-8.3 Equipment - When applied after filtration, feeding equipment

should be so constructed as to prevent entrance of dust, dirt,annother contaminats into the filered water. 
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7903-9.1 

CW903-9 

C903-9.2 


CW903-9.3 


C49O-9.h 


CW903-9.5 


CW903-9.6 

CW90 

"W9Ol-I 

Filtration 


Applicability - Filtration shall be used for lime or lime-soda

softened waters and snail be installed after the sedimentationbasin. 

Types - Gravity type rapid mechanical filters or pressure typefilters shall be used. 

Number of Units - At least two units should be provided. When 

plant output is small (e.1., i g3
gallons per minute), each 

filter should equal plant capacity. 

Rates of iltration - 7he permissiDle rate of filtration shall 

be 2 gallons per square fo-t per minute, except when, in the 

opinion of the health Auto rity, and FILA,conditions will permit use of a higher rate. 


Gravity Filters - See Filte.-s, Section Ve709-5. 

Pressure Filters 

a. 	Applicability - Pressur- filters may be used in smAll 
water plants, were the raw water is supplied under
pressure, whre it is d,ired to filter and deliver

the water witheut furtner pumping, or for other reasons 
acceptable to the FHA. 

b. 	Design - The sasno principles used gravityfor sand filters 
apply except that the under drains, and filter media are
placed in a cylindrical tank and the water is passed 
through the filter under pressure.

CAT[ON-EXCHANGE SO-TINING 

Applicability - Tie mineral quality of the 	raw water mist be given 
consideration when softening by the cation-exchange method since
the total sodium-ion content will be larger after the softening

process. 
 It is usually not possible for waters ccTtaining iron,

acid waters excepted, to reach the ion-exchange material without 

axidization of part of the iron, resulting in a shortened life
of the ion-exchange material. When the 	 total iron and/or manganesecontent of the raw water exceeds 1.5 mg/l, pretreatment should be 

provided for the removal of iron and/or manganese. There should 

be no iron in the oxidized state.
 
The 	 finished softened water should contain not ore thn 0.3 zg/liron and 0.05 mg/l manganese. Treatment of by-passed water may
be necessary to obtain these results. 

-0-

cw904-? 

CW-3C4-3 

CWg&4-


CW C-L-.1 

CWd:?Q4-4.2 

CW-)4-4.3 


Cw9034-4.4 

C'.9Ci-4.5 

cirD4-4.6 

Tw9ed-4.7 

Addlticnal Limitations - Waters having 5 a l or more of
turbidity should not be applied directly to cation-cexchange

softeners. Waters with a pf above 6.4 should not be applied
-o silica Eel materials. Waters containing less than 12 ppm
ceoJsof cation material.silica as silicon dioxide should not be applied to sili-
When the applied water contains a

chlorine residual, the cation-ex-lange -. terial should

of a type that is not dnnaged by 

be
 
residual chlorine. Phenolicresin exchange materials should not be used, unless approved


methods are utilized for stabilizin and dininfecting the 
.-atorial prior to use.
 

7'pes of Equipment - Toe pressure ormay use,. 	 type open-type exchangerbe Whe.i the open ;ravity type is used, chlorination 
shall be employed. Up-or-down-flow type will be acceptable. 

Design 

Pate of Softening - Should not exceed 6 gallons per squa.-e

foot per minute.
 

Backwash Rate - Should be 6 to 8 gallons per .. quare foot
 
Der minute.
 

Underd-rainage System - Should be 0.16 to u.18 percent of the
 
area of the softener. Manifolds with laterals and perforated

strainers should be provided.
 

Media 

L. 	Depth of cation-exchange material - Should be at least 
30 inches. 

b. 	Gravel Support - Three or more layers of gravel graded
 

from 1/8-inch to 1-inch, with total deptha of 125incbes,should be provided to support the cation-exchange material.
 

Freeboard -
Should be 30 to 50 percent, depending upon the
 
specific gravity of the media and the direction of the water
 
flow.
 

Regeneration - Either automatic or montul regeneration isacceptable. 
Provision should be made for even distribution
 
of brine.
 

Protection against Back-Siphonage - Backwaash, rinse, and airrelief discharge pipes shall be installed in order to prevent
any 	possibility orback siphonage; usually, a-free-fsll di
charge of 6 inches or 2 pipe diameters, whichever is greater, 
will be satisfactory.
 



CW9O-L.8 Meters - low rreters shall be installed on the by-pass line and CW904-h.fl Corrective Treatment 
on each sofLening unit. 


74904-414.9 Sarplin Taps - Snooth-nosed sampling taps should be provided 
far the collection of representative samples for both bac
terioloical and cnentcal analyses. The taps should be soloctcd as to prov,Je for sampling of the softener influent 
and ot the blended water when any hard water is by-passed. 
Th olendea cor sampli.,g tap sioculd oe at least 20 feet 
down*tea:m fron tne point of alendirng, to assure obtaining 
a representative sample. 

a. 

b. 

Applicability - Waters softened by the cation-exchange 

process are frequently corrosive nd corrective treat-

Method - Alicaes such as soda ash, caustic soda, 
asti sld be fr b corrective thote euo
m so "defe d by C O ulde se r te-i 

meat. Psitive-feed pups should be used for th.s 

CW0.-.l Brine and Salt-Storage Ta:nks CW904-4.12 Catin-Exchange Waste Dispensal 

a.sr-ou.:sn - 'an salt aor-e "acilities are locatedr. -,cio ii, alt3tj!C !'icliie ar lcaeddirectly.telow sz-Jn5,I ccvshall us located a safe separating
distace S"-,rceu of pilution suct. as non-vater-
tight sewers, or-no--n. suring or salt-dissolving tanks

awt-salt stor 7_e failisshall1 te covered, 

a. Acceptable Methods - Brine wastes caninto a sanitar y sewer sseditecthed toatute sew er s stemi 
dasehine oh".- h.ssalle- is 

hge s. -- be instaled 
osblt f ake.oae 

be disci3rged
I thsbef it has been 

evt 
an 

b. Piping a-nd spa'- nanoes - The make-up water inlet 
shoul- have free-'a±l discharge of 6" or 2 pipe 
diameters, whichever is greatr, above the macim- mliquid leve! of tie unit-. verflows, if provided,
shoull be turnc-d downwari, and should be protected
with a nn-corrosi.le fine screen or a self-closing 
flap valve, 

po3ssibility of b-ac-sirhcg-.nge. 

b. Unacceptable M-tbod - Dlzc'harge of brine waste in 
the vicinity of water wells is unacceptable 

c. Approrals Requir-d - Apzroval shall be obtained 
from the sjecsy or agenci-ca -zaving jurisdiction
Concerning the nethod of brine -stes dispsal to 
be used. 

c. 

d. 

e. 

Measuren.'nt - -rine 1=-ps equipped with meters, in lieu 
of btne-rsi:*in tankse, should be used. 

Access - Wet-salt storage bastns should be equipped 
with manhole or hatchway openings having raised curbs 
and watertight covers with overhanging edges, similar 
to those re;uired for finished water reservoirs. 

Salt Requirenent - Salt storage areas should have sufficient 
capacity to permit economical salt purchasing. Approxi
mately 0.3 pounds of salt for resinous base exchanges
and 0.5 pounds for all other zeolites will be needed for 

r3W9h4-5 Caution - Softenirg proce,550 that r2sult in an increase 
in the sodiumaion content of the water i.e., soda-ash 
treatment or catioa-excIL'in6e processes nay be objection
able because of the adverse !ffeca that sodium ions have 
on cardiac-vascular patients. Whero applicable, the FHA 
-Vy require a statement from the State Health Authority
advising that they have no objection to the softening 
Process as designed even if the water is used by persons
so afflicted. 

each 1,000 grains of hardness removed. 
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7dli 0Cq_ 	 CORROSION CONRrOL 

diC&31 	 OBJECTIVE 

To provide 	water whi ch will not corrode or damage pile or 
other metal surfaces.
 

7.WIX 2 	 GMERAL 

%'- Z-1 Applicability - In accordan:ce with the objectives of these 
sta.idards, the fi::ished water shall not be excessively 
corrosive for normal0 doumest c a:nd related uses. 

-_;-2-2 	 Methods - Ccrrs: -.% ro meth ds -iiaaliy consist of the
 
appELication of 0 *I increase the a.alinity
oh o 
and pU of 'he treut',Qd wauer *- quillbrium with calcium 
carbcnate; ho appi : f a yphosp.aoe to prevent
corrosion of exp.scd trtals y rondertd 6 the su'face 
passive" to the a:ti, i of .e water; the use of chlorine 

residual t rou;hut dis: ution systems; or caL~iodic 
protection. 

CARBON .DkT.(13 KFREE DIX RI'OVAL 

CV1003-1 	 Applicability - Corin:. dioxi,. , down to about 5 m&/l can be 
remcved by aeratlwr:. ,-.ever, aeration introduces dissolved 
oxygen, and therely irncreases the corrosiveness of soft waters 
of low alkalinity. Carbcn dioxide may also be removed by an 
alkmli, the requird dcsc being materially reduced by pre
aeiation. The addition of an, alkali followirg aeration is 
unnecessary when alkalinity of the raw water is greater thmn 
110 mg/l. 

cwl/&16 	 DEPOSITION OF PROTECTIVE CALCIUM CARBONATE F112 

T'wirc4-l 	 Applicability - A protective coating, sufficient to minimize 
corrosion without undue dcposition of scale, may be obtained 
through the use of lime with either soda ash or caustic soda. 
The desired calcium -.arbonate film may be obtained vy using
either soda ash or caustic soda when the alkalinity of the 
water exceeds about 30 cr /l. Soft waters should be treated 
with lime 	to provide the required calcium. Soft waters which
 
also have a low carbon dioxide or bicarbonate content may need 
a mixture of lime and soda ash, to provide both calcium and 
carbonate for the calcium carbonate film.
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CW1005 PHOSPHATE FILM 
CW1lOO r.AsEF AND ODOR CONTROL 

CWlOO5-1 Applicability - Cc-rmercial polyphosphates may be usedfor corrosion control. Doses of 4 to 6 ppm are usedfor iniatiEL treatment; after I tc 2 months, the dose 
is us-ally reduced to 2 ppm. 

_6"11Ol OBJ :T17E 
- -
To provide water which is free of taste and odor producing
substnces. 

culoO6 
CWI!Qh>-I 

-iWlC01-2 

Cl-lu'xA'm'NO;W102
Ap!dilcahillt''--: itiigo eiulchoie? 

C1W1 CsoS - 1 Ajj:Tioof residual chllorine 
,ddistributiosystea prevent or 

-i . caie3d by decompositionof cr n,- t valor (spe I>cLly in dead-ended 
, hwitaLin tubercles, a d 

sulphidbse 

.tt- -'-pled in accordancewvi* 1h n .e[ur:oe:os-tcid[ ., "DISI'?F .TIO.N. 

0-
12-1-

311;EliRL 
.... a" lt" 

Tn accordance witL the objectives of these 
rn t-eatnent of the water srall be requirea when 

et-ffect the paletabil'tyvf tn fLii-r-d water cr :ipart oo:jectionable
for *,relateo uses. 

"ti1 t-ts an, o.1ors 7_1 le reused by certain 
sul-!dhemd .als in -hi wa-Cr ue s he i s, hy rogen sulphide,InJ DthIer 2 ta-es,3r %3e onlornerea 0i "-ihormi co::;o 3d fr~ nt 

CWl:J? 

W1OO7-2 

CATHODIC !'- Jil,"2111:; 

s. - b: effective for the 
. -ier su r ' f r-"'- e 5 u ,d stu -d pip s. I t m ay al sobe used o-j i 'he '¢, slon uf the outer surfacesof metal espf-lally where corroive solid or 
rtra' oeo!eri .ilcu--.tssrevail, it sa-ll only beusod vhf - :.d i:1st!i,,d b, uc technical 
pers e- :].Iie:. -. cequ , _ent can- 'e properly main-

ingineeri:'"1et'eor:Required -f cathodic protection is 
propes' , tho : i:ie r- e cr .haU describe the method
in dctsil lnd an e of the economlc factorsinvolved I e., iie --ost cf installation and operation
compared to the :aLded economic life of the protected
portions of the system. 

_'!LO2-2 

71102-3 

741103 

lO3-i 

!et -ti. e " lode - eidaticn by 
".-'ori-ne,7echanical rev al by n of aeration, andactivated ar tream nt. 

Selection of !'th-' 5iic1 dt e tion of the sourceof tnsts ocors is nv)ee"' The mst effective~to of Ccntrolis - ! xi lanation of these sourcesanJ the result of Pilot stuies Sn ws 7 the effectiveness 
of proosed control procsses shall te included in theengineering report. 

HL1, . 0UIT1oi 

.Apicability - Sirple chlorinatior an be used for theternoval if some objecteionable odirs (especially these dueto hydrogen slphide) and organic matter. Chlorine incoMbined fori, such as cqlor-rine ray be agplicable in 
sze-ial cases. The process of chlorination nay require4ec:n1orination methods. 

,Wl1O3-2 &juipmient - The requirements of Section ,4-3O, "DISINFECTION", 
shall be followed for application of chlorine. For otherche.,icnls, the applicable provisions of these standards shall 
be followed. 

-146-
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CW4liO3-3 Free Resicual bnlorination - in some cases, tastes and/or cIWiOS AOTIJATiD ?AiON 
odors 'ue to crganic matter, and other substances can beoxidize- by heivy aplications of chlorine. Adequate contact time nsat e provided to conplete the chemical reactions 
involved. n s ome'ases, this may he 5 to 12 hours. Free
residual chlorine, in many cases, will eliminate tastes from 
combined crlorine residuals. 

ClOS-i 

CW105-2 

Applicability - Activated carbon removes tastes and odors 

by absorption. 
Application - Activated carbon may be fed at any point
before filtration. For contnuou; fed in tne filter 
plant, it shoul- be adled early in treatment to provide 

Cl3-

fJ41103-5 

Chlorine Apliation - n special a ,hoi- namaxir.Lmtreatment any oe iniicted, stt caiocs, chlorine-ammonia 

the approval of the Health Authority. 

Dechlorination -WhEre decfilorination is necessary, equipment
ac c e p t ab l e t o iiA s h.o vl d be p ro id ed fo r addi ? s u lp hur 
dioxide, sodiur thiosulpnate, activ:,ted carbon, or odium 
bisulphite. 

CW1105-3 

contact time, althoLgh addition 't one or moreother points prior to fi ltration :%ay be indicated in 
certain cases. The carbon riay ne added as a pre-mixedsuspension, or b,' .ann of a cry-feed machine. Agitation
is necessary, to keep the carbon fran depositing in temixing cnamber. There should he ioequatp forced jraftv i i n b of t he e eu i p e nt . 
ventiation of the feed equipnent. 
Dosage - The required dosage of carbon in a water treatment 

UIOIL 

CWll04-l 

CHLARINE DiCXLSE 

CWIIh-! ppleabii t,"; "problemsApplicabilit,,- rhlorin- dioxide, although used for theremoval of various tasts, is generally recognized as a 
specific for industrial astes such as pnenol. 

CWU0544 

plant depends on the tastes -and/or odors involved. Provisio 
should be made for adding as auch as 50 mg/L when unusualeie. 

Precautions - A. W. W. A. Standird pecifications for 
Powdered activated Cartoon, B600-13, Sec. 2A states: 

IO -2 Application - .todeter .ifoe the point of application 
of chlorine dicxiie, a t oroigh study should be made of
existing taotc-prolucin£ suostances. In core cases, it.mayistiFbe nec -ptoJucin-apl te o s In iomie cs, th rpossible. ray be necer-iy to apply the chlorine dioxide to the raw 
water. In othur cases, more economical results may be 
obtained with iont-treatrent. 

"Powdered activated carbon should be handled as a 
potentially combustible material. It should be stored
in a building or compartment as nearly fireproof asNothing else should be stored in the sasbuilding or compartment. Quicklime chlorine, hypo
chlorites, and potassium permanganate are especially 
dangerous in contact with carbon. Carbon feeder rooms 

CWlIO -3 Equipment - Cilorine dioxide .a be generated cy i nshould 
a sodium chlorite solution into the discharge line ctina 
solution feed 6as type chlorinator followed by mixing in a reaction chamber where the pH is 4.Oor less. 

'1106 

be equipped with explosion-proof electrical 
outlets, lights, and motors." 
AERATION 

CWllO i-3.1 

"lIO0-3.2 

dllOL.-3.3 

CWlIO4-3. L 

Equipment soistbe available to add acid to the chlorine solution 
to lower the ph if avypochlorit ais used, 

Requirements concerning chemical feeers are covedother sections of these standards and shml, be followed 
to the extent applicable, 

Chemical hose, to convey the chlorine dioxide solution, shall 
be madeof plastic, glass, or suitable rubber. 

To eliminate any danger of exlsion,special precautions shall 
be used in storing and handling sodium chlorite. 

CWllO6-1 

CW 62 
-2 

Applicability - Aeration may be used for the removal of 
tastes and odors due to l;drogen sulphide, certainmicro-orgarisms ano decomposing organic matter. 
Limitations - Aeration generally is ot an efficient method 

irtins-Aringeralis otnefcet.atd 
for the removal or reduction of taste and odors becausemany of the undesirable substances are not sufficientlyvolatile. However, highly volatile or easily oxidizablesubstances can be removed or altered by this process. 
Cygen disolved in the water during aeration r.ay cause 

corrosion of the piping. 

- 4 
8 
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UW1106-3 Design Considerations - Consideration shall be given to: CW1200 ?Pi'ONG AND STORA3E FACILITIES 
a. 

b. 

c. 

Source of air which is free of contasinants. 
Discharge of gases so that they will cause no hazard 

Sice _1rair inlet and outlet to provide sufficient 
ae ra tion . 

CWl201 

C W202 

OJE-T1E 

To trfyide a sufficient w-n, continuous supply of wateradequa'e rensur- that will satisfy all domestic and 
re d MCL2a un ier al1 c ndition s of demand. 

G N E A i 

at 

C'1106-.. 

d. Scraenin- of air inlet Pf!d outlet with screen of 2h-meshor -oallqr tD exluid insects 

Ganeral 1ethots- Aeration May be accorxlished by the 

To :. et the acx '", r tb' e ig of the pumping and,a fatilitie :1ust he dro:1-rljintegrat d so as toobti.L- effe tive ,ervice with the aosteconcocal designf o h s f i .n 
followig netrs* 

CWllO&-5 

41107 

a. 2scodeaerators, using trays.
b. Spray using 'iUed nozZles on a pipe distri. 

buticn grid ssten. c. Diffused-air aerators using rectangular concrete tankswith perforated pipes, porous diffuser tubes or plates, 
ad C atsorce of cctesd abo , 

d. C-rbinations of the above, 

Pilot ?1lnnt Studies - ncertain cases, Pilot Plant studieswill be requ-ired to demonstrate the effectiveness ofaeration, and to deternine the need for pH control andchlorination, 

THR METHDS 

Use of any other method of taste and odor removal shouldbe made only after careful laboratory tests and uponconsultation with the health Authority and FwA. 

CW1203 

fr-, -het~idz:in- intil endi futur investmaent andnoopr±t.ng cogs. n - n be provided in various ways, 
sucn as lowlift aid nptila pumpin-g stations,bosesuat lo nb i i itionsc boos ter 

stytisn - con_.tsons threof. Stonpae can be proieby e j-t' t s T'r-am on the sy-tem, ground storage 
tr :s, arWe' Ire -k, srD inations thereof. 

LOC;TIDN OF'<-ITT-,S
Iming stt",s, e nz tar~ks shall be located on level sites except where hillside installations can be proven to be advantageous. If location is on filled ground

or a hillside, special precautions shall be taken to assure 
adequate structural stability. A report to the extentappolicable s;hall be submitted proridiJng assurance thatsitable, well-conpacted fill material will be providea, andtat the underlying Original soil is adequate tohttemdryn rgnlsi sae~aetsupport the weight of the fill plus the weight of the
structure without d=,aging settlement. For hillside contiaction, the foot.igs snall be supported on criginal
soil and a barn of at least 10 feet shall be provided fromthe bottom of the footing to the edge of the slope. 
The situ should be free from flooding or excessive surface
wash conditions. The Deprng station shall be accessible 
by all weather roads. Establishment of elevations of 
structures with respect to flood levels is specified under
the applicable headings herein. Adequate grading around
the site of the structures shall be provided to divert and
otherwise control surface water. Ditches of adequate
capacity to divert and carry off storm water runoff should
be provided for facilities on a hillside. 
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04120L4 
C41204-1 

Od120) -2 

1W1205 

CW1205-1 

CW1205-2 

CW205-2.1 

CW1205-2.2 

STRUCTUR.AL E;ESIGN A11LMATjER!AIS 
The structural desiEn and the materials used shall conform tothe applicable standards and design criteria stated hereinand shall comply with accepted engineering practice. When 
it is necessary to apply special criteria because of localconditions, the reason for such application shall be fully
explained in the engineering report and rma-nufacturers,technical reports, rrochures, etc. submitted for FHAconsideration. All structures shall be designed to safelysustain all dead, live nd liquid loads, s.ndhydrostatic,earth and wind pressures that will be imrposed. The ex-cavation of the building foundation shall extend below thefrost Line and into firm original soil having a uniformbearing value over thu area of the structure. All portions
of the stricture beliw the ground surface forming part of 
a compartment, snall be waterproofed concrete or other impervious material. 

Applicable Stiniards 

AWWAD-100 - AWWASt:.Iard for Steel Tanks, Standpipes,•Reservoirs, and £levatod Tanks, for Water Storage. 

American Concrete Institute Code 316 for ReinforcedConcrete Tanks and Res!rvoirs. 

American Stan4lard Builiing Code - ASA A58.1 

WATE-R.SUPPLI L S 

Fire Protection Provided - Fire protection facilities whichcomply with the current requirements of the state fire 
insurance rating bureau should be provided. 

Residential and Related Demands 

Experience lata Available - The annual average demand shouldbe ascertained on the basis of records of existing systemsof similar nature in the area. 

No Experience Data Available - In the absence of reliableexperience records, the following minimum criteria may be 

used: 

a. Average daily demand - 100 gallon per capita per day. 
b. Maximum daily demand - twice the average daily demand. 

C. Maxinm hourly demand - five times the average dailydemand except in areas where extensive lawn irrigetiois cotonly practiced, where a rate o seven orba oretimes the average daily demand should be applied. 

d. J persons per living unit. 

CW1205-2.3 Pressure Requirements - The system shall be so balancedthat the demand peaks can be met with a minimum water pressure of 20 psi at the house service connection. Themaximum service pressure should not exceed 100 psi.Normal pressure variations in the distribution systemshould range between 30 and 70 psi. Any variation fromthe above shall be fully explained and justified in theengineering report. 

CW1206 PUMPING STATIONS 

CW1206-1 Protection From Flooding - Sites should be located in 
areas free from flooding. Where this is not possible, adequate
protection shall be protided by locating the top of everypumping station floor at least 2 feet above the highest known 
flood level, surrounded by earth fill 1 foot above the flood 
level. The station site shall be accessible at all times,by all weather roads. 

CW1206-2 Cross-Connections - There shall be no cross-coanections be
tween a potable water supply and any supply which is not ofequal quality as determined by the Health Au: ority and FHA. 

CW1206-3 Essential Facilities 

CW1206-3.1 General - Design of the station shall be that which will assure 
maintenance of the sanitary quality of the water passingthrough the station and which will facilitate a sanitary andcontinuous operation. Floors, dry wall, meter pits, and othercompartments not intended to contain water shall be providedwith a positive gravity drainage system, protected against
b-ekflow, for the disposition of condensation, drippage, 
spi'lage or clean-up water. 

CW1206-3.2 Arctitectural Treatment . The pumping station construction 

ann grounds should be designed to conform to the generalarohitectural features of the area, insofar as practical. 
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CW1206-3.3 	 Location and Equipment - EXcept where sericing can be done
wholly from 	outside the pumping facility, the housing shall 

be large enough for 	 andpumping equipment all accessories,
Equipaent and piping shall be installed and arranged in a 
maner which will provide aile space, for servicing, for 
reoval and/or replacement of s'lves or similar parts witha mini-w-a disturbance t the r.,.in 	 system, and for additional
equipment which be in the near Special:nay needed future. 
consideration shall be given to service space around all 
moving, mechanical and electrical equip-,ent to insure safety
of service peronnel. 

CW1206-3. 	 Ser-icing Facilities - Crane-ways, hoist beams, eyebolts, 

or other facilities should be provided for servicing 
or 
removing purps, motors and other heavy equipment. 'hen 
necessary, openings shall be provided in stationthe roofs,
floors, or w.orever needed for service purposes. 

C1206-3.5 	 Stairways and Ladders - Safe stairways shall be provided
between all 	flors, where ractical, otherwise ladders 
with handra"ls and nrn-skid treads shall he provided.
Similar stairways or well- anchored etal ladders shall
be installed In all pits or comparteents which mst be 

CWl26-3.6 Meting - P-amp stations shall be equipped with heating units 
to prevent freeztng of pip.sn and equipment. If tha station
is prened, additional heat for the comFort of the personnel
is e adible, hetorteomarea 
may be advisable. 

CW1206-3.7 	 Ventilation - The building shall be well ventilated by 
means of window3 and doors, roof ventilators, or othermans. All 	 room, co.-partents, pits and other enclosures 
below the grade floor, which must be entered and in which an unsafe atracphere ray develop, or where excessive heat 
may build up, shall have cotro thefored bewhicentlatin 

which 


forced ventilation.soul Switchesonvnietl 
control the forced ventilation should be conveniently 

operated fromoutside sucn copartents. 

CW1206-3.8 	Lighting 
- The pump station should be lighted throughout
by means of natural or artificial lighting facilities, or 
both. All electrical work shall conform to the requirements
of NFPA No. 70, National Electric Code, and to the applicable 
State Codes. Control switches, where needed, shall beconveniently placed at the entrance to each room or com-
partment. 


-54-

CW1206-3.9 Sanitary and Other Co:.veniences - Rxcept in the case of
ma'l remote controlled autA.Atic stati.ns, or where 
 such 
facilities are otherwise available, each station should be
provided with potable water, lavatory ;uid toilet facilities.
All waster, sh-all be safely dispDssed of without danger of 

the "ater v~ated cy tie station.
CWIPJ'-3.lO 	 Etrances - doors open outward, beAlt s-hal of adequate

size and be equiyrd with lc!:in, devices unless the 
station is ccnlinuousc; sunned. haiun stations built 

.ona hi'_'side o- ;nrt-ally uniergrtund should have side
wa door entrances. Where stationsand the only pract-ca access are built undergroundis throug h the rof, a 
manole or scuttle shall be framed at loast 4 inches, and 
orfer bly c inches, above the surface of the roof ac the
opening, and be with a solidshall fitted watertight covi-r
which ovriaps the f ir-.eupnih and extends down aroundhe leas Knthc vlp atfranc 2ice.Te esdaoulhigd 
the forice at 	least 2 inches. The ccer should be hinaed
subeet toieavy snows tohe cver shouJid project not less 
s 2biect a bove th eroof. 
than 12 toches above the roof.
 

CW1206-3.ll Grading, Landscaping 
and Fencing 	 - Upon completion of the
plant, the ground shall be properly graded. Concretegravel "-ls-s a~-ib rrie 	 orracs 	 aluisErave - -all be 	 provided for access t, all unite.Provision for landcaring should be ade, particularly whenthe slant is located close to residences. T.e entire plantshall be enclosed by a fence of suitable quality andheiht to preclude entrance by unauthorized persons. 

cw1206-4 	 Pumps and Appurtenances 

CW106-4.l Basic equirements - Pumps sll be of suitable type and 
haea equ ate n t y h eir i e u r p e and 

have adequate capacity for their intended urpcse and r
shadil be installedThey shall_accordncebe so with the manufacturer'sdtrections. in designed, constructed and
equipped that they will deliver water from the point of
 
intake to discharge without impairment of its quality. 

CWs2o-4.2 	 Selection nf Pumps - Pmps should be designed and selctied 
so as to operate with the highest efficIency and greatest 
econowy under normal demand conditions. The pump charac
teristic curves showing capacity-head-horsepo er relation
ships at varicus efficiencies should be submitted along with 
the other basic design data.
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CWl206-4.3 Number of Pumps 

CWI206-4. Pressure Reliefs 
 - Each discharge line and each suction line 

which is ubjec, to surging flws shall be protected againsta. Except when wells are used, provide excessive pressure or vacuum,pumping units, a minimuim of two and provision shall be made tocomplete, with controls, each capable remove entrained air, byof means of relief walven, surge tanks,delivering the average or other dependable means.demand load.
should be required in all but Two or more wellsthe smallest systems to CW1206-4.6insure continuity of service during repairs GaEes - Each pump shall have aor breakdowns. pressure 6ae on its dischargeline, and a similar gace should be provided, where necessary,
b. In stage development,spare one pump nay be accepted if sufficient on its suction line.parts, and the tools for making all necessarypairs re- CW1206-4.9and service are readily available. Flow Measurement - Means should be provided for measuringthe total water pumped. Among the devices applicable arec. When more tdsa tw pumping units are installed, they should venturi and orifice meters,be meters. The following propeller or turbine velocityselected so that if any unit is out of service, the cold-water-meter specifications

others are applicable:can deliver the maximu required output of the in- AWWAC700 - Displacement Type, AW6WAC701 - Current Type, C702 - Compound Type, AWWAC703 Firestallatiori. 

CWl206-4.4 Booster Pumps Service Type,
- Belvstee punping is usually required to 

and AWWA C704, Current Type - Propeller Driven.0inufacturer's specifications and installation Instructions
serve elevated ,reas o.-reote shall be followed. The registershouses. Pumps shall be accompanying the meters
should be equipped to indicate, record and integratelocated or controlled -,:that the 

a negative pressure on they will not produceflwinglosrcucfeti.heir suction lines. 
 Normal intake
pressure should be at ]ast 20 pounds per square inch. If flows in gallons or cubic feet.
the intake pressure C%1206-4.10 Prime Movers falls to 5 pounds per square inch, the Each pump shall be driven by a prime moverof proper capacity for thepumps shall be autoreatially cut off. maximum heads, discharge rates,

and temperatures which may be encountered.
type may be, the prime mover shall be Whatever itsCWl206-.5 
PumspSuction and Seals installed- Pumps shall be set so they will in accordance 

not exceed the practical withsuction limit for the temperatures the instructions of its manufacturer. All necessary
and atmospheric pressures encountered at the 

facilities for its proper operation and maintenancesite. Unless should 
the pumps have a positive be installed in a convenient place.head on their suction lines,which or 

are screeneaare self-priming, where necessarysrea at they shall have suitable footof least 2 and havethe a valvestires that of net. valvesuction piping. They CWl206-4.ll Controlsshall be positively andsalb oiieyadacrtl accurately controlledThe pumps, their prime movers and accessories
area ofhateastosi timeas otoldaas to speed,thtof th ton piping.che osedshall have positive means of priming with water which is pressure, quantities of discharge,equal lubrication, voltages operating temperatures,in sanitary quality to that delivered by the pump. and all other factors essential toEach pump shall have an individual suction line 
proper operation, by apparatus wifch is appropriate to thefrom the prpe an, b propriattosi.pply, unless the suction uch is teprovide hydraulic conditicnslines are so nanifolded as towhich will insur that each service, and which has provenpump Where more than satisfactorywill operate in accordance one pump is used, the in actual service.with its design conditions, controls shall providefor alternation ofVter for all the pumps and prime mOVers in service.water seals shall be equal in quality to the CW1206-5 Intakeswat.r which the - This section refers topump is handling. intake facilitiesIf a pup handling frxi

non-pothc water is sealed with potable water, the seal wells and springs, which include the pumps, stations, pipingshall be supplied from a tank which is fed by 
and controls not covered in the previous sections.a water line Theintake shallterminating be of a type appropriate to the pump andat least 6 inches above shellthe tank overflow. 

CW1206-4.6 Valves - Each pump (except well pumps' should have ar. easilyaccessible shut-off valve of appropriate type in its suction
line, and a similar valve in its discharge line. A positive

acting check valve should be installed in the discharge linve
between the pump and the gate valve. 

7
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CW1206-5.1 

CW!206-5.2 

Intake Vent - The intake shruld be vented by means of a pro-perly hooded and screened pipe, w h[ich extends at least 12 

i n c hes a b o ve the a t f l o o r , a n d s P 
perly.hllution. floo, nis pted a ganst 

Fump Connections - When connections between the well and the:ump are located )bov- the floor, any penetration of the floorsh-l be isined to prevent the entrnce of external drippage 
ar other conta;inating suhls;tces. in general, the connectionihall be rode by means of a rigidly ancnored riser pipe, or 

viyextending the casin£ at least 6 inches above the floor, andprovidin, it wi th a t7!-1,7-, - cffiaox, or other device whichwill make a watrt'ght comr.ecticn between the riser pipe orcasing and the bate of the pump. Where a watertight connection'I not p:ov*ied, nthh las-n,-sh;l be inserted into a recess a-tending at least iinch into the base of the pump. The base 
0' the pum-ipshall be at least 6 iches above the pump room
f.oor. The design of the pump foundation and the pump baseshall keep water away from this connection. 

suI7,ru~be ju.piepcwo2ris, 
Where a suhir:rsible pump is uced, the top of the casing shall
be effectively craicd against the entrance of water around the 
conductors or cables. 

C1206-6 

CW1206-7 

7.1206-7.1 

Automatic and Reote-Cntrolled Stations -cAll automatics ai n h u d b r v d d ih a t m tc s g al n 

apparatus which will indicate when the stations are out 
of service. All remote-controlled 

pumping stations shall
be electrically operated and controlled.
Power - A dezen!able source of power shall be provided foroperating ll p_-m-pqingequipment and accessories, preferably 
y eann

of a ofratinnlonger than hat which he nyton can be persuo tted 
to be out of service nay,,occur, a reliable independent energencysource of power of sufficient capacity to provide for at leastnLnm er- sental serice should be available. n lieu of anemergency power source, c-tnsideration c-V be given to the useof distribution aex-age cn the system to provide the na esssrservice, pro-ided the eogineertog report Justify the reliability
of such storage. 

Conformnnce t: Codes - The installation and operation of the 

supply 'O' rsoYnt for :triv3 rove rs and their accessories,Shell conform to the requirenont of tha appropriate National,
State, local or trade code. 

CW1206-5.3 

CV1206-5.b 

Piping 
a. Suction Pipes - Sctinn pipes connected to inFireor to a series o plslocated outside of individual wells 

shall be protected against freezing, shall be valved topermit testing and control of each well, and shall be water-
tight from the well to the pump. All external valves shallbe protected by curb boxes or other acceptable means. 

b. flischarge 'pea - The uisoharge line and its control valvesbshld eoted Tboe the upinoue anditootrol vsourceshould be located above the pump house floor. 
Receiving r.d Pressure Tanks - All r-caivlng tanks formingpert of the pump house equipment shall have aporopriate
devices for indicating the water level in the tank; bealocated, supported, and protected by covers, and ventedto prevent contamination of the water. 
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C41206-7.2 

CWT1207 

0W1207-l 

lectric Power - 'When the station is electrified, all electrical 
equipment and work shall conform to requirements of the National 

Protection Association Electrical Code, No. 70, NationalElectrical Manufacturers' Association and the related State or 
local codes. 
STOtAGE FACILITIES 

General Benefit - The provision of distribution storage in a 
cooruanity water system will augment the capabilities of theof spply, treatment facilities, and pumping equipmeiitto assure a fully balanced system capable of meeting the demand 
requirements of the integrated system.
The chief advantages are that: 

a. Demands on the sources of supply, the pr-duction works and.Dvnso sucso upltep~~to ok ndistribution mains can be more nearly equalized. The sizes 
or capacities of these system elements car be reduced. 

b. System flows and pressures are improved and stabilized to 
serve the users throughout the service area. 

a. Reserve supplies are provided in the distribution system
for contingencies such as fire fighting, power failure or
equipment repairs. 
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CW1207-2 Types - Storage may be in ground storage reservoirs, elevatedtanks, standpipes, equalizing reservoirs or pressure tanks, 
depending on the design needs for the area to be served bythe water system. t!ydropneunatic pressure tanks provide re-
latively limited storage capacity within the operating pressurelimits, and should be considered only in stage construction 
on small systems or for service to isolated sections where 
such tanks .maybe the most feasible method available, 

CW1207-3 Location Considerations - The location, size, and type of
reservoir, tank or standpipe to be designed for any given
water supply shall be integrated with the distribution system,
The design shall provide uniform pressures with no pressure
drop below 20 pounds ,er square inch when the system is
operating at peak demand. 

CW1207-44 Protection Against Po: 
1 
ution 

CWI207-L.I Reservoir Covers - A r ,servoir for finished water storage 
shall have a suitable -oof or cover which is watertight,
dust proof and vermin proof. 

CW1207-4.2 Separation from Pollut- )n - If the bottom of a reservoir 
is at a lower elevatior. then sewers, drains, privies, standing
surface water, or other sources of pollution, the reservoirshould be no closer than 50 feet. ( Class 100 or better

mechanical joint water pipe, tested to 50 pounds per square
inch, may be as 3ewer drainused a or at lesser distances 
provided that the health authority gives approval.) 

041207-4.3 Unsafe Water In Contiguous Compartments - Unsafe water shall 
not be stored adjacent to a finished water compartment if

only a single wall separates the cozpartments. 


2
CW1 07-4 
i.4 Ground Water or Flood Levels - Bottom of a ground-level

reservoir should be located above the ground water table 
and at a ground level above flooding. Top of the reservoir 
should not be less than 2 feet above the normal ground surface. 

CW1207-5 Structural Design - Materials shall be durable, impervious

and of adequate structural strength. The design should 
consider utility, public health, safety and architectural 
beauty, 

CW1207-5.l American Water Works Association Standard Specification
MOO - Steel Tanks, Standpipes, Reservoirs, and Elevated 
Tanks, For Water Storage theand American Concrete Institute 
Code 318 for Reinforced Concrete Tanks and Reservoirs shall 
be followed to the extent applicable.
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CW-2O7- Elevated Tanks and Standpipes 

CW1207-6.1 Limiting Heights - The desirable maximum variation of working
levels in storage facilities which float on a distribution 
system should not exceed 30 feet. This limits the effecti-, 
capacity of a standpipe to approximately the top 30 feet, or 
elevated tanks should not exceed 30 feet fr the top of the 
pipe riser to the tank overflow. 

Standpipea may be considered in any situation that would
employ elevated storage on legs up to 60 feet above the 
ground. When costs are comlnarable, the advantage of having
the additional storage capacity below feetthe top 30 for 
emergency or fire will beuse considered. 

CW1207-6.2 Altitude-Control Valves Altitude-control valves or -
teleeter equipment should be used where any appreciable
variation in heed loss occurs between the source and the 
storage facility, or in the case of multiple units set at 
different elevations, either actual or effective.
 

CW1207-6.3 Freezing of Riser Pipe - In cold climates, protection rhall 
be provided to prevent freezing in the riser pipe. 

CW1207-6.4 Overflow and Cleaning 
- Provision should be made for cleaning
and overflow cn all structures. The overflow pipe of an
elevated tank should be screened and extend to 6" of the
ground. Overflows on all structures should have free-fall 
discharges that are in plain view and be constructed in such
a manner that the discharge fromwill flow away the foundations. 

CW1207-7 Reservoirs
 

CW1207-7.1 Surface Water Protection - The area surrounding a ground
level reservoir should be graded to prevent surface water 
from standing within 50 of thefeet structure. 

CW1207-7.2 Mlanholes or Scuttles - A manhole scuttle aboveor above the surfa, eline shall be framed at least 4 inuhes, the water 
of the roof at the opening and shall be fitted with a solid 
watertight cover which overlaps the framed opening and extends
down around the frame at least 2 inches. The cover should be 
hinged at one side and should provided with a locking device.beIn areas subject to heavy snows, the manhole should extend
12 inches above the roof. On a ground level reservoir covered 
with earth, a similar elevation of the manhole above the sod
 
is required. 
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CW1207-7.3 Pipe Openings in Tank Wall - Any pipes running Lnro-:ghthe shell of the structure should be welded or gasketed 
CWl207- Level Controls and Alarns - Pressur,-in m-etal tanks, control switchesor should be or telemeterconnected to standard wall equinres hould be castings which art onvI od, with warningspoured in plarce during] the construction or atlns en pprupriate paces, so that high andwater levels will beof the 3n-t These wall castings shall 

L-'_ediately re-ported. 
low 

structure. 

a flange or fla .- I d in have
nCgesi be the concrete, for rigidityand to prev-nt . Pa i nt liid/r Cat hil Prote t ond u , the outer facee on of the fitting. -:/4"127-lc-1
C 1 7 -2 T-L2o7-7.4 me r'.:ntPtt - - ' Vc' W t P l'rainae of ;-er' ran 4 er r 'eAitcof - The roof of -~ksAsociatlon n-tne 3*tm:ctc:e shou!l be StarndedwelldraineJ. D,'-
 ut:asts D'31 lhou.ld:ry net enter the reservoir to connect be .onii--e1, ever, epoxy, vinyl,to the ovorflow. ?ar7Teta, other oror sinilar construction which saci%. ,x,-so r- f apr:Ived by thewould hol wqtr or" n'..uth rty i . t'he MA.cn the roof are not acceptable. 

Cj1207-7 warnino OverfCi5 Vents, lightsw oulsi, ind .tmcinstrctej - excudioverflows, andingLigh.ts Vents,to dust,animals an.4 ino.cts from the 
birds, o. ...- -- c no for etal-enervoir. .-Direct o ifacesaI E dbetween overflow - tho illzrdet alansy .draLn or rc-: snd wh'n
ground level vpint 

-!ewer is _-nacceptable. ADiro,!el "Oor,@cties - n ioroel tecnialshould terminate in an inverted eni. -- c-eu'7nentop-ening U with the - l ro7irly maintained.at least 2u inchos atove C 37- -21finish grade. A?;aft or truck shoLl be disinfectedbefore oeb ben ento
CW1207-7.6 ;,'tAinEA service7alve St.ai flra.h ered for for the first ti-e andthe Roof - Vatlie stems the-a-or simila- pro- oijectinsthr,gh r ithe nting.roof of a reservoir Chlorine loses stonger theunif designed with a wall sle ~e will be accepted those n:r'rmly carried forct in water dinfeottona curbed jpening, or w"' be rocairod. Thewelded to
overlapping final criteriont rned-*own hood -.elded as.. .aco-a cover Plite, which is in turn covered by an
to the valve stem. ciio gal AWW C0 - AWWAS'a F D IStandaM-- For Disirnf.ooting Waterac t er°gt revil s
-thins provaies -enerJcriteria - aWI
 

CW1207-8 2ressure Tanks 
which should be applied.
 

CW1207-8.1 
Special consijeratien rast be civen to local laws relating
to structural dosi-;n and safety devices. 
 A tank located
above the noral ground surfce should be protected againstfreezing. Drain.e from the hocsing should be discharged toground surface with no direct connection to a sewer. 
C141207-8.2 Complete details 
of design and construction shall be submitted, including provisions for control equipment such aspressure gage, sight glass, automatic or manual blow-off
for excess air, and mechanical moans for adding air. 
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qCQlOO DIST.qIaUTICN SYSTEM 

CWl301 OBJF-TVE 

To provide facilities which will assure an adequate, continuous,

economical supply of safe and palatable water at satisfactory

pressure throughout the area to be served.
 

CW1302 GENRAL 

These standards apply to the distribution system for water used
 
for domestic and flre-fighting purposes.
 

CW1303 MATERIAIS 

All materials 
to be used shall be described in the specifications.

Materials and appurtenanc-s shall be of acceptable quality, free
of defects and suitable t) accomplish the stated objectives for
comaunity water systems. Pipe valvesfittings, and appurtenances
shall be manufactured in conformity with the latest standardspecifications issued by "he American Water Works Association,the American Standards Ast.,ciation or the Federal Government. 

CW1303-1 Water Pipe and Appurtenanccs - No one material will resist the
deleterious action of all taters, soils and field conditions thatmay be encountered. 
Therefore, the distribution system should be
designed after the water and soil characteristics have been determined and the field conditions established. 
 The design and material
 may then be selected to assure satisfactory, durable, economical
 
service. 

Ol1303-I.I 
The applicable specifications include:
 

a. Cast Iron
 

Federal Specification WW-P-42la - Pipe Cast Iron, Bell and 
Spigot Water. 

AWWACl0 - Cast-Iron Pressure Fittings.
ASA A21.1 - Manual for the Computation of Strength and Thick

ness of Cast Iron Pipe.

ASA A21.b 
- Cement Mortar Lining for Cast Iron Pipe and Fittings.
ASA A21.51 - Ductile - Ircn Pipe Centrifugally Cast in Metal


Molds, or Sand-Lined Molds for Water or Other Liquids.

ASA A21.6 - Cast Iron Pipe Centrifugally Cast in Metal Melds,

for Water or Other Liquids.
ASA A21.8 - C-st Iron Pipe Centrifugally Cast in Sand-Lined
 

Molds, for WaLer or Other Liquids.

ASA A21.10 - Short-Body Cast Iron Fittings, 3" to 12", for


250-PSI Water P-essure plus Water Hammer. 
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b. Asbestos-Cement b. Concrete Pipe 

ASfl4 C296 - Standard Specifications sad Methods of Test 
for Asbestos-Cemeat Pressure Pipe. 

Federal Specification SS-P-351a - Pipe, Asbestos-Cemmnt 
(Pressure). 

Reinforced Concrete Federal Specification - SS-P-381 -
Pipe, Pressure, Reinforced Concrete, Pretensioned 
Reinforcement (Steel Cylinder Type). 

AWWAC300 - Reinforced Concrete Water Pipe-Steel Cylinder 

c. Concrete lype, hot Prestressed. 
AWWAC301 - Reinforced concrete Water Pipe-Steel Cylinder 

Reinforced Concrete Federal Specification - SS-P-381 - Type, Prestresoed. 
Pipe, Pressure, Reinforced Concrete, Pretensioned c. Asbestos-Cement 
Reinforcement (Steel Cylinder Type).

A7W1AC300 - Reinforced Concrete Water Pi-pe-Steel Cylinder 
Type, Not Prestressed.

AWWAC301 - Reinforced Concrete Water Pipe-Steel Cylinder 
Type, Prestressed. 

As"m C.296 - Standard Specificat ons ea- Method of Test 
for Asbcstos-'emen Pressure Pipe.Federal Specifications SS-P-351a - Pipe, Asbestos-Cement 
(Pressure). 

CW1303-2 

CW1303-3 

Corrosion Protection - Cust Iron pipe shl be factory-coated 
with exterior tud interior coatings meeting the American 
Standards Assocantion Al.4 - Cement Mortar Lining for Cast 
Iron Pipe and Fittings. 

Pipe Joints - The method of ra_-ing joints and the material 

CW1303 ' 
7 rdrostatic and Leakage hsts - These tests shall be made 
upon completion of the pipe syste, in accordance with the 
test procedure stated in the curren:t AWWAStandard AWWAC6OO 
or alternate acceptable proceaure described in the project
specifications. 2ce reccrended tests are as follows: 

used shal-l 

CW1303-3.1 Acceptable 

be included 

pipe joints 

in the specifications. 

include: 

CW1303-4.l Hyirostatic Test - The valved section of the main being tested 
should be filled with water, and air should be expelled from
the line through hydrants or taps made at the high points. 

a. Cast Iron Pipe - Bell and spigot, flanged, universal, 
mechanical, a-i flexible ball. T'he mechanical joint
and robber-gasketed bell-and-spigot slip joints should 
be used to provide watertightness, flexibility and 
economy of Installation. 

The tcst should be made by means of a pump and test gage andat a -st pressure at least 50 per ent greacer than the design
working pressure in the line. Test pressure should be -aintained 
for at least 1 hour and an exomration should be made of the line 
for visible leaks or pipe mavcuent. Obvious defects shall be 
fixed before the leakage test is made. 

b. Asbestos-Cment 
as specified by 

Pipe - Use Roll-on rubber gasket 
the pipe manufacturer. 

coupling CW1303-4.2 Leakage 
test is 

Test - The 
completed. 

leakage test should be made after 
The amount of water which enters 

the pressure 
the test 

011303-3.2 

c. 

The 

Concrete Pipe - Rubber-gasketed bell-and-spigot joints 
similar to those new used with cast-iron pipe. 

applicable specifications include: 

section under normal working pressures for a period of at least2 hours shoaul be measured through a calibrated meter. The leaka-e 
result shall comply with specifications prescribed in the current 
Standard AWA C0 , otherwise the installation will not be accepted. 

a. Cast Iron 
cw030k DESIGN 

ASA AU.ll - A mechanical Jci-+ for Cast Iron Pressure 
Pipe and Fittings. 

AWWAC600 - Installation of Cast Iron Water Mains 
Sections. 

CW1304-1 General - Pipa and special fittings used in water distribution 
systems shall be designed to withstand internal water pressure
induced by static and kinetic pressures and shock pressures frcm 
water ha-mer. They shall be designed to withstand external 
pressures acting on them, such as from trench loads and live 
loads resulting from heavy traffic and impact. The engineering 

-. 66. 

report sball include information on the basis of design for the 
piping system with respect to all h-draulic and structural con
ditions involved. 
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Ci1304-2 Water Main Sizes - Sizes will depend upon factors such as 
the demand rements, the degree to which fire-fightingsupply will be provided, the pressure requirements in thedistribution system, and plans for expansion of the system. 

CV134.-.l roviion FornationallyCW1304-2.1 Provision For Fire-Fighting - The standarus of the statefire insurance rating bureau shall be followed to the extentapplicable. The minlimu pipe size shal be 6 inches for runs not exceed inim feet. If fUt ire 6 inhessupply svce can be expected the system should be sizedin azcniance with the state fire insuronce bureau standards. 
CWIL3o4-2.2 No Provision for Fire-Fighting - Water distribution lineswhich are not a part of a fire-fightlng network shaTh besized o provide sufficient capacity to surply the peakto 

demand without an excessive pressure drop. 

CW1304-2. 
3 Pipe sizes less thrn ; inches should not be used uinless theengineer's report ind catea that no future extensions areaPossible, Pressure cc ditionB will be adequate under normaland Peak flow conditions, and the chemical characteristicsof the water supply are not such that detrimental depolitingof chemicals, or other interior pipe reactions such an tuber-culation can be expected so as to reduce effective interiorPipe diameters.- ia t ersn ystesufficient 

CU1304-3.1 General - The piping shall be looped and valved to permit 

utungshGna off of service to only a pe a mnber of conectonsfor repairs or maintenance. Preferably, disruption of serviceshould be limited to one block. Looped mains shall be provided
in all locations except cul de sacs, ribbon developments, or 
scattered Properties. The design and construction sa2l

icuethe Placement of toes, crosses, etc., where fUtureinlude hep lament ofdiate o o i etc.e hre futub.develo 
wred,

CW1304-3. 
2 Dead Bads - Unlooped mains shall be equipped with a fire 

hydrant, flushing hydrant, or, under unusual circumstancesR 
a blow-off. The flushing hydrant or blow-off valve shallbe at least the size of the main or four inches, whicheveris sailer. No flushing device shel be directly connected 

to a sanitary ewer or storm drain, 

CW1304-3.3 

CWjutio 

1JgtS .1 

CW.-3 -4.2 

Installation of Main - All main installations should bemade in accordance with the AVWAStandard for Installationof Cast Iron Water Mains - AWWY1AC600 or other appropriate 

accepted standards. Refcr,3nce in the specificti n making the applicable standards an integral part of the
specification and attachlne a copy to the specification, willbe an acceptable procedurs. Installation procedures whichdigress from such standards may be accepted if explained inthe engineering report and the FRA concurs that such installation procedure is appropriate to the site. 

frost penetration in the area, and shall be sufficientdet ofroverst oetra inticip shal le aesalfad nthesafely sustain all anticipated live and dead loads in conjunction with the pipe material design. 

alves and Appurtenances 

Va nd p
Gate Valvesa. Location - Valves shall be uniformly located in somstandard area such as street or curb line to facilitatesteirdoa A valve or w i ait atet her l al vbe with over a te sther oade, a v ox i h i s c ve t t e s r enumber of valves should be placed in the distri

bution system so that a short section of main may be rophare or eroc. e wihou dineruption o al r ches
paired or serviced without inte3rruption of service to mor14 

than one block. Valves should he located on all branchesfrom feeder mains and between distributors and fire hydrants.Three valves should be used at crsses and two valves ateach cross or tee. on arterial mninj and minor distribu
ea vross ou be placed an the a lein es a0st.tore, valves should be placed at leat every 1,200 ft. 

Material - Gate valve construction and materials shallcomply with the current AWWAStandard C500 - Gate valvesy Watr Service. 

Air Relief and Blow-Off Valvesa. - Air-relief valves and ow-oshould not be used except in locations where fire hydrants 

are not practical. Air-relief valves shall be located 

at high points n the 
placed at low points. 

line and blow-off valves shall be 

-68 . 
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b. Installation - These valves shall not be connected 
directly to any storm or sanitary sewer, whether 
installcd in a pit, chamber, or by other meane.Drainage should be made to the ground if possible, 
or to approved underground absorption pits. 

c. Material - Details shall be submitted showing compliancewith nationally accepcable standards or approved equal. 
CW1304-4.3 Other Zrpe Valves - Other type valves used, o:uch an butterfly 

valveu, pressure-relief valves, cone valves, etc., shallcomply with nationally acceptable stanors and be acceptableto FRA and any aguncies buving Jurisdirtion. 

CWl304-5 F re Hydrants 

VJ1304-5.! Location - Hydrants sould be spaced in accordance with thenature and characteristics of the area to be served, andcomply to the extent applicable with the requirements of thefire insurance rating bureau. The cufrnt standards 0f theNational ilard of Fire Underwriters may be referred to as aguide. 

CW130O-5.2 Material - The applicable specifications include: 

A.WA C5)2 - Fire I~ydrants for Ordinary Water Works Service.AUNA C503 - Wc-Frrel Fire Hydrants for Ordinary WaterWorks Service. 

CW1304-5.3 Drainage - Draijnage from fire hydrants shall not be connectedto Sanitary Scwers or storm drains. Acceptable methods willinclude drainage to the ground surface or to absorption pitsprovided exclusively for this purpose. 

CW1304-6 Thrust Blocks 

wl3o4-6.1 Ap~licability - . plugs, caps, tees and bends deflecting
2D degrees or more on mains 8 

-inches in diameter or larger 
shall be provided with a reaction backing. 

CW30I4-6.2 Methods - The reaction backing should be concrete of a mixnot leaner than 1 cement: 2', sand; 5 stone, and having acompressive strength of not less than 2,r00 psi at 2 days.Backing shall be placed between solid cmnd and the fittingto be anchored; the area of bearing on the pipe and on theground in each Instance shall be shown on the plans. Othermethods proposed shall be subject to acceptance by FHA. 

CW1304-6.3 

CWl3Oh-7 

CWl3Oh-7.l 

c,'i3Ohj-8 

CW1304-.I 

C~l30l-8.2 

Standard - The current AWWAStandard C600, is applicablc.
.U-ternate methods will be considered. 

Water ?ressure in System 

Design Criteria 

a. _ni working presure in any part of the systemahall 
!" 2: p3'cds per squarc incn. This pressure pertains tothe point of delivery of water to the consumer at thehouse ser-caline, ad for residenesnot ceeiE two 
stories. A mini oum working prn3Lure of 30 psi chotli eprovi-fd wherever Possiole. 

b. arrai wozri.ng presur! under averade conditions of 
flow shiuid r-n14 between 30 and 70 p-i. 

c. )4axim: pressures in excess of 100 psi should he avoided.Where *_pographiz conditions prevunt this, consideration
shall be giveri to the inistallatiani jf ssure reducingv7p-.es or e oablisLEnt of p.-nsui-u zcnes in toie system.The engine-r's report ahall Zll, descibe the methods 
to be employed. 

K~ters 

Appliabiliy - Tners shall !e povictd nn nach serviceconnection. The roasurin, of '-.ePount of gater suppliedeacu property will allow equitabla service rates to be 
established. 

Materials - The applicahle specifications include:
AdWAC70-) Cold Water Meters - Displacement Type. 

AWWAC701 - Cold Water Meters - CoupentType.AirWAC701 - Cold Water eters - Current Type.
AWA C70 - Cold Water 113ters - Current Type Propeller Driven.AAWAC703 - Cold Water Meters - Fire Service Type. 
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CW1305 PROTECTION OF WATER SUPPLIES CWLu6 
O413o6-1 

WArER SERVICES 
Water services 

ANDPLUMBING 
and plumbing shall conform to local and state 

CW1305-I 
CW1305-I.l 

Separation of Water Mains 
Horizontal Separation - Whenever possible, water mains shall 
be laid at least 10 feet, horizontally, from any existing orproposed sewer. Should local conditions prevent r lateral 

10 feet, a water main may be laid closer than
10 feet to a rower 

CW1307 

CW1307-1 

codes or to the National Plumbing Code ASA A4O.8, and beacceptable 
to FHA. 

DISINFECTION OF WATER MAINS 

For disinfecting newly laid mains or after repairs to the system,
the mains shall be disinfected in accordance with AWWAStandardfor Disinfecting Water Mains-C601 or the requireents of the 

a. It is laid in a separate trench. State Health Department. 

b. It is laid in the sam trench with the sewer provided thatthe water main is located on an undisturbed earth shelf
located on one side of the sewer. 

c. In either case the Elevation of the bottom invert of thewater main is at leEit 18 inches above the top (crown) of 
the sewer. 

CW1305-1.2 Vertical Separation - Whenever sewers cross under water mains,the water main shall be InAd at such an elevction that thebottom of the water main is at least 18 inches above the topof the sewer. This vertizal separation shall be maintained
for that portion of the water main located within 10 feet
horizontally of any sewer it crosses. 

091305-1.3 Special - When it is impossible to obtain proper horizontal andvertical separation, both the water main and sewer shall be constructed with water-tight joints and pressure tested to assurewater-tightnesz before backfilling. The sewer shall be testedat a pressure of not less than 15 pounds per square inch. 
CW1305-2 Relation to Sewer Manholes - No water main shall pass through,or come into contact with any part of a sewer manhole. 

CW1305-3 Cross Connections - There shall be no physical connection betweenthe distribution system and any pipes, pumps, hydrants, or tankswhich are supplied or may be supplied with a water that is, ormay be contaminated except as approved in writing by the State
Health Department and acceptable to FHA. 

CW1305-4 Water Mains Near or Crossing Obstructions - Water mains within10 feet of railroad tracks or crossing under railroad tracksshall be equipped with clamps or other acceptable provisionsto e-nimize the affect of vibration. Mains crossing underwaterways shall be laid with flexible water-tight joints, andvalves shall be located at both ends of such crossing to permitisolation for repair, and testing of the section, Samplingtaps shall be provided to facilitate sanitary c.-ntrol. Thesetaps shall not be subject to flooding. 
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