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CHAPTER 1
GENERAL

1-1. Purpose and scope. ers, plumbing fixtures, and other equipment against
This manual, intended for planners and design engi- Scaling, corrosion, and staining, Because of the widely
neers, presents information on water quality stand- Varying conditions and the many types of water, it is
ards and design criteria for water treatment processes.nOt possible to establish criteria for all cases of special
This manual also establishes criteria to be followed in Water treatment. Treatment for prevention of scaling
determining the necessity for and the extent of treat- @d corrosion may not be entirely effective; and in
ment, and on procedures applicable to the planning of Many cases a decision as to the necessity of special
water treatment projects. This manual is applicable to treatment cannot be reached prior to actual operating

all elements of the Army and Air Force responsible for €Xperiences. In general, special treatment will be pro-
the planning and design of military construction, vided only in cases where a study of water analyses
and experience with the water definitely show that

i there will be severe corrosion of the water system or
1-2. Water treatment proiects. that severe scaling of hot-water heaters, storage tanks,
State health department, State water resource, andand other parts of the plumbing system will occur.
U.S. Environmental Protection Agency personnel, as Marginal cases will be deferred and treatment pro-
appropriate, should be consulted in the early stages ofvided only after operating experience determines
project planning regarding supply sources and asso- treatment to be necessary.
ciated water treatment needs. In addition to the usual ) o
treatment that may be required to insure delivery of 1-3. Water quality criteria and standards.
potable water, consideration will be given to the need Information on current criteria and standards for raw
for special treatment to protect pipelines, water heat,- and potable water are presented in appendix A.
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CHAPTER 2
WATER TREATMENT PROCESS

2-1. Process selection factors. parts and should be avoided to the maximum practi-

The design of treatment facilities will be determined Cable extent. Steam or electric heating, diffusion aera-
by feasibility studies, considering all engineering, eco- tion and flow reversal have been used to overcome ice

nomic, energy and environmental factors. All legiti- Problems.

mate alternatives will be identified and evaluated by . (4) Disposal of screeningsProject planning must
life cycle cost analyses. Additionally, energy use be- include provision for the disposal of debris removed by
tween candidate processes will be considered. For thecoarse and fine screens.

purpose of energy Consumption, Only the energy pur- b. Flow measuremenWater treatment processes,
chased or procurred will be included in the usage eval- €-9-. chemical application, are related to the rate of
uation. All treatment process systems will be com- flow of raw water, Therefore, it is .essentle}l that accu-
pared with a basic treatment process system, which isfate flow-rate. measurement equipment is provided.
that treatment process, system accomplishing the re-Pressure differential producers of the Venturi type are
quired treatment at the lowest first cost. Pilot or labo- commonly used for measurement of flow in pressure
ratory analysis will be used in conjunction with pub- conduits. An alternative selection for pressure con-
lished design data of similar existing plants to assure duits is a magnetic flow meter if the minimum velocity
the optimal treatment. It is the responsibility of the through the meter will be 5 feet per second or more. A
designer to insure that the selected water treatmentParshall flume can be used for metering in open chan-
plant process complies with Federal Environmental nels. Flow S|gnals_ from the metering device selected
Agency, State or local regulations, whichever is more should be transmitted to the treatment plant control

stringent. center. o _
c. Flow division. While not a treatment process,

flow division (flow splitting) is an important treatment
plant feature that must be considered at an early stage
Surface waters contain fish and debris which can clog of design. To insure continuity of operation during ma-
or damage pumps, clog pipes and cause problems injor maintenance, plants are frequently designed with
water treatment. Streams can contain high concentra- parallel, identical, chemical mixing and sedimentation
tions of suspended sediment. Preliminary treatment facilities. No rigid rules can be given for the extent of
processes are employed for removal of debris and partduplication required because a multiplicity of factors
of the sediment load. influence the decision. Normally, aerators are not pro-
a. Screens. vided in duplicate. Presedimentation basins may not
(1) Coarse screens or rack€oarse screens, often  require duplication if maintenance can be scheduled
termed bar screens or racks, must be provided to inter-during periods of relatively low raw water sediment
cept large, suspended or floating material. Such |oad or if the following plant units can tolerate a tem-
screens or racks are made of I/2-inch to 3/4-inch metal porary sediment overload. If it is determined that pre-
bars spaced to provide 1- to 3-inch openings. sedimentation at all times is essential for reliable plant
(2) Fine screensSurface waters require screens or operation, then the flow division should be made
strainers for removal of material too small to be inter- ahead of the presedimentation basins by means of
cepted by the coarse rack, These may be basket-type|dentical splitting weirs arranged so that flow over
in-line strainers, manually or hydraulically cleaned by either weir may be stopped when necessary, During
backwashing, or of the traveling type, which are normal operation, the weirs would accomplish a pre-
cleaned by water jetsFine-screen, clear openings cise equal division of raw water, regardless of flow
should be approximately 3/8 inch. The velocity of the rate, to parallel subsequent units; rapid-mix, slow-mix
water in the screen openings should be less than 2 feetand sedimentation. The water would then be combined
per second at maximum design flow through the and distributed to the filters. If presedimentation
screen and minimum screen submergence. units are not provided, then the flow is commonly split
(3) Ice clogging In northern areas screens maybe ahead of the rapid-mix units. If a single treatment
clogged by frazil or anchor ice. Exposure of racks or train is to be provided initially with the expectation of
screens to cold air favors ice formation on submerged adding parallel units in the future, then the flow-split-

2-2. Preliminary treatment.
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ting facilities should be provided as part of the original proximately 3 hours. Basin depth should be in the ap-
design, with provision for Mocking flow over the weir proximate range of 10 to 15 feet, corresponding to up-
which is to serve future units. flow rates of 600 to 900 gallons per day (gpd) per
d. Sand traps.Sand traps are not normally required square foot for a detention period of 3 hours. Short-cir-
at surface water treatment plants. Their principal ap- cuiting can be minimized by careful attention to de-
plication is for the removal of fine sand from well wa- sign of inlet and outlet arrangements. Weir loading
ter, The presence of sand in well water is usually a sign rates should not exceed approximately 20,000 gpd per
of improper well construction or development. If sand foot. Where presedimentation treatment is contin-
pumping cannot be stopped by reworking the well, the uously required, duplicate basins should be provided.
sand must be removed. Otherwise, it will create seri- Basin bypasses and overflows should also be included.
ous problems in the distribution system by clogging ]
service pipes, meters, and plumbing. Centrifugal sand2-3- Aeration.
separators are an effective means of sand removal.The term “aeration” refers to the processes in which
These cyclone-separator devices are available assemwater is brought into contact with air for the purpose
bled from manufacturers and require no power other of transferring volatile substances to or from water.
than that supplied by the flowing water. They operate These volatile substances include oxygen, carbon diox-
under system pressure; therefore, repumping is notide, hydrogen sulfide, methane and volatile organic
necessary. Water from the well pump enters tangen- compounds responsible for tastes and odor. Aeration is
tially into the upper section of the cone and centrifugal frequently employed at plants treating ground water
force moves the sand particles to the wall of the cone. for iron and manganese removal.
They then pass downwater into the outlet chamber. a. Purpose of aerationThe principle objectives of
Sand is periodically drained to waste from this cham- aeration are:
ber through a valve that can be manually or automat- (1) Addition of oxygen to ground water for the
ically operated. The clarified water is discharged from oxidation of iron and manganese. Ground waters are
the top of the cone, These units are available in diam- normally devoid of dissolved oxygen. The oxygen add-
eters of 6, 12, 18, 24, and 30 inches. providing a capac-ed by aeration oxidizes dissolved iron and manganese
ity range from 15 to 4500 gallons per minute (gpm) to insoluble forms which can then be removed by sedi-
and are suitable for operation up to 150 pounds per mentation and filtration.
square inch (psi). Pressure drop through the unit (2) Partial removal of carbon dioxide to reduce the
ranges from 3 to 25 psi, depending on unit size and cost of water softening by precipitation with lime and
flow rate. These separators will remove up to 99 per- to increase pH.
cent of plus 150 mesh sand and about 90 percent of (3) Reduction of the concentration of taste-and-
plus 200 mesh. The units are rubber lined for protec- odor producing substances, such as hydrogen sulfides
tion against sand erosion. and volatile organic compounds.
e. Plain sedimentationPlain sedimentation, also (4) Removal of volatile organic compounds which
termed “presedimentation” is accomplished without are suspected carcinogens, (see para 2-13b.).
the use of coagulating chemicals. Whether plain sedi- b. Types of aeratorsThree types of aerators are
mentation is essential is a judgment decision influ- commonly employed. These are: waterfall aerators
enced by the experience of plants treating water from exemplified by spray nozzle, cascade, and multiple-
the same source. Water derived from lakes or im- tray units; diffusion or bubble aerators which involve
pounding reservoirs rarely requires presedimentation passage of bubbles of compressed air through the wa-
treatment. On the other hand, water obtained from ter; and mechanical aerators employing motor-driven
notably sediment-laden streams, such as those foundimpellers alone or in combination with air injection de-
in parts of the Middle West, requires presedimenta- vices. Of the three types, waterfall aerators, employ-
tion facilities for removal of gross sediment load prior ing multiply trays, are the most frequently used in wa-
to additional treatment. Presedimentation treatment ter treatment. The efficiency of multiple-tray aerators
should receive serious consideration for water ob- can be increased by the use of enclosures and blowers
tained from rivers whose turbidity value frequently to provide counterflow ventilation.
exceeds 1,000 units. Turbidity values of well over c. Design criteria.
10,000 units have been observed at times on some cen- (1) Multiple-tray, tower aerators.
tral U.S. rivers. (a) Multiple-tray aerators. Multiple-tray aera-
(1) Plain sedimentation basind?lain sedimenta- tors are constructed of a series of trays, usually three
tion or presedimentation basins may be square, circu- to nine, with perforated, slot or mesh bottoms. The wa-
lar, or rectangular and are invariably equipped with ter first enters a distributor tray and then falls from
sludge removal mechanisms. tray to tray, finally entering a collection basin at the
(2) Design criteria. Detention time should be ap- base. The vertical opening between trays usually
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ranges from 12 inches to 30 inches. Good distribution literatures and handbooks or AWWA, EPA publica-
of the water over the entire area of each tray is essen-tions.

tial. Perforated distributors should be designed to pro- (2) Diffusion aerators.Compressed air is injected
vide a small amount of head, approximately 2 inches into the water as it flows through a rectangular basin.
on all holes, in order to insure uniform flow. In aera- A variety of air injection devices may be employed in-
tors with no provision for forced ventilation, the trays cluding perforated pipes, porous plates or tubes and
are usually filled with 2- to 6-inch media, such as coke, various patented sparger devices. Basin size is deter-
stone, or ceramic balls to improve water distribution mined by desired detention time, which commonly
and gas transfer and to take advantage of the catalyticranges from 10 to 30 minutes. Tank depth is usually
oxidation effect of manganese oxide deposits in the from 10 to 15 feet. Air requirements, supplied by a
media. The water loading on aerator trays should be in compressor, generally range from 0.1 to 0.2 standard
the range of 10 to 20 gpm per square foot. Good, nat-cubic foot per gallon of water aerated. Major advan-
ural ventilation is a requirement for high efficiency. tages of a diffusion aeration system include practically
For multiple tray aerators designed for natural venti- no head loss and freedom from cold-weather operating
lation, the following empirical equation can be used to problems. An additional advantage is that a diffusion

estimate carbon dioxide (GOremoval: aerator may also be used to provide chemical mixing.
C.= Co(107) Power requirements are those associated with air com-
C: = mg/l CO; remaining after aeration pression and range from 1.0 to 2.0 kilowatts per mgd
Co = mg/l CO; present in water in distribution of aerator capacity. Aeration efficiency in terms of ad-
tray dition of oxygen or removal of carbon dioxide is gen-

n = number of trays, including distribution tray erally similar to that provided by multiple-tray aera-
k = 0.11 to 0.16 depending on temperature, tur- tors employing natural ventilation.
bulence, ventilation, etc. (3) Mechanical aeratorsMechanical aerators typi-
Where icing is a problem and the aerator must be cally consist of an open impellar operating on the wa-
housed, artificial ventilation by fans or blowers is nec- ters surface. Basin size is determined by detention
essary. An enclosed induced- or positive-draft aeratortime required. Basin depth can vary from 5 to 17 feet
requires approximately 3.5 to 6 standard cubic feet of with the average depth being 10 feet. Major advan-
ventilating air per gallon of water aerated. Thus, for tages of mechanical aerators are practically no head
an enclosed aerator operating at a rate of 1.5 millionloss and the ability to provide mixing. Mechanical
gallons per day (mgd), air requirements will be in the aerators are generally not as efficient as aeration tow-
range of 3600 to 6200 standard cubic feet of air per ers or diffused aerators and longer detention times are
minute. Positive-draft aerators employing the higher required.
air-flow rates exhibit the highest efficiency for the ad-  d. Criteria for installation of aeratorsAeration is a
dition and removal of dissolved gases and oxidation of gas transfer process which is not needed at all water
iron, manganese, and sulfide. Power requirements fortreatment plants. A decision as to whether to aerate or
a natural draft, multiple-tray aerator having an overall not requires assessment of the economic and water
height of 10 feet will be approximately 1.7 kilowatts quality benefits achieved by its use.
per mgd of aeration capacity. Power demands for (1) Addition of oxygenAeration processes are
forced draft units will be greater. commonly used in adding oxygen to groundwaters and
(b) Counter-current packed column aeratioh. to oxidize iron, manganese, hydrogen sulfide and to a

counter-current parked column aerator tower is simi- limited extent, organic matter. Groundwaters are
lar to operation to counter-current multiple tray aera- usually deficient in oxygen and acration is an effective
tors, but are particularly efficient at the removal of means of adding it. Oxygen addition is normally re-
volatile organic compounds (VOCs) through air-strip- quired if iron and manganese removal is a treatment
ping. Packed column aerators consist typically of a objective. Aeration will also help oxidize hydrogen sul-
long thin tower filled with either a random dumped fide and some organic matter.
media (Rasching rings, Ber) saddles, Pall rings) or cor- (2) Partial removal of volatile substancesera-
rugated sheet media, held by a packing support plate.tion is a useful method of removing volatile substances
Water is pumped to the top of the tower over a distri- from water. Groundwaters while being deficient in
bution plate and allowed to fall through the media. Air oxygen can contain objectionable levels of carbon diox-
is blown up through the tower by a fan counter to the ide. An efficient aerator will result in near saturation
falling water. Redistributor plates are used through- with oxygen and about 90 percent reduction of the car-
out the column to prevent channeling of the water or bon dioxide content of groundwater. At lime-soda wa-
air stream. Efficiency of the tower is dependent on the ter softening plants, any carbon dioxide dissolved in
extent of contact between the air and water. Detailedthe water at the point of lime application will consume
design can be found in various chemical engineeringlime without accompanying softening. For high (>50
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mg/L) carbon dioxide concentrations, as encounteredwaters contain higher levels of THM precursors than
in some groundwaters, aeration for its removal is prob- groundwaters and therefore a need for aeration may
ably justified. For concentrations on the order of 10 arise to reduce TTHM following chlorination. Water
mg/L, or less, aeration is probably not economically high in the bromine-containing THMs are difficult to
valid. Before deciding to aerate for carbon dioxide re- treat by aeration and other methods of removal should
moval, the cost of purchasing, maintaining and operat- be used, such as coagulation and flocculation or con-
ing the aerator should be compared to the value of thetact with granular activated carbon.
lime saved. At softening plants, each mg/L of carbon ) _
dioxide removed will effect a saving of about 1.3 mg/L 2-4. Coagulation and flocculation.
quicklime (95 percent calcium oxide). It will also re- Coagulation and flocculation processes are defined as
duce the quantity of softening sludge produced propor- follows: “Coagulation” means a reduction in the forces
tionately. which tend to keep suspended particles apart. The
(3) Reduction of hydrogen sulfid@eration is also joining together of small particles into larger, settle-
used for removing hydrogen sulfide from well water. It able and filterable particles is “flocculation.” Thus,
may be sufficient in itself if the hydrogen sulfide con- coagulation precedes flocculation and the two process-
centration is not more than about 1.0 or 2,0 mg/L. es must be considered conjunctively.
Otherwise, it maybe used in conjunction with chlorine  a. Purposes of coagulation and flocculatioRaw
to oxidize the hydrogen sulfide not removed by aera- water supplies especially surface water supplies, often
tion. contain a wide range of suspended matter, including
(4) Reduction of Volatile Organic Compounds suspended minerals, clay, silt, organic debris and
(VOCs). Recent studies have shown that aeration can microscopic organisms ranging in size from about
be successfully employed to reduce volatile organic 0.001 to 1.0 micrometer. Small particles in this size
compounds (VOCs) such as total Trihalomethane range are often referred to as “colloidal” particles.
(TTHM) concentration in chlorinated water to meet Larger particles, such as sand and silt, readily settle
current US EPA regulations limiting TTHM concen- out of water during plain sedimentation, but the set-
trations. Aeration by diffused air or multiple-tray tling rate of colloidal particles is so low that removal
aerators can reduce TTHM concentration at low cost, of colloidal particles by plain sedimentation is not
with cost increasing with higher concentrations of Tri- practicable. Chemical coagulation and flocculation
halomethane (THM). Counter-current packed tower processes are required to aggregate these smaller par-
aeration is most efficient in achieving mass transfer of ticles to form larger particles which will readily settle
VOC. in sedimentation basins. The coagulation-flocculation
e. Aeration summanihere icing is a problem and processes are accomplished step-wise by short-time
the aerator must be housed, artificial ventilation by rapid mixing to disperse the chemical coagulant fol-
fans or blowers is necessary. An enclosed induced- orlowed by a longer period of slow mixing (flocculation)
positive-draft aerator requires approximately 3.5 to 6 to promote particle growth.
standard cubic feet of ventilating air per gallon of wa- b. Chemical coagulantThe most frequently used
ter aerated. Thus, for an enclosed aerator operating athemical coagulant is aluminumsulfate (Al
a rate of 1.5 mgd, air requirements will be in the range (SO,),14H,0). This aluminum coagulant is also
of 3600-6200 standard cubic feet of air per minute. called “alum” or “filter alum,” and dissociates in water
Positive-draft aerators employing the higher air-flow for form SQ=, Al*ions and various aluminum hy-
rates exhibit the highest efficiency for the addition droxide complexes. Other aluminum compounds
and removal of dissolved gases and oxidation of iron, used as coagulants are potash alum (AIK(SOy);-
manganese, and sulfide. Counter-current packed col-12H:0) and sodium aluminate (Na»Al;Qs), principally
umn aeration is particularly efficient to remove vola- the latter. Iron coagulants include ferric sulfate (Fe;
tile organic compounds, Requirements for a natural (SO4);-9H:0), ferrous sulfate (FeSO,- 7H,0), also avail-
draft, multiple-tray aerator having an overall height of able as FeSO4-5 H:0 and ferric chloride (FeCl;- 6H20).
10 feet will be approximately 1,7 kilowatts per mgd of Magnesium hydroxide (Mg(OH)) is also an effective
aeration capacity, Power demands for forced draft coagulant, Organic polyelectrolyte compounds, ap-
units will be greater. In general, aeration is worthy of plied in low dosages alone or in combination with the
consideration in connection with the treatment of metal coagulant, are also employed, Polyelectrolytes
groundwater supplies in conjunction with lime soften- are high-molecular-weight polymers that dissociate in
ing and for the removal of some VOCs. Surface waters water to give large highly charged ions, The polyelec-
usually exhibit low concentrations of carbon dioxide, trolytes and dissociated ions destabilize the colloids
no hydrogen sulfide and fairly high dissolved oxygen. and promote their settling, These polymers can be clas-
As a consequence, aeration is not required for the re-sified an anionic, cationic or nonionic according to
moval or addition of these gases. However, surfacestheir dissociated polymeric ions being negatively
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charged, positively charged or both negatively and onds, yield a G value of about 1000 kead a Gt
positively charged, value of 10,000. Similarly, a 30-second detention time
c. Coagulation for Removal of Trihalomethane gives a G value of about 600 and a Gt value of 18,000.
Precursors. Recent US EPA regulations limit allow- Long detention period for rapid-mix basins should be
able TTHM concentrations in finished potable water avoided because of higher power requirements and in-
(see para 2-13). To help meet the current maximum ferior coagulation results. The rapid-mix basin should
contaminant level (MCL) of 0.10 mg/L for TTHM, be designed to minimize short circuiting.
trivalent metal ion coagulant, such as aluminum sul- f. Slow mix,For slow-mix (flocculating) units, de-
fate or ferrous sulfate, and a variety of organic poly- tention periods should range from 30 minutes to 60
electrolytes have been used to remove THM precursorsminutes, with installed mixer power of approximately
before chlorination. Naturally-occurring THM precur- 0.1 to 3.5 hp per mgd. G values in the range of 20 see
sors, such as humic and fulvic compounds, are onlyto 100 see-lare commonly employed, Corresponding
partially removed by coagulation and filtration. For Gt values will, therefore, be in the range of 36,000 to
coagulation with alum, a pH of between 5 and 6 is the 360,000. Tapered, slow mixing with G decreasing
optimum for the removal of fulvic and humic acid com- from a maximum of about 90 sedown to 50 see
pounds. Ferrous sulfate exhibits an optimum pH for and then to 30 se@an be used and will generally pro-
removing organic compounds of between 3 and 5. Ful-duce some improvement in flocculation. Somewhat
vic acids require twice the dosages of alum needed forhigher G values, up to 200 seare employed in some
humic acids, The addition of anionic polymers at doseswater softening plants. For normal flocculation, using
from 1 to 10 mg/L can also provide some removal of alum or iron salts, the maximum peripheral speed of
humic compounds. The efficiency of removal depends the mixing units should not exceed about 2.0 fps and
upon the type and concentration of organic compoundsprovision should be made for speed variation. To con-
present in the water supply, pH, coagulant dose, andtrol short circuiting, two to three compartments are
solids-liquid separation step. Optimum precursor re- usually provided. Compartmentation can be achieved
moval can only be estimated using laboratory simula- by the use of baffles. Turbulence following flocculation
tion techniques, such as simple jar testing, followed by must be avoided, Conduits carrying flocculated water
settling or removal of precipitated colloids with mem- to sedimentation basins should be designed to provide
brane filters. This procedure can provide the informa- velocities of not less than 0.5 fps and not more than
tion necessary to determine the optimum conditions 1.5 fps, Weirs produce considerable turbulence and
for the removal of trihalomethane precursor com- should not be used immediately following flocculation.
pounds. Monitoring of the removal of organic precur- _ _ i
sor compounds by coagulation and filtration can be fa- 2-5- Sedimentation basins.
cilitated by the measurement of total organic carbon. Sedimentation follows flocculation, The most common
d. Design criteria for mixingCriteria for rapid- and types of sedimentation basins in general use are shown
slow-mix processes have been developed on the basis ofin figures 2-1 and 2-2. A recent innovation in clari-
detention time, power input, velocity gradient (G) and fiers is a helicai-flow solids contact reactor, consisting
the product (Gt) of velocity gradient and detention of a above ground steel conical basin as shown in fig-

time. The values of G and Gt are computed from: ure 2-3. However, these above ground basins require a
G=(P)” high head and additional pumps may be required. A
and uV minimum of two basins should be provided to allow
Gt = product of G and t, a dimensionless number one unit to be out of service for repair or maintenance.
where The design must include arrangements that permit use
G = velocity gradient (fps/foot; of sec™") of a single basin when necessary.
P = the_power dissipated in the water (ft-Ib/see) a. Design criteria.The design of a sedimentation
u = water viscosity (b sec/ft?) (u = 2.73 x 107° tank is based on the criterion as listed in table 2-1,
@ 50°F) The sedimentation basins should have adequate capac-
V = volume of mixing basin (cubic feet) ity to handle peak flow conditions and to prevent ex-
t = mixer detention time (seconds) cessive deteriorated effluent water qualities. The

e. Rapid mixing.For rapid-mix units, detention pe- above design data represent common conditions,
riods usually range from 10 to 30 seconds with in- higher overflow rates may be used at lime softening
stalled mixer power approximately 0,25 to 1.0 hp per plants and at some plants employing upflow clarifica-
mgd. Power and detention time should be matched sotion units as indicated in the tables of Water Treat-
that values of G will be in the approximate ment Plant Design by ASCE, AWWA, CSSE (see app
range: 500-1000 séeA wire-to-water efficiency of E). Unusual conditions may dictate deviation from
80 percent, a water temperature of 50 ‘F, a power in- these general criteria. Detention time in the range of 8
put of 1.0 hp per mgd and a detention time of 10 sec-to 12 hours, or more provided in several stages, maybe
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Figure 2-3. Conical sedimentation basin
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type combine rapid-mixing, flocculation, sedimenta-

tion, and sludge removal in a single unit. Coagulation
and flocculation take place in the presence of a slurry
of previously formed precipitates which are cycled

back to the mixing and reaction zone. Upflow rates at
the point of slurry separation should not exceed about
1.0 gpm per square foot for units used as clarifiers fol-
lowing coagulation and approximately 1.5-1.75 gpm

per square foot for units used in conjunction with lime

softening.

necessary for treating highly turbid waters. On the
other hand, conical clarifiers are more efficient in soft-
ening and/or turbidity removal and require a detention
time of one hour or less. The design data shall be exam-
ined by laboratory analysis or pilot plant studies es-
peCIauy for larger pLa'ﬂtS Jar test of coag*mam dosage
in conjunction with settling column analysis to deter-
mine the optimal design criteria will be beneficial for
design. If the space available for sedimentation basins
is limited, multiple-story basins, in which the water
flows horizontallv alon2 one level and then passes up-

220V O LaULLALUVIIUGREL Y QaVliig VAT 2TVIL QI8 LARKAL paeDt

ward and then flows horizontally along another level,
may be utilized. A newer commercial development in
sedimentation, the “tube” settier, may be used if the
capacity of existing sedimentation basins must be in-

2-6. Filtration.

Filtration of water is defined as the separation of col-
loidal and larger particles from water by passage
through a porous medium, usually sand, granular coal,

creased or if little space is available for the construc-
tion of new sedimentation basins. Detailed informa-
tion relative to the size, capacity, and configuration of

+uha anttlare mav ha nhtainad fram the manufasinrers
LU0 SELuels Miay 1€ UlraiiiCl 1101 il IHalluiai vl €L,

Steel basin conical clarifiers may als:: be used to ex-
pand sedimentation plants when space available 15
limited. Conical clarifiers as shown in figure -+ stani
on a pedestal base and require less space thar conven:
tional sedimentatici: basins. Sedimentation b e tu-
lets, outlets, and baffles must be carefully desipnsi to
minimize short circuiting. The sols 1s tstudp= wiich

anttlag +a tha hatbnrn ~AF +ha ha bae rnond
HELLIEd wo l/llc Ut,bbulll Ul LILU l}(lblll ] l IU" l’r LK lllUVC\.l
before the depth of the sludge iweeiues yreet vnough
to interfere with effective sedimentati . liz general,

mechanical sludge removal equipment is a require-
ment. All basins must be provided with drains and
overflows. Basin covers, usually in the form of a super-

structure, will be requlred in northern localities where
ice is a problem.

Table 2-1: Design Criteria for Sedimentation Tank

Design Element Criteria

Tank Depth (ft) 10-16
Length/width Ratio (Rectangular) 3:1t05:1
Diameter (circular) (ft) 10-100
Flow-Through Velocity (fpm) 0.5.3
Entrance Velocity of Inlet Ports (fps) 05.2
Detention Time (hour) 2-4
Surface Overflow Rate {(conventional

coagulation Plant) (gpm/ft?) 0.35-1.5
Weir Overflow Rate (gpm/{t2) <15

b. Flocculation-sedimentation basin&lnits of this

or granular activated carbon. The suspended particles
removed during filtration range in diameter from
about ¢.001 to 50 microns and larger. Several differ-
ent typss of medium arrangements and rates of flow
through tliters can be used. The filtration process most
~ommoenls ased 1s gravity filtration, but pressure fil-
cers and dstomite filters are used at smaller installa-
tions. Recently high-rate tilters have been developed
which require less spzce and have higher solids-
loading capac:ty than conventional filters.
a  Rapid sand filters.

(1) Eiltration rate. Rapid sand filters are those
i ors whicn commonly operate at rates between ap-
proximately 2z and 8 gpm per square foot. The usual
rate is about 3 to 5 gpm per square foot. The rate of fil-
tration to be employed at a specific plant can be deter-
mined only after careful consideration, by the
designer, or raw water quality and the probable effi-
ciency of pretreatment that will be consistently pro-
vided. Good quality water is not ensured by low filtra-
tion rates. Adequate pretreatment and filter design
will allow application rates of up to 6 gpm per square
foot with little difference in water quality. It is empha-
sized that if high rates are to be used in design, great
care must be taken to insure that all prefiltration
treatment processes including coagulation, floccula-
tion, and sedinentation will perform satisfactorily
and consistently. High-rate filter operation definitely
requires excellence in pre-filtration treatment, es-
pecially in the case of surface waters. It is recom-
n:ended that data from laboratory or pilot studies be
utilized whenever possible rather than an arbitrary
selection of criteria.

type, usually circular, combine the functions of floc- (2) Filter medium.
culation, sedimentation and sludge removal, Floccula- (a) Sand. Silica sand is the most commonly used
tion is accomplished in a circular center well, Sedimen- fijlter medium and its depth should be at least 24
tation occurs in the annular space between the floc- inches and not more than 30 inches. When sand is em-
culation section and the perimeter effluent weir. De- played, its “effective size” should fall in the range 0.35
sign criteria are generally similar to those applicable t, (.5 millimeter (mm) with a uniformity coefficient of
~to separate units. 1.3 to 1.7. Filter sand usually ranges in size from that
c. Suspended solids contact basimasins of this passing a 16-mesh (U.S. Series) sieve to that retained
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on a 50-mesh (U.S. Series) sieve. Approximately 100 mally, individual filters sizes do not exceed about 2100
percent by weight, of the sand should pass the square feet corresponding to a capacity of about 6 mgd
16-mesh sieve and 90 to 100 percent be retained on aat a flow rate of 2.0 gpm per square foot. A unit of this
50-mesh sieve. Filter sand should be clean silica sandsize would require a maximum backwash water rate of

having a specific gravity of not less than 2.5. The
hydrochloric acid volubility of the sand should be less
than 5 percent.

(b) Anthracite. Anthracite is an alternative me-
dium consisting of hard anthracite coal particles. The
effective size commonly ranges from about 0.45 mm to
0.6 mm with a uniformity coefficient not to exceed

about 60 mgd, which is excessive. Consequently, it
should be divided into two parts of equal size arranged
for separate backwashing. Total filter depth should be
at least 9 feet.

(7) Filter backwash.Backwash facilities should be
capable of expanding the filter media 50 percent. This
will require wash rates in the range of 10 to 20 gpm

1.7. The hardness should not be less than 2.7 on theper square foot. Backwash water can be supplied by a

Moh scale and the specific gravity not below 1.4. Also,

backwash pump or from elevated storage provided spe-

the anthracite should be visibly free of clay, shale, and cifically for this purpose. Filter down-time during

dirt.

(c) Multimedia. Multimedia filters employ two
or three layers of media of different size and specific
gravity. A common arrangement, the dual media
filter, is 20 inches of anthracite overlaying a sand
layer of approximately 8 to 12 inches. The anthracite

wash periods commonly average 10 to 20 minutes in-
cluding a 5- to 15-minute wash period. For a 15-minute
backwash of a single unit, at maximum rate, the wash
water volume will be 300 gallons per square foot of fil-
tration area in that unit. In addition to backwashing,
auxiliary scour is commonly provided. This aids in

layer has size range of about 0.8 to 2.0 mm; the sandcleaning the filter and is commonly accomplished by
layer, about 0.4 to 1.0 mm. Tri-media filters employ an rotary or fixed surface-wash equipment located near
18-inch anthracite layer, an 8-inch sand layer, and anthe top of the bed. It is operated for a time period
underlying 4-inch layer of garnet or ilmenite having a equal to that of the backwash, Water pressures of
size range of 0.2 to 0.4 mm. Garnet has a specific grav-40-100 psi are required for surface-wash operation at
it y of about 4, and ilmenite about 4.5. a rate of 0.5 gpm per square foot. Air scour may also
(3) Filter gravel and underdrainsThe filter media be employed but is not generally used. If an independ-
is commonly supported by a 10- to 18-inch layer of ent washwater storage tank is used, it must refill be-
coarse sand and graded gravel. The gravel depth maytween washes. Tank capacity should be at least 1.5
range from 6 inches to 24 inches, depending on the fil- times the volume required for a single wash.
ter underdrain system chosen. The gravel should con- (8) Wash water troughsWash water troughs
sist of hard, rounded stones having a specific gravity equalize the flow of wash water and provide a conduit
of at least 2.5 and an acid volubility of less than 5 per- for removal of used water. Two or more troughs are
cent. A 3- to 4-inch transition layer of coarse (torpedo) usually provided. The elevation of the trough bottoms
sand, having a size range of about 1.2 to 2.4 mm, is should be above that of the expended bed. The clear
placed on top of the filter gravel. Gravel size usually horizontal distance between troughs should not exceed
ranges from about 0.1 inch to about 2.5 inches. Filter 5 to 6 feet, and the top of the troughs not more than 30
underdrains may be constructed of perforated pipe inches above the top of the bed.
grids or various proprietary underdrain systems. A (9) Filter piping and equipmentEssential filter
variety of the latter are available. Design details for control valves, etc., are shown schematically in figure
pipe underdrains are given in numerous texts and 2-4. Each filter should be equipped with a rate-of-flow
handbooks. Manufacturers will furnish design and in- controller plus associated equipment for automatic fil-
stallation criteria for proprietary systems. ter water-level control. The latter senses the water
(4) Sand, anthracite, gravel specificationBe- level in the main influent conduit and transmits a sig-
tailed specifications for filter sand, anthracite and nal to the flow controllers. The controllers, in response
gravel are contained in AWWA B100. to this signal, adjust filtration rates to match the in-
(5) Number of filters.Not less than two filters flow from the sedimentation basins. Thus, within prac-
should be installed regardless of plant size. For large tical limits, total filter outflow always equals total in-
plants, rough guidance as to the number of filters to be flow and the filter water level remains virtually con-
provided may be obtained from: stant. A device that will sense maximum permissible
—N=27vVQ clearwell level should also be provided. This should be
—N = number of filter units arranged so that at maximum allowable clearwell
—Q = design capacity in mgd water level, a shut-off signal will be transmitted to all
Thus, a 9 mgd plant would require eight filters. filter controllers and also to an audible alarm. Other
(6) Size of filter units. The maximum filter size is designs, not involving rate controllers, such as ‘“in-
related to wash water flow rate and distribution. Nor- fluent flow splitting” and “variable declining rate”
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have been developed and may be employed at the diswaters, but some have been installed for the treatment

cretion of the designer. In general, each filter must
have five operating valves: influent, wash water,
drain, surface wash, and filter-to-waste. It is empha-
sized that the filter-to-waste piping must not be direct-
ly connected to a plant drain or sewer. An effluent
sampling tap must be provided for each filter. Valves
can be manually, electrically, hydraulically, or pneu-
matically operated. Butterfly type valves are recom-
mended for filter service. Design velocities commonly
employed for major filter conduits are as follows:

Design Velocity

Conduit fi/sec
Influent 1-4
Effluent 3-6
Wash water 5-10
Drain 3-8
Filter-to-waste 6-12

of potable water.

c. Pressure filters.Pressure filters are similar in
construction and operating characteristics to rapid
sand filters. However, in a pressure filter the media,
gravel bed, and underdrains are enclosed in a steel
shell. There are a variety of new pressure filters in use
today. The most common of these are the conventional
downflow filter, the high-rate downflow filter and the
up flow filter. An advantage of any pressure filter is
that any pressure in waterlines leading to the filter is
not lost, as in the case of gravity filters, but can be
used for distribution of the filter effluent. Between 3
and 10 feet of pressure head are lost through the filter.
The primary disadvantage of a pressure filter is that,
due to the filter being enclosed in a steel shell, access
to the filter bed for normal observation and mainte-
nance is restricted. Also, the steel shells require care-

The effluent conduit must be trapped to present back- ful periodic maintenance to prevent both internal and
flow of air and provide a seal for the rate controllers. external corrosion. The use of pressure filters is not ad-
The filter pipe gallery should have ample room and vantageous in most systems. However, if the pressure
good drainage, ventilation, and lighting. Dehumidifi- requirements and conditions in a particular system are
cation equipment for the gallery should receive careful such that repumping of filtered water can be elim-
consideration. Filters should be covered by a super- inated, cost savings will be realized,

structure except under favorable climatic conditions. (1) Conventional downflow filtersConventional
Drainage from the operating floor into the filter downflow pressure filters consist of a bed of granular
should be prevented by a curb. Access to the entire bedmedia or multi-media and are good in removing sus-
should be provided by a walkway at operating floor pended solids comprised of floe. The advantages over
level around the filter. Filters may be manually or gravity filters include lower installation cost and
automatically controlled from local or remote loca- adaptability y to different piping systems. Hydraulic
tions. Facilities permitting local, manual control are loadings range from 1 to 4 gpm/sq. ft.

recommended irrespective of other control features. (2) High-rate downflow filters.High-rate down-
Used backwash water should be discharged to a wasHlow filters have filtration rates of 10-20 gpm/sq. ft.
water recovery basin or to a waste disposal facility. The higher downflow velocities require coarser media
Regulatory agencies generally view filter wash water which allow suspended solids to penetrate deeper into
as a pollutant and forbid its direct discharge to the the medium. As a result, more solids can be stored in

natural drainage.

(10) Essential instrumentationMinimum essen-
tial instrumentation for each filter will be provided as
follows: rate=of-flow indicator; loss-of-head indicator;
effluent turbidity indicator; wash water rate-of-flow
indicating and totalizing meter. If a wash water stor-

the filter bed before backwashing is required, Many
units exhibit a 1-4 Ibs/sq. ft. solids-loading capacity,
The higher filtration rates also allow smaller or fewer
filters to be used over conventional filters. However,
the high solids-loading capacity of this filter requires
higher backwashing flow rates and hence larger back-

age tank is provided, it must be equipped with a water- washing water storage tanks.

level indicator. While not absolutely required, a tur-
bidity indicator on the main filter influent is desirable.
b. Diatomite filters.Filtration is accomplished by a

(3) Upflow filters. Upflow multi-media filters
allow filtration of high solids-loaded liquids in concen-
tration up to 1,000 mg/L. The advantage of upflow

layer of diatomaceous earth supported by a filter ele- multi-media filters is that the coarser material at the

ment termed a septum, This layer of diatomaceousinlet collects the heavier particles, while the finer ma-

earth is about I/8-inch thick at the beginning of filtra- terial collects the smaller particles, thus efficiency of

tion and must be maintained during filtration by a the filter is increased.

constant feed of diatomaceous earth (body feed) to the  (4) Upflow continuous backwash sand filtekdp-

influent water. At the conclusion of a filter run, the flow continuous backwash sand filters continuously

layer of diatomaceous earth will have increased in clean the filter medial by recycling the sand internally
thickness to about 1/2 inch. Filtration rates generally through an air lift pipe and sand washer. The regen-

vary from 0.5 to 2.0 gpm per square foot. The princi- erated sand is then redistributed to the top of the sand
pal use of diatomite filters has been for swimming pool bed. Once the sand migrates down to the bottom of the
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bed it is again airlifted and repeats the cycle. Upflow the formation of chloramines until the ratio of ele-
continuous backwash sand filters require no backwashmental chlorine to ammonia compounds is about 5 to
valves, storage tanks, or backwash pumps, thereforel. Further addition of chlorine results in the oxidation

their operation is greatly simplified. of chloramines to gaseous nitrogen and nitrogen
o _ oxides, which decreases the quantity of chloramines
2-7. Disinfection. present. After all of the chloramines have been oxi-

Disinfection involves destruction or inactivation of dized, additional chlorine added to the water forms

organisms which may be objectionable from the stand- only free available chlorine. The point at which all of
point of either health or esthetics. Inasmuch as thethe chloramines have been oxidized and only free chlo-

health of water consumers is of principal concern to rine is formed is called the “breakpoint .“ If no am-
those responsible for supplying water, design of facili- monia is present in the water, there will be no break-
ties for disinfection must necessarily be carefully point. The chlorine required to reach the breakpoint is
executed. usually about 10 times the ammonia nitrogen content
a. Chlorination. The application of chlorine to water  of the water. However, in certain waters, because of
is the preferred method of disinfecting water supplies the presence of other chlorine consuming substances,
at military installations. as much as 25 times the ammonia nitrogen concentra-
(1) Definitions. Terms frequently used in connec- tion may be required. Enough chlorine should be added
tion with chlorination practice are defined as follows: past the breakpoint to ensure an adequate free

(a) Chlorine demand.The difference between  chlorine residual.
the concentration of chlorine added to the water and (c) Marginal chlorination. Marginal chlorination
the concentration of chlorine remaining at the end of a involves the application of chlorine to produce a de-
specified contact period. Chlorine demand varies with sired level of total chlorine residual regardless of the
the concentration of chlorine applied, time of contact, relative concentrations of free or combined chlorine
temperature, and water quality. present. In marginal chlorination the initial chlorine

(b) Chlorine residual. The total concentration of demand has been satisfied but some oxidizable sub-
chlorine remaining in the water at the end of a speci- stances remain.
fied contact period, (d) Chlorine dosageskigure 2-4 provides mini-

(c) Combined available residual chlorinény mum cysticidal and bactericidal free chlorine residuals
chlorine in water which has combined with nitrogen. and minimum bactericidal combined chlorine residuals
The most common source of nitrogen is ammonia, andfor various pH and temperature levels. Since water-
compounds formed by the reactions between chlorine borne bacteria are the major concern at fixed installa-
and ammonia are known as chloramines. The disinfect- tions, minimum bactericidal levels will be maintained
ing power of combined available chlorine is about 25 to in treated water in all parts of the distribution system
100 times less than that of free available chlorine. under constant circulation. Even at lower pH levels,

(d) Free available residual chlorineThat part of free chlorine residuals should not fall below 0.2 mg/L
the chlorine residual which has not combined with and combined chlorine residuals should not fall below

nitrogen. 2.0 mg/L. If marginal chlorination is practiced, the
(2) Chlorination practice. total chlorine residual must not be less than 2.0 mg/l.
(a) Combined residual chlorinationCombined Whenever epidemological evidence indicates an out-

residual chlorination entails the application of suffi- break of a nonbacterial waterborne disease such as
cient quantities of chlorine and ammonia, if ammonia amebiasis, infectious hepatitis, or schistosomiasis in
is not present in the raw water, to produce the desiredthe area of a fixed military installation, cysticidal free
amount of combined available chlorine (chloramine) in chlorine residuals shall be maintained in the water
a water. If enough ammonia is present in raw water to supply. Further guidance on disinfection requirements
form a combined chlorine residual, only chlorine need may be obtained from the Surgeon General’'s office.
be added to the water. Combined residual chlorination Air Force policy on minimum chlorine levels is estab-
is generally used only when maintaining an adequate lished in AFR 161-44.
free chlorine residual in the distribution system is (3) Other effects of chlorinationln addition to
difficult or when objectionably high levels of TTHMs the disinfection achieved with chlorination, other
would be formed as a result of free residual chlorina- beneficial effects should be noted. Since the oxidizing
tion. Due consideration of other TTHM control power of chlorine is high, in the presence of free chlo-
alternatives should be made before using chloramines,rine, hydrogen sulfide is oxidized, nitrites are oxidized
(see para 2-13). to nitrates, and soluble iron and manganese are oxi-
(b) Breakpoint chlorination.If a water contains  dized to their insoluble oxides. Free chlorine also re-
ammonia or certain nitrogenous organic matter which acts with naturally occurring taste, odor and color-
reacts with chlorine, the addition of chlorine causes producing organic substances to form chloro-organic
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compounds, e.g., trihalomethanes (see para 2- 13.b.)may later be desirable for improving treatment or dis-
The US EPA, after much discussion over costs/ infection processes.

benefits, has chosen a maximum contaminant level for 3 Dechlorination. Dechlorination is the prac-
TTHM’s of 100 micrograms per liter (ug/L) for plants tice of adding chlorine to water in the distribution sys-
serving above 10,000 persons and has indicated aem to maintain a minimum chlorine residual through-
future goal of 10-25 ug/L. The present maximum con- out the system.

taminant level of 100 ug/L was a compromise with the (b) Chlorination equipmentHypochlorite salts
water treatment industry to avoid costly modifications must be applied to the water in solution form. Hypo-
to existing plants. To reach the US EPA’s future maxi- chlorite solutions are pumped by a diaphragm pump
mum contaminant level for TTHM's, more significant through an injection system into the water to be chlo-
changes in disinfection practices will be required. rinated. If elemental chlorine is used for disinfection,

(4) Application of chlorine.Chlorine may be ap- it shall be injected by solution-type chlorinators. Since
plied to water of two forms: As gaseous elemental chlorine solutions are acidic, many components of a
chlorine or as hypochlorite salts. Gaseous elementalChlorination system must be constructed of corrosion

chlorine shall be used for water disinfection at all fixed 'eSistant materials such as glass, silver, rubber, or
installations. The cost of hypochlorite salts is prohibi- Plastics. Maintaining the chlorination apparatus in a
tive in all plants larger than 0.5 mgd. For remote sites rouble-free state is essential, Key spare parts and re-
at fixed installations, some well sources require 5 gpm Pair_kits for chlorination systems must be kept on
or less. These sources with small demands can usé@nd. Critical components of the chlorination system

hypochlorite for disinfection. shall be installed in duplicate.
() Point of application.Chlorine may be ap- (c) Automatic control.If automatic chlorination

. . ; : ; control is utilized, the chlorine feed rate should be con-
plied to water in a variety of locations in the water

treatment plant, storage facilities, or distribution sys- tr_oIIed primarily by the rate of f low of water, with a
tem. It is absolhtely essential tha,t the chlorine applied signal from a downstream reS|d'u§1I chlorine analyzer

. ; . ; used to trim the feed rate. Provision for manual con-
to the water bg quickly and thoroughly mixed W'th the trol during emergency situations must be included.
water l_Jr_ldergom_g_ treatment. If reqw_red, special chlo- (5) Superchlorination and dechlorinatiorSuper-
fin€ mixing facilities should be pro_wded. In CONVeN- -hjorination may be necessary if there are large vari-
tional water treatment plants, chlorine may be applied

ior t ther treat i hlorinati ations in chlorine demand or if available contact time
prior 1o any ofher treatment process (prechlorination), is brief. Water which has been superchlorinated gen-
following one or more of the unit treatment process

(postchiorination), and again in the more distant erally requires dechlorination before discharge to the

X AT o distribution system. Dechlorination may be achieved
points of the distribution system (dechlorination). through the gpplication of sulfur dioxid)(/'—.\, sodium bi-

been used so the water would maintain a Chlorinethrough granu|ar activated carbon filters. The de-
residual for the entire treatment period, thus length- chiorination process (and subsequent dechlorination, if
ening the contact time. The coagulation, flocculation, necessary) shall be controlled so that the free residual
and filtration processes were thought to be improved chiorine remaining in the water is at least 0.2 mg/L.
by prechlorination of the water, and nuisance algae Careful monitoring must be practiced to assure that
growths in settling basins were reduced. In prechlo- potentially harmful levels of TTHMs are not exceeded.
rination, the chlorine was usually injeCted into the raw A summary of TTHM regu|ations are presented in
water at or near the raw water intake. Prechlorination tgple 2-2.

was the most accepted practice of disinfection in the
past. However, since many surface waters contain
THM precursors that will combine with the free chlo-

Table 2-2: Summary of TTHM Regulations

Maximum Contaminant Level (MCL): 0.10 mg/l (100 micrograms

rine during prechlorination and form potentially car- per liter) Total Trihalo-
cinogenic THMs, such as chloroform, the point of methanes
application has been shifted further down the treat- Applicability: ~Community water systems that add disinfectant to
ment process to take advantage of precursor removal the treatment process (ground and surface)
durina treatment Effective: Systems >75,000: November 29, 1981
9 - o Systems 10-75,000: November 29, 1983
2 Postchlorination. Postchlorination general- Systems <10,000: State discretion

ly involves the application of chlorine immediately Monitoring requirements: Running annual average of a minimum
after filtration and ahead of the clear well. The design zfl“;ﬁplg: pe’Sq::‘:;fs’ ‘l’l:npla:utl‘g‘el‘;
and construction of water treatment plants for mili- wells drawin’; ra{)v water fmfn a Single
tary installations will include the necessary provisions aquifer may, with State approval, be

for changing the locations of chlorine applications as considered one treatment plant for de-
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Table 2-2: Summary of TTHM Regulations (Cont'd) tions of chlorinated organic compounds, and if all
other methods for reducing TTHM's have been ex-
hausted, such as moving the point of chlorination,
aeration, and special coagulant (as shown in table 2-3

termining the required number of sam-
ples.

Effective: Systems >75,000: November 29, 1980 for chloroform which is the main constituent of
Systems 10-75,000: November 29, 1982 TTHMs in many cases) and if an alternate raw water
Systems <10,000: State discretion . .
Sample source, such as a ground water source, is not available,
Locations: 25% at extreme of distribution system; 75% at lo- an altemat_lv_e disinfectant qut be conS|dered._ Any
cations representative of population distribution. alternate disinfectant system installed as the primary
Frequency: means of water disinfection shall have chlorination fa-

For ground water systems, reduced monitoring may be appropriate
for certain systems; States may reduce the requirements through
consideration of appropriate data including demonstration by the
system that the maximum total trihalomethane potential (MTP) is
less than 0.10 mg/l; the minimum frequency would be one sample
per year for MTP.

For ground water systems not meeting the above MTP and for sur-
face water systems, States may reduce the monitoring requirements
if after one year of data collection, TTHM levels are consistently
below 0.10 mg/l; the minimum frequency would be one sample per
quarter for TTHM.

The original frequency would be reinstated if the levels exceed 0.10
mg/l or if the treatment or source is modified.

cilities available and operative for stand-by use. Five
alternative disinfectants are discussed below; ozone,
chlorine dioxide, chloramines, ultraviolet (UV) radi-
ation, and UV and Ozone combined. While chlorine is
the least costly disinfectant, considering dosage and
energy consumption basis. However alternate disin-
fectants are not significantly more expensive.

Table 2-3: Effectiveness of Various Unit Processes
for Reducing Chloroform Formation Potential

Reporting Requirements: Chloroform

To State: Average of each quarterly analysis, within 30 days; until Formation Chloroform

States have adopted the regulations, reporting will be to EPA unless Potential  Formed

State reguests receipt of dgta from the public water systems. Process ugll wgll Remarks

To Public and State: Running annual average of each quarterly sam- — — - _ : :

ple if it exceeds MCL as prescribed by the public notification pro- Aeration ff’llowed 66 66 D%ffus?d‘alr aeration

visions. by chlorination with air to water ra-

Other Requirements: tios up to 20:1 did

To ensure microbiological quality: State approval of significant not reduce cl}lor 0-

modifications in the treatment process for the purpose of meeting form formation po-

the TTHM MCL. tential (10 min. Con-

Analytical requirements: In accordance with specified methods o tact Time)
Coagulation, Sedi- 48> 13b

(purge and trap or liquid/liquid extraction) conducted by certified

laboratories.

Other Issues of Interest: Guidance on alternative disinfectants

¢ Conduct monitoring when chlorine dioxide is used and residual
oxidants should not exceed 0.5 mg/l.

¢ The decision of using chloramines is best made on a case-by-case
basis by the State

¢ Standard plate count should be a condition for State approval of
systems where process modifications are contemplated

Laboratory Availability (interim certification):

¢ To qualify for interim certification, laboratories will be required
to demonstrate their abilities to analyze the performance evalu-
ation samples provided to them by EPA’s Environmental Moni-
toring and Support Laboratory (EMSL) to within 20% of the
“true value” for each THM as well as the total.

e A quality assurance program will be established to ensure a
laboratory’s ability to perform quality analyses.

(6) Safety precautions for chlorination. The
AWWA manual “Safety Practice for Water Utilities”
contains safety recommendations regarding the use of
chlorine. These recommendations shall be followed atOzone followed 48 48
all military water treatment facilities. Further discus-
sion on safe operation of chlorination facilities for
Army installations are contained in TB MED 576, ap-

pendix L.
b. Alternate Disinfectantslf the use of chlorine as

mentation and
Dual-Media Fil-
tration followed by
Chlorination

Coagulation, 48 <1 GAC would be
Sedimentation effective for 3 weeks
Filtration/Adsorp- <10  GAC would be effec-

tion by Granular tive for 8 weeks
Activated Carbon

(5 min. contact

time) followed by

chlorination

Powdered Activated 272 202 at PAC dosage = 8
Carbon added after mg/l
Coagulation and 9 at PAC dosage = 8
Settling followed mg/l
by chlorination PAC contact time =
2-20 min.
Ozone only 48 None O3 neither forms tri-
Found halomethanes, nor re-

moves precursors at
disinfection doses
Disinfection doses

by chlorination (< 1 mg/)
Chlorine Dioxide 74 <1 ClO; does not form
only trihalomethanes

oagulation,
Sedimentation and
Filtration followed

a disinfectant causes unacceptably large concentra- by:
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Table 2-3: Effectiveness of Various Unit Processes breakpoint chlorination. To achieve the same disinfec-
for Reducing Chloroform Formation Potential (Cent ‘d) tion ability of chlorine, 10 to 15 times the amount of
chloramines are needed or longer contact time is re-
Chloroform . . . .
Formation Chloroform qmred. More chl<')ram|nesf are needed |'f high concen-
Potential ~ Formed trations of organic material are found in the influent
Process ugll ugl Remarks water, Chloramines are easy to generate, feed, and
1. Chlorination — 17 1.3 mgfl ClO; and produce a persistant residual that will remain through
5. Chlorine dioxid . L5 melCl . the water distribution system. Chloramines may be
- Chlorine dioxide  — 3% Trihalomethane with produced by introducing ammonia to the water stream
chlorine formation . - . .
o . prior to the addition of free chlorine. This process can
decreases as the ratio L. .. . .
of ClOy to Cly in- be optlml_zed f(_)r minimum THM production and maxi-
creases mum disinfection. Recently however there has been
All tests performed on Ohio River water. Chloroform Formation Po- some concern over chloramine toxicity.
tential is the amount of chloroform formed when raw water is chlori- (4) Ultraviolet Radiation. Ultraviolet (UV) radi-
nated past break-point and stored at 25°C for a specified contact . '
time. ation has undergone development, but has not been
a—chlorine contact time = 48 hours useq on a large _scale for Qrinking water supply disin-
b—chlorine contact time = 96 hours fection. Most of its uses include product or process
c—chlorine contact time = 22 hours water disinfection where high purity, sterile water is
d—contact time for combination of chlorine dioxide with chlorine needed. UV radiation has been used to disinfect drink-
—22 hours y

ing water at remotely located hotels and on cruise
ships. Few large scale water processing plants use UV
isinfection, although its application is feasible. UV

isinfection does not leave a disinfectant residual and
should be accompanied by postchlorination. Ultra-

(1) Ozone.Ozone is an extremely powerful disin-
fectant that has been used in Europe either as a sol
disinfectant, or in conjunction with postchlorination
to impart a persistent chlorine residual in the water > ) Nt L s :
distribution system. United States potable water violet irradiation is also effective in oxidizing organic

plants have in the past used ozone to control taste ang%rggic\’/lé?]dess sino fV\(Ja\t/eé,is\i/r\]/?etstriot:rbidity willinhibit the
odor. Today ozonation is being increasingly used as a '
y g aly (5) UV and OzoneRecently there has been some

primary disinfectant prior to rapid mixing, floccula- y o hined UV and
tion and filtration. Ozonation does not produce THMs. expenimentation in a combine and ozone: con-
actor. Results from these tests show promise. How-

It is reduced to oxygen and does not leave any residual !
disinfectant. Hence, the need for postchlorination. €V€T: there is no known water treatment plant oper-
Ozone is generated electrically, as needed using th&ting with this method of disinfection.
electric discharge gap (corona) technique. Air Of 5.8 Fluoride adjustment.
oxygen stream, a cooling water stream and alternating
electric current are required. Efficient cooling is essen-
tial to reduce thermal decomposition of ozone. Bubble
diffusers appear to be the most economic ozone con
tractors available.

(2) Chlorine Dioxide,Chlorine dioxide is a highly

a. Health effects. An excessive fluoride concentra-
tion will damage the teeth of children using the water
for extended periods. On the other hand, moderate
concentrations, 0.7- 1.2 mg/L, are beneficial to chil-
dren’s teeth. Most natural waters contain less than the

effective disinfectant producing minimal THMs in the OPUmum concentration of fluoride. Upward adjust-
presence of their precursors. Chlorine dioxide uses inMenNt of the fluoride concentration can be achieved by

the United States have been limited to taste and odo@PPlication of a measured amount of a fluoride chem-

control although it has been used elsewhere as a pri'—cal to the water. For installations where it is desirable
control limits and

mary disinfectant and is presently receiving more at-and feasible to add fluoride, :
tention in the United States. The common method of ®PiMUM concentrations are as follows:
chlorine dioxide production is to react chlorine gas

from a conventional chlorinator with a sodium chlorite ~ Annual Average® of Control Limits

solution. Following the mixing of the chlorine and so- A.Ag‘x”"”’"tD“’lyOF L Fluoride %’"C.e""“ti"" me/l
dium chlorite streams and prior to introduction into - —TLeTaIe ower plimunm Upper
the main stream the mixed stream is passed through a gggtgg; o }? 1;
packed column contactor to maximize chlorine dioxide 58 4—63.8 08 10 13
production. A major disadvantage of chlorine dioxide 63.9—70.6 0.7 0.9 12
is the formation of chlorate and chlorite which are po- 70.7—19.2 0.7 0.8 1.0

(3) Chloramines,The use of chloramines as a dis-
infectant fell into disuse after the introduction of *Minimum record: 5 years
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b. Fluoridation chemicals.Chemicals most fre- and the feed equipment should be designed to mini-
qguently used for fluoridation are: Sodium silicofluo- mize the possibility of free flow (flooding) of chemical
ride (Na;SiF¢), sodium fluoride (NaF), and fluosilicic through the feeder. Normally, the feed machine’s
acid (H:SiFe). For a particular installation, the choice supply hopper should hold no more than 100 to 200
of chemical will depend principally on delivered cost pounds of chemical. Large extension hoppers holding
and availability. much greater quantities of dry fluoride chemical in-

(1) Sodium fluoride. This chemical is commercial- crease the danger of flooding and overfeeding and are
ly available as a white crystalline powder having a not recommended for most installations. Solutions of
purity of 95 to 98 percent. (Sometimes it is artificially sodium silicofluoride are acidic and corrosion-resistant
colored nile blue.) Volubility is approximately 4 per- dissolvers and solution piping must be provided where
cent at 770 F. The pH of a saturated solution is 6.6. this chemical is employed. If fluosilicic acid is used, it
The 100 percent pure material contains 45.25 percentcan be applied by means of a small metering pump into
fluoride. It is available in 100-pound bags, 125 to 400 an open channel or a pressure pipe. Storage tanks,
pound drums, and bulk. feeders, and piping for fluosilicic acid must be made of

(2) Sodium silicofluoride. This compound is com- corrosion-resistant material. The acid is slightly vola-
mercially available as a white powder with a purity of tile and the feed system should be enclosed. If not en-
98 to 99 percent. Volubility is only about 0.76 percent closed, special exhaust ventilation should be provided
at 770 F. The pH of a saturated solution is 3.5. The to protect personnel from fluoride fumes.

100 percent material contains 60.7 percent fluoride. It e, Fluoride removalEluoride removal can be accom-
is available in 100 pound bags, 125 to 400 pound plished by passage of the water through beds of acti-
drums, and bulk. vated alumina, bone char, or tricalcium phosphate.

(3) Fluosilicic acid. This chemical is commercially \when the capacity of the bed to remove fluoride is ex-
available as a liquid containing 22 to 30 percent by hausted, it can be regenerated by treatment with a
weight of fluosilicic acid. It is sold in 13 gallon car- caystic soda solution followed by rinsing and acid neu-
boys, 55 gallon drums, and in bulk. The 100 percent tralization of the residual caustic soda. Other methods
pure acid contains 79.2 percent fluoride. The pH of a 1 of fluoride removal include electrodialysis, reverse os-
percent solution is 1.2, and the use of fluosilicic acid as mosis and ion exchange. Some fluoride reduction can
a fluoridation agent in a water of low alkalinity will pe obtained by water softening using excess lime treat-
significantly reduce the pH of the water. It should not ment. Fluoride reduction by this method is associated
be used for fluoride adjustment of waters of this type with magnesium precipitation and the extent of fluo-
unless pH adjustment is also provided. ride removal is a function of the amount of magnesium

c. Point of application.lIt is essential that all water precipitated from the water. All removal processes
pass the point of injection of the fluoridation chemical produce liquid wastes and suitable provision must be
and that the flow rate past this point be known with made for their disposal. Guidance as to the fluoride re-
reasonable accuracy. At a water treatment plant, themoval process to be employed can be obtained from
preferred application point is usually the combined ef- |aporatory studies of process effectiveness and fluo-

fluent of all filters. The fluoride chemical can be fed at ride removal capacity, using samples of the water that
an earlier stage of treatment, for example, the com-js tg be treated.

bined filter influent, but part of the fluoride applied
will be removed by the filtration process. Coagulation 2-9. Taste and odor control.
and lime softening will also remove a small amount of
the applied fluoride. A larger dose is required to offset
treatment process losses. If ground water is the suppl
source, the fluoride chemical should be injected into
the discharge pipe of the well pump. Where the supply
is from several wells, each pumping independently to
the distribution system, it will be necessary to provide
an injection point at each well. If flow past the injec-

Most taste and odors in surface water are caused by
low concentrations of organic substances derived from
ydecomposing vegetation, microscopic organisms, sew-
age and industrial waste pollution, etc. Treatment for
taste and odor removal involves destruction of the
odorous substance by chemical oxidation or its re-
moval by aeration or adsorption or activated carbon.

tion point is variable, automatic equipment that will & Chemical oxidationChemical oxidizing agents
feed fluoride chemical at a rate proportional to flow is Which have been found effective and which can be
a requirement. used in the treatment of potable water are chlorine,

d. Fluoride feedersVolumetric or gravimetric dry ~ chlorine dioxide, potassium permanganate, and ozone.
feeders equipped with dissolvers are suitable for NO Single chemical is completely effective under all
sodium fluoride or sodium silicofluoride. Feeders OPerating conditions.
should be equipped with weighing devices that will ac- b. Aeration. Aeration is helpful in eliminating odor
curately measure the weight of chemical fed each daycaused by hydrogen sulfide, but is ineffective in signif-
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icantly reducing odor associated with dissolved exchange water softeners to reduce the hardness to
organics. zero is recommended.

c. Absorption.Powdered activated carbois com- (4) Boiler water. Boiler water for power plants
monly used for removal of tastes, odor and color by ad- and heating plants may require softening, but satisfac-
sorption. The carbon can be applied to the water at anytory results can often be obtained by application of
point in the treatment plant prior to filtration, but it is corrosion and scale inhibitors. Depending on the pres-
usually advisable to apply it early in the treatment sure at which the boiler is to operate, partial water-de-
process to prolong contact. For maximum effective- mineralization may also be necessary, See paragraph
ness, carbon should be applied well ahead of chlorine,2-13a. for additional information on demineralization.
and preferably in advance of lime softening, The in- (5) Dining facilities. The installation of softeners
fluent to a presedimentation basin is normally an ef- for small dining facilities, latrines and bathhouses is
fective carbon application point. Powdered carbon dos- not recommended. However, water softeners to reduce
ages usually range from 5 to 10 mg/L, but as much ashardness to 50 mg/L maybe justified for large central
50 mg/L may be required. The use of powdered acti- dining facilities to protect equipment and to insure
vated carbon adds more suspended solids and increasesatisfactory washing of dishes. Each such instance will
the amount of sludge, thereby creating a sludge dis-be justified separately.
posal problem. Powder activated carbon is marginally (6) Hospitals.When the water supplied to a hospi-
effective in reducing TTHMs. Granular activated tal has a hardness of 170 mg/L or more, the water will
carbon (GAG) has also been used for taste and odor rebe softened to approximately 50 mg/L. Where critical
moval. It has been employed as a separate treatmengquipment requires water having a hardness of less
step in the form of carbon columns and as a substitutethan 50 mg/L, as special study will be made to deter-
for sand in the filtration process. Used in this way, the mine the most feasible means of obtaining water of the
granular carbon serves in a dual capacity as a filtrationnecessary hardness. Zero hardness water may be piped
medium and for taste and odor removal. Granular acti- from the main softener or maybe supplied from small
vated carbon is also excellent at reducing TTHMSs. individual softeners, whichever is the more feasible.
Granular activated carbon must be reactivated on aThe sodium content of the treated water must be taken
regular basis to keep its absorptive abilities. Becauseinto account when selecting a softening method for
of the cost of reactivation of GAC, other methods of hospitals.
taste-and-odor control and reduction of TTHMs should b. Lime-soda ash process,

be considered. Aeration is generally more cost- (1) Softening chemicals and reactiofi$ie princi-

effective than GAC contractors. pal chemicals used to effect softening are lime, either
hydrated lime (Ca(OH)z) or quicklime (CaO), and soda

2-10. Softening. ash (Na;COs). These chemicals are added to the water

Whether water softening is provided will depend en- to be softened and react with the calcium carbonate
tirely on the type of project and the uses to be made ofand magnesium in the ater to form insoluble com-
the water. Two general types of processes are used fopounds of calcium carbonate and magnesium hydrox- .

softening: The “lime-soda ash” process and the “cation ide. If quicklime is used, it is usually converted to a
ion exchange” or “zeolite” process. slurry of hydrated lime by slaking with water prior to

a. Applications. application. The chemistry of the process can be illus-
(1) Permanent posts or baseSoftening of the en-  trated by the following equations:
tire supply for a permanent post or base may be condLime Treatment
sidered if the hardness exceeds 200 mg/l, with hard- 1. CaO + Hz0 —Ca(OH)z (lime slaking)
ness expressed as equivalent CaCSdftening of a (quicklime) (hydrated lime)

2. COg + Ca(OH), -+CaCO3 ¢ + H0
post water supply to a total hardness'of less than 100 (free carbon dioxide)
mg/L is not required, however, softening to less than 3. CaHCO3) + Ca(OH)2 ~2CaC03 4 + 2H20
this amount is justified for the special purposes and (carbonate hardness)
services given in paragraphs (3), (4), (5), and(6) below. 4. Mg(H‘iOa)z +hCa;OH)2 *gﬁCgaHMgv'Oﬁ
(carbonate hardness) 2
2 anpermanent_ baseskFor Army t_emporary 5. Mg CO3 + Ca (OH)— CaCO3 ¢ + Mg (OH)ad
construction and for Air Force bases not in the perma- (carbonate hardness)
nent category, the entire supply will not be softenedg,q; sk Treatment
unless the total hardness exceeds 300 mg/L. However, 6. CaSO4 + NazCO3 —CaCO3} + NagS04
when a treatment plant is constructed for the removal (noncarbonate hardness)
of turbidity or iron, the plant may also be designed to 7- MgSOs + Ca(OH), ~Mg(OH)2 + CaSO.
accomplish partial softening. All of the above reactions can be accomplished in a

(3) Laundries. Water for laundries shall have a single stage of treatment. Lime and soda ash can be
hardness of 50 mg/l or less. Installation of cation ion added at the same point and will react with each other;
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however, the net effect will be as illustrated by reac-
tions 2 through 7.
(2) Chemical requirements.

(a) Lime. A reasonably accurate estimate of lime
requirements for softening can be computed from a
water analysis which gives free CO., bicarbonate alka-
linity and, magnesium. Requirements of quicklime or
hydrated lime can be computed as follows:

Ibs quicklime per million gallons =
[10.6][CO:] + {4.68][Alk + M_H] + [35][8.34]
% CaO in quicklime

100
(Quicklime purity usually ranges from 90 to 95%
Ca0)
Ibs hydrated lime per million gallons =
[14.0][CO.] + [6.18][Alk + MH] + [46][8.34]

% Ca(OH) in hydrated lime
100

(Hydrated lime purity usually ranges from 95 to
98% (Ca(OH)s) where

— CO2 = mg/l carbon dioxide expressed as CO.

— Alk = mg/l bicarbonate alkalinity expressed as

CaCOs ]
— MgH = Magnesium hardness expressed as
CaCOs, mg/L

— 35 = excess of pure quicklime required to in-
sure effective precipitation of magnesium,
mg/L

— 46 = excess of pure hydrated lime required to
insure effective precipitation of magnesium,
mg/L
(b) Soda ash. To estimate soda ash require-

mente it ie anlv necescarv to knaw the noncarhonate
ts, 11 18 only v t0 Know the noncarponate

1180 3x AiTLUUSGGL

sive. In lime softened wasters, it is desirable that the
magnesium hardness be reduced to 40 mg/L or less.
The residual calcium hardness should be approximate-
ly 50 mg/L and the alkalinity also about 5mg/L.
Some ground water supplies contain no noncarbonated
hardness. For such waters, lime treatment alone will
suffice for softening.

(4) Sludge production.The lime-soda ash soften-
ing process produces chemical sludge composed princi-
pally of calcium carbonate and magnesium hydroxide.
As withdrawn from sedimentation basins equipped for
mechanical sludge removal, the proportion of dry sol-
ids in the sludge will generally fall within the range of
2 to 10 percent. The weight of dry solids produced by
softening reactions will average approximately 2.5
times the weight of commercial quicklime used. For
hydrated lime, softening solids produced will be rough-
ly twice the weight of commercial hydrated lime em-
ployed. Fairly accurate values of total solids produc-
tion at an operating plant can be developed utilizing a
mass balance which takes into consideration the sus-
pended solids in the raw water, the quantity of dis-
solved calcium and magnesium in the raw and finished
water, the quantity and purity of lime applied, the
quantity of coagulant used, and the stoichiometry of
the softening and coagulation reactions. Means of dis-
posal of waste solids from softening plants must re-
ceive careful consideration at an early stage of treat-
ment plant design. See chapter 6.

(5) Lime-caustic soda proces#n alternative soft-
ening process, sometimes used, is the lime-caustic soda
process. The process is worth consideration when con-
siderable reduction in noncarbonated hardness is re-
quired. Application of the process involves substitu-
tion of caustic soda (sodium hydroxide) for soda ash

hardness of the raw water and to establish the amountand part of the lime. The remaining lime reacts with

of noncarbonated hardness to be left in the finished wa-
ter. The latter is termed residual noncarbonated hard-

carbonate hardness constituents as previously indi-
cated. The caustic soda also reacts with carbonate

ness. Inasmuch as most commercial soda ash is 990/0+hardness as follows:

Na2CO;, it is normally not necessary to correct for the
purity of this chemical.

Ibs soda ash per million gallons
where

[8.34] [NCH-R]

NCH = mg/L of noncarbonated hardness

R = mg/L of residual noncarbonated hardness

— (The term [NCH-R] is the mg/L of noncarbonated
hardness removed)

(3) Characteristics of lime-softened watelhe

Ca(HCO3)2 + 2NaOH ——— CaCOj34 + NagCO3 + 2H20

Mg(HCO3)2 + 4NaOH —— Mg(OH)2 ¥ + 2Na2CO3 + 2H20
The above reactions generate soda ash (Na2COs) which
will reduce the noncarbonated hardness as previously
indicated. All of the reaction products are chemically
identical to those obtained by the use of lime and soda
ash. The amount of caustic soda required can be calcu-
lated from the theoretical quantities of pure lime and
soda ash required. Less calcium carbonate sludge is

carbonate hardness of the water, after application andformed with the lime-caustic soda process. This may be
reaction of the softening chemicals plus sedimentation an advantage if softening sludge disposal is a problem.
and filtration, should be approximately 50 mg/L. The For water softening purposes, caustic soda should be
total hardness will consist of the carbonate hardness, purchased as a 50 percent solution containing 6.38
50 mg/L, plus the residual noncarbonated hardness thatpounds of pure NaOH per gallon. A 50 percent solution

was intentionally allowed to remain in the water. It is must be stored at temperatures above about 600 F. to
not advisable to reduce the carbonate hardness to theprevent freezing. As a storage alternative, the 50 per-
lowest possible value because such water will be corro- cent solution may be diluted to 25 to 30 percent
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strength which has a freezing point in the approximate bonation should be followed by facilities for removal of
range of 0° to 30° F. Caustic soda in any form must be precipitated calcium carbonate. A single stage of recar-
viewed as a hazardous substance, capable of causingonation provides no opportunity for further pH ad-
serious burns. Personnel responsible for handling andjustment prior to filtration. Application of polyphos-
feeding the chemical must understand its potentially phate compound, such as sodium hexametaphosphate,
dangerous nature, know what precautions should be may be desirable following recarbonation. Approxi-
taken and be supplied with appropriate protective mately 0.5 mg/L of a polyphosphate will inhibit scale

clothing, safety showers, etc. formation and prevent incrustation of the filter media
(6) Recarbonation. Recarbonation involves the in-  with hard, crystalline deposits of calcium carbonate.
troduction of carbon dioxide and/or bicarbonate ion (b) Carbon dioxide requirements. Carbon diox-

into softened water for the purpose of neutralizing ex- ide requirements are established by the amount of hy-
cess hydroxide alkalinity and relieving calcium carbon- droxide alkalinity converted to carbonate and the
ate and magnesium hydroxide supersaturation. Car- amount of bicarbonate formed. For plant control pur-
bon dioxide should either be purchased as liquefied poses, alkalinity values are generally expressed in
carbon dioxide, which must be stored at the plant in a terms of calcium carbonate (CaCOs). Total carbon diox-
refrigerated storage tank, or generated at the wateride requirements are calculated as follows, where
treatment plant by the combustion of coke, oil, or gas. (OH") is the hydroxide alkalinity in mg/L, as CaCOs;
Recarbonation can also be achieved by utilizing carbon and (HCOs3") is the desired bicarbonate alkalinity in
dioxide and bicarbonate available in the raw water. mg/L as CaCOsin the finished water:

This is the “split” treatment process. — Total mg/L CO2 = (.44) [(OH™) + (HCO37)]
(@) Chemical reactions.The following reactions — lbs COz per million gallons = 3.67(OH") + éHCOa'H
illustrate the chemistry of the recarbonation pr : ~ The approximate CO yields of common fuels are:
y process Fuel Basis COg Yield

Neutralization of excess lime. lbs

— COg + Ca(OH)y — CaCO3 ¢ + HyO Natural gas 1000 cu ft 115
Conversion of magnesium hydroxide to magnesium carbonate. Coke 11lb 3

— COg + Mg(OH); = MgCO3 + HyO Kerosene 1gal 20
Conuversion of carbonates to bicarbonates. Fuel Oil (No. 2) 1 gal 23

— 2C0g + CaCO3 + HyO — Ca(HCOs3)o Propane 1000 cu ft 141

— 2C0O;2 + MgCO3 + H20 —~ Mg(HCOs), Butane 1000 cu ft 142
Use of bicarbonate derived from raw water. Carbon dioxide injection equipment must be carefully

—— - - 2- . . . . . .
2HCO3~ + Ca(OH)y — CaCO3} + CO32~ + 2H,0 designed to insure maximum absorption efficiency.

The above reactions are accompanied by important This is especially important if pure (99.5 percent and)
changes in the pH of the softened water, and the pH carbon dioxide is used. Equipment is available which
value is used as a recarbonation control parameter. Re-will give essentially 100 percent absorption of pure
carbonation can be practiced in a single-stage or two- CO; when injected as a gas. An alternative feed meth-
stage configuration. If recarbonation is accomplished od for pure CO: is use of a chlorinator as a feeding de-
in two stages, the first stage is devoted to neutraliza- vice. With this feeding arrangement, the CO: is in
tion of most of the excess lime. This involves conver- solution at the feed point and the problems associated
sion of excess lime to calcium carbonate and a pH with interphase gas transfer are avoided.

change from about 11 to approximately the 9.5-10 (7) Split treatment. Split treatment is accom-
range. Following the first stage of recarbonation, the plished by excess lime treatment of part of the raw wa-
water must be flocculated and settled to remove excesster and then, after removal of most of the precipitated
calcium carbonate. Coagulant such as silica, starch, magnesium hydroxide and calcium carbonate by sedi-
polymer or ferric sulfate may be employed to assist in mentation, adding the balance of the raw water and
coagulation and settling of the calcium carbonate par- again mixing and settling. Employment of excess lime
ticles. The second stage of recarbonation, usually justtreatment in the first stage insures efficient magne-
ahead of filtration, serves principally as a “trim” stage sium removal. The excess lime is neutralized in the sec-
in which final pH adjustments are made, as necessary.ond stage by carbon dioxide and bicarbonate in the un-
Guidance as to the correct pH can be obtained throughsoftened, bypassed water. Conventional recarbonation
calculation of the saturation index (see para 2-12c). facilities are not normally required when split treat-
For softened waters of low alkalinity, a plus index is ment is used. Split treatment is often applicable to
generally advisable. Carbon dioxide added in the sec- well waters where taste, odor, turbidity and color are
ond stage converts carbonates to bicarbonates. If onlynot a problem. While the process can be employed with
a single stage of recarbonation is employed, the carbonsurface waters, it is generally preferable to follow con-
dioxide feed must be adjusted so that the previously ventional procedures in which all of the water receives
described reactions take place to the extent necessarytwo-stage treatment. The principal operating prob-
at the single point of recarbonation. Single stage recar- lems associated with split treatment are correct ad-
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justment of chemical feeds and bypass flow. The cal-
cium carbonate equivalent of the HCO; and CO: con-
tent of the bypassed water must equal the calcium car-
bonate equivalent of the OH™ content of the first stage
softened water plus the desired bicarbonate alkalinity
in the finished water, all expressed in consistent units.
This is shown in the following equation:

Qs(A + 2.27C) + (Qr — Qe)H) + (QrXF)

where

Qr = rate of flow of raw water

Qs = rate of flow of bypass raw water

Qr = Qs= rate of flow of softened water

P = % of raw water bypassed = 100Qg

A ’I_" ) 11 ) . L QR

A = Dpicarponaie alkaiinity O1 raw water,
mg/L as CaCO;

C = carbon dioxide in raw water, mg/L as

CO; (2.27C = CO, expressed as
CaCO,)

H = hydroxide alkalinity of the first stage
softened water, mg/L as CaCO;

F = bicarbonate alkalinity desired in fin-

ished water, mg/L as CaCO;
Solving this equation and recalling this P, the percent-

age of total raw water bypassed = 100Qs gives the fol-
lowing: R
P 100H+ F)
T H+ A+227C

nese removal. The high pH achieved insured essential-
ly complete precipitation of any iron and manganese
present in the raw water.

(d) Clarification. Lime softening provides excel-
lent coagulation and clarification as a result of the pre-
cipitation of magnesium hydroxide plus a large
amount of calcium carbonate.

(9) Softening plant designThe equipment, bas-
ins, and filters required for lime, lime-soda ash, lime-
caustic, or split treatment softening are generally
similar to the facilities used in conventional coagula-
tion-filtration plants. Two stages of treatment are
usually advisable. The design of a lime-soda ash or
similar softening plant is a complex and difficult task
requiring the services of engineers experienced in proj-
ects of this kind. Their assistance should be sought in
early stages of project planning.

(&) Mixing equipment,One problem encoun-
tered at softening plants is vibration of rapid mixing
devices due to nonuniform deposits of calcium carbon-
ate scale._ Frequent cleaning of the mixer may be re-
quired. The frequency of such cleaning can be reduced
by recirculation of previously precipitated calcium car-
bonate sludge from the settling basin to the rapid-mix
chamber. Parshall flumes can serve as mixing devices.

(b) Flocculation and clarification.Each separate
stage of flocculation and clarification should have a to-
tal detention time at design flow of about 2.5 hours, 30
minutes for flocculation and 2 hours for clarification.
Average depths of both flocculation and clarification

The magnesium hardness of the finished water can beunits should be 8 to 15 feet. The overflow rate in clari-

estimated from the following:
(PYMgR) + (100 — PXMgS)

MeH = 100

MgH = magnesium hardness of finished water in
mg/L

MgS = magnesium hardness of the first stage sof-
tened water in mg/L

MgR = magnesium hardness of the raw water in

mg/L
P = ‘/o bypass water
(8) Incidental benefits of lime softening.

(a) Disinfection. Excess lime provides excellent
bactericidal treatment,
10.5. Lime treatment, while not a substitute for chlori-
nation, is an effective supplement,

(b) Reduction of dissolved solidRemoval of

fiers at design flow should be about 0.75 gpm per
square foot.

(c) Sludge removal and recirculatiorrirst-stage
settling basins shall have mechanical sludge removal
equipment. Such equipment is also desirable in the sec-
ond-stage basins which follow recarbonation. Sludge
recirculation is generally desirable except during oc-
currences of severe taste and odor problems. Recycling
of a portion of the settled sludge, which is high in cal-
cium carbonate, to the rapid-mix chamber is effective
in promoting the softening reactions, especially car-
bonate precipitation. Where_ presedimentation is em-
ployed, recycling sludge to the presedimentation basin

especially at pH values above influent will enhance the performance of the presedi-

mentation basin.
(d) Solids contact unitsSolids contact type ba-
sins may be used at many softening plants, particular-

carbonate hardness by lime treatment results in reduc-ly those treating ground water, These basins provide

tion in the total dissolved solids content of the water.
All reaction products of lime softening are relatively

the functions of mixing, sludge recirculation, sedimen-
tation and sludge collection in a simple compact unit.

insoluble. The lime added to the water, as well as the Basins of this type, if properly sized, will provide ef-

carbonate hardness constituents
largely precipitated.
(c) Iron and manganese removalime softening

in the water,

arefective softening and clarification

treatment. Overall
basin depths of 10 to 15 feet should be used, and the
unit should be designed so that the softening slurry is

is also highly effective as a means of iron and manga- recirculated through the center chamber at a rate of
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flow 3 to 5 times as great as the rate of flow through Regenerationbrines should be 10 to 15 percent solu-
the entire unit. The upflow rate at the slurry separa- tions of salt. The more salt used in the regeneration of
tion level in the clarification zone should not exceed a softener, the more complete the regeneration will be,
approximately 1.5 gpm per square foot. and the greater the exchange capacity of the regen-
(e) Chemical application and storageime feed- erated medium will be. The costs of the extra salt re-
ers and slakers are key items of equipment at a soften-quired to obtain the added exchange capacity must be
ing plant and must be selected on the basis of reliabil- weighed against the advantages of the higher ex-
ity. Another important item requiring careful consid- change capacity in order to determine which salt dos-
eration by the designer is chemical storage. Dependingage to use. Salt consumption commonly ranges from
on the size of the plant, bulk or bag unloading and stor- about 0.3- to 0.5-pound of salt per 1,000 grains of
age for lime and soda ash must be provided. Storagehardness removed. The contact time of the brine with
equivalent to at least 30 days average use shall be prothe softening medium also has a direct effect on the
vided. Caustic soda, if used, will generally be pur- exchange capacity of the regenerated medium. Con-
chased as a 50 percent solution and appropriately sizedtact times of 20 to 35 minutes will generally be used.
storage tanks must be provided for this chemical. (c) Rinsing. After regeneration, the brine must
(f) Sludgedisposal. A disadvantage of any lime be rinsed from the unit before softening is resumed.
softening process is the production of a large mass ofDisposal of backwash water, spent regenerant, and
sludge of high water content. Provision for its disposal rinse water must be carefully considered.
in an environmentally acceptable manner must be (3) lon exchange water softenersithough most
made and this problem must be carefully considered inion exchange softeners at military installations will be
connection with softening plant location and design. downflow pressure softeners, softening can also be
c. Cation exchange softeningHardness is caused achieved upflow. Larger ion exchange softening facili-
principally by the cations calcium and magnesium, and ties are often operated upflow in order to avoid the ne-
cation exchange softening is accomplished by exchang-cessity of backwashing. In general, ion exchange soft-
ing these ions for a cation, usually sodium, which does eners are of two types; open gravity softeners and
not contribute to hardness. This exchange is achievedpressure softeners.

by passage of the water through the bed of a granular (a) Open gravity softener®pen gravity soften-
sodivm cation exchanger. This reaction is reversible ers are constructed in much the same manner as rapid
auc th: exchanger can be regenerated with a strong sand filters, and the modes of operation are very simi-
snin ¢+ of sodium chloride (common salt). lar. However, the ion exchange medium used in open
{2} X edia used for ion exchange softening. Ion ex- gravity softeners is much lighter than the sand used in

change water softeners at fixed military installation filters, so backwash rates for open gravity softeners
shall use polystyrene resins as the softening media.may also be operated upflow, but the softener will not
Such resins must have a hardness exchange capacity ddichieve any filtering effects so the influent water must
at least 25,000 grains of hardness per cubic foot of res-be virtually free of suspended matter.
in. (b) Pressure softenersA polystyrene resin me-

(2) Regeneration of ion exchange softenerse dium used for pressure softening shall have a mini-
regeneration process generally involves three steps: (1)mum bed depth of 24 inches and physical properties
backwashing, (2) application of regeneration solutions, approximately the same as the following:

and (3) rinsing. Shipping weight 45-55 Ib./cu. ft. net
(a) Back washing.The purposes of water soften-  Density 48-53 Ib./cu. ft.
er backwashing are generally the same as the purposeé"O}S'i‘"leC"ntent 43;/;‘8%
of filter backwashing. Any turbidity particles filtered Y oid volume 4
. . Screen grading 16-50 mesh
out of the water during softening are removed by the gffective size 0.45-0.55 mm
backwashing process. For polystyrene resin media, bedUniformity coefficient <1.70

expansions of from 50 to 100 percent are normally re- Finesthrough 50 mesh screen <1%
quired, which involves backflow rates of 4 to 10 gal- If downflow softening is used, the flow rate through
lons per minute per square foot of bed area. Backwashthe softening medium may vary from 2 to 8 gpm per
periods generally range from 2 to 5 minutes. lon ex- square foot but must not exceed 10 gpm per square
change water softeners which operate upflow rather foot under the most severe loadings. Severe reductions
than downflow will not require backwashing, but the in exchange capacity are experienced if the softener
water to be softened must be virtually free of suspend- operates at rates of flow in excess of 10 gpm per cubic
ed matter. foot for sustained periods of time. With upflow soften-
(b) Application of salt brine.After the unit has ing, the rate of flow should be adjusted to maintain a
been backwashes, a salt solution is applied to the me-bed expansion of from 40 to 60 percent. The degree of
dium in order to regenerate its softening capabilities. bed expansion is a function of both the flow rate and
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the temperature of the influent water, so the flow rate where
must be decreased as water temperature decreases if a TH.= compensated hardness in mg/L as CaCoO
constant bed expansion is to be maintained, TH = total hardness in mg/L as CaCO

(4) Blending, An ion exchange softener operating TC = total cations in mg/L, all expressed as CaCO
properly will produce a water having a hardness ap- Compensated hardness (JHn mg/L is converted to

proaching zero. Inasmuch as it is not generally eco- grains per gallon by multiplying by 0.0584 or dividing
nomical nor desirable to soften all water to this low by 17.1.

hardness level, provisions, for blending the softened (6) Removal of noncarbonated hardness following
water with the unsoftened water are desirable. lime softening. In some cases, it is more economical to

(5) Other factors affecting ion exchange soften- remove noncarbonated hardness in cation exchanges
ing, than by application of soda ash. This method involves

(a) Turbidity, Turbidity particles present in the the use of lime for reduction of carbonate hardness.
water influent to the softener are deposited on the Following recarbonation, the water is filtered. Then all
softening medium and may cause losses of exchangeor part of the water, depending on the final hardness
capacity and excessive head losses through the softendesired, is treated in cation exchange softeners for the
er. If turbidity levels are excessive, the particles must removal of noncarbonated hardness. The technique is
be removed from the water prior to softening or spe- most suitable to those areas where regeneration salt
cial backwashing procedures must be implemented. can be obtained at a low cost.

(b) Bacterial slimes.Unless proper disinfection (7) Comparison on lime-soda ash and cation ex-
is practiced, bacterial slimes can form in the softening change processes. Although the purpose of both the
medium and cause excessive head losses and loss of eXime-soda ash process and the cation exchange process
change capacity. These slimes can be prevented or reis to achieve removal of calcium and magnesium ions,
moved through chlorination of feedwater or regenera- the modes of operation and the quality of the resultant
tion water. water are somewhat different.

(c) Temperature. The loss of head through a wa- (@) Turbidity, iron, and manganesd.ime-soda
ter softener is strongly affected by water temperature, softening also effects removal of turbidity and iron
with lower head losses occurring at higher tempera- and manganese, whereas cation exchange softening
tures. For example, at similar flow rates the head lossmay have to be preceded by conventional treatment
through a softener at 1220 F. is only about 35 percentfor removal of suspended matter and iron and manga-
of what it would be at 37° F. Also, the water tempera- nese.
ture affects the exchange capacity of the softener, (b) Bacteria. The lime-soda ash process wuij uls.
with a 10 to 15 percent increase at high operating tem-result in the removal or destruction of most bac »riv in
peratures (>860 F.) over the exchange capacity at lowthe water. In contrast, the water entering a cation ex-
temperatures (32 to 50° F.) change softener must be disinfected in order to pre-

(d) Iron, manganese and aluminunif iron, vent the growth of bacterial slimes within the soften-
manganese, and aluminum are present in the influenting resin.
water, precipitates may be formed which coat the me- (c) Total dissolved solidsTotal dissolved solids
dium particles and cause a loss of exchange capacity.concentrations of water are usually lowered by lime-
This problem can be avoided through treatment to re- soda ash softening, especially if most of the hardness
move the iron, manganese, and aluminum from the initially present is carbonate hardness. However, ap-
water prior to softening. If iron fouling occurs it may plication of soda ash to remove noncarbonated hardness
be possible to overcome it by periodic applications of results in a slight increase of TDS concentrations.
sodium bisulfite, sodium hydrosulfite, hydrochloric Softening of water by cation exchange processes al-
acid, or sulfuric acid to the softening media. However, ways results in an increase in TDS levels, because the
these treatments should be implemented only after asodium required to replace calcium and magnesium in
thorough study of the problem by someone experi- the water has a mass 1.15 times as large as the calcium

enced in this area. replaced and 1.89 times as large as the magnesium re-
(e) Total hardness and sodium concentratidf. placed.

the total hardness exceeds 400 mg/L or the sodium

salts, expressed as'mg/L CaCOs, exceed 100 mg/L, the 2-11. Iron and manganese control.

softener should be sized on the basis of the “compen- a. Occurrence of iron and manganesBissolved
sated total hardness” rather than the total hardnessiron and manganese are encountered principally in
Compensated hardness is calculated as follows: ground waters devoid of dissolved oxygen, Normal,
oxygenated surface waters do not contain significant
concentrations of these metals; however, staghant
9000 - TC water, found in the bottom of thermally-stratified

TH, = (TH) (9000)
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reservoirs, sometimes contain dissolved iron and man+ening is an effective means of removing both iron and
ganese. Their presence in solution is associated withmanganese.
anaerobic conditions near the bottom of the reservoir. f. Stabilization of iron and manganesénder some
b. Effects of iron and manganedeissolved iron in circumstances, stabilization of iron and manganese by
excess of 1 or 2 mg/L will cause an unpleasant taste,application of a polyphosphate compound may be ac-
and on standing, the water will develop a cloudy ap- ceptable. The iron and manganese in the water are
pearance. lron concentrations appreciably greatemaintained in a dispersed state through the complet-
than 0.3 mg/L will cause red stains on plumbing fix- ing action of a polyphosphate compound. Dosages of
tures and laundry. Similarly, manganese will cause about5 mg/L of sodium hexametaphosphate for each
black stains if present to the extent of more than aboutmg/L of iron and manganese are reasonably effective
0.05 mg/L. Deposits of iron and manganese can buildhowever, the total polyphosphate dosage should not
up in water distribution systems and periodic “flush- exceed 10 mg/L, expressed as PO,>. The polyphos-
outs” of these deposits result in objectionable color andphate stabilizing compoundnust beadded to the
turbidity at the consumer’s tap. water prior to chlorination. If the chlorine is applied
c. Removal by oxidation and filtratiorDxidation first, it will oxidize the iron and manganese to in-
can be accomplished with dissolved oxygen, added bysoluble forms rendering the stabilizing agent ineffec-
aeration, and by the addition of an oxidizing chemical, tive. Stabilization of concentrations of iron and man-
such as chlorine, chlorine dioxide, potassium perman-ganese in excess of approximately 1.0 mg/L is general-
ganate, or ozone. Manganese is more difficult thanly not satisfactory. Also, stabilization will not persist
iron to oxidize and precipitate. In the absence of man-if the water is heated because heating coverts poly-
ganese, iron can often be removed with minimum phosphates to orthophosphates which have no stabiliz-
treatment, consisting of aeration followed by direct fil- ing power. Stabilization, although helpful, is not a sub-
tration. In general, aeration alone will not oxidize stitute for iron and manganese removal, and, in gen-
manganese unless the pH is raised to ab@uiStrong eral, should be viewed as a temporary expedient to be
oxidants, such as chlorine or potassium permanganateused pending installation of removal facilities.
are effective at lower pH values. To insure oxidation,
precipitation and agglomeration of iron and manga-
nese and their essentially complete removal, at least'‘Corrosion” can be defined as the deterioration of
three treatment steps are usually necessary: aerationmetal by direct chemical or electrochemical reaction
contact time, and filtration. An aerator containing with its environment. “Scale” refers to an accumula-
trays of coke, limestone, etc., as mentioned in para-tion of solids precipitated out of the water. In water
graph 2-3c is commonly used. Reaction time is pro- treatment, corrosion and scale are closely associated.
vided by a contact or contact-sedimentation basin hav-Both must be considered in connection with the design
ing a detention period of at least 30 minutes. Filtra- and operation of treatment works. This scale may be
tion is accomplished by conventional single or multi- desirable because it can provide a measure of protec-
media filters designed for a filtration rate of at least tion against corrosion. However, thick layers of scale
3.0 gpm per square foot. The aeration step is frequentare detrimental in both hot and cold water systems. It
ly supplemented by a chemical oxidant, such as chlo-is essential to produce a “balanced” water that is
rine or permanganate. Flocculation is advantageous imeither highly corrosive nor excessively scale forming.
the contact basin, particularly if iron exceeds about 2 a. Corrosion.
mg/L. (1) The extent and nature of corrosion reactions
d. Removal by ion exchang&he cation exchange depend upon many factors. Among the most impor-
(sodium zeolite) softening process, under proper condi-tant are the chemical and physical nature of the water,
tions, is capable of removing limited amounts of dis- its velocity, pipe metallurgy and pipe coating. In exist-
solved (unoxidized) iron and manganese. For applica-ing systems, where corrosion is a problem, most of
tion of this process, it is essential that the raw waterthese factors, with the exception of the chemical
and wash water contain no dissolved oxygen and thamature of the water, are not readily susceptible to
the sum of the iron and manganese concentrations nothange. Consequently, for these situations, emphasis
exceed about 0.5 mg/L. The presence of oxygen ormust be placed on adjustment of the water's chemical
higher concentrations of iron and manganese will quality as the only practical means of corrosion control
cause rapid fouling of the exchange resin with conse-in an existing system. Controllable factors are princi-
guent loss of removal capacity. If fouling occurs, treat- pally calcium content, alkalinity and PH. Certain cor-
ment of the resin with sodium bisulfite solution and rosion inhibitors can also be used, but relatively few
dilute hydrochloric or sulfuric acid will be required to are suitable for potable water systems.
restore capacity. (2) Treatment to insure deposition and mainte-
e. Removal by lime-soda softeningime-soda so f-  nance of a thin layer of calcium carbonate on the pipe

2-12. corrosion and scale control.
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interior is one widely used means of corrosion control. [.02821][C17] + [.02083][SO,*"]

This control method, while not infallible, has been Corrosion Index = [.01639][HCO3-]

fairly successful in minimizing the corrosion rate of '

iron pipe. The rate of formation of calcium carbonate [C1'] = mg/L chloride ion as C1

is favored by high concentrations of calcium and bi- [SO.*] = mg/L sulfate ion SO,*

carbonate and carbonate alkalinity. Protection of this [HCOs.] = mg/L bicarbonate ion as HCOs.

type cannot be attained in waters containing very low For a pH range of about 7 to 8, and in the presence of

concentrations of calcium and alkalinity. dissolved oxygen, an index below about 0.1 indicated
(3) Corrosion rates may also be reduced by the useprobable general freedom from corrosion. An index

of certain inhibitors. For potable water systems, the higher than 0.1 is indicative of corrosion tendencies.

most practical inhibitors are silicates and certain poly- The higher the index, the greater the probability of

limited extent in very soft water. Polyphosphates can b. Scale. Scale problems in distribution systems are
be applied for scale as well as corrosion control. They caused principally by calcium carbonate, magnesium
are considered most effective for corrosion control in hydroxide, aluminum hydroxide and the oxides and
the pH range 5.0 to 8.0 and their effectiveness is great-hydroxides of manganese and iron.
ly influenced by velocity. Low velocity, such as en- (1) Aluminum. Aluminum hydroxide deposits can
countered in dead-end mains, reduces the effectivenessesilt from excessive alum use for coagulation andlor
of all corrosion control methods. improper coagulation practice, such as poor mixing
(4) Dissolved oxygen and carbon dioxide have a and flocculation and incorrect coagulation pH Alu-
significant effect on corrosion rates. Carbon dioxide minum hydroxide can create a soft, white deposit hav-
lowers the pH and makes the water more aggressiveing a rippled surface which will produce reductions in
Carbon dioxide can be removed chemically, but it is pipe carrying capacity as measured by the Hazen-
generally not feasible to attempt chemical removal of Williams “C” value. The problem is one of “after pre-
oxygen from potable water supplies. Most surface cipitation” of aluminum hydroxide; i.e., aluminum re-
waters are normally saturated with oxygen while mains in solution until after filtration. Chlorination,
ground waters, initially free of oxygen, usually absorb which often follows filtration, will reduce the pH
some during treatment and distribution. When con- slightly and the chemical nature of aluminum is such
sidering the removal of carbon dioxide by aeration, it that a slight reduction in pH will result in a significant
should be kept in mind that while efficient aeration reduction insolubility.
will remove most of the carbon dioxide, it will, in (2) Magnesium. Magnesium hydroxide deposits
doing this, practically saturate the water with oxygen. have caused serious difficulties in distribution systems
(5) Corrosion rates are influenced to some extentand hot water heaters. Magnesium volubility is highly
by all mineral substances found in water, but corrosionsensitive to pH and temperature and failure to exercise
effects are so interrelated that it is not possible to iso-careful control over its stabilization following sof-
late the quantitative influence of individual ions. It is tening will usually lead to deposition problems. In the
known that high concentrations of chloride and sulfate absence of detailed information regarding the scaling
ions will produce increased corrosion rates. However, tendencies of a given water, it is advisable to maintain
their adverse effects are somewhat mitigated by alka-magnesium hardness below 40 mg/L and pH below 9.8.
linity (carbonate, bicarbonate) and calcium ions. To ob- Hot water heaters should be operated so that water
tain appreciable benefit from alkalinity and calcium, temperatures will not exceed 140° F
the total alkalinity, expressed as calcium carbonate, (3) Iron and manganese. Hydrous oxide deposits
should be at least 50 mg/L, preferable in the range ofof iron and manganese are inevitable in distribution
50 to 100 mg/L. The calcium concentration, calculated systems handling water containing more than about
as calcium carbonate, should also be at least 50 mg/L0,3 mg/L of iron and 0.05 mg/L of manganese. The
In general, the higher the concentrations of alkalinity severity of the problem is directly related to the con-
and calcium, the greater is the water’s capacity for cor-centration of iron and manganese and the best solution
rosion retardation. On the other hand, excessive cal-is to remove them at the source. A less satisfactory
cium and alkalinity will often result in objectionable procedure is to attempt to prevent their precipitation
scale formation. It is, therefore, necessary to seek aby polyphosphate treatment at the source. lron de-
compromise between corrosion on the one hand andposits may also be caused by corrosion reactions which
scale formation on the other. form loose scale or tubercles. In severe cases, cleaning
(6) Based on the corrosion accelerating effects ofand lining of the pipe may be required. Tubercle
chloride and sulfate and the corrosion inhibiting ef- formation can be minimized through corrosion control.
fects of alkalinity, the following ration, termed the ¢. Chemical Control of corrosion.
“Corrosion Index,” has been developed. (1) Calcium carbonate saturation,
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(a) One means of chemical control that has been
reasonably successful is treatment of the water to en-
sure deposition and maintenance of a coating of cal-
cium carbonate. Prediction of the tendency of a water
to precipitate or dissolve a protective coating of cal-
cium carbonate can be based on computation of what is

TM 5-813-3/AFM 88-10, Vol 3

Table 2-5 Constant B as a Function of Total Dissolved Solids

TDS mg/L B
0 9.70
100 9.77
200 9.83
400 9.86
800 9.89
1,000 9.90

termed the “Langlier Index” (LI). This index is calcu-
lated as follows:
LI = pH - pH,
where:
LI = Langlier Index
pH = Actual pH of the water
pH. = Calculated pH of water corresponding to
saturation with calcium carbonate
The value of pH. is calculated on the basis of no change

(eq 2-1)

in the water’'s alkalinity, calcium content, dissolved

solids, or temperature. If the computed pHs is less than

the actual pH, the LI will be positive, indicative of a

calcium carbonate deposition tendency. If pH. is

Reprinted fromStandard Methods, for the Examination of Water
and Wastewater; 14th ed., by permission. Copyright © 1976, The

American Public Health Association.
(c) Examples of the calculation procedure to be
followed in determining the LI are as follows:

greater than the actual pH, the LI will be negative and
this indicates under saturation or a tendency toward
dissolving calcium carbonate, and corrosivity. An LI

value of O indicates exact saturation with calcium
carbonate and no tendency toward deposition or solu-

tion.

(b) The complete equation for the exact calcula-

tion of pH, is quite complex and a simplified form,

covering the pH range 6.5 to 9.5, may be used. The

simplified equation is as follows:
pH: = A+ B-log(ca®")-log (alkalinity)*
where:
pH, = pH of calcium carbonate saturation
A = constant which is a function of water tem-
perature

(eq 2-2)

B = constant which is a’ function of total dissolved

solids concentration (TDS, mg/L)

log(C&") = logarithm to the base 10 of the*Ca

concentration in mg/L
log (Alkalinity) = logarithm to the base 10 of the
total alkalinity expressed as

CaCaq, in mg/L.
Values of C4 and Alkalinity are obtained from

analytical data.

Water No. 1
TDS, mg/L 340
Calcium (Ca**), mg/L 72
Alkalinity, mg/L as CaCOs 80
pH 8.5
Temperature, °F. 65
LI = pH - pH;
pH, = A+B — log(Ca®*) - log (alkalinity)
pH. = 2.10 + 9.85 - 1.86 — 1.90 = 8.20
LI=85-82=+0.3

Water No. 2
TDS, mg/L 490
Calcium (Ca**), mg/L 32
Alkalinity, mg/L as CaCO3 20
pH 7.5
Temperature, °F. 75
LI = pH - pH;

pH; = 2.00 + 9.87 - 1.51 - 1.30 = 9.07
LI=75-91=-16
(d) The LI is not a quantitative index in the

sense of providing a numerical measure of the amount
of calcium carbonate that will be precipitated or dis-
solved. Rather, it merely indicates a tendency in the
direction of precipitating or dissolving calcium carbon-
ate. If the water is extremely soft (deficient in calcium
ions) and has a low alkalinity, the water’'s capacity for
protection will be minimal even though a high pH and
a positive LI are consistently maintained. The water
should contain at least 50 mg/L of alkalinity and at
least 50 mg/L of calcium hardness in order to take ad-
vantage of calcium carbonate protection. For softened
waters, maintain an LI of about + 1.0, and, in addition,

2-4 and 2-5.
Table 2-4 Constant A as a Function of Water Temperature
Water Temperature °F A
32 2,60
39 2,50
46 2.40
54 2.30
61 2.20
68 2,10

*Reprinted from Standard Methods, for The Examination of
Water and Wastewaterl4th ed., by permission. Copyright 01976,
The American Public Health Association.

water in order to prevent excessive deposition in
pumps and mains near the treatment plant.

(e) The maintenance of a positive Langlier Index
does not preclude the possibility of corrosion. Condi-
tions may be such that only a partial coating of cal-
cium carbonate is deposited, resulting in a type of cor-
rosion at the uncoated areas, known as “pitting.” Pit-
ting corrosion results in loss of metal from relatively
small areas of the pipe rather than informly over the
entire surface. As a consequence, the pipe may fail
fairly quickly because of corrosion penetration of the
pipe wall.
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2-13. Special Processes. esses to assist in their removal. Three basic approaches

In some cases it will be necessary to use raw water supi0 control THMs are:

plies containing unacceptably large concentrations of (a) Use of a disinfectant that does not generate
constituents that cannot be removed by conventionalTHMs in water. (Ozone, chlorine dioxide) _
treatment processes. The most common of these objec-  (0) Treatment to reduce the concentrations of
tionable constituents are mineral salts, such asPrecursor material prior to chlorination (coagulation,
sulfates and chlorides, and volatile organic com- flocculation, filtration),

pounds, (VOCs). Special treatment processes are neces- () Treatment to reduce THM concentrations
sary to remove these materials, subsequent to their formation (aeration, carbon ad-

: —— . tion).
a. Demineralization.The presence of excessively sorp
high concentrations of dissolved minerals in water is tThheste tr]hrgelmethodls, have been presented throughout
indicated by high chloride (CI-), sulfate (SP4and IS technical manual.

total dissolved solids (TDS) levels. The recommended VOC(:Z) Synth(fetich_?]r%anic bComfpour:jd_s (SOCs), aréa
limits for these substances are 250 mg/L, 250 mg/L, S Some ofwhich have been found in many ground-

and 500 mg/L, respectively. These limits are based onvater sources used for potable water supplies. SOCs

esthetic considerations and considerably higher con-2'€ fOL.md n _groundwater due to improper dlsposaI. of
centrations, while not desirable, can be tolerated. SPENt industrial-type solvents, paint thinners, cleaning

Where demineralization is required, processes com-29€nts and some household chemicals, Two common

. : .« SOCs are trichloroethylene (TCE) and tetrachlo-
monly employed are electrodialysis, reverse osmOSIS’retherne. Some VOCs are rather soluable and have

distillation, and ion exchange. Disposal of waste brme%ittle affinity for soil materials, and therefore can

solutions derived from these processes often poses . o . ,
ravel great distances to an aquifier from an industrial

serious problem and must be carefully considered at an, -ste lagoon. industrial. commercial on domestic se
early stage in project development. All demineraliza- goon, ' P

tion processes are energy intensive, and alternativel'® Séﬁzm’ Iand;ﬂl_lr, a(r:]mdlentQI SE'” 3rO|I(I:ege}h:j|spodsf;1cl.
water sources should be thoroughly investigated _ (3) Removal Technologies for S. [hree airer-

before a commitment to a demineralization project is ent tgchnologles are available _for the re_moval of
VOCs: aeration, carbon adsorption, or resin absorp-

made. If the demineralization process selected requirest. All of th thods h b ted i
large inputs of electricity, consideration should be lon. of tnése methods Nave been presented in pre-

given to its operation principally during “off-peak” vious sections of this technical manual, with the excep-
hours with storage of desalted water until needed, tion (.)f resin absqrptlon. Resin ab;orptlon involves the
. ) physical separation of the organic compounds from
b. Removal of Volatile Organic CompoundéOCs  \yater by using a polymeric absorbent or resin filled
can be either halgonated naturally occurring organic \nit The resin is specific to the VOC it will remove,
substances (trihalomethanes), or synthetic organicherefore great care must be taken in the selection of
compounds  (SOCs). the resin. The resin-filled units also require frequent
(1) TrihalomethanesNaturally occurring organic  regeneration with a low pressure backwash and an
substances (precursors), such as humic and fulvic acidsalcohol-wash. The waste from the backwash will con-
are derived from leaf and soil extract and are not tain high concentrations of VOCs and may be classi-
themselves volatile. When the precursors (usually fied as hazardous waste.
found in surface waters) enter the treatment facility in (4) Selection of a removal technology. Important
the raw water they react with the free available chlo- parameters for removing VOCs are the concentrations
rine injected for purposes of disinfection. These halgo- concerned, the type of VOC, and the cost of the
nated organic compounds are known as trihalo- removal method.
methanes (THMs). Other THMs can be produced by ex- (@) The higher the concentration of VOCs the
posing precursors to other halogens, such as brominanore expensive removal will become, Higher concen-
or iodine. This grouping of total trihalomethanes trations of VOCs will normally require larger equip-
(TTHMSs) is generally comprised of four primary con- ment, e.g. counter-current packed column aeration
stituents: trichloromethane (chloroform), bromodi- towers must increase in either volume or blower and
chlormethane, chlorodibromomethane, and tribromo- pump horse power for increased removal of VOCs,
methane (bromoform), Monitoring and analytical re- Low TTHM concentrations may be handled by simply
qguirements imposed by the EPA for THMs are to be changing the point of chlorination and allowing coagu-
found in Title 40 CFR 141 Subpart C, sections 141.12 lation and flocculation to remove THM precursors.
(c), 141.30 and Appendix C. These sections of Title 40 High TTHM concentrations may require the addition
include MCL'’s, monitoring frequencies and the ap- of an aeration tower or a GAC contactor and at the ex-
proved method for measuring TTHM’'s. THMs are treme an alternate disinfectant such as ozone.
difficult to remove, hence the need for special proc- (b) The type of VOC to be removed may dictate
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the method of removal. Most VOCs can be reduced to dustrial plant can vary depending on the purpose for
meet Federal maximum contaminant levels through which the water is to be used (e.g., process needs, cool-
airstripping by an aeration tower. However, some ing, sanitary requirements, boiler makeup). Conse-
VOCs, such as bromoform cannot be easily removed quently, the first step in designing a water treatment
through airstripping and a more expensive method of plant for an industrial facility is to define the water
removal such as carbon adsorption must be used. guantity and quality requirements.

(c) Airstripping through counter-current packed (2) The water system serving an industrial facility
column aeration towers appear to be a cost-effective will be sized to supply the maximum anticipated quan-
method for reducing VOCs. Preliminary analyses sug- tity of water required during a single day of operation.
gests that it may be more economical than GAC or If hourly water usage rates exceed the average rate for
resin absorption treatment. Predicted capital costs andthe day of maximum use, storage tanks will be neces-
overhead and maintenance expenditures for aerationsary to equalize the rate of flow of water through the
towers are less than other treatment technologies.treatment plant (see TM 5-813-4/AFM 88-10, Chap.
However, pilot testing must be performed to prove the 4).
feasibility of any solution to the removal of VOCs. (3) After the water quality requirements have
Pilot testing will allow enhancement of a selected been determined, treatment works will be designed
method, once that method has been proven feasibleusing the appropriate treatment processes to meet
allowing a maximum removal of VOCs for a minimum these quality requirements. Most water quality re-
of cost. guirements can be met through the use of treatment

c. Industrial water treatment. processes previously described. Approval for the use of
(1) Water gquantity and quality requirements for treatment processes not described in this manual must
industrial uses can vary greatly from industry to in- be obtained from HQDA (DAEN-ECE-G), WASH DC,
dustry, and even from plant to plant within the same 20314 or HQ USAF/LEEEU, Washington, D.C. 20332.
industry. Also, quality requirements within a large in-
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CHAPTER 3
WATER TREATMENT SYSTEMS

3-1. General design criteria. b. State agencies have established design guidelines
based on local conditions and experiences. Information
regarding these guidelines is available from the divi-
. : ; ; sion of engineering within the state agency responsible
ter sufficient in quantity for all intended purposes. If . . : .

q Y PUTP for environmental protection. Consultation with State

the water is to be used for human consumption, it engineers will provide valuable information relative to
must be free at all times of organisms or substances 9 p

posing health hazards, and also essentially free of maplant deS|gr_1 and_water treatment experience in the
terials that would make it esthetically unsatisfactory State or region. Itis _also advisable to confer with man-
to the consumers. The overall water quality objective agement and operating personnel of nearby water sup-
can be met if the water delivered to service meets theply utilities.
drinking water standards given in appendix A. 3-4. Reliability

b. Water storage and distributioriThe quality of ' '
water obtained at the user’s tap is not determined sole- @. Unless the treatment plant can be taken out of
ly by water treatment operations. Raw water quality Service for a period of time for maintenance and repair
and conditions in treated water storage and water dis-work, two or more of all essential items, such as
tribution systems also affect the quality of the water. pumps, settling basins, flocculators, filters, and chemi-
Consequently, protection of raw water quality and fin- cal feeders must be provided. The degree of impor-
ished water storage and delivery systems to the maxi-tance of each item must be evaluated on a case-by-case
mum practicable extent is essential. Excellence in wa- basis, considering that safe water has to be supplied at
ter treatment is partially nullified unless other water all times.
system components are adequately designed, main- b. If there is a definite possibility that lengthy pow-

a. Water treatment plantsVater treatment plants
at military installations must produce high quality wa-

tained and operated. er outages will occur, installation of emergency gener-
N ating facilities at the water treatment plant should be
3-2. Plant siting. contemplated. Likewise, if the delivery of crucial

The following items will be considered ichoosing a ~ chemical supplies is uncertain, larger than normal
plant site, stores of these chemicals must be kept on hand, which

a. Proximity to the source of raw water. would necessitate larger than normal chemical storage

b. Proximity to the area to be served. areas.

c¢. Potential for flooding of the site. . _ ,

d. Availability and reliability of electric power. 3-5. Operating  considerations.

e. Geology and topography of the site. To simplif y plant operations, the following guidelines

/. Availability of transportation facilities. should be observed during the design stage.

g. Size of the site, both for original and for antici- a.Unnecessary equipment and operations should be
pated expansions. eliminated.

h. Legal obligations or restrictions. b. Operations requiring frequent attention from

i. Environmental effects. plant operators should be located reasonably close to-

_ ‘ gether. The most attention is generally required for

3-3. process selection and design. operation of filters, flocculators, and chemical feeding

a. The selection and design of the water treatmentequipment.
processes to be used at a particular facility are dictated c. Chemical handling and feeding should also be
by practicability, reliability, flexibility, and overall  simplified as much as possible. Unloading and storage
economics. Engineers experienced in water treatmentreas for chemicals should be easily maintained and
plant design are needed to determine the best treatreadily accessible and be close to the point of applica-
ment system for any particular situation, and their ad- tion of chemicals.
vice should be obtained in early stages of project plan- d. Plants treating river water must be arranged to
ning. Detailed information about major treatment provide the flexibility of treatment needed to cope
processes is given in chapter 2, with raw water quality changes.
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3-6. Plant capacity. 5-813-1/AFM 88-10, Vol. 1. Care should be taken not

The water treatment plant will be sized to treat t0 underestimate special water demands.
enough water to meet the requirements given in T™M
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CHAPTER 4
MEASUREMENT AND CONTROL

4-1. Measurement of process variables. b. Semiautomatic controlSemiautomatic control

In order to determine the degree of effectiveness of thellilizes instruments to automatically control a func-

different treatment processes, several physical andtion or series of functions within control points that

chemical parameters associated with water treatmen'® S€t manually. The operator manually starts the au-

must be measured. After they are measured, the infor-l0Matic sequence of operations. An example of semiau-

mation must be evaluated so that necessary adjust—tomatic control is the automatic backwashing of a fil-

ments can be made in the treatment processes. ter after operator initiation of the program,
a. Minimum analysesThe minimum type, number c. Automatic control.Automatic control involves

and frequency of analyses for military water treat- the use of instruments to control a process, with neces-

ment plants will conform to paragraph C-1 of appen- S&Y changes in the process made automatically by the
dix C. controlling mechanismsWhen a process variable

b. Laboratories. Laboratories at military water ~Cchanges, the change is measured and transmitted to a
treatment plants must have the minimum amounts ofcontrol device which adjusts the mechanisms control-
laboratory furniture, laboratory equipment, and labo- NG the process. Automatic control systems have been
ratory chemicals prescribed in paragraphs C-2, C_3,developed which are reliable, .but provision for emer-
and C-4 of appendix C. gency manual control must be included.

c. Record of analysesResults of laboratory analy-

ses will be recorded and maintained in an orderly fil- 4-3- Je<:an of instruments and controls.

ing arrangement. All instruments and control devices should be placed
4- in readily accessible locations in order to facilitate ob-
-2 Control. servation, maintenance, repair, and replacement. In-

Water treatment plant processes may be controlled bystruments should not be located in environments
manual, semiautomatic or automatic methods, whichwhich might lead to premature failure of the instru-
are defined as follows. ments. Examples of such environments are areas sub-
a Manual control. Manual control involves total ject to high temperatures or corrosive vapors. Provi-
operator control of the various water treatment proc- sions should be made for many of the instruments to
esses. The personnel at the water treatment plant obactuate alarms if critical process variables exceed or
serve the values of the different variables associatedfall below predetermined tolerable levels. Such alarms
with the treatment processes, and make suitable adshould include both audio and visual signals.
justments to the processes.
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CHAPTER 5
WATER TREATMENT CHEMICALS

5-1. Chemical properties. istics of the chemical. Bulk liquids are usually unload-

Chemicals are used for a variety of purposes in conven-€d by pumping from the tank truck or railroad car to

tional water treatment practice, including coagulation the storage tanks at the treatment plant. Bulk pow-
and flocculation, disinfection, fluoridation, taste and ders can be unloaded by pneumatic unloading and con-

odor control, and pH adjustment. The most common Veéyance devices, or if the powder is to be mixed or dis-
chemicals and some of their characteristics are listedSolved in water, it can be unloaded directly into a wa-

in table 5-1.

5-2. Chemical standards.

Chemicals used at military water treatment plants will
meet the applicable standards of the AWWA. The
AWWA publication number for these standards are:

ter eductor in which the powdered chemical and the
water are mixed as the water is flowing to the storage
tank, Chemical crystals or granules are usually unload-
ed by mechanical devices, such as bucket elevators and
conveyor belts. All three forms of bulk chemicals can
be unloaded by gravity if the chemical storage tanks or
bins are located below ground near the railroad tracks

AWWA
Category Standard Chemical Name or roadway. Chemicals shipped in bags, drums, bar-
Softening B-200 Sodium chloride (salt) rels, or other shipping containers can usually be stored
B-201 Sodium carbonate (soda ash) by placing these containers in a specified storage area,
B-202 Calcium hydroxide (hydrated Hazardous chemicals must be stored in separate rooms
lime) i to avoid reaction of chemical vapors. The supply of
Disinfection g:ggg gﬁgizﬁ fl’;f:c(hqlzft‘e‘(’ﬁ;; chemicals in storage at a water treatment plant should
chiorites) always be at least equal to the projected 30-day re-
B-301 Chiorine guirements. Under some circumstances, it may be de-
B-302 Ammonium sulfate sirable to maintain larger supplies of essential chemi-
B-303  Sodium chlorite cals, such as chlorine or coagulant, and smaller sup-
Coagulants B-402 Ferrous sulfate plies of nonessential chemicals, such as fluoridation
B-403 Aluminum sulfate
B-404 Sodium silicate (activated silica) agents.
B-405 Sodium aluminate
B-406 Ferric sulfate 5-4. Chemical application.
B-407 Liquid ferric chloride
Corrosion B-501 Caustic soda a. Dry chemicalsDry chemicals are usually convert-
B-502 Sodium herametaphosphate ed to a solution or slurry prior to application to the wa-
B-503 Sodium tripolyphosphate ter. Measurement of the chemical application rate is
Tasteand Odor ~ B-600  Powdered activated carbon accomplished by the dry-feed machine. The measured
Control B-601 Sodium metabisulfate . . . . . .
B-602 Copper sulfate guantity of chemical is then dissolved or slurried in a
B-603 Potassium permanganate small amount of water for transport to the feed point,
B-604 Granular activated carbon where the solution or slurry must be rapidly and thor-
Prophylaxis B-701  Sodium fluoride oughly mixed with water being treated. Before quick-
g:zgg f,{’f;;’i’fi‘:i‘ch:;gu°"de lime can be applied to water, it must be hydrated in a

5-3. Chemical handling and storage.
In the design of water treatment facilities, the selec-ton-type slaker is used, a temperature of 160° F or

tion of methods of chemical handling and storage mustdreéater will be maintained in the slaker. All slakers
be based primarily on ease of operation, operating flex-Must be equipped with grit removal mechanisms.

ibility, and safety considerations. If chemicals are to

slaker. Either retention-type or paste-type slakers may
be used at military water treatment plants. If a reten-

b. Liquid chemicals Chemical solutions or slurries

be received in shipping containers such as bags, boxesare applied directly, or after dilution, to the water be-
drums, or canisters, equipment required for chemicaling treated by volumetric liquid feeders such as meter-
handling may include carts, dollies, fork lifts, cranes, ing pumps or rotating wheel feeders. Rapid, thorough
etc. If chemicals are shipped in bulk quantities, the mixing of the chemical solution or slurry with the wa-
mode of unloading depends on the physical characterter is essential,
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c. Chlorine application. At military water treat- must beat least 2 feet below the surface.
ment plants, chlorine will be fed through solution-type d. Corrosion.Special attention should be directed to
vacuum feeders. If the concentrated solution from thethe materials used for the critical parts of chemical
feeders is introduced to the water supply in an openfeeders. Many chemicals form corrosive environments
channel, the point of discharge of the chlorine solution for common metals.
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CHAPTER 6
WATER TREATMENT PLANT WASTES

6-1. Quantities and characteristics of clay, hydroxides of iron and aluminum, calcium car-
wastes. bonate, activated carbon, etc. The characteristics of fil-

In connection with water treatment plant location and te’TI V(;’?](Sh Wate_:j at gar;ts ust;]ng alufm forh coa{qulaétlon
design, the disposal of the wastes generated during thd/!!! dilfer considerably from those of wash water de-

various treatment processes must receive careful con-rn'qvaend afrrg;e ?(L‘?;sv a?r?:?r;g:n\?vazﬁﬁ@gltg?s ci)rrlvzlirrci)gblan;re
sideration. Among these wastes are sludge from pre- 9 : y

sedimentation basins, coagulation and/or softening quite diluted, exhibiting average suspended solids con-
sludge, filter wash water, spent regenerant and rinsecintrgtéonesngug;i trt;?i%ezsoaorpgig-n-(gfczt?;%)'e softeners
water from ion-exchange softeners, diatomite filter __~ ger . g€ s :
sludge, and mineral wastes from desalination facili- The principal waste products in the waste brines f_rom
ties ’ ion-exchange regeneration are chlorides of calcium,
a. Presedimentation sludg®resedimentation basin g}aiggﬁsxi:ﬁ er]g:eOd;:]rg'a:Sma}gSmor?q’aSqua”rglézm't'_?g_
sludges reflect the nature of the solids present in thetal dis’solveg solid:5 (TDS) concentrg{[ions N th.ese
raw water. If the particles in the raw water settle out waste flows commonly range from 35,000 to 45,000
readily, the sludge will be of fairly high solids content. mg/L (3.5-4.5%) with maximums of about 95,000 to
Slowly settling particles will produce a thin sludge of 9 it ’
120,000 mg/L (9.5-12%). The total wastewater flow

low solids content. :
b. Coagulation sludgeThe settled residues result- \évc')lllt:r?egemeen 2 to 8 percent of the amount of water
d .

ing from coagulation with alum range in suspende Desalination waste brines. The wasieoducts
solids content from about 1,000 mg/L (0.1%) to about 9. . N §
most often found in desalination waste brines are chlo-

17,000 mg/L (1.70/0). The bulk density of dry alum ide and sulfate salts of calcium, magnesium and so-

sludge is usually between 75 and 99 pounds per cubid : ) .
foot. In order for alum sludge to be placed in a landfill, dium. TDS concentrations in the waste brines. may

0 0, -
it must have a solids content of about 20 percent orrange from 2,000 (0.2 ./°) to 100,000 mg/L (10%). De
more. Waste sludges produced by coagulation with pending on the desalination method used and the char-

iron salts are similar to those produced with aluminum acteristics of the raw water, the volume of the waste
salts. brine flow may be as little as one percent or as much as

c.Lime sofering stugeSofening sudges can %0 PErET, 16 1o et processed, i o er,
vary widely in characteristics depending on the rela- 9 P ' P P

. : . cles are detrimental to most desalination processes,
tive amounts of calcium carbonate and magnesium hy'raw waters intended for desalination are usupall treat
droxide in the sludge, the nature and amount of sus- y

pended particles present in the raw water, and Wheth-ggnfor turbidity, iron removal, etc., prior to desalina-
er or not a coagulant, such as alum, was used. The sol-
ids content of softening sludges may vary from 2 to 33
percent, and the total sludge volume may range in vol-
ume from 0.3 to 6 percent of the water treated. Chemi- a. Water treatment sludges.
cal solids (calcium carbonate and magnesium hydrox- (1) Presedimentation sludge. Presedimentation
ide) derived from lime softening are roughly 2.5 times sludge may be disposed of by returning it to the stream
the weight of quicklime applied. from which the raw water was taken, if the appropri-
d. Diatomite sludgeAbout 300 to 600 pounds of ate regulatory agencies will grant their approval.
diatomite sludge are produced per million gallons of Otherwise, the sludge should first be dewatered in la-
water treated. Approximately two-thirds of the sludge goons or sludge drying beds and then hauled to land-

is the diatomaceous earth used for filtration and one-fills or spread on land.

6-2. Waste management.

third is the impurities removed from the water. The  (2) Coagulation sludge, _
dry bulk density of the sludge is about 10 pounds per (a) Lagoons. If land is available near the treat-
cubic foot. ment plant, alum sludge can be placed in lagoons to ef-

e. Filter wash waterA variety of suspended sub fect further concentration of solids. Depending on the
stances may be present in filter wash water, includinglocal climate and the properties of the sludge, the final

6-1



TM 5-813-3/AFM 88-10 Vol 3

solids content in the lagoon may be as low as one perdity solids concentratorsTwo or more ofthese proc-
cent or as high as 17.5 percent. A liner of impervious esses can be used withime same systerto obtain a
material may be required within the lagoon by state higher degree of solids concentration than would be at-
authorities if ground water contamination is a con- tainable using only one process. In order to enchance
cern. Water should be removed from the lagoon by re-the performance of some dewatering devices, the
cantation. The decanted water may be returned to natsludge can be“conditioned” prior to dewatering.
ural watercourses if state authorities permit, and is Among the methods of conditioning which have been
sometimes returned to the treatment plant for recy- used are: application of heat and pressure, freezing,
cling. At least two lagoons must be provided so that lime treatment, and application of organic polymers.
fresh alum sludge can be placed in one while the alum (e) Alum recovery. Recovery of alum from alum
sludge in the other is allowed to concentrate. After sludge is possible by treatment of the sludge with sul-
sufficient drying, the sludge should be removed from furic acid followed by sedimentation or filtration to re-
the lagoon and placed in a landfill or spread on suit- move raw water sediment. Recovered alum can be re-
able ground. The minimum solids content which cycled, so long as inert material, iron and manganese,
should be attained before alum sludge can be removedoxic metals, and color, do not become unacceptably
from lagoons is generally about 10 percent. In colder concentrated in the recycled alum solutions. Of these
climates, the freeze-thaw cycles to which the liquid in materials, iron and manganese usually pose the great-
the lagoon is subjected will aid materially in concen- est problem.
trating the solids. Sludge lagoons should be enclosed (3) Lime-soda softening sludge. In most cases,
by fencing adequate to exclude children and animals. lime-soda softening sludge will be managed by lagoon-
(b) Discharge to sanitary sewers. Alum sludges ing. In order to use this method, large areas of land
may also be discharged to sanitary sewers if disruptionmust be available within a reasonable distance from
of wastewater treatment processed is not anticipatedthe treatment plant. Lagoon capacity should be at
If this procedure is chosen, precautions must be takerleast 3.5 acre-feet per million gallons daily per 100
to insure that the sludge does not create a hydrauliang/L of hardness removed. Sized on this basis, the
overload in the sewers or form significant deposits in storage capacity will be sufficient for 2-1/2 to 3 years,
the sanitary sewer. Inasmuch as a large portion ofafter which the accumulated sludge must be removed
alum sludge is not biodegradable, the addition of alum for disposal on farm land or in a landfill. If the sludge
sludge to wastewater will increase the sludge produc-must settle through ponded water, a solids concentra-
tion at the wastewater treatment plant. Disposal oftion of 20 to 40 percent can be anticipated. If the
alum sludge to storm sewers is equivalent to disposalponded water is regularly decanted, the solids content
in natural water courses and should not be attempted. of the sludge will be about 50 percent. As in the case of
(c) Sludge beds. Another method of dewatering alum sludge lagoons, softening sludge lagoons should
is application of the sludge to special sludge beds.be constructed in groups of at least two or three to al-
These beds are usually composed of 6 to 12 inches ofow for alternate filling, drying, and removal of the
sand ranging in size up to 0.5 mm, with an underdraindried sludge. Lagoon depths will vary from 3 to 10
system of graded gravel 6 to 12 inches deep. Drainfeet. Lagoons will be fenced. The area dimensions of
pipes 6 to 8 inches in diameter are placed in the gravekludge lagoons should be such that the settled sludge
to carry away the water from the beds. Sand beds carcan easily be removed by cranes or draglines. The
usually achieve a 20 percent solids concentration insludge removed from lagoons can be placed in landfills”
alum sludge within 100 hours at a loading rate of 0.8 or used as soil conditioner, although in some cases the
pounds per square foot. However, the results are high-applied sludge has plugged the upper soil layer until
ly dependent on the characteristics of the sludge androken down by winter freezing. The sludge maybe re-
local climatic conditions. Warm, dry climates are best calcined for lime recovery, usually after removal of
suited to the use of sand drying beds. The water passmost of the magnesium hydroxide by recarbonation
ing into the drain pipes should be suitable for disposaland centrifuging. Other methods of dewatering soften-
into natural watercourses, The dewatered sludge is using sludge prior to recalcining or landfilling include
ually removed from the sand bed by mechanical vacuum filtration and centrifugation. Vacuum filters
means, but a minimum solids content of approximate-and centrifuges produce sludge cake having solids con-
ly 20 percent must be attained before mechanical hantent of 50 to 60 percent. Lime-soda softening sludge
dling is practical. After removal, the dewatered sludge will not be discharged to sanitary sewers, and drying
is usually hauled to a landfill. beds are not recommended because of clogging diffi-
(d) Mechanical dewatering devices. Several me- culties and potential dust nuisance.
chanical devices have been used for dewatering of (4) Diatomite sludge. Diatomite sludge dewaters
alum sludge, including pressure filters, centrifuges, rather easily, so any of several techniques, particularly
freeze-thaw devices, vacuum filters, and dual-cell grav-vacuum filtration and lagooning, may be used to in-
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crease the solids content prior to placement in a land-very similar as far as disposal techniques are con-
fill. Inasmuch as diatomite sludges are usually rela- cerned. Methods of brine disposal include regulated
tively innocuous, it may be possible to construct ala- discharge to surface waters, deep well injection,
goon, use it until it is filled with sludge, and abandon “evaporation” pond disposal, and discharge to a sani-
it. This can be done only if land is readily available for tary sewer. If pond disposal is utilized, the ponds must
lagoons. If land is not available, lagoons must be al- be lined to prevent seepage of brine into the ground
ternatively filled, dried, and cleaned of settled diato- water, Depending on the location of the water treat-
mite sludge, with the removed sludge taken to a land- ment plant and the volume of brine generated, these
fill. methods may vary widely in cost, reliability, and en-
b. Filter wash waterWash water volumes range vironmental acceptability.
from about one to three percent of the raw water proc- (1) Discharge to surface waters. Unregulated dis-
essed. Disposal of filter wash water may be by dis- charge to surface waters is usually unacceptable. An
charge to natural receiving waters, by recovery and re-exception is that waste brines from a desalting plant
use of the wash water, by lagooning, or by discharge tonear the ocean can probably be discharged to the ocean
a sanitary sewer, if precautions are taken in the design of the outfall to
(1) Discharge to natural receiving waters. This ensure that the brine is adequately diluted. On large
means of disposal may be practiced only with the ap-rivers, it maybe possible to store wastes in watertight
proval of the appropriate State and Federal regulatoryponds during low-flow periods and release them at a
agencies. controlled rate during high flows. This may be an ac-
(2) Recovery and reuse. Recovery and reuse are aceeptable procedure if it can be shown that the wastes
complished by mixing the filter wash water with the do not significantly affect water quality when released
influent raw water before or at the rapid-mix basin. In during the high-flow period.
most cases, the wash water is collected in a recovery (2) Deep well injection. In order to determine the
basin from which it is pumped into the plant raw wa- feasibility of using deep well injection for brine dispos-
ter inflow. Suspended solids in the wash water settle al, it must first be ascertained whether or not a suit-
along with other solids in the plant basins and the only able subsurface formation is present. Such a formation
wastewater discharged from the plant is that associ-must be porous, of large extent, and completely sealed
ated with basin sludge removal. The recycling of filter off from any potential fresh-water aquifiers. The
wash water serves as a water conservation techniquevastes may require treatment prior to injection to
and may have economic advantages over other meansavoid clogging the receiving formation. The costs of
of disposal. In some instances, the suspended particlesieep well injection are dependent chiefly on disposal
in the filter wash water may not settle out easily, and volumes, treatment requirements, well depths, and in-
recycling may, under some circumstances, cause abbrejection pressures. All deep well injection projects must
viated filter runs. Another potential drawback of wash meet appropriate State and Federal regulations.
water recycling, particularly if the raw water has a (3) Evaporation ponds. Evaporation ponds can be
high plankton count, is a build-up of algae in the recy- used for disposal of waste brines if evaporation rates
cled suspended matter and consequent increase ofre high, precipitation is minimal, and land costs are
taste and odor in the water. low. This method usually involves large capital ex-
(3) Lagooning. Lagooning is an accepted means of penditures because of the large surface areas required
managing filter wash water flows. If a separate lagoon and also because of the pond linings required to retard
is used for the wash water, the supernatant from theseepage. In most localities, precautions must be taken
lagoon may be recycled through the water treatment to insure that brine ponds do not overflow or leak into
plant. the ground water. Watertight ponds are required for
(4) Discharge to sanitary sewer. Filter wash water most situations.
may also be discharged to a sanitary sewer. Rate of (4) Discharge to a sanitary sewer. Disposal by
flow regulation generally will be required to avoid regulated discharge to a sanitary sewer may be prac-
sewer surcharge. This mode of disposal is most appli-ticed if wastewater treatment plant operating person-
cable if the characteristics of the wash water make it nel and regulatory authorities approve. Conventional
unsuitable for recycling. wastewater treatment processes do nothing to remove
c. Waste brines.Two types of brine flows can be dissolved minerals from water. Hence, all of the dis-
generated at water treatment plants, regenerationsolved salts discharged to the sanitary sewer will even-
brines from cation-exchange softeners and wastetually be present in the effluent from the wastewater
brines from desalination processes. These brines aretreatment plant.
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WATER QUALITY CRITERIA AND STANDARDS

A-1. General.

In order to evaluate the suitability of water for public
supply purposes, it is necessary to have numerical
quality guidelines by which the water maybe judged.
Drinking water standards are of primary concern but
it is also valuable to have criteria for assessing the
suitability of a source of raw water for providing water , - "~

of drinking water quality after receiving conventional Arsenic*
treatment. Accordingly, data for evaluating both raw Bacteria
water and drinking water are given. The raw water cri-  Fecal coliform
teria are those recommended by the National Academy_ Total coliform

Substance or
Characteristic
Alkalinity

of Sciences-National Academy of Engineering, Bz:;‘:?'
WASH, DC, and published in “Water Quality Criter- cadium*

ia.” The Drinking Water Standards are those devel- Chloride*
oped by the U.S. Environmental Protection Agency Chromium*
(EPA) under the provisions of the Safe Drinking Water 8°1°’ .
Act of 1974. (P. L. 93-523, 93rd Congress). Additional < PP

Cyanid
Army guidance and critera are contained in TBMED an,,:mzagems-
576, Sanitary Control and Surveillance of Water Sup-

Hardness*

plies at Fixed Installations and in TBMED 229, Sani-
tary Control and Surveillance of Water Supplies for
Fixed and Field Installations (currently used only for -~ ganese
field installations). Additional Air Force guidance and mercury*
criteria are contained in AFR 161-144, Management Nitrate*

of the Drinking Water Surveillance Program. Nitrite*
Nitrilotriacetate (NTA)

Odor

Iron

Tandw
eau

A-2. Raw water quality criteria.

Present-day, advanced water treatment processes hau@l and grease
developed to the point that a raw water supply of al- )

most any quality, theoretically, could be used to pro- Of;:ii:ﬁ:’b“
duce finished water that meets the current standards o, pon—

for potable water. However, many of the advanced  Chloroform
treatment processes required to treat a poor quality  extract(CCE)
water are complex and costly and should not be in- Pesticides
stalled unless absolutely necessary; i.e., when the sole

. . A : Aldrin”
available water source is of inferior quality. Raw water  cpiordane*
criteria have been developed by the National Academy ppr*
of Sciences and National Academy of Engineering and  Dieldrin*
published in “Water Quality Criteria.” It is important Endrin®
to note that these criteria were developed on the basis Heptachlor®

. . . Heptachlor epoxide
that relatively simple, conventional treatment would [ 4.«
be given to raw water prior to human consumption. Methoxychlor*
The criteria are not intended to be definitive bases for  Toxaphene*

acceptance or rejection of a raw water supply. They are Organophosphorous

meant to serve as guidelines in determining the ade- and ?afba"“a“
uacy of the supply for producing an acceptable fin- n, “eecticides

q Y PRYY : P .g P Chlorophenoxy herbi-
ished water supply with conventional treatment -prac- cides

tices. 2.4-D*

a. Recommended raw water quality criteribable
A-1 contains a list of recommended criteria from “Wa-
ter Quality Control,” except as otherwise noted. .

Table A-1. Raw water quality criteria

Recommended Limit
(t)
0.5 mg/l as ammonia nitrogen
0.1 mg/l total arsenic

2,000/100 ml, geometric mean

20,000/100 ml, geometric mean

1 mg/l

1.0mg/l(§)

0.010 mg/i

250 mg/l

0.05 mg/1 total chromium

75 platinum—cobalt color units

1 mg/l

0.2 mg/l

0.5 mg/l as methylene blue active
substances

()

0.3 mg/l soluble iron

0.05 mg/l

0.05 mg/l soluble manganese

0.002 mg/l

10 mg/l nitrate nitrogen

1 mg/] nitrite nitrogen

(§))]

Water should be essentially free of
odor

Water should be essentially free of oil
& grease

0.3 mg/l

Chlorinated Hydrocarbon Insecticides

0.001 mg/
0.003 mg/l
0.05 mg/l
0.001 mg/
0.0005 mg/l
0.0001 mg/l
0.0001 mg/1
0.005 mg/l
1.0 mght
0.005 mg/l

0.1 mg/l

0.02 mg/l

A-1
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Table A-1. Raw water quality criteria (cont’d)

Substance or
Characteristic Recommended Limit
2,4,5-TP (Silvex)* 0.03 mg/l
2,4,5-T* 0.002 mg/l

pH 5.0-9.0
Phenolic compounds 0.001 mg/l
Phosphate* 4]
Phthalate esters* (t)
Plankton G)
Polychlorinated biphen-

yls (PCB)* (1)
Selenium* 0.01 mg/l
Silver* 0.05 mg/1(§)
Sodium* 1)
Sulfate* 250 mg/l
Temperature* ()
Total dissolved solids* 500 mg/l1(§)
Turbidity (§)]
Uranyl ion* 1)
Viruses* )
Zinc* 5 mg/l

* Conventional treatment has little known effect on this constit-
uent.

(1) No specific criteria recommended; however, these substances
or characteristics are important from a water quality standpoint and
are treated narratively in “Water Quality Criteria, 1972.”

(§) These criteria are given in “Water Quality Criteria, 1968.”

b. Fluoride. Normally, conventional treatment has
little effect on high fluoride concentrations. Therefore,
the criterion for the fluoride concentration in a raw
water supply is practically identical to that for drink-
ing water. The drinking water criteria is given in Table
A-2.

c. Radioactivity. Table A-3 contains the recom-
mended criteria for maximum concentrations of radio-

Table A-3. Radioactivity Limits (cont'd)

Gross Beta Concentration
excluding Potassium-40+
Not greater than 5 pCi/l

Required Action
None (with knowledge that
lead-210 and radium-228 are es-
sentially absent).
Analyses for strontium-50, 1o-
dine-129, and iodine-131.
Comprehensive radiochemical
analysis.

Greater than 5, but less than
50 pCi/t
Greater than 50 pCi/l

* picocurie/liter
1 Gross beta radioactivity limits are keyed to strontium-90 and
isotopes of radioiodine.

A-3. Drinking water standards.

a. Interpretation.lt is the responsibility of the Sur-
geons General of the Army and Air Force to interpret
drinking water standards established by the USEPA.

b. Bacteriological standardsThese standards are
based upon bacteriological tests for oganisms of the
coliform group of bacteria, as specified by the EPA.

(1) Membrane filter technique. When the mem-
brane filter technique is used, the number of coliform
bacteria will not exceed any of the following:

() One per 100 mm as the arithmetic mean of
all samples examined per month; or

(b) Four per 100 mm in more than one sample
when less than 20 are examined per month; or

(c) Four per 100 mm in more than 5 percent of
the samples when 20 or more are examined per month.

(2) Fermentation tube method-10 mL portions.
When the fermentation tube method using five 10 mL
portions per sample is employed, coliform bacteria will
not be present in any of the following:

(a) More than 10 percent of the 10 mL portions

active substances in raw water supplies. Gross alph@xamined in any month; or

radioactivity limits are based on maximum allowable
concentrations of radium-226 (the alpha emitter with
the most critical intake limit).

Table A-2. Maximum contaminant levels for fluoride.

Max. contaminant
levels for fluoride

Annual avg. of max. daily
air temp. at system location

Temp (°F) MCL (mg/L)
53.7andbelow ........................ 2.4
53.8t0583. ... ... . 2.2
584t063.8... ... ... 2.0
639t0706.......... ... 1.8
TOTE0T79.2. . oot 1.6
79.3t0905. ... ... ... ... 14

Table A-3. Radioactivity limits

Gross Alpha
Concentration Recommended Action
(pCin*
Not exceeding 0.5 pCi/l None
Greater than 0.5, but not Radiochemical analysis for ra-
exceeding 5 pCi/l dium-226
Greater than 5 pCi/l Comprehensive radiochemical -
analysis

A-2

(b) Three or more portions in more than one
sample when less than 20 samples are examined per
month; or

(c) Three or more portions in more than 5 per-
cent of the samples when 20 or more samples are
examined per month.

(3) Fermentation tube method-100 mL portions.
When the fermentation tube method using five 100
mL portions per sample is employed, coliform bacteria
shall not be present in any of the following:

(a) More than 60 percent of the 100 mL portions
examined in any month; or

(b) Five portions in more than one sample when
less than five samples are examined per month; or

(c) Five portions in more than 20 percent of the
samples when five or more samples are examined per
month.

(4) Bacteriological samples. The standards also
specify theminimumnumber of samples that must be
examined each month. This is based upon the popula-
tion served and ranges from one sample per month for
a population of 1,000 or less up to 500 per month for
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Table A-5. National secondary drinking water regulations

ting forth the minimum number of samples per month (NSDWR) (cont’d)
as a function of pppulatlon served, The samples must Mazimam Contaminant
pe co_IIected f?\t pom_ts that are representative of condi- Contaminant Level (MCL) mg/
tions in the distribution system.
c. Chemical and physical standardgables A-4 and (C?°Pper_ . 1 '
A-5 give standards applicable to all water supplies at Fg;;‘l’i’:‘;‘iygem g‘;“”""swe
fixed facilities used for drinking purposes. Except as 1., 03
denoted otherwise, these are the standards and criManganese 0.05
teria established by the EPA. Odor 3 threshold odor number
H 5-8.
Table A-4. National interim primary drinking water regulations ° 6.5-8.5
(NIPDWR) Sulfate 250
TDS 500
- - - Zine 5
Contaminant Maximum Contaminant
Inorganic Chemicals Level (MCL) mg/l NOTE:
Arsenic 0.05 The contzminants covered by this regulation are those that may ad-
Barium 1.00 versely affect the aesthetic quality of the drinking water. These
Cadium 0.01 secondary levels represent reasonable goals for drinking water qual-
Chromium 0.05 ity, but are not federally enforceable. The individual States may es-
Lead 0.05 tablish higher, lower or no levels for these contaminants as appropri-
Mercury 0.002 ate to their particular circumstances.
Nitrate (as N) 10.00
Selenium 0.01 d. Radioactivity standards.
Silver 0.05 .
Fluoride* (1) The maximum allowable levels for ra-
(°F) (°C) dium-226, radium-228, and gross alpha particle ra-
53.7 and below 12.0 and below 2.4 dioactivity are:
53.81058.3 121t0 146 22 (a) Combined radium-226 and radium-228-5
00.4 10 V0.0 147t017.6 2.0 . . Y F
63.9 t0 70.6 17.7t021.4 1.8 picocuries  (pCiliter. . o .
70.7 t0 79.2 215 to 26.2 16 (b) Gross alpha particle activity (including ra-
79.3t090.5 26310325 14 dium-226 but excluding radon and uranium)-15
Organic Chemicals pCil/liter. . .
Endrin 0.0002 (2) Maximum levels for beta particles and photon
Lindane 0.004 radioactivity from man-made radionuclides are:
g,‘eth°}’:y"hl°r 8-(1)05 (a) The average annual concentration of beta
Toxaphene o5 particle and photon radioactivity from man-made ra-
2.4,5-TP Silvex 001 dionuclides in drinking water shall not produce an an-
Trihalomethanes* * 0.10 nual dose equivalent to the total body or any internal

Turbidity—The MCL for turbidity is applicable to both community
water systems and noncommunity water systems using surface wa-
ter sources in whole or in part. The MCL for turbidity in drinking
water, measured at a representative entry point(s) to the distribu-
tion system, are:

(1) One turbidity unit for monthly average (5 turbidity units
monthly average may apply at Station option).

(2) Five turbidity units (maximum) average for 2 consecutive
days.

* The MCL for fluoride is based upon the annual average of the
maximum daily air temperature for the location of the installation.

** The MCL of 0.10 mg/l is based on population and is effective
on 29 November 1983 for installations serving 10,000-75,000 per-
sons. For installations serving 10,000 or less persons, the individual
States may, at their discretion, adopt an effective date for the MCL.

Table A-5. Nationalsecondary drinking water regulations

(NSDWR)
Maximum Contaminant
Contaminant Level (MCL) mg/!
Chloride 250
Color 15 color units

organ greater than 4 mrem/year.

(b) Except for the radionuclides listed in table
A-6, the concentration of man-made radionuclides
causing 4 mrem total body or organ dose equivalents
shall be calculated on the basis of a 2 liter per day
drinking water intake using the 168 hour data listed in
“Maximum Permissible Body Burdens and Maximum
Permissible Concentration of Radionuclides in Air and
in Water for Occupational Exposures,” NCRP Pub. No.
22-59. If two or more radionuclides are present, the
sum of their annual dose equivalent to the total body
or to any organ shall not exceed 4 mrem/year.

Table A-6. Average annual concentrations assumed to produce
a total body or organ dose of 4 mrem/yr

pCi
Radionuclide Critical Organ Per Liter
Tritium Total body 20,000
Strontium-90 Bone marrow 8
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APPENDIX B

DESIGN EXAMPLES

B-1. Clarification.

This design example is based on the following condi-
tions: river water source; no softening required; tur-
bidity of raw water is variable, but rarely exceeds 1000
units. See plant flow schematic, figure B-1, showing
two-stage clarification treatment.
a. Facility to be servedThe water treatment plant
will serve a permanent installation.
b. Population served.
— Resident 6000
— Nonresident 1800

1283@: 6000 = 6600

— Effective population
c. System design capacity,
— Capacity factor: 1.42 (based on effective popu-
lation)
— Design population = (1.42)(6600) = 9372
— System design capacity, based on population =
(9372)(150) = 1,405,800 gpd. Use 1,41 mgd
— Special design capacity for industrial processes,
independently determined: 0,79 mgd
— Total system design capacity = 1.41 + 0.79 =
2.20 mgd
= 1530 gpm
= 3.40 cfs
Intake structure will be difficult to enlarge at a later

date, therefore its hydraulic design should be based on

at least 4.4 mgd, twice plant capacity.
d. Preliminary treatment.

(1) Rack and strainers. Provide coarse rack with 3-
inch clear opening followed by hydraulically cleaned
basket strainers with 3/8-inch clear openings ahead of
each pump. Strainers sized to provide velocity of less
than 2 feet per second through 3/8-inch openings.

(2) Pumps. Provide three pumps rated at 1.10
mgd each. This gives firm pumping capacity of 2.20
mgd. Maximum capacity is 3.30 mgd. Raw water
pumping station design should provide space and pip
ing arrangements that will permit future installation
of larger and additional pumps without major struc-
tural or piping changes.

(3) Meter. Provide Venturi-type flow meter in
pipeline from intake works to treatment plant. Meter
should be sized to cover expected flow range, mini-
mum to maximum. Flow meter should be equipped
with flushing lines and bayonet cleaning rods.

(4) Presedimentation basins. Not required.

(5) Aeration, Not required.

(6) Flow division, Normally, flow division is to be
maintained through the second stage of treatment.
Provide first-stage flow division structure with two
identical rectangular weirs which will split flow into
two equal parts. Hydraulic design of division structure
should be such that flow, corresponding to maximum
pumping capacity (3.3 mgd), can be carried through
either half. Provide plates or gates so that either half
of flow from division structure can be stopped. Struc-
ture should be designed to permit easy expansion in
the event plant enlargement is required at a future
date,

e. First-stage mixing and sedimentation.

(1) Rapid mix. Provide two identical rapid-mix ba-
sins, each providing a detention time of 20 seconds at
50 percent of design flow. Volume each basin is
(20)(0.5)(3.4) or 34 cubic feet. Provide one electric mo-
tor-driven, rapid-mix unit, each basin, powered to
yield a G value of approximately 700 $ed a water
temperature of 50°F.

(2) Flocculation-sedimentation. Provide two me-
chanically-equipped, circular flocculator-clarifiers,
each sized for 50 percent of design flow. These units
will normally operate in parallel.

— Detention time in flocculation zone: 30 min-
utes.
Detention time in peripheral sedimentation
zone; 3 hours.

— Basin side-water depth: 12 ft.

— Flocculator depth: 10 ft.
Flocculator volume = (30X60)0.5X3.4) = 3060
cu. ft. .

— Flocculator area = 3060/10 = 306 sq. ft.

— Flocculator diameter: 19.7 ft.

— Volume of sedimentation zone: (3X60X60)
(0.5X3.4) = 18,360 cu. ft.
For 12 foot basin depth, sedimentation area =

1530 sq. ft.

— Total basin area = 306 + 1530 = 1836 sq. ft.
— Upflow rate in sedimentation zone =
(.5X2.2X10% 2 2

—_— = 719 /ft 0.5 gpm/ft”, a
1530 gpdift” or 0.5 gp
satisfactory value.
— Basin diameter = 1826 = 483 1t,
T
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Figure B-1. Flow schematic—water clarification plant.
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— Use double, V-notch, effluent weirs with in- including gullet, will be approximately 14 feet by 18

board, effluent launder. feet, Use vitrified clay tile or similar underdrains and
—Approximate total weir length, each basin: 225 gravel layer as recommended by manufacturer. Pro-

_ ‘ (.5X2.2X10% vide rate controllers and filter level control equip-

ft. Weir loading = o5 = 4890 gpd/ft. ment. Establish overall depth of filter cell at 15 feet.

_ _ _ Assume an arbitrary operating floor elevation of 15
Flocculator units should have variable speed drives feet. Significant filter elevations and related depths
and be powered to yield a G value of approximately 50 will be approximately as follows:

see-|l at mid-speed and a water temperature of 50°F. Elevation, ft.
Provide piping and valves so that either basin can be  —Filter cell bottom 0.00
bypassed while maintaining following secondary units — Top of underdrains (+ 10") 0.83
in service. Provide basin overflow and basin cover — Top of gravel (+ 10”) 1.67
structure if climatic conditions require. Provide basin — Top of coarse sand (+ 4") 2.00
sludge withdrawal piping to point of sludge disposal. — Top of filter sand ( + 8”) 2.67
Sludge pumps will be required if gravity sludge flow is — Top of anthracite (+20”) 4.33
not feasible. — Bottom of surface wash equip

f. Second-stage flow division structuerovide sec- ment(+2") 4.50
ond-stage flow division structure identical to first- — Bottom of troughs (+ 14") 5.67
stage. This structure allows combining the flows from — Operating water level (7' above
the two, parallel-operating, first-stage sedimentation anthracite) 11.33

units followed by their division into two equal flows, Depth of water above bottom of filter cell =
which are then directed to the second-stage rapid-mix 11.33-0.0000 = 11.33 ft.
basins. Use of this flow division structure provides Freeboard = 15.00-11.33 = 3,67 ft.

maximum flexibility and optimum use of plant facili- All four filters, each operated at 2 gpm per square
ties when one first- or second-stage rapid mix or floc- (4)(14)(14)(2)(1440)
culator-clarifier is out of service for repair or mainte- foot, theoretically will produce 10
nance.

g. Second-stage mixing and sedimentation. or 2.25792 million gallons of water in 24 hours. As-

(1) Rapid mix. Provide two second-stage rapid- suming two filters washed at 15 gpm per square foot
mix units identical to those used for first-stage rapid for 15 minutes each in each 24-hour period, wash wa-
miing. . . . . . L (2X(14)14)(15)15)

(2) Flocculation-sedimentation. Provide two me- ter requirements will be 10° or 0.0882
chanically equipped, circular, flocculator-clarifiers
identical in size to those used in the first-stage. These million gallons for normal backwash, or about 4 per-
units will provide 30 minutes flocculation time and 3 cent of production. Surface washing will require an

hours sedimentation time. Total time for flocculation, (2)(14)(14)(0,5)(15)
both stages, is 60 minutes. Total sedimentation time, additional 10 or 0.00294 million
both stages, is 6 hours.

h. Filtration. Determine number of filter units. gallons. Total down-time, each filter, is assumed to be
—N=27VQ 20 minutes. The theoretical net water production for
—Q=22mgd delivery to service will be as follows:

—N=27v22 = 4units — Theoretical total production 2.25792 mgd
Filter configuration will consist of two filters, side by — Less due to filter down-time 0.01568
side, along both sides of a gallery sized to accommo- — Less wash water required 0.09114
date filter piping, valves controls, etc. Main influent — Net theoretical production
header pipe will be sized for a velocity not to exceed available for service 2,1511 mgd

1.5 feet per second. Calculated pipe diameter is 20.4 Under actual operating conditions, with the filter-rate
inches. Use 24-inch pipe giving actual velocity of 1.08 and level control equipment specified, the filters re-
feet per second. Use 12-inch pipes to supply individual maining in service will automatically compensate for
filters. At a rate of 2 gmp per square foot, total filtra- production lost as a result of a filter being out of serv-
tion area required will be 1530/2 or 765 square feet or ice for washing or repair, Level control insures that fil-
191 square feet of medium area per filter. Provide 14 ter outflow will always match inflow. In addition to

feet by 14 feet medium area. Use dual-media filters flow and level control equipment, provide automatic
with 8 inches of filter-grade sand, 4 inches of coarse filter shut-off and alarm equipment, to be activated at
sand, and 20 inches of filter-grade anthracite, maximum allowable clearwell level, and also provide
equipped with rotary surface wash. Actual filter cells, filter high-level alarm. Provide all essential piping,
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valves, surface and backwash facilities, and operating _ Elevation
consoles. provide essential instrumentation for each Location . (feev)
filter. Provide sampling taps for each filter. Plant lay- Water level upstream, first-stage flow divi-
out and hydraulic design should be such that addition- S'0n Weir , 100.00
al filters can be readily added as required. Water level downstream, first-stage flow

i. Clearwell. Clearwell (filtered water storage) Llelslon Weir ¢ ine friction + velocit 99.00
capacity should be related to the available or proposed( ﬁss.d raw water pipe friction + velocity
distribution system storage (ground and elevated). As €ad In pipe | o . 0.42)
an approximation for this design example, clearwell Vater Ieve_Idln flrst—st?ge rapld—rr;llx balsm 98.58
capacity of at least 0.6 million gallons could be pro- (Loss: rapid-mix to first-stage flocculator-
vided. This is about 25 percent of the plant’s daily pro- clarifier - . 0.50)
duction when operating at 2.2 mgd (design capacity). Water level in first-stage flocculator basin ~98.08
Greater clearwell capacity may prove advantageou (Loss: roccuIa_tor to sedlmentathn basm_ 0.01)
depending on water demand patterns and plant oper- ater level in first-stage sedimentation

ating schedule. The clearwell is commonly located FiP?—SI?a e sedimentation basin overflowg&m
adjacent to the filters and at an elevation permitting I:v; 9 98.57

gravity flow to it. This usually requires an under-
ground structure. An alternative arrangement consists
of a sump following the filters, equipped with auto-
matically controlled transfer pumps, which discharge
to an above-ground tank or basin. Underground clear . o .

wells are cogr]nmonly constructed or reinforced con- Water' level in second-stage rapid-mix basin95.07
crete. For above-ground installations, steel tanks car(L0SS: rapid-mix to second-stage floccula-

be used. Regardless of the arrangement, the clearwell 1" clarifier 0.50)
should be an independent structure, watertight, and ater. level in second-stz_:lge roc_cuIator_ 94.47
protected against birds, animals and insects. Vent (Loss: floccu!ator to sedlmentanor_\ basm_ 0.01)
must be installed and protected against surface an ater level in second-stage sedimentation

(Loss: sedimentation basin weirs, launder
and piping to second-stage division struc-
ture 1.50)
(Loss: second-stage division structure 1.00)

rainwater entry, birds, insects and animals. A pro- basin ) . . 94.56
tected, free-discharge, overflow should also be pro_Second-stage sedimentation basin overflow
vided. The overflow must not be connected to any Ieve.I . . . . 95.06
sewer or drain. Access to the interior of the clearwell is (Loss: .sedl_mentatlon_ _basm weirs, launder
required. and filter mflqent piping 1.80)
The access opening should be curbed at least 6 inch aterfleverl1|n filters 700 gg;g
above the roof surface and be equipped with a hinged':.(I)p of ant r_acﬁg (- I. )I 367 96.43
overlapping, watertight, locking cover. As a general llter operating floor leve (+3.67) . )
rule, the clearwell should be located at least 50 feet(F'Iter freeboard at second-stage basin over-
from sewers or drains. The area around the clearwel flow level 1.37)
should be fenced and the site graded so that sun‘ac?cmo_m of filter cells (- 15.'00) . 81.43
Maximum loss through filter media, gravel

drainage is away from the structure. Where winters

are severe, special consideration must be given to th%underdrams, effluent piping and controls 10.00)

aximum water level in clearwell 82.76

i nts and overflow: revent freeze- .
design of vents and overflows to prevent freeze-up as Overall head loss during emergency oper-

result of vapor condensation. A water level sensing in-*~_" """ " L
strument with readout in the plant control center 2tion: first-stage division  structure— 179
should be provided. This can operate in conjunction MaXimum clearwell level -24)
with the previously described maximum level control- By utilizing higher-than-normal chemical dosages, the
alarm circulation and lengthened chlorine contactplant can be operated under emergency overload con-
time. ditions and still produce water meeting drinking water

j. Hydraulic profile. The hydraulic interrelationship ~standards. In deriving the above data, the following
of major plant units must be carefully considered. In €mergency conditions were assumed:
general, the hydraulic design of the plant should be on (1) All raw water pumps are operated, giving a
the side of ample flow capacity so that, under emer-raw water flow of 3.3 mgd, which is 1.5 times nominal
gency conditions, water can be treated and filtered adesign rate.
considerably more than the normal rate with all filters ~ (2) Both first- and second-stage rapid mix, floc-
in service. The approximate elevation data, given inculation, and sedimentation units on one side of plant
the following tabulation, establish the emergency- are out of service.
operation hydraulic profile: (3) Reference elevation of water in first-stage flow
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division structure upstream from flow division weirs is be undesirable to recycle wash water. For such a sit-
arbitrarily established at the 100 footmark. uation, the wash water can be discharged to the recov-

(4) Raw water transmission pipe is assumed to beery basin and then drained slowly to the plant waste
a flow division structure to first-stage rapid mix with a disposal system.

44.5 foot, 16-inch pipe having a C value of 100. m. Chemical application.Chemicals requiredfor
(5) Plant units in service: plant operation and the purpose of each are shown in
—Half of first-stage flow division structure. table B-1. Table B-2 summarizes major features of

—First-stage rapid mixer and first-stage floccu- chemical application and related factors.
later-clarifier.

—Half of second-stage flow division structure. Table B-1. Chemicals for plant operation
—Second-stage rapid mixer and second-stage floc-
culator-clarifier. Chemical Purpose
—All (4) filters, with filter level control equip-  Alum or ferric sulfate Coagulation
ment, etc., operating normally. Polyelectrolyte Coagulation
. Lime, hydrated pH adjustment
(6) Filters are to be washed when head 0SS €X-yorine Disinfection
ceeds approximately 8 feet. Potassium permanganate Taste-odor control
k. Wash waterWater supply for filter backwash  Activated carbon Taste-odor control

can be supplied by a special pump, sized to provide the
required flow. If used, backwash pumps should be pro- n. Chemical storage spac€hemical storage space
vided in duplicate. An alternative is an elevated wash requirements must be analyzed in terms of required
water storage tank providing gravity flow. The capac- application rates, shipping schedules and quantities.
ity of this tank should be at least 1.5 times maximum In general, a 30-day supply of a given chemical, based
wash water requirement for a single filter. For this ex- on estimated average feed rate, is the minimum stor-
ample, it is assumed that two filters will be washed in age volume that should be provided. If chemicals are
succession, each for 15 minutes, at maximum rate. Apurchased in bulk, the minimum storage volume avail-
water tank having a capacity of three times the washable should be 150 percent of the volume of one bulk
requirement for a single filter is recommended. Its shipment, or about 30 days of storage at average feet
capacity will be (3)(15)(14)(14)(15) or 132,000 gallons. rate, whichever is greater. For example, if the chem-
The wash water storage tank is refilled by pumping fil- ical purchase contract is for liquid alum, depending on
tered water from the clearwell. Duplicate, automat- local conditions, the manufacturer may elect to ship as
ically-controlled, refill pumps should be provided. A follows: rail tank cars, 7,000 to 10,000 gallons; tank
single pump should be capable of refilling the wash trucks, 3,600,4,000 or 5,000 gallons. For rail delivery,
water tank in approximately 4 hours. A wash water minimum storage should be 1.5 x 10,000 or 15,000
rate-of-flow controller should be provided on the main gallons. For tank-truck delivery, minimum storage
wash water line serving the filters. Rate of wash watershould be 1.5 x 5,000 or 7,500 gallons. If the esti-
flow and totalizing instrumentation with readout mated average alum feed rate is 30 mg/1 and the plant
visible during the washing process should also be pro-is operated at design rate, 2.2 mgd, daily require-
vided. ments, in terms of dry alum, are (30)(8.34)(2.2) or 550
I. Wash water recoveryFrilter wash water can be re- pounds per day. Liquid alum, as furnished by the
covered and recirculated through the plant. Solids con-manufacturer, normally contains 5.4 pounds of dry
tained in the wash water are removed in the plant sedi-alum per gallon of solution. The daily alum solution re-
mentation basins. Wash water recovery requires thequirement will, therefore, be about 102 gallons. A stor-
construction of a basin into which the wash water is age volume of 15,000 gallons provides about 150 days
discharged. The basin bottom should slope steeplyof storage at average feed rate and design flow rate; a
toward the suction pipe of the recycling pump. The storage volume of 7,500 gallons, about 75 days. In this
capacity of the basin should be approximately equal toexample, standard shipping volumes determine stor-
the value of two, maximum rate, 15-minute filter age capacity. If the alum supply is to be purchased and
washes, or about 90,000 gallons. For an assumedtored in 100 pound bags, minimum bag storage space
schedule of two filter washes every 12 hours, the re-equivalent to (30)(550) or 16,500 Ibs. of alum should be
cycle pump should have a capacity of about 125 gpm soprovided. Loosely-packed, dry alum has a bulk density
that the recovery tank will be emptied in about 12 of about 50 pounds per cubic foot. The minimum bag
hours. The recycle pumps should be provided in dupli- storage volume should, therefore, be about 330 cubic
cate. The recovery tank should be equipped with anfeet arranged so that bags can be handled and stored
overflow and a drain connection, both discharging to on pallets. Suppliers should be consulted in advance of
the plant waste disposal system. Under unusual cir-design regarding shipping quantities, schedules and
cumstances, associated with raw water quality, it maycosts. It maybe possible to reduce overall shipping and
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handling costs by providing plant storage capacity
that will permit the manufacturer to ship in larger
quantities.

B-2. Water softening.

Source of raw water—River water requiring lime-soda
softening; wide variation in suspended matter concen-
tration in raw water, with turbidity frequently exceed-
ing 1,000 turbidity units. Maximum anticipated con-
centrations of the following chemical constituents are:

Constituent mg/L
Caleium as Cat? 95
Magnesium as Mg*? 20
Bicarbonate as HCO3" 220
Carbon dioxide as CO2 5
Total hardness (CaCOg) 320
Carbonate hardness (CaCOs3) 180
Noncarbonate hardness (CaCO3) 140

Treatment objective is water with a total hardness of
approximately 150 mg/L; made up of 50 mg/L carbon-
ate hardness and 100 mg/L noncarbonate hardness;
magnesium (Mg®*) concentration, approximately 5
mg/L.

a. Facility to be served. The water treatment plant
will serve a permanent instaiiation.

b. Population served.

— Resident 12,600

Nonresident 1,200

. . 1,200
— Effective population = T3 +

13,000

c. System, design capacity.
— Capacity factor: 1.22
— Design population £1.22)(13,000) = 15,860

12,600

— System design capacity, based on population =

(15,860)(150) = 2,379,000 gpd. Use 2.38 mgd

and landscape irrigation: 0.44 mgd

— Total system design capacity = 2.38 + 0.44 =
2.82 mgd
2.82 mgd = 1,960 gpm = 4.36 cfs

d. Treatment systenkigure B-2 illustrates princi-
pally the design of facilities for presedimentation, fol-
lowed by lime-soda softening. Intake, pumping, meter-
ing, hydraulic profile, filters, chemical feeding, etc.,
were discussed in the preceding example and discus-
sion and calculations pertaining to them are not re-
peated here.

e. Pretreatment.Provide a circular presedimenta-
tion basin equipped for mechanical sludge removal
with a detention time of 3 hours at design flow. With a
side-water depth of 12 feet, the basin overflow rate
will be about 720 gpd per square foot, a satisfactory
value. Basin area will be approximately 3920 square
feet and diameter about 70 feet. Basin effluent should
be collected by a peripheral weir and launder. The
weir's length will be approximately 220 feet, corre-
sponding to a weir loading of about 12,700 gpd per
foot, a satisfactory value. A presedimentation basin
bypass should be provided so that plant operation can
be maintained when the presedimentation basin is out
of service.

f. Flow-division structures.Refer to figure B-2.
Flow division structures, generally similar to those de-
scribed in the preceding design example, are required
following the presedimentation basin. These division
structures insure continuity and efficiency of plant
operation under emergency conditions; i.e., when a
major unit, such as a solids contact or flocculator-
clarifier basin, is out of service for repair or mainte-
nance. Hydraulic design of the division structures
shall be such that with all raw water pumps in oper-
ation, the full flow can be carried through either half

— Special design capacity for industrial processesof the structures.

Table B-2: Chemical Application

Feed
Chemical Purchased Storage Equipment Feed Points
Alum Dry, bags Chemical storage Dry! First- and second-
area! stage rapid-mix
basins
Dry, bulk Elevated hopper Dry!
in chemical feed
ro0im
Liquid, bulk Tanks in bldg.! Solution !
Ferric Dry, bags Chemical storage Dry1 First- and second-
sulfate area! stage rapid-mix
basins
Nry hulk Wlayatad hanner s 1
Dry, bulk Elevated hopper Dry

in chemical feed
1
room -
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Feed
Chemical Purchased Storage Equipment Feed Points
Polyelectro- Liquid, drums Chemical storage Solution First-stage rapid-
lyte Dry, bags area mix basins 2
or
Combined filter
influent 2
Lime, Dry, bags Chemical storage Dry First-stage rapid-
hydrated area mix basins 3
and/or
Dry, bulk Elevated hopper Dry Second-stage rapid-
in chemical feed mix basins 3
room
Chlorine One-ton Separate venti- Solution 4 Rapid-mix basins °
cylinders lated room in and/or
chemical feed Combined filter
area® influent
and/or
Combined filter
effluent ®
Potassium Dry, drums Chemical storage Solution First-stage rapid-
permanganate area mix basins
Activated Dry, bags Chemical storage Dry First-stage, rapid-
carbon area mix basins 6
and
Combined filter
influent &
Notes:

1 Alum (or ferric sulfate), the principal coagulant, and associated feed systems are critical to plant performance and water safety. Therefore
standby feeding facilities and ample reserve coagulant storage must be provided.
2 Alternative feed points are provided in the interest of treatment flexibility. Normally, polyelectrolyte will be applied at the first-stage
rapid-mix basins; but under some raw water quality conditions, it may prove advantageous to feed an additional small quantity, 0.1 mg/l or less,
of pelyelectrolyte to the combined filter influent. Polyelectrolyte, so applied, acts as a filter aid and improves turbidity removal by the filtration

process.

3 Alternative feed points are provided in the interest of treatment flexibility. Coagulation efficiency under all possible raw water quality
conditions cannot be predicted with certainty. Under some circumstances, lime slurry applied in the first-stage rapid-mix basins may reduce the

effectiveness of the primary coagulant.
4 Chlorine and the chlorine feed systems are critical to the production of safe water. Standby chlorination equipment and ample reserve chlo-

rine storage space must be provided.
5 N it LR . I L R Sy PO Ne LYW P | T L T P N R e T T2 a
% Alternative feed points are provided in the interest of treatment flexibility. Normally, sufficient chlorine will be fed at the second-stage

_____ SO

ha £ad

rapid-mix basins to provide a free chlorine residual in the effluent from the filters. The residual is then adjusted upward as necessary by applica-
tion of a small amount of chlorine to the combined filter effluent. Chlorine will be applied to the combined filter influent only when little or no
chlorine residual is present in the sedimentation basin effluents.

6 Alternative feed points are provided in the interest of treatment flexibility. Activated carbon will be used on an intermittent basis, as re-
quired, for taste-and-odor reduction. When it is necessary to apply large quantities of carbon, it should be applied to the first-stage rapid-mix
basins. For some taste-and-odor conditions, the effectiveness of the carbon may be increased by splitting the carbon dosage between the first-
stage rapid-mix basins and the combined filter influent. When using a split carbon feed, the bulk of the carbon should be applied to the rapid-mix
basins with no more than about 10% of the total carbon application going to the combined filter influent. Under these conditions, it probably
will be necessary to increase the chlorine dosage to the combined filter effluent in order to provide disinfection and an adequate residual in the

water delivered to service.

g. Solids-contact basinProvide two identical cir-

chamber for mixing, flocculation and slurry recircula-

cular, solids-contact units, equipped for mechanicaltion. Clarification and sludge removal take place in a
sludge removal. Units of this type are available from peripheral slurry separation basin. Overall basin depth
several manufacturers. While they may differ in cer- is about 15 feet. Mixing, flocculation and slurry cy-

tain details, all are generally similar in function and cling equipment should be capable of recirculating the
design. They combine mixing and flocculation, in con- slurry in the center chamber at a rate of 3 to 5 times
tact with previously precipitated chemical solids, with the unit's design throughout. For this example, each
clarification and sludge removal in a single basin. unit will handle one-half of the plant design flow (980

Solids-contact basins commonly consist of a centralgpm). The internal
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therefore, be in the range of approximately 3000 to tion-type CQfeeder and apply C@olution in conduit
4900 gpm. A critical design factor is the upflow rate at carrying the combined effluents from the secondary
the slurry separation level in the clarification zone. flocculator-clarifier basins.
This should not exceed approximately 1.5 gpm per k. Carbon dioxideln developing this example, it
square foot (2160 gpd per square foot) for lime-sodawas assumed that carbon dioxide would be purchased
softening plants treating turbid surface water. For in liquid form, stored in a refrigerated storage tank,
this example, basin area at the slurry separation leveequipped with a vaporizer, and applied by means of
should be at least 980/1.5 or 653 square feet. Radiapolution-feed equipment generally similar to that em-
launders with submerged orifices are commonly pro- ployed for the measurement and application of chlo-
vided to collect the clarified water. Lime and soda ashrine. Other sources of carbon dioxide could be used.
for coagulation and softening are added to the mixingCarbon dioxide may be generated on-site by combus-
section of each solids-contact basin. tion of oil, gas, or coke. A compressor and recarbona-
h. First-stage recarbonationProvide two identical tion basin containing a diffusion system are required
5 feet by 5 feet recarbonation-mixing basins, having ato apply the CQhus generated to the water.
water depth of 5 feet, and located as shown on figure 1. Chemical requirements for softening process.

B-2. Flow from the division structure should enter
near bottom of each basin where it will be mixed with
carbon dioxide (CO2) solution, supplied by a CO: solu-

tion feeder. The combined flow of softened water and =

CO:; solution flows upward through the basin, which is
mechanically mixed. For a G value of 500 ‘sde

(1) Lime.
—Lbs. 95%quicklime (CaO)per million gallons
(10.6XCOy) + (4.68XAlk + MgH) + (35X8.34)

0.95

(10.6)5) + (4.68) [(0.82X220) + (4.12X20)] + 291.9

50°F, mixer horsepower will be approximately 2.0. In
addition to the CO: solution, secondary coagulants
(ferric sulfate and polymer) are applied in these mixing
basins. Means for recycling of ferric sulfate-calcium
carbonate sludge to these mixing basins should be pro-
vided. This sludge is pumped from the underflow of
tack of the secondary flocculator-clarifiers and dis-
charged to the corresponding recarbonation-mixing
basin at a maximum rate of approximately 200 gpm.
Sludge pumps should be equipped with timers so that
Pump operation can be started and stopped at the in-
tervals found to be best during plant operation.

i. Secondary flocculation and clarificatiorRProvide
two identical circular center-feed basins with an inner
flocculation zone, an outer clarification zone, and me-
chanical sludge removal equipment. Each basin should
Provide at 50 percent of design flow a total detention
time of 2-1/2 hours, 30 minutes for flocculation and 2
hours for sedimentation. Value flocculation zone is
(30)(60)(0.5)(4.36) or 3,920 cubic feet. Volume clarifi-

0.95

= 1660

—Lbs/day = (1660)2.82) = 4680

(2) Soda ash.

—Lbs. soda ash (Na;CQs) per million gallons

= 8.84 (NCH-R)
= 8.84 (140-100) = 354

—Lbs/day = (354)%2.82) = 998

(3) Ferric sulfate,

—Estimated maximum requirement of ferric sul-
fate = 20 mg/l lbs. ferric sulfate per million
gallons = (20)¢8.34) = 168 lbs/day = (168)(2.82)
=474

(4) Polyelectrolyte.

—Estimated maximum requirement of polyelec-
trolyte = 1 mg/L lbs. polyelectrolyte per mil-
lion gallons = (1X8.34) = 8.34 lbs/day = (8.34)
(2.82) = 24

(5) Carbon dioxide.

(a) First-stage recarbonation (COg) converts ex-

cation zone is (120)(60)(0.5)(4.36) or 15,700 cubic feet. ;ogq lime to calcium carbonate.

For an average depth of 10 feet in the flocculation
zone and 12 feet in the sedimentation zone, the re-
quired construction diameters are 22 feet for the floc-
culation zone and 47 feet for the entire basin. Over-
(0.5)2.82)10%
n(23.5)° - n(11)

or 1040 gpd per square foot, (0.72 gpm per square
foot), The flocculator should have a variable speed

flow rate in clarification zone is

—Lbs. excess lime per million gallons = (35X8.34)
=291.9
(1X44)

—11b. excess lime requires = 0.79 1b. CO.

—Lbs. first-stage CO: per million gallons =
(0.79)291.9) = 231
—Lbs. first stage CO; per day = (231)2.82) = 651

N\ Qannnd abacea wanavhanatian (W)  adineta
{0) OECONG-SLagt ITtlailuvvlauvil \Vvz) aujusv

drive and should provide a G value of approximately alkalinity and pH of filter influent. Estimated maxi-
50 sed at mid-speed and a water temperature ofmum second-stage COz required is needed to convert
SOOF. nda n’]-nl-.\gty

approximately 50 mg/L of carbonate
j. Second-stage recarbonatiorPrior to filtration,

+n +tha
W LT
bicarbonate. Actual second-stage CO: requirements
provide an additional stage of recarbonation. Use solu-will normally be less than this maximum because not

B-9
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all of the carbonate alkalinity is converted to bicarbon-
ate.
—Maximum CQrequired for alkalinity conver-

. (50)44)
sion = ————
100

—Maximum lbs. CO; per million gallons =
(22)(8.34) = 183

—Maximum lbs. CO; per day = (183)2.82) = 517

—Total CO; (first- and second-stages) = 231 + 183
= 414 lbs/million gallons; (414)2.82) = 1170
lbs/day

m. Additional chemicals. In addition to the chem-
icals required for the softening process, chlorine must
be applied for disinfection. Taste-and-odor control
chemicals, potassium permanganate and activated car-
bon will also be required at times. Discussion of the
storage and application of these and other chemicals is
given in the preceding example.

n. Sludge protection. The raw water contains sus-
pended matter which is removed by treatment. Addi-
tional solids are precipitated as a result of the water
softening process. Most of these solids are found in ba-
sin drainage with a much smaller amount in filter
wash water. If wash water recovery is practiced, all
solids removed appear in basin drainage. Daily solids
production can be estimated from data on suspended
matter concentration in the raw water and by mass
balance calculations based on water softening and co-
agulation reactions. An estimate of daily solids pro-
duction is developed as follows: (Note that the follow-
ing calculations of daily solids production are based on
operation of the treatment plant at the design rate;
lower average rates of operation would reduce solids
production proportionately.)

(1) Rw water solids, If information on suspended
solids is available this should be used to estimate solids
derived from the raw water. In the absence of such in-
formation, turbidity values can be substituted as a

= 22 mg/L.

— Less calcium in product water =
[150—(5X4.12)](8.34)(2.82)
= 3,043

10,475

lbs/day
(b) Magnesium balance in terms of Mg(OH);.
— Magnesium hydroxide in sludge =

(20-5)(8.34)(2.82)58.3)

Calcium carbonate in sludge

lbs/day
(c) Miscellaneous chemicals. Lbs/day
— Ferric sulfate contains 21.8% Fe
Ferric hydroxide in sludge =
(20).218)8.34)2.82X106.9)
55.8 - 196
— Polyelectrolyte in sludge =
(1X8.34)2.82) = 24
— Lime inerts in sludge =
(.05)4680) = 234
— Activated carbon in sludge =
(5)(8.34)(2.82)
(Assumed dosage: 5 mg/l) = 118
Total 572
(3) Total solids in sludge.
Lhs/day
— From raw water 23,500
— From softening-coagulation process
Calcium carbonate 10,475
Magnesium hydroxide 846
Miscellaneous 572
Total process 11,893
Total solids in sludge 35,393
Use 35,000

(4) Sludge weight and volume. If sludge drawn

rough approximqtion. Raw water turl_aidity is assume_d from the various basins averages 2 percent solids,
to be 1000 units. Raw water solids to sludge is weight withdrawn per day will be approximately

(1000)(8.34)(2,82) or 23,500 pounds per day.

35,000

(2) Process solids. Chemical solids produced by—__ o, 1 750,000 Ibs. The specific gravity of 2 per-

softening and coagulation are principally calcium car-
bonate (CaCOs), magnesium hydroxide (Mg(OH).), and
ferric hydroxide (Fe(OH)s).

cent sludge will be approximately 1.01. The volume of

1,750,000
(a) Calcium balance in terms of CaCOs. the wet sludge will, therefore, be ——————— or

Lb (62.4)1.01)

s/day
as CaCOs 27800 cubic feet per day, or about 0.64 acre-foot per
— Calcium in raw water = day. Lagoons are commonly used for sludge storage
(95)(2.497)(8.34)2.82) = 5,579 and dewatering.

— Calcium from (5) Lagoon capacity. Lagoon capacity will be re-
(4680)(.95)(100) qui‘red for storage and partial dewatering of sus_pended
lime= ———— = 17,939 solids removed from the raw water and the solids gen-
56 erated by the softening-coagulation reactions. Assum-
Total 13,518 ing all solids dewater to an average of 25 percent

B-10



solids, the weight and volume of the partially dewa-
tered sludge will be as follows:
5,000

3
— Sludge @ 25% solids = = 140,000 1b/d

— Approximate specific gravity of 25% sludge =

1.2
— Approximate volume of 25% sludge =

140,000

———— = 1870 ft%/d

(1.2%62.4)

For a storage period of 2-1/2 years, usable lagoon vol-
ume must be:

(2.5)(365)(1870)
43,560

For a usable lagoon depth of 5.0 feet, net lagoon area
must be 7.8 acres.

= 39. acre-feet

B-3. Iron and manganese removal.

Source of raw water—Ground water, containing ap-
proximately 3.0 mg/l of iron and 0.25 mg/l of manga-
nese. No sulfide present. The pH of the raw well water
if 7.5. Laboratory studies have indicated that iron and
manganese oxidation and precipitation can be readily
accomplished by aeration and chlorination, followed
hv a chort nnﬂnd of flocculation, (prPdl(‘hnn of the per-

formance of an iron-manganese removal treatment
plant, based only on the chemical characteristics of the
raw water, is difficult due to the variety of factors that
can influence the removal processes. For this reason,
laboratory and possibly pilot plant tests are desirable
prior to the design of the treatment plant.)

a. Facility to be served. The water treatment plant
will serve a permanent installation.

b. Population served.

— Resident 5,200
— Nonresident 3,600
3,600

— Effective population = 5,200 + = 6,400
c. System design capacity.
— Capacity factor: 1.43
— Design population = (1.43)(6,400) = 9,152
— System design capacity, based on population =
(9,152)150) = 1,372,800 gal/day. Use 1.37
mgd
— Special design capacity for industrial processes
and landscape irrigation: 0.30 mgd
— Total system design capacity: 1.37 + 0.30 =

TM 5-813-3/AFM 88-10, Vol 3

inches apart. Dimensions of trays are 7.5 feet by 7.5
feet. Hydraulic loading is 10 gpm per square foot.
Each tray is filled to a depth of 6 inches with 2 inch
pieces of coke. The distributor tray orifices are sized
and spaced to insure 2 inches of head on the orifices. In
a mild climate, aerators can be located outdoors where
good, natural ventilation will be obtained. If severe
freezing conditions are likely, aerators must be housed
and mechanical ventilation provided. Flow-division
structure ahead of aerators must be designed so that
either aerator can be taken out of service for mainte-
nance while plant continues to operate at full capacity.
See figure B-3.

e. Chlorination Provide two identical solution-type

ahla oh o~ hla A B Nmoll af
Ciior xuauu S, €acin apanie ux aypx_yuxs up t6 5.0 mghn ol

chlorine to the aerated water. For a 5 mg/l dosage, the
total daily chlorine requirement will be (5X8.34)1.67)
or 69.6 pounds of chlorine per day. Apply chlorine to
effluents from aerators.

f. Flocculation-sedimentation. Provide flow division
structure for aerated water and two identical, circular,
flocculator-clarifiers equipped for mechanical floccula-
tion and sludge removal. Flocculator zone, located in
center of the basin, should have a detention time of ap-
proximately 30 minutes at 50 percent of design flow.
Peripheral sedimentation zone should have a detention
time of approximately 2 hours, and an upflow rate of
approximately 0.75 gpm per square foot (1080 gpd per
square foot). These requirements can be met by a floc-
culator-clarifier basin with an overall diameter of 36
feet and a side water depth of 12 feet. Clarifier ef-
fluent should be collected by means of a weir and
launder along the periphery of the basin. Aerator ef-
fluent division structure allows either basin to be out
of service while utilizing both aerators, or both basins
in service while only one aerator is operating. Provide
basin overflow piping and sludge withdrawal piping.
DwnnAn cover structure for basing i if severe freezn’\g
conditions are anticipated.

g. Filtration. Provide 4 identical, dual-media filters,
each sized for 1/4 of the design flow at a loading of 3
gallons per minute per square foot. Medium area of

(1,160)

or 97 square feet. Depth of me-
(4X3)

each filter is

dium is 32 inches, consisting of 8 inches of filter-grade
sand, 4 inches of coarse sand, and 20 inches of filter-

grade anthracite.
h. Postchlorination, Provide two solution-type

1.67 mgd = 1,160 gal/min = 2.58 cfs
d. Aeration. Provide flow-division structure fol-
"lowed by two natural-draft, multiple-tray aerators.
Flow is divided equally between aerators. Each aerator
has a distributor tray, three coke trays, and a collector
tray, with the coke and collector trays spaced 18

chlorinators for application of chlorine to the filtered
water, as required, to supply a suitable residual in the
water delivered to service, Normally, one chlorinator
will be in use with the other serving as a standby.
Maximum dosage capacity of each chlorinator should
be approximately 5 mg/L for the total plant flow rate.
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WELLS
T FLOW DIVISION STRUCTURE
: - ] L - .
O AERATORS
| | Y
1

7\ 7\

FLOCCULATION-CLARIFICATION BAS!NSJ

| B -
!

FILTERS

TO SERVICE

SCHEMATIC OF
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Figure B-3. Schematic of iron and manganese removal plant.
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APPENDIX C
LABORATORIES AND LABORATORY ANALYSES

C-1. Minimum analyses for military water tics. For purposes of establishing the required ana-
treatment plants. lytical frequency, water treatment plants have been di-
vided into two classes, Class A and Class B. A Class A
The minimum number and frequency of analyses to in- plant is any plant employing treatment beyond chlori-
sure drinking water of acceptable quality are deter- nation and fluoride control. A Class B plant is any
mined by the size of the system and the treatment re-plant which provides only chlorination and/or fluoride
quired. The frequency of analyses must also be ad-addition or control. Minimum analysis frequencies are
justed locally to meet changing raw water characteris- listed in table C- 1.

Table C-1. Minimum Analysis Frequencies

PLANT
CLASS MINIMUM
A B ANALYTICAL FREQUENCY CONSTITUENT/ANALYSES
X X 2/day 1. Chlorine residual
X X 2/day-plant, 2/week-system 2. Fluoride!
X X 8/month for first 1000 (6,700 for Air Force Projects) 3. Total Coliform 2
population. One additional sample/month for each 1000
(900 for Air Force Projects) additional population.
X X 2/month 4. Total Plate Count 2
X X 1/day 5. Turbidity (surface waters)
X l/iday 6. Hardness!
X 1/day 7. Alkalinity !
X X 2/day 8. pH?3
X 2/month 9. Temperature 3
X 2/month 10. Calcium 3
X 2/month 11. Total Filtrable Residue 3
X 1/week ' 12. Iron!
X 1/week 13. Manganese !
X 1/day to 2/month 14. Coagulation Test (where chemical addition is employed)
X4 1/day®® 15. Color
X7x7 as needed & 16. Odor

! Where controlled.

2 The installation medical authority is responsible for bacteriological sampling of the potable water supply. However, in some instances (e.g.,
due to the remoteness of medical laboratory support), it may be desirable to have bacteriological surveillance capability available at the water
treatment plant. Facilities engineering personnel should coordinate such instances with the installation medical authority to prevent needless
duplication of equipment.

8 Required to calculate Langelier Index.

4 Surface supplies only.

5 For raw water measuring 75 or more Jackson Units on the turbidity scale.

6 For treated water measuring 15 or more Jackson Units on the turbidity scale. AWWA establishes 3 Jackson Units on the turbidity scale as
a desirable goal.

7 Not routinely required.

8 Required only when odor is a problem.

The procedure for the Coagulation Test is given in TM 5-660, Operation of Water Supply and Treatment Facilities at Fixed Army Installa-
tions, November 1952. The Langelier Index is calculated to given an indication of the corrosiveness of the water or its tendency to produce a
scale.

C-2. Minimum laboratory furniture for mili- nished with:

tary water treatment plants. (1) One metal laboratory bench assembly, 108
Minimum laboratory furniture requirements are as inches long, 30 inches wide, 38 inches high, equipped
follows: for 4 cupboards; not less than 24 drawers; a bottle

a. Class A plants. All Class A plants will be fur- rack, 104 inches long, 12 inches wide, and 18 inches

C-1
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high; a lead-lined or chemical composition trough, 100 hot and cold running water; 4 double power outlets

inches long, 6 inches wide, and 3 to 6 inches deep; a(115 V); with at least 16 drawers. The table top will be

stone or chemical composition sink, 24 inches long, 16 of stone or chemical composition.

inches wide, and 12 inches deep with hot and cold run- c. class B plantsAll Class B plants will be fur-

ning water; 4 double power outlets (115V). The table nished with:

top should be scored to drain to the drain trough. The (1) One metal chemistry laboratory well bench as-

bottle rack should be constructed of material resistant sembly, 72 inches long, 38 inches high, 30 inches wide;

to water, chemicals and wear. with one sink, 24 inches long, 16 inches wide, and 12
(2) One balance table, 36 inches wide, 30 inches inches deep with hot and cold running water; 4 double

high, and 24 inches deep, constructed of marble. power outlets (115V); with at least 16 drawers. Table
(3) One metal supply case, 72 inches high, 48 top will be of stone or chemical composition.

inches wide, 16 inches deep, constructed of marble. (2) One metal supply case, 36 inches high, 36

b. Class A plants practicing both softening and inches wide, 16 inches deep, two adjustable shelves.

iron/manganese removarhose Class A plants practic-

ing both softening .and iron/manganese removal will ¢_3, Minimum laboratory equipment for

_have the furniture listed above; and one 'metal chem- military water treatment plunfs.

istry laboratory well bench assembly, 72 inches long,

38 inches high, 30 inches wide; with one sink, 24 Military water treatment plants will have the items of

inches long, 16 inches wide, and 12 inches deep withequipment listed in table C-2.

Table C-2. Minimum laboratory equipment for military treatment plants

§ =
- < -~
St o 2L.E L, 3 3
Treatment SEEEES EZg 8 ¢ 2 g 3
Class S5 S EEESEE TS P 23
A BUnit Item Description EZEsE8 382588 83
1 1| ea | Air Pump, Pressure Vacuum, Motor Driven, with X X X
Gauges
1 1| ea | Alcohol Lamp X X
3 3| ea | Apron, Rubberized Cloth, acid/caustic resistant X
1 1| ea | Autoclave, Portable, Electrically Heated, 115V X X
1 1| ea | Balance, Analytical, 160-200 g Capacity, Precision| x
+0.05 mg, Readability 0.1 mg
1 1| ea | Balance, Triple Beam, Capacity 1500 g, Smallest| x
beam graduatedin 0.1 g
1 Ib | Beads, Boiling, Glass, 1 mm X x
Beakers, Griffin, Low Form, Graduated with Spout
4 ea | 2000 ml X
12 4| ea | 1000 ml M X
12 6| ea 600 ml X
12 6| ea 400 ml X
12 6| ea 250 ml X
12 12| ea 150 m] X
6 6| ea 50 m} X
4 ea | Bottle, Amber, ground glass stopper, 500 ml X | x| x b3
8 4 | ea | Bottle, Dropping, 30 ml X
12 6| ea | Bottle, Milk Dilution, Pyrex, Graduated at 99 ml, X X
with Screw Cap
Bottle, Washing, Polyethylene
2 2| ea [1000m!
2 2| ea 500 ml
Bottle, Wide Mouth, Flint Glass, with Caps
i2 6| ea 40z X
12 6|ea 320z X
Brushes, For
2 2 | ea | Erlenmeyer Flask, 500 ml X
2 2 | ea | Test Tube, Medium X
2 2 | ea | Buret,25ml X
Bulb, Rubber (for pipetting)
6 4|ea |40z x
4 4(ea |20z X

C-2
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Table C-2. Minimum laboratory equipment for military treatment plants (Lonta)

g 3 . )
Treatment =g 8§ i gfg‘ E g L8 2 % 8 ! :
Clas SRR IENE I N
A B Unit Item Description 7 é’gi § 3g 3 ‘E .l ERR] E S T E% 3 3 3
8 2 lea |Buret, 25 ml in 0.1 ml graduation, Teflon Plug, || x !
with dust cap
5 2 |ea |Buret Support b3
3 Set |Cells, Spectrophotometric, Glass, 1 cm, 4/set
4 2 |ea |Clamp, Buret, Double, Spring Closing, Rubber or || x X
Plastic coated jaws
4 2 |ea [Clamp, Pinch, 1inch X
1 1 [Set |Cork Borer, Brass, 5 mm to 15 mm, Set 8 X
1 1 Box |Cork, Rubber, Assorted Sizes, 6-15, 100/box X
12 ea |Crucible, Coors, Filtering, Gooch, Porcelain, 25 ml < ¢
4 ea |Crucible Holders, Walters, Rubber X ¢
2 1 |ea |Desiccators, Plain, 250 mm, with Porcelain Plate X
6 ea |Dish, Evaporating, Coors, Porcelain, 120 ml Capac- 14 X
ity
1 1 Case |Dish, Petri, Disposable, Sterile, Polystyrene, 60 x < x
15 mm, 500/case
2 1 Pacl |Dish, Weighing, Aluminum, pk/144 X
2 9 | ea |File, Triangular, Tapered, 4-inch X
3 9 | ea |Filter Holder, Hydrosol Stainless, 47 mm Filter X X
5 5 Pacl | Filters, Membrane, 0.45 u Pore Size, 47 mm Diam., X x
White grid, Millipore or Gelman (pk/100)
2 Box | Filter, Glass Fiber, 25 ml, Gooch Crucible (box/100) X X
Flask, Erlenmeyer, Pyrex, Narrow Mouth:
4 4 |ea |500ml X
12 €|ea [250ml X
6 ea |125ml c
Flask, Filtering, with Side Tube, Pyrex
4 ¢|ea |1000ml Clx ¢ x
Flask, Volumetric, T Stoppered, Pyrex
2 ea | 1000 ml X
4 ea 500 ml X
4 ea | 250ml X
6 ea 100 ml X
3 ¢| ea | Forceps, Dissecting, Curved, 115 mm ¢ | x X X
2 < | ea | Funnel, Glass, Short Stem, 150 mm ID X
2 < | ea | Funnel Ring, open, 4-inch Diam. X
2 ea | Glasses, safety X
2 < | ea | Gloves, thermal insulating, 11 inch X
3 « |Pai || Gloves, Chemical Resistant, Neoprene x
Graduated Cylinder, w/bumper, Double Reading,
TD:
2 ea || 500 ml X
4 ea || 250 ml X
4 ea || 100 ml X
4 ea 25 ml X
2 ea || Hot Plate/Magnetic Stirrer, 6- x 6-inch, Surface X
temperature 140°C
1 ea || Incubator, Laboratory, Electric, 115 V, 40 W, con- ) X
trollable 35°C £0.5°C
2 Ro || Labels, Gummed, 1/2- x 3/4-inch, roll/1000 X
2 ea || Magnetic Stirrer X
1 ea || Mortar and Pestle X
1 es || Microscope, Student, Stereoscope, Wide Field Bi ! b
nocular
1 e¢ || Nephelometer, 0-40 JTU range, 0.02 unit grada
tions
1 ez || Oven, Electric, Forced Air, to 105°C, thermostat X
ically controlled to £ 1°C
3 et || Fans, Utility, Stainless Steel P ox
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Table C-2. Minimum laboratory equipment for military treatment plants (Cont’d)

2. g 3 . B
= § - g § 5 £ 5
Treatment = E - £ 2 § 2 : 3 5 g
Class Sf P EnSEr 1, e% 8. BE gy
A B Unit Ttem Description S 8 iEded it iTRIEE3E
1 1| ea | Pen, Diamond, Marking x
1| Roll | pH Indicating Paper, pH range 0-14 X
1 1f ea | *pH Meter, temperature compensating, 0-14 X 3 X
range, glass electrode
Pipet, Measuring, Mohr, Graduated to 0.1 ml:
12 6 ea | 5ml X
12 B ea | 2ml X
Pipet, Serological, Sterile, Disposable, with
plugged tip, case/400:
2 2|Case | 10.0mlin 0.1 ml x X
2 2(|Case| 5.0mlin0.1ml X x
2 2|Case| 1.0mlin0.1ml x X
Pipet, Volumetric, Transfer:
6 6| ea | 100.00 ml X
6 6] ea 50.00 ml X
6 6] ea 20.00 ml X
4 4] ea 15.00 ml X
6 6| ea 10.00 ml X
4 4] ea 5.00 ml X
2 2| ea 2.00ml X
4 4| ea 1.00 ml X X X
4 4| ea | Pipet Container, Aluminum or Stainless Steel, 2-x | x
2- x 16-inch
2 2{ ea | Pipet Dryer, Stainless Steel x
1 1| ea | Pipet Washer x
1 1| ea | Reference Electrode for Fluoride, Sleeve type
1 1| ea | Refrigerator, 12 cu. ft. X
1 1| ea | Residual Chlorine, DPD Comparator Kit X
2 2{ ea | Rings, Iron, with Clamp, 6 inches X
2 ea | Separatory Funnel, 125 ml, Squibb Form T or X
Teflon Stopcocks and Stoppers
2 1{ Gal | 30ap, Biodegradable x
4 2| ea | 3patulas, Stainless Steel, 4-inch blade X
1 1] ea | ‘Specific ion meter for fluoride with electrode
1 ea | Spectrophotometer, minimum 510-525 mm range, X | x| x
Light Path 1 cm
1 1l ea | 5till, Water, Electric, 1 gal/hour X
1 ea | Stirring Apparatus, Multiple, 6-phase, Variable
Speed
1 1f ea | 3tirring Bar Retriever
stirring Bar, Teflon Coated:
2 2]l ea | Minch X
6 6|l ea | }/4-inch X
1 ea | jtop Watch or Electric Timer with Second Hand X
4 3|| ea | Thermometer, ~ 10°C to 110°C X
2 1]l ea | "ongs, Stainless Steel X
4 2|| ea | “ripod, base support with 20-inch rod X
6 3| ea | ‘ube, T, Glass, 5/16-inch Od X
20 10{| ft | ‘ubing, Tygon, vacuum, 1/4-inch ID X
12 ea |Nessler Tube, 50 ml, tall form with stand £
12 12/l ea | )dor flasks, glass stoppered, 500 ml, Erlenmeyer 3
1 1l ea | lonstant Temperature water bath capable of 4
60°Ct1°C

C-4. Minimum laboratory chemicals for
military water treatment plants.

C-4

Military water treatment plants will have the chemical
supplies listed in table C-3.
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Table C-3. Minimum laboratory chemicals for military treatment plants

g 3 >
'—E & » 3 :g “ 2 § ER
Treatment =& F z &3 =g 3 2 B % 3 Iz
Class EEZ 13 EEEE £ P&z it
A B Unit Item Description et i § gé e i _j:_“_ E s ifﬁg §_ i;i_
8 Ib ||Acid, Glacial Acetic ]
6 1b {|Acid, Hydrochloric, Concentrated, Reagent or ACS X
!| Grade
7 1b !|Acid, Nitric, Concentrated, Reagent or ACS Grade .
1 pt |Acid, Perchloric, 60% .
4 1b |Acid, Phosphoric, Concentrated, Reagent or ACS ¢
Grade
18 9 | Ib |Acid, Sulfuric, Concentrated, Reagent or ACS X
Grade
4 2 | pt |Alcohol, isopropyl or ethyl, 95% X X
2 1o | Ammonium Acetate
1 1b | Ammonium Chloride X
8 b | Ammonium Hydroxide, Concentrated, Reagent or X
ACS Grade
1/4 Ib |Ammonium Persuifate, Solid, Reagent or ACS X
Grade
50 gm | Bromcresol Green Sodium Salt X
1/4 1b | Calcium Carbonate, anhydrous, Primary Standard
10 Ib | Desiccant, Drierite, 10-20 mesh,
2 1b | Desiccant, Dierite, 10-20 mesh, indicating
1/4 b | EDTA, Disodium Salt, Reagent or ACS Grade
1/4 1b | EDTA, Magnesium Salt, Reagent or ACS Grade
1/4 Ib | Eriochrome Blue Black R, Indicator
1/4 Ib | Eriochrome Black T, Indicator X
1 b | Ferrous Ammonium Sulfate, Crystal, Reagent or
ACS Grade
2 9 | pt|Fluoride Standard, 1 ppm <
2 2 | pt|Fluoride Standard, 2 ppm M
1/4 1b | Hexamethylenetetramine, Reagent or ACS Grade X
1/4 1b | Hydrazine Sulfate, Reagent or ACS Grade
1 pt| Hydrogen Peroxide, 30%
1/4 1b| Hydroxylamine hydrochloride X
1 1 | Ib| LESENDO Agar »
1 1b| M-ENDO Medium '
1/4 1b| Mercuric Sulfate
1 pt| Methyl Orange, Indicator, Reagent or ACS Grade X
10 gn| Methyl Red Sodium Salt X
1 Ib| M-TGE Broth X
8 4 | pt||Orthotolidine, Solution for Chlorine Test Kit
10 | gn||1,10-phenanthroline monohydrate X
1 pt||Phenolphthalein, Indicator solution
2 1 || pt|/|pH Buffer, Standard, pH 4.0 %
2 1| pt|pH Buffer, Standard, pH 6.8 X
2 1| pt |pH Buffer Standard, pH 9.1 %
1/2 1b |Potassium Iodide, Crystal, Reagent or ACS Grade
1/4 Ib [Potassium Permanganate
20 gm |Silver Nitrate, Reagent or ACS Grade
1 Ib |Sodium Acetate
8 ¢ | pt |Sodium Arsenite Solution for Chlorine Test Kit
1/4 Ib |Sodium Bisulfite, Reagent or ACS Grade bl
1 1b |Sodium Carbonate, Primary Standard
1 Ib {Sodium Chloride, Reagent or ACS Grade bl
2 : 1b |Sodium Dichromate, Technical Grade X
°5 1b |Sodium Hydroxide, Pellet, Reagent or ACS Grade
1/4 1b |Sodium Nitrate, Reagent or ACS Grade
2 Ib |Sodium Thiosulfate, Crystal, Reagent or
ACS Grade
2 oz |Stopcock Grease X
8 8| pt |Total Ionic Strength Buffer
1 qt |Platinum-cobalt standard solution X
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METRIC CONVERSION FACTORS

Customary Unit#
AREA

Acres
ft2

in?

mi?

yd?
CONCENTRATION

Ib/gal

1b/mil gal
(Ib/million gallons)
Ib/mil gal

Ib/mil gal

Ib/mil gal

ENERGY

Btu (mean)
ft-1bf

hph

kWh

Wh

FLOW

acre-ft/d

£t3/s (cfs)

ft3/s/mi?

gal/min (gpm)

gal/min

gal/min/ft?

gal/d/ft?

gal/d/ft

mgd

(million gallons daily)
FORCE

Ibf (pound-force)
LENGTH

ft

in

mi

yd
MASS

oz (avdp)

Ib (avdp)
ton (2000 1b)

POWER

ft-bfls

hp (550 ft-1bfls)
w

kW

Table D-1

Multiplier

0.4047

*9.290304 x 10~
*6.4516 x 1074
2.590 x 102
0.8361

1.198 x 102
0.1198

0.1198
0.1198
1.198 x 102

1.056 x 108
1.356
2.685 x 106
*3.6 x 108
*3.6 x 103

1.233 x 103
2.832 x 10~2
1.093 x 104
6.309 x 10~%
6.309 x 10~2
0.6791

4.075 x 10~2
1.242 x 1072
3.785 x 103

4.448

*0.3048
*25.4
*1.609344
*0.9144

28.25
0.4536
9.072 x 10?

1.356
0.7457
*1.0
*1.0

Metric Unit

ha (hectare)
m? (sq meter)
m2

ha

m2

g/L (gram/liter)
g/m?
kg/1000m?

mg/L
ug/L (microgram/liter)

J (joule)

o T &y

m?/d
m3/s
m®/s/ha
m®s

Lis
Li/s/m?
m3/d/m?
m?d/m
m?d

N (newton)

m
mm (millimeter)
km

m

g
kg
kg

W (watt)
kW

w

kW

D-1
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Customary Unit#

PRESSURE

Ibf/ft2 (psf)

1bf/in2 (psi)
STANDARD GRAVITY

32.17405 ft/s?

®
TEMPERATURE

°F
°F

°C
VELOCITY

ftis
mi/h
VISCOSITY

P (poise)

cP (centipoise)
Ibf-s/ft?

1b (mass)/ft-s

VOLUME

acre-ft
ft3
gal
gal
mil gal
in3

Multiplier

47.88
6.895 x 103

*0.3048

F - 32
1.8
F + 459.67

1.8
Add: *273.15

*0.3048
*1.609344

*0.10
*1.0 x 1073
47.88
1.488

1.233 x 103
2.832 x10-2
3.785 x 1073
3.785

3.785 x 108
1.639 x 1072

Metric Unit

Pa (pascal)
Pa

9.806650 m/s?
®

°C (Celsius)

K (Kelvin)

K

m/s

km/h

Pa-s (pascal-second)
Pa-s
Pa-s
Pa-s

WBW

m<

ECA?

1 (liter)

=

# Term “gallon” (gal) refers to U.S. gallon. Term “mile” (mi) refers to U.S. Statute mile
* Exact conversion. All subsequent digits are 0.
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APPENDIX E
REFERENCES
Government Publications
Department of the Army and Air Force
T™ 5-660 Operation of Water Supply and Treatment Facilities at Fixed Army
Installations
TM 5-813 -1/AFM 88-10, Chap. 1 Water Supply: General Considerations
TM 5-813 -4/AFM 88-10, Chap, 4 Water Supply: Water Storage
TB MED 229 Sanitary Control and Surveillance of Water Supplies at Fixed and
Field Installations
TB MED 576 Sanitary Control and Surveillance of Water Supplies at Fixed
Installations
AFR 161-44 Management of the Drinking Water Surveillance Program

Safe Drinking Water Act (PL 93-523), (16 December 1979) as amended. Innovative and Alternative Technology
Assessment Manual, EPA report EPA-430/9 -78-009, Office of Res. Devel., Cincinnati, Ohio (1978).

Environmental Protection Agency

National Interim Primary Drinking Water Regulations. 40 CFR Part 141,(1 July 1982).
National Secondary Drinking Water Regulations. 40 CFR Part 143,(1 July 1982).

National Academy of Sciences —National Academy of Engineering Water Quality Crite ria, Su-
perintendent of Documents, U.S. Government Printing Office, WASH, DC (1974) (EPA. R3.033.March 1973).

National Council on Radiation Protection and Measurements
c/o NCPR Publications, PO Box 30175, WASH, DC 20014
Pub, No. 22-1959 Maximum Permissible Body Burdens and Maximum Permissible
Concentrations of Radionuclides in Air and in Water for
Occupational Exposures (1959).

Department of the Army

U.S. Army Environmental Hygiene AgencyWater Quality Information Paper No, 15, Trihalomethanes in
Drinking Water,” Department of the Army, (1 April 1982).

U.S. Army Environmental Hygiene AgencyWater Quality Information Paper No, 35, Volatile Organic
Compounds in Potable Water Supplies,” Department of the Army, (1 February 1982).

Nongovernment Publications

American Water Works Association (AWWA), 6666 West Quincy Avenue, Denver, Colorado 80235
Water Treatment Plant Design, ASCE,
AWWA, CSSE (1969)
Manual M3, Safety Practice for Water
Utilities (1983)
Nongovernment References
Standard Methods for the Examination of Water and Wastewéa&th Edition, Franson, M. A. (ed,), APHA,
AWWA, WPCF, (1984).

Standards
B100 Filtering Material
B200 Sodium Chloride
B201 Soda Ash
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B202 Quicklime and Hydrated Lime
B300 Hypochlorites

B301 Liquid Chlorine

B402 Ferrous Sulfate

B403 Aluminum Sulfate—Lump, Ground or Liquid
B404 Liquid Sodium Silicate

B405 Sodium Aluminate

B406 Ferric Sulfate

B501 Caustic Soda

B502 Sodium Hexametaphosphate
B600 Powdered Activated Carbon
B602 Copper Sulfate

B603 Potassium Permanganate
B604 Granular Activated Carbon
B701 Sodium Fluoride

B702 Sodium Silicofluoride

B703 Fluosilicic  Acid

Non-Government References (cent'd)
Chemical Engineers’ HandbookPerry, J. H., and Clinton, C. H., (Eds.), McGraw-Hill Book Company, New York,
NY (1975).
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gested improvements on DA Form 2028 (Recommended Changes to publi-
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